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6. GIGE Mode

Introduction The Gigabit Ethernet (GIGE) mode in Stratix® GX devices supports a 
subset of the IEEE GIGE standard. Stratix GX devices have Physical 
Coding Sub-layer (PCS) functions and Physical Medium Attachment 
(PMA) functions as Hard Intellectual Property (IP).

Stratix GX devices provide the following GIGE features:

■ Serial data rate of 1.25 Gigabits per second
■ Input clock reference range of 62.5 to 625 MHz (these values are the 

minimum and maximum for an input reference clock with a data rate 
of 1.25 Gbps and an 8-bit data width)

■ Parallel interface width of 8 bits
■ 8B/10B encoding decoder
■ Word aligner supports 10-bit code groups
■ Rate compensation or elastic buffer
■ Gigabit Media Independent Interface (GMII) to PCS code conversion 

on transmit

The GMII is an intermediate or parallel interface that connects the PCS 
sub-layer with the media access control (MAC) in a system that supports 
GIGE mode. The GIGE physical layer is divided into three sub-layers: the 
PCS, the PMA, and the physical medium dependent (PMD) layers. If you 
implement a GMII-compliant interface, that interface offers data rates up 
to 1,000 Mbps at either half- or full-duplex modes.

The PCS provides synchronization, encoding, decoding, and rate 
matching services to the MAC. The PCS also provides autonegotiation to 
the network to negotiate speeds, carrier-detect signals, and 
collision-detect signals.

The PMA sublayer provides the PCS with a media-independent interface 
that a variety of serial physical media can connect to. This sublayer 
handles the serialization and deserialization of the data.

The PMD sublayer defines the physical attachments, such as connectors 
for different media types.

Figure 6–1 shows the positioning of these layers.
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Figure 6–1. GMII Position Relative to OSI Reference Model

Stratix GX devices are used for the PCS and the PMA layers of the GIGE 
physical layer. Stratix GX devices in GIGE mode use built-in hard macros 
for the 8B/10B encoder/decoder, rate matcher, synchronizer, or the byte 
serializer/deserializer. Figure 6–2 shows these components. The rate 
matcher and the word aligner contain a dedicated state machine 
governing their functions, which is active only in GIGE mode. GIGE 
mode enables transceivers to support GMII-to-PCS code group 
conversion and idle generation. Table 6–1 shows the GIGE code groups 
for the reference of idle ordered sets and configuration ordered sets, as 
explained in the “Idle Generation” section. For full details on the GIGE 
standard and code-group functionality, refer to clause 36 in the Gigabit 
Ethernet standard (IEEE 802.3).

The remaining functions of the PCS—auto negotiation, collision detect, 
and carrier detect—must be implemented in user logic or external circuits 
if these functions are needed.
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Table 6–1. GIGE Code Groups   (Part 1 of 2) Note (1)

Code Ordered Set Number of 
Code Groups Encoding

/C/ Configuration Alternating /C1/ and /C2/ code groups

/C1/ Configuration 1 4 /K28.5/D21.5/Config_Reg (1)
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Figure 6–2. Block Diagram of a Duplex Channel Configured in GIGE Mode

/C2/ Configuration 2 4 /K28.5/D2.2/Config_Reg (1)

/I/ IDLE /I1/ is correcting; /I2/ is preserving

/I1/ IDLE 1 2 /K28.5/D5.6/

/I2/ IDLE 2 2 /K28.5/D16.2/

Encapsulation

/R/ Carrier_Extend 1 /K23.7/

/S/ Start_of_Packet 1 /K27.7/

/T/ End_of_Packet 1 /K29.7/

/V/ Error_Propagation 1 /K30.7/

Note to Table 6–1:
(1) Two data code groups represent the Config_Reg value.

Table 6–1. GIGE Code Groups   (Part 2 of 2) Note (1)
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GIGE Mode 
Receiver 
Architecture

Figure 6–3 shows the digital components of the Stratix GX receiver that 
are active in GIGE mode.

Figure 6–3. Block Diagram of the Stratix GX Receiver Digital Components in GIGE Mode

The GIGE mode receiver architecture includes:

■ Word aligner
■ Rate matcher
■ 8B/10B decoder
■ Receiver phase compensation FIFO buffer

Word Aligner

The word aligner is composed of a pattern detector and synchronization 
state machines. The word aligner cannot be bypassed, but if the 
application is not using the rx_enacdet signal, the word aligner does 
not alter the data. Figure 6–4 shows the various components of the word 
aligner. The “Pattern Detector Module” and “Synchronization State 
Machines” sections describe the functionality of the main components.

Deserializer
Word

Aligner

8B/10B
Decoder

Channel
Aligner

Byte
Deserializer

Phase
Compensation

FIFO Buffer

Reference 
Clock

Rate
Matcher

Digital SectionAnalog Section

Receiver 
PLL

Clock
Recovery

Unit

Receiver



Altera Corporation   6–5
June 2006 Stratix GX Device Handbook, Volume 2

GIGE Mode

Figure 6–4. Components in Stratix GX Word Aligner

For embedded clocking schemes, the clock is recovered from the 
incoming data stream based on the data transition density. Therefore, you 
do not need to factor in receiver skew margins between the clock and 
data. However, with this clocking methodology, the word boundary of 
the re-timed data might be altered. Stratix GX devices offer an embedded 
word alignment circuit that uses synchronization state machines in 
conjunction with the pattern detector to align the word boundary of the 
re-timed data to a specified comma. This embedded circuit can be 
configured to synchronize to the GIGE protocols.

GIGE mode requires synchronization to align the byte boundary of the 
receiver after incoming serial data is de-serialized. This step is necessary 
because the Stratix GX block uses a non-source-synchronous serial 
stream. To correctly align the byte boundary at the receiver, the Stratix GX 
device sends a unique synchronization pattern to the receiver that does 
not occur between any Dx.y or Kx.y code combinations, namely, a 
/K28.5/ 10-bit comma.

Pattern Detector Module

The pattern detector matches a predefined comma to the current byte-
boundary. If the comma is present, the optional rx_patterndetect 
signal asserts for one clock cycle to signify that the comma exists in the 
current word boundary. The pattern detector module only indicates that 
the signal exists and does not modify the word boundary. A 10-bit pattern 
can be programmed for the pattern detector to recognize.
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In GIGE mode, the MegaWizard® Plug-In Manager defaults to the 10-bit 
/K28.5/ code as the comma character. The Quartus® II software 
automatically sets the options related to the word aligner, and you cannot 
change these options in GIGE mode. This module matches the 10-bit 
comma with the data and its complement in the current word boundary. 
Both positive and negative disparities are checked in this mode. For 
example, if you specify a /K28.5/ (b’0011111010) pattern as the 
comma, the rx_patterndetect signal asserts if either the 
b’0011111010 or b’1100000101 pattern is present in the incoming 
data.

To use transceiver parameters to set the functional mode, you must 
preconfigure the receiver with a K28.5 (10’b0101111100 or 
10’b1010000011) word align pattern (ALIGN_PATTERN = 
0101111100 or ALIGN_PATTERN = 1010000011). Set the 
ALIGN_PATTERN_LENGTH to 10, even though a 7-bit comma string 
(7’b0011111 as a comma- or 7’b1100000 as a comma+) is allowed, as 
stated in the IEEE 802.3 specification. This 7-bit comma is part of the 
/K28.1/, /K28.5/, and /K28.7/ code-groups. Use a 10-bit /K28.5/ 
code group to prevent a 7-bit comma from being detected across 
boundaries when a /K28.7/ code is followed by a /K28.x/, /D3.x/, 
/D11.x/, /D12.x/, /D19.x/, /D20.x/, or /D28.x/ code group, 
where x is a value from 0 to 7. Figure 6–5 shows this situation.

Figure 6–5. A Cross-boundary 7-bit Comma When a /K28.7/ Code is Followed by a /K28.5/ Code

The receiver sends a K28.4 (8’h9c + rx_ctrldetect) code from the 
rx_out[] port and deasserts the rx_syncstatus (1’b0) signal when 
the receiver is not synchronized. When synchronized, the receiver asserts 
the rx_syncstatus (1’b1) signal. This signal is aligned with the first 
valid data received from the rx_out[] port. 

Figure 6–6 shows the waveforms related to receiver synchronization. The 
rx_syncstatus signal goes high when synchronization is complete, 
indicating that the data is valid. In the example, D1 is the first valid data.

1 1 1 1 1 0 0 00 0

7-bit comma-

K28.7

1 1 1 1 1 0 1 00 0

7-bit comma+

K28.5
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Figure 6–6. Example of Completed Synchronization

The receiver remains synchronized until it detects a series of bad code 
groups or is reset. The IEEE 802.3 standard defines the bad code group as 
four invalid code groups separated by fewer than three valid code 
groups. If the receiver detects the bad code group or is reset, the 
rx_syncstatus signal goes low, and a /K28.4/ code appears on the 
rx_out[] port. GIGE mode uses an embedded clocking scheme that 
retimes all data that can potentially alter the code-group boundary. The 
boundaries of the code-groups are re-aligned through a synchronization 
process specified in the IEEE 802.3 standard.

Synchronization State Machines

Synchronization occurs when the receiver sees three consecutive ordered 
sets. An ordered set defined for synchronization is a /K28.5/ comma 
followed by any odd number of valid data code groups (/Dx.y/). 
Although you can have a number of sync patterns based on the 
synchronization rule, three sets of {/K28.5/ /Dx.y/} code groups are 
the fastest way to achieve synchronization.

GIGE mode requires a special synchronization sequence that follows the 
IEEE 802.3 GMII PCS synchronization specification, as shown in 
Figure 6–7.

clock

rx_out[7:0]

rx_syncstatus

K28.4 K28.4 K28.4 D1 D2 D3 D4 D5
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Figure 6–7. Synchronization Diagram State Machine
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Rate Matcher

The GIGE mode operates in multi-crystal environments, which can 
tolerate a frequency variation of ± 100 ppm between crystals. Stratix GX 
devices have embedded circuitry to perform clock rate compensation by 
inserting or removing the /I2/ code group from the interpacket gap 
(IPG) or idle stream. This process is called “rate matching” or “clock rate 
compensation.” 

The IEEE 802.3 standard, clause 36, specifies two idle order sets (/I1/ 
and /I2/) for the transmitter. The /I1/ ordered set consists of a negative 
disparity /K28.5/ (10’h283) followed by a /D5.6/ code group. (A 
/D5.6/ has the same value, 10’h1A5, for the positive and negative 
disparity versions and has a balanced 10-bit code.) The /I1/ ordered set 
should be transmitted only once if the running disparity before the idle is 
positive.

The /I2/ ordered set consists of a positive disparity /K28.5/ 
(10’h17C) followed by a negative disparity /D16.2/ (10’h289) code 
group. The /I2/ ordered set can start the idle sequence if the disparity 
before the idle sequence is negative. Otherwise, /I2/ follows an /I1/ 
ordered set and is continually transmitted, maintaining a negative 
running disparity until the end of the IPG. 

Figure 6–8 shows a case in which the idle stream starts with an /I1/ 
followed by /I2/ ordered sets. The running disparity before the idle state 
is positive, as indicated by the positive disparity /D30.1/.

Figure 6–8. Idle Generation With /I1/ Ordered Set

Figure 6–9 shows cases in which only /I2/ ordered sets are generated. 
The running disparity is negative before the start of the idle generation, 
as indicated by the negative disparity /D30.1/. The /D30.1/ code 
group in Figure 6–8 and Figure 6–9 is intended only for illustrating 
disparity and is not intended to signify an end of frame (EOF), nor is it 
required prior to idle generation.

clock

tx_out 261h 283h 1A5h 17Ch 289h 17Ch 289h 17Ch

GMII Idle

Code Group D30.1+ K28.5- D5.6 K28.5+ D16.2- K28.5+ D16.2- K28.5+

/I2//I2//I2//I1/

289h

D16.2-
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Figure 6–9. Idle Generation Without /I1/ Ordered Set

Stratix GX devices have a built-in rate matcher that is 12 words deep, 
which is a FIFO buffer with control logic. Stratix GX devices implement 
rate matching in GIGE mode by adding or removing /I2/ ordered sets. 
The /I1/ ordered set is not added or removed. 

If the rate matching FIFO buffer encounters an almost full condition, an 
/I2/ ordered set is deleted, as shown in Figure 6–10. If the rate matching 
FIFO buffer encounters an almost empty condition, an /I2/ ordered set 
will be added, as shown in Figure 6–11. The position of the /I2/ ordered 
set that is added to or deleted from the idle stream varies, depending on 
when the rate matcher encounters the almost full or almost empty 
condition.

Figure 6–10. Detection of an /I2/ Ordered Set During an Almost Full Condition

clock

tx_out 25Eh 17Ch 289h 17Ch 289h 17Ch 289h 17Ch

GMII Idle

Code Group D30.1- K28.5+ D16.2- K28.5+ D16.2- K28.5+ D16.2- K28.5+

/I2//I2//I2//I2/

289h

D16.2-

/D/ /D/ /D/ /I2//I2//S//D/ /I1//D/

/D/ /D/ /S//D//D//D/ /I2/ /I1//D/

to Rate Matcher

from Rate Matcher

one /I2/ code removed



Altera Corporation   6–11
June 2006 Stratix GX Device Handbook, Volume 2

GIGE Mode

Figure 6–11. Addition of an /I2/ Ordered Set During an Almost Empty Condition

8B/10B Decoder

The 8B/10B decoder is part of the Stratix GX transceiver block. The 
purpose of the 8B/10B Decoder is to restore the 8-bit data plus 1-bit 
control identifier from the 10-bit code.

10-Bit Decoding

The 8B/10B decoder translates the 10-bit encoded data into the 8-bit 
equivalent data or control code. The byte deserializer receives the least 
significant bit (LSB) of the 10-bit encoded code first, and the most 
significant bit (MSB) last. The data received must be from the supported 
Dx.y or Kx.y list. All 8B/10B control signals (disparity error, control 
detect, and code error) are pipelined with the data in the Stratix GX 
receiver block and are edge-aligned with the data. Figure 6–12 is a 
diagram of the 10-bit to 8-bit conversion.

Figure 6–12. 10-Bit to 8-Bit Conversion

/D/ /D/ /D/ /I2//I2//S//D/ /I1//D/

/D/ /D/ /S//D//D//D/ /I2/ /I2//D/

to Rate Matcher

from Rate Matcher

one /I2/ code added

/I2/ /I1/

7 6 5 4 3 2 1 0

H G F E D C B A

10b-8b conversion

7 6 5 4 3 2 1 09 8

g f i e d c b aj h

LSB received
first

MSB received
last

Parallel Data
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Reset 

The rxdigitalreset signal governs the reset condition of the 8B/10B 
decoder. In reset, the disparity registers are cleared. Upon exiting reset, 
the 8B/10B decoder starts with either a positive or negative disparity. The 
decoder calculates the initial running disparity based on the first valid 
code that is received.

The receiver block must be word-aligned after reset before the 8B/10B 
decoder can decode valid data or control codes.

Code Error Detect

The rx_errdetect signal indicates when the code received contains an 
error. This port is optional and, if not in use, there is no way to detect 
whether a code received is valid. The rx_errdetect goes high if a code 
received is an invalid code, or if it has a disparity error. If a code is 
received that is not part of the valid Dx.y or Kx.y list, the 
rx_errdetect signal goes high. This signal is aligned to the invalid 
code word received at the PLD logic array.

Disparity Error Detector

The 8B/10B decoder detects disparity errors based on which 10-bit code 
it received. The disparity error is indicated at the optional rx_disperr 
port. The current running disparity is based on the disparity calculation 
of the last code received. The disparity calculation is described in the 
8B/10B code section in the Data & Control Codes chapter of the Stratix GX 
Device Handbook, Volume 2.

If negative disparity is calculated for the last 10-bit code, a neutral or 
positive disparity 10-bit code is expected. If the decoder does not receive 
a neutral or positive disparity 10-bit code, the rx_disperr signal goes 
high.

If a positive disparity is calculated, a neutral or negative disparity 10-bit 
code is expected. In this situation, the rx_disperr signal goes high if the 
code received is not as expected. When the rx_disperr signal is high, 
the rx_errdetect signal also goes high.

Figure 6–13 shows a case where the disparity is violated. A K28.5 code 
has an 8-bit value (8’hbc) and a 10-bit value (jhgfiedcba). The 10-bit 
value is 10’b0011111010 (10’h17c) for RD- or 10’b1100000101 
(10’h283) for RD+. If the running disparity at time n – 1 is negative the 
expected code at time n must be from the RD- column. Because a K28.5 
does not have a balanced 10-bit code (having an equal number of 1’s and 
0’s), the expected RD code must toggle back and forth between RD- and 
RD+. At time n + 3, the 8B/10B decoder received an RD+ K28.5 code 
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(10’h283), which would make the current running disparity negative. 
At time n + 4, because the current disparity is negative, a K28.5 from the 
RD- column is expected, but a K28.5 code from the RD+ is received 
instead. This disparity prompts the rx_disperr signal to go high 
during time n + 4 to indicate that this particular K28.5 code contained a 
disparity error. The current running disparity at the end of time n + 4 is 
negative because a K28.5 code from the RD+ column was received. Based 
on the current running disparity at the end of time n + 5, a positive 
disparity K28.5 code (from the RD-) column is expected at time n + 5.

Figure 6–13. Disparity Error

Control Detect

The 8B/10B decoder differentiates between data and control codes using 
the rx_ctrldetect port. Although this port is optional, there is no way 
of differentiating a Dx.y code group from a Kx.y code group if the port 
is unused. 

Figure 6–14 shows an example waveform demonstrating the receipt of a 
K28.5 code (BC + ctrl). The rx_ctrldetect=1’b1 port is aligned with 
8’hbc, indicating that it is a control code. The rest of the code received is 
data.

clock

rx_out[7:0 ]

rx_disperr

BC BC BC BC BC BC

rx_ctrldetect

BC

Expected RD code

rx_in 17C 283 17C 283 283 283 17C17C

RD- RD+ RD+RD- RD- RD- RD+ RD-

RD code received RD- RD+ RD+RD- RD+ RD- RD+ RD-

n n+1 n+2 n+3 n+4 n+5 n+6 n+7

rx_errdetect

xx
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Figure 6–14. Control Code Detection

Receiver Phase Compensation FIFO Buffer

The receiver phase compensation FIFO buffer is located at the FPGA logic 
array interface in the receiver block and is four words deep. This FIFO 
buffer compensates for the phase difference between the clock in the 
FPGA and the operating clocks in the transceiver block.

In GIGE mode, the write port is clocked by the refclk from the 
transmitter phase-locked loop (PLL). The read clock is clocked by 
CORECLK (output from the transmitter PLL). The receiver phase 
compensation FIFO buffer can only account for phase differences and 
must be derived from the recovered clock of its associated channel.

The receiver phase compensation FIFO buffer is always used, and you 
cannot bypass it.

GIGE Mode 
Transmitter 
Architecture

Figure 6–15 shows the digital components of the Stratix GX transmitter 
that are active in GIGE mode.

clock

rx_out[7:0]

rx_ctrldetect

83 78 BC 07  0F 00 BF 3C

D3.4 D24.3 D28.5 K28.5 D15.0 D0.0 D31.5 D28.1Code Group
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Figure 6–15. Block Diagram of Transmitter Components Configured in GIGE Mode

The transmitter architecture includes:

■ Transmitter phase compensation FIFO buffer
■ GIGE transmitter synchronization
■ Idle generation
■ 8B/10B encoder

Transmitter Phase Compensation FIFO Buffer

The transmitter phase compensation FIFO buffer is located at the FPGA 
logic array interface in the transmitter block and is four words deep. The 
phase compensation FIFO buffer compensates for the phase difference 
between the clock in the FPGA and the operating clocks in the transceiver 
block.

The transmitter PLL output clock (refclk) clocks the read port of the 
phase compensation FIFO buffer. The TX_CORECLK port clocks the write 
clock. You can select the TX_CORECLK port as an optional transmitter 
input port to use as a write-side clock of the FIFO buffer. Make sure that 
there is no frequency difference between the TX_CORECLK port and the 
transmitter PLL clock. The transmitter phase compensation FIFO only 
accounts for phase differences.

If you do not select the TX_CORECLK port as an optional input transmitter 
port, the CORECLK_OUT port feeds the TX_CORECLK port. This 
connection occurs using the logic array routing. As a result, the software 
defaults to using an FPGA global clock, regional clock, or fast regional 
clock resource.

Byte
Serializer

Phase 
Compensation

FIFO Buffer
Serializer 8B/10B

Encoder

Transmitter

Reference
Clock

Transmitter
PLL

Analog Section Digital Section
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The transmitter phase compensation FIFO buffer is always used, and you 
cannot bypass it. The input to the transmitter phase compensation FIFO 
buffer is the data from the PLD logic array. The tx_ctrlenable and 
tx_forcedisparity signals are also passed through the FIFO buffer to 
ensure that they are synchronized with the data when they feed to the 
subsequent module.

GIGE Transmitter Synchronization

The transmitter must send out the GIGE synchronization sequence to 
synchronize the target receiver. Stratix GX devices do not have a built-in 
macro that performs this function on power-up or txdigitalreset. 
This function must be implemented in user logic to send out a /K28.5/, 
/Dx.y/, /K28.5/, /Dx.y/, /K28.5/, /Dx.y/ sequence. 

Figure 6–16 shows an example of the GIGE synchronization pattern. 
Although the example shows one D0.0 (8’h00) as the /Dx.y/ code, any 
/Dx.y/ and any odd number of /Dx.y/ can be used.

Figure 6–16. Example of a GIGE Synchronization Transmit Pattern

Idle Generation

In GIGE mode, the transmitter replaces any /Dx.y/ code group 
following a /K28.5/ comma with either a /D5.6/ (8’hc5) or a 
/D16.2/ (8’h50), depending on the current running disparity, except 
when the data following the /K28.5/ is /D21.5/ (8’hb5) or /D2.2/ 
(8’h42). This replacement is to ensure the generation of /I1/ (/K28.5/, 
/D5.6/) and /I2/ (/K28.5/, /D16.2/) ordered sets and to let the 
configuration ordered sets /C1/ (/K28.5/, /D21.5/) and /C2/ 
(/K28.5/, /D2.2/) be received. If the running disparity before the idle 
ordered set is positive, an /I1/ is chosen. If the running disparity is 
negative, an /I2/ is chosen. The disparity at the end of an /I1/ is the 
opposite of the disparity at the beginning of the /I1/. However, the 
disparity at the end of an /I2/ is the same as the beginning running 

clock

rx_out[7:0]

tx_ctrlenable

00 BC 00 BC 00 BC 00 8D A4

GigE Synchronization Pattern
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disparity (right before the idle code). This rule ensures a negative running 
disparity at the end of an idle ordered set. A /Kx.y/ following a 
/K28.5/ is not replaced.

Figure 6–17 shows the input data codes versus the output data codes. The 
/D14.3/, /D24.0/, and /D15.8/ code groups were replaced by 
/D5.6/ or /D16.2/ (for /I1/ and /I2/ ordered sets), and /D21.5/ 
(part of the /C2/ ordered set) was not replaced.

Figure 6–17. Input Data Codes vs. Output Data Codes

8B/10B Encoder

The 8B/10B encoder is part of the Stratix GX transceiver block. The 
8B/10B encoder translates 8-bit data and a 1-bit control identifier (by 
using the tx_ctrlenable signal) into a 10-bit, DC-balanced data 
stream.

For more information about the 8B/10B code, refer to the 8B/10B Code 
section in the Data & Control Codes chapter of the Stratix GX Device 
Handbook, Volume 2. The 8B/10B encoder translates the 8-bit data or 8-bit 
control character to its 10-bit equivalent. Figure 6–18 shows the 
conversion format. The serializer sends the 10-bit data in order from LSB 
to MSB.

clock

tx_in[ ] K28.5 D14.3 K28.5 D24.0 K28.5 D15.8 K28.5 D21.5

Order Set

tx_out Dx.y K28.5 D5.6 K28.5 D16.2 K28.5 D16.2 K28.5

/C2//I2//I2//I1/

Dx.y

D21.5
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Figure 6–18. 8B/10B Conversion Format

Reset

After power up or reset, the 8B/10B encoder in GIGE mode sends three 
/K28.5/ commas before user data can be sent. These commas affect the 
synchronization-ordered set transmission.

After reset (txdigitalreset), three /K28.5/ commas are sent 
automatically by the 8B/10B encoder. Depending on when you start 
outputting the synchronization sequence, there are an even or odd 
number of /Dx.y/ code groups sent by the transmitter before the 
synchronization sequence. The last of three automatically sent /K28.5/ 
commas and the first user-sent /Dx.y/ code groups are considered as 
one idle ordered set. This fact can be a problem if there are even numbers 
of /Dx.y/ code groups transmitted before the start of the 
synchronization sequence.

Figure 6–19 shows an example of an even number of /Dx.y/ code groups 
between the last automatically sent /K28.5/ comma and the first user 
sent /K28.5/. The first user-sent ordered set is ignored, so three 
additional ordered sets are required for proper synchronization. 
Although one set of invalid data is shown between the 
txdigitalreset signal going low and the first of three automatic 
K28.5, there can be more than one invalid data set.

7 6 5 4 3 2 1 0

H G F E D C B A

8b-10b conversion

7 6 5 4 3 2 1 09 8

g f i e d c b aj h

LSB sent
first

MSB sent
last
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Figure 6–19. Even Number of /Dx.y/ Between Last Automatically Sent /K28.5/ & the First User-Sent /K28.5/

Control Code Encoding

The tx_ctrlenable[] signal determines when a control code must be 
inserted in the encoded data flow. When the tx_ctrlenable[] signal 
is low, the byte at tx_in[] is encoded as data. When the 
tx_ctrlenable[] signal is high, tx_in[] is encoded as a control 
word. The waveform in Figure 6–20 shows that the second 0xBC is 
encoded as a control code. The rest are encoded as data.

Figure 6–20. Control Word Identification Waveform

The 8B/10B encoder does not check that the code word you entered is one 
of the 12 valid codes. If an invalid control code is entered, the resulting 
10-bit code is encoded as either invalid code (that does not map to a valid 
/Dx.y/ or /Kx.y/ code), or valid /Dx.y/ code, depending on the value 
entered.

An example is the invalid encoding of a /K24.1/ (data = 8’h38 + 
tx_ctrlenable = 1’b1). Depending on the current running disparity, 
the /K24.1/ can be encoded to be 10’b0110001100 (0x18C), which is 
equivalent to a /D24.6/+ (0xD8 from the RD+ column). An 8B/10B 
decoder decodes this incorrectly (based on the 8B/10B Fibre Channel 
specification).

clock

tx_out[9:0 ]
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GIGE Mode 
Clocking

GIGE Mode Channel Clocking 

This section describes the details of clocking the transceiver, the internal 
clocking details, and the external clock ports in GIGE mode. Each block 
diagram shows the input and output port clocks. The MegaWizard 
Plug-In Manager by default selects a set of clocks for transmitters and 
receivers in a transceiver when GIGE mode is selected. The wizard also 
offers clock options, other than default, to facilitate your clocking 
schemes.

Figure 6–21. Default Configuration of altgxb Megafunction in GIGE Mode
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Figure 6–21 shows the altgxb megafunction configured so that the 
training receiver PLL with the transmitter PLL is enabled. The transmitter 
PLL is fed from an inclk port that can, in turn, be fed from a dedicated 
REFCLKB, global clock, regional clock, or fast regional clock source. The 
receiver logic is clocked by the recovered clock from the clock recovery 
unit up to the deskew FIFO buffer in the data path. Rate matching occurs 
between the recovered clock of the channel and refclk from the 
transmitter PLL. The data from the receiver’s parallel interface is clocked 
by coreclk_out from the transmitter PLL. On the transmitter channel, 
the output of the transmitter PLL, coreclk_out, is sent from the logic 
array as an output and also loops back to clock the write side of the 
transmit phase compensation FIFO buffer (in this case, software 
automatically routes the connection) and the read side of the receive 
phase compensation FIFO buffer.

The training receiver PLL clock recovery unit (CRU) clock from the 
transmitter PLL can be disabled in the altgxb MegaWizard Plug-In 
Manager. Deselecting this option adds an additional RX_CRUCLK input 
reference clock port for the receiver PLL. This feature supports additional 
multiplication factors for the receiver PLL and also enables the separation 
of receiver and transmitter reference clocks. This configuration is shown 
in Figure 6–22.

f For more information on parallel interface speeds, refer to the Stratix GX 
Device Family Data Sheet section of the Stratix GX Device Handbook, 
Volume 1.
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Figure 6–22. Receiver PLL CRU Clock From Transmitter PLL is Disabled by Adding RX_CRUCLK

If the TX_CORECLK is enabled and the training receiver CRU clock from 
transmitter PLL is not enabled, and other default options are also 
enabled, this configuration has an independent rx_cruclk port that 
feeds the receiver PLL reference clock. This input clock port is available 
only when the receiver PLL is not trained by the transmitter PLL.
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You can optionally enable the write clock of the transmitter phase 
compensation FIFO buffer to feed in a clock from the PLD logic array.

For example, if all the transmitter channels between transceiver blocks 
are from a common clock domain, the transceiver instantiations can use a 
total of one global resource versus one global per transceiver block if the 
TX_CORECLK option is not enabled. On the transmitter functionality 
screen and the “optional port of transmitter” section, if TX_CORECLK is 
selected as an input port, the default clocking scheme changes by using 
TX_CORECLK as the write clock for the phase compensation FIFO buffer. 
The user needs to connect CORECLK_OUT to TX_CORECLK using either 
gclk/rclk/fclk or logic array routing if CORECLK_OUT must be used. 
Alternatively, TX_CORECLK is supplied from a crystal or any other clock 
source, as long as it is frequency-locked to the read side of the phase 
compensation FIFO buffer on the transmit side.

In multicrystal environments, individual recovered clocks need to drive 
the read clock of the phase compensation FIFO. The Quartus® II software 
does this by default; you are not required to manually make the 
connection. tx_coreclk must be frequency matched with its respective 
read ports. The phase compensation FIFO buffer can only correct for 
phase, not for frequency differences. The receive parallel interface clocks 
the data to PLD based on CORECLK_OUT (the default option in the 
MegaWizard Plug-In Manager). RX_CORECLK is used as the read clock 
for the rate matching FIFO buffer. Before you can enable this feature, you 
must set the receiver to 8-bit mode.

Figure 6–23 shows the clock configuration with these optional input ports 
enabled.
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Figure 6–23. TX_CORECLK & RX_CORECLK Enabled With RX_CRUCLK Port Note (1)

Note to Figure 6–23:
(1) The RX_CORECLK port is enabled for the rate-matching FIFO buffer.

Table 6–2 summarizes the clocks that are used in GIGE mode.

Table 6–2. Clocks in GIGE Mode  (Part 1 of 2)

Clock Port Description

INCLK Input Input to transmitter PLL. Available as a port when transmitter PLL is instantiated.

RX_CRUCLK Input Input to CRU. Available as a port when CRU is not trained by transmitter PLL.
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GIGE Mode Inter-Transceiver Clocking

This section provides guidelines for using transceiver interface clocking 
between the PLD logic array and transceiver channels when multiple 
transceiver blocks are active. Depending on which mode is supported by 
Stratix GX devices, each transceiver block has different transceiver-to-
PLD interface clocking. Different input and output clocks are available 
based on the options provided by Quartus II MegaWizard Plug-In 
Manager’s built-in functions. The number of supported channels varies 
based on the type of Stratix GX device you select. Because of the various 
configurations of the input and output clocks, consider the clocking 
schemes between transceiver blocks carefully to avoid future problems in 
the design cycle.

One of the clocking interfaces to consider while designing with Stratix GX 
is the transceiver-to-PLD interface. This clocking scheme can be further 
classified as the PLD-to-transmitter channel and receiver channel to the 
PLD.

In GIGE mode, the read port of the transmitter phase compensation FIFO 
buffer can either be clocked by the CORECLK_OUT or the TX_CORECLK 
port. The constraint on using TX_CORECLK port is that the clock must be 
frequency locked to the read port of the transmitter phase compensation 
FIFO buffer. Synchronous data transfers for a multi-transceiver 
configuration are accomplished with the TX_CORECLK port. The 
TX_CORECLK of multiple transceivers can be connected to a common 
clock domain, either from a single CORECLK_OUT signal or from a PLD 
system clock domain. This scheme is shown in Figure 6–24.

TX_CORECLK Input Clocks the write port of transmitter phase compensation FIFO buffer. Optional port 
in Quartus II software. Must be frequency matched to TX_PLL_CLK. If not 
available as a port, is fed by CORECLK_OUT through logic array routing.

RX_CORECLK Input Clocks the read port of receiver phase compensation FIFO buffer. Optional port in 
Quartus II software. If not available as a port, is fed by CORECLK_OUT through 
logic array routing. 

CORECLK_OUT Output Output clock from transmitter PLL equivalent to TX_PLL_CLK. Available as a port 
if transmitter PLL is used.

Table 6–2. Clocks in GIGE Mode  (Part 2 of 2)

Clock Port Description
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Figure 6–24. Example of a Multi-Transceiver PLD to Transmitter Interface Clocking Scheme

When TX_CORECLK is not enabled, the Quartus II software automatically 
routes the signal from the CORECLK_OUT port to the write clock of the 
phase compensation FIFO buffer using a global, regional, or fast regional 
resource. In a multi-transceiver configuration, this routing can lead to 
timing violations because the coreclk_out per transceiver block cannot 
guarantee a phase relationship. Therefore, clocking the TX_CORECLK 
with a common clock is recommended for synchronous transmission.

Another inter-transceiver consideration is the selection of the dedicated 
REFCLKB pin. Stratix GX channels are arranged in banks of four (called 
transceiver blocks). Each transceiver block has the ability to share a 
common reference clock through the inter-transceiver lines (IQ lines). The 
Stratix GX logic array clock usage can be reduced by using the IQ lines. 
The IQ lines are used when a REFCLKB input port from one transceiver 
block or channel drives other transceiver blocks or channels. The 
Quartus I software automatically determines the IQ line usage.

ALTGXB PLD

Transceiver Block 0

Transceiver Block 1

coreclk_out[0]

tx_coreclk[0]

tx_coreclk[1]

PLD Transmit Data

Clock Domain

tx_in_0[15..0]

coreclk_out[1]

tx_coreclk[1]

tx_in_1[15..0]

Transceiver Block 2

Transceiver Block 3

coreclk_out[2]

tx_coreclk[2]

tx_in_2[15..0]

coreclk_out[3]

tx_coreclk[3]

tx_in_3[15..0]
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When determining the location of REFCLKB pins, consider what can be 
fed by the pin you choose. Table 6–3 shows the available IQ lines and 
which transceiver block REFCLKB drives the REFCLKB pin. This data is 
based on the number of transceiver channels in the Stratix GX device.

Figure 6–25 shows the transceiver routing with respect to inter-
transceiver lines for the EP1SGX25F device. Be sure to use this 
information when placing REFCLKB pins. (When placing refclkb pins, 
refer to the REFCLKB Pin Constraints chapter of the Stratix GX Device 
Handbook, Volume 2 for information about analog reads and refclkb pin 
usage constraints.) For example, if a REFCLKB pin is required to feed a 
transmitter PLL using an inter-transceiver line, the REFCLKB pin cannot 
be in transceiver block 1, because IQ2 only feeds the receiver PLLs.

Table 6–3. REFCLKB Pin to Inter-Transceiver Line Connections

Channel Density
REFCLKB Pin in 

Transceiver Block 
Number

Channels in 
Transceiver Block

Inter-Transceiver 
Line Driven by 

REFCLKB

8 channels 
(EP1SGX10)

0 [3:0] IQ2

1 [7:4] IQ0

16 channels 
(EP1SGX25)

0 [3:0] —

1 [7:4] IQ2

2 [11:8] IQ0

3 [15:12] IQ1

20 channels 
(EP1SGX40)

0 [3:0] —

1 [7:4] IQ2

2 [11:8] IQ0

3 [15:12] IQ1

4 [19:16] —
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Figure 6–25. Inter-Transceiver Line Connections for EP1SGX25F Device Note (1)

Notes to Figure 6–25:
(1) IQ lines are inter-transceiver block lines.
(2) If the /2 pre-divider is used, the path to drive the PLD logic array, local, or global clocks is not allowed.
(3) There are four receiver PLLs in each transceiver block.
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Figure 6–26 shows the transceiver routing with respect to inter-
transceiver lines for the EP1SGX40G device. This device has an extra 
transceiver block (number 4), which is in the middle of all the transceiver 
blocks, as illustrated. Be sure to use this information when placing 
REFCLKB pins. (When placing refclkb pins, refer to the REFCLKB Pin 
Constraints chapter of the Stratix GX Device Handbook, Volume 2 for 
information about analog reads and refclkb pin usage constraints.) For 
example, if a REFCLKB pin is required to feed a transmitter PLL using an 
inter-transceiver line, the REFCLKB pin cannot be in transceiver block 1, 
because IQ2 only feeds the receiver PLLs.
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Figure 6–26. Inter-Transceiver Line Connections for EP1SGX40G Device Note (1)

Notes to Figure 6–26:
(1) IQ lines are inter-transceiver block lines.
(2) If the /2 pre-divider is used, the path to drive the PLD logic array, local, or global clocks is not allowed.
(3) There are four receiver PLLs in each transceiver block.
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GIGE Mode 
MegaWizard 
Plug-In Manager

This section describes the altgxb megafunction options for GIGE mode. 
Altera® recommends that the Stratix GX transceiver block be instantiated 
and parameterized through the altgxb MegaWizard Plug-In Manager in 
the Quartus II software. The Quartus II MegaWizard Plug-In Manager 
altgxb-In offers a graphical user interface (GUI) that organizes the 
altgxb options in easy-to-use sections. The MegaWizard Plug-In 
Manager also sets the correct ports and parameters automatically, based 
on the options and parameters you select. Invalid settings are 
automatically flagged in the wizard to avoid illegal configurations. The 
MegaWizard Plug-In Manager also disables any options that do not apply 
to GIGE mode.

Although you can instantiate the Stratix GX block directly by calling out 
the altgxb megafunction, Altera recommends that you use the 
MegaWizard Plug-In Manager to instantiate your altgxb megafunction 
to reduce the chance of invalid settings.

GIGE Mode MegaWizard Plug-In Manager Considerations

Each altgxb MegaWizard Plug-In Manager instantiation can use one or 
more transceiver blocks, based on the number of channels you select. 
There are four channels per transceiver block. If a MegaWizard Plug-In 
Manager instantiation uses fewer than four channels, the remaining 
channels in that transceiver block are no longer available for use.

Each instantiation must have similar functionality and data rates. If you 
wish to have transceiver blocks that differ in functionality or data rates, 
you can create a separate instantiation for each transceiver block.

Also, as mentioned in the clocking section, the wizard displays the 
configuration of the altgxb megafunction. This diagram changes 
dynamically based on the selected mode, options, and clocking schemes.

GIGE Mode altgxb MegaWizard Plug-In Manager Options

This section shows the MegaWizard Plug-In Manager pages where you 
select the options for a GIGE mode configuration.

Figure 6–27 shows page 3 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.
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Figure 6–27. MegaWizard Plug-In Manager - altgxb (Page 3)

Table 6–4 describes the available options on page 3 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Table 6–4. MegaWizard Plug-In Manager Options (Page 3 for GIGE Mode)  (Part 1 of 2)

altgxb Setting Description

Which device family will you be 
using?

Stratix GX is the only option available.

Which protocol will you be using? For the GIGE mode, you must select the GIGE protocol.

What is the operation mode? GIGE protocol mode supports duplex, receiver-only, or transmitter-only 
operation modes.

What is the number of channels? This value can be from 1 to the maximum number of channels available 
on the device. The Quartus II software automatically assigns the channels 
to a transceiver block unless input and output pins assignments are made 
to the channel’s transceiver input and output pins.

What is the channel width? 8 bits is single width. 
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Figure 6–28 shows page 4 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.

Allow GXB quad merging (if 
possible)

For information about this option, refer to the section “Stratix GX 
Transceiver Merging” on page 6–43.

Instantiate Transmitter PLL For more information, refer to the Stratix GX Analog Description chapter 
in volume 2 of the Stratix GX Device Handbook.

Train Receiver PLL CRU clock from 
Transmitter PLL

For more information, refer to the Stratix GX Analog Description chapter 
in volume 2 of the Stratix GX Device Handbook.

Select the bandwidth type on the 
Transmitter PLL

For more information, refer to the Stratix GX Analog Description chapter 
in volume 2 of the Stratix GX Device Handbook.

Select the acceptable PPM 
threshold between the Receiver PLL 
VCO and the CRU clock

For more information, refer to the Stratix GX Analog Description chapter 
in volume 2 of the Stratix GX Device Handbook.

rxdigitalreset (send reset 
signal to the digital portion of the 
receiver)

The rxdigitalreset port resets the digital blocks in the receiver 
channel. Each active receiver channel has its own digital reset. 

txdigitalreset (send reset 
signal to the digital portion of the 
transmitter)

The txdigitalreset port resets the digital blocks of the transmitter 
channel. Each active transmitter channel has its own digital reset. 

rxanalogreset (send reset 
signal to the analog portion of the 
receiver)

The rxanalogreset port resets the receiver’s analog circuits, 
including the receiver PLL. Each active receiver channel has its own 
analog reset. 

pll_areset (send reset signal to 
the Quad)

The pll_areset port resets the entire transceiver block (all receiver 
and transmitter digital and analog circuits, including receiver and 
transmitter PLLs). 

pllenable (send enable signal to 
the Quad)

The pllenable port enables the entire transceiver block; if deasserted, 
the entire transceiver block is held in the reset condition.

pll_locked (indicates 
Transmitter PLL is in lock with the 
reference input clock)

For more information, refer to the Ports & Parameters chapter in volume 
2 of the Stratix GX Device Handbook.

Table 6–4. MegaWizard Plug-In Manager Options (Page 3 for GIGE Mode)  (Part 2 of 2)

altgxb Setting Description
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Figure 6–28. MegaWizard Plug-In - altgxb (Page 4)

Table 6–5 describes the available options on page 4 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Figure 6–29 shows page 5 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.

Table 6–5. MegaWizard Plug-In Manager Options (Page 4 for GIGE Mode)

altgxb Setting Description

Which loopback option do you want 
to enable?

For more information, refer to the Loopback Modes chapter in volume 2 of 
the Stratix GX Device Handbook.

Which reverse loopback option do 
you want to enable?

For more information, refer to the Loopback Modes chapter in volume 2 of 
the Stratix GX Device Handbook.

Which self-test mode do you want to 
use?

For more information, refer to the Stratix GX Built-In Self Test (BIST) 
chapter in volume 2 of the Stratix GX Device Handbook.
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Figure 6–29. MegaWizard Plug-In Manager - altgxb (Page 5)

Table 6–6 describes the available options on page 5 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Table 6–6. MegaWizard Plug-In Manager Options (Page 5 for GIGE Mode)  (Part 1 of 2)

altgxb Setting Description

Target for engineering sample 
device

You must select this option if the design is targeted for an engineering 
sample (ES) device.

Enable 8B/10B decoder In GIGE mode, this option is always enabled because data is always 
8B/10B encoded.

Enable run-length violation checking For more information, refer to the Stratix GX Analog Description chapter 
in volume 2 of the Stratix GX Device Handbook.

Manual word alignment mode This option is not available in GIGE mode.

rx_enacdet port (manual word 
alignment enable signal)

This option is not available in GIGE mode.

Manual bitslipping mode This option is not available in GIGE mode.
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Figure 6–30 shows page 6 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.

Figure 6–30. MegaWizard Plug-In Manager - altgxb (Page 6)

rx_bitslip port (manual 
bitslipping control signal)

This option is not available in GIGE mode.

Word alignment pattern length This option is not available in GIGE mode.

Word alignment pattern The word aligner in GIGE mode is always set as a 10-bit K28.5 pattern. 
Both positive and negative disparities are checked.

Flip word alignment pattern bits This option is not available in GIGE mode.

Table 6–6. MegaWizard Plug-In Manager Options (Page 5 for GIGE Mode)  (Part 2 of 2)

altgxb Setting Description
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Table 6–7 describes the available options on page 6 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Figure 6–31 shows page 7 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.

Table 6–7. MegaWizard Plug-In Manager Options (Page 6 for GIGE Mode)

altgxb Setting Description

Select rx_coreclk at rate 
matching FIFO mode 

This option is not available in GIGE mode.

Enable Generic FIFO This option is not available in GIGE mode, because a dedicated rate 
matching FIFO is included in the receiver data path by default.

Add synchronization registers on 
rx_we signal

This option is not available in GIGE mode.

Enable Stratix GX to Stratix GX DC 
coupling

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Force signal detection The Force Signal Detect option is always on and cannot be turned off. The 
signal detect circuitry is always forced, so the rx_signaldetect is 
always set in GIGE mode.

Use equalizer control signal For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Select the equalizer control setting For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Select the Infiniband invalid code This option is not available in GIGE mode.

Select the signal loss threshold For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Select the bandwidth type on the 
Receiver

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Base settings on By default, the GIGE data rate is set to 1250 Mbps. Possible multiplication 
factors of the input clock are 2, 4, 5, 8, 10, 16, and 20. Multiplication 
factors of 2, 4, and 5 must use the refclkb pins. A multiplication factor 
of 2 also requires that the receiver PLL be trained by the transmitter PLL.
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Figure 6–31. MegaWizard Plug-In Manager - altgxb (Page 7)

Table 6–8 describes the available options on page 7 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Table 6–8. MegaWizard Plug-In Manager Options (Page 7 for GIGE Mode)  (Part 1 of 2)

altgxb Setting Description

rx_coreclk (read clock of the 
Receiver phase compensation 
FIFO)

This option is not available in GIGE mode.

rx_a1a2size (control logic signal 
to detect A1A2/A1A1A2A2 patterns)

This option is not available in GIGE mode.

rx_locktorefclk (control 
signal for Receiver PLL to lock to the 
reference clock)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_locktodata (control signal 
for Receiver PLL to lock to the 
received data)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_clkout (receiver input clock) This option is not available in GIGE mode.
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Figure 6–32 shows page 8 of the altgxb MegaWizard Plug-In Manager 
in GIGE mode.

rx_locked (indicates that the 
Receiver PLL is locked to the 
reference clock (active low))

Receiver PLL lock indicator. For rx_locked, Low = receiver PLL is 
locked to the reference clock.

rx_freqlocked (indicates that 
the Receiver PLL is locked to the 
input data)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_signaldetect (indicates 
receiver signal is detected with data)

rx_signaldetect is only available in XAUI or GIGE mode. Refer to 
the Ports & Parameters chapter in volume 2 of the Stratix GX Device 
Handbook for additional information.

rx_syncstatus (output signal 
from pattern detector and word 
aligner)

Indicates when the word aligner has aligned to the byte boundary. The 
rx_syncstatus signal goes high for one rx_clkout period when the 
word aligner aligns to the new byte boundary.

rx_patterndetect (indicates 
pattern has been detected)

Similar to rx_syncstatus, except that rx_patterndetect asserts 
only when the word alignment pattern appears in the data stream within 
the synchronized byte boundary.

rx_ctrldetect (indicates 
8B/10B decoder detected a control 
code)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_errdetect (indicates 8B/10B 
decoder detected an error code

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_disperr (indicates 8B/10B 
decoder detected disparity error)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_a1a2sizeout (a1a2size 
signal synchronized to the clock of 
the word aligner)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_fifoalmostempty (high 
when rate matching FIFO is in 
almost empty condition)

You can include this rate matching FIFO status signal by enabling this 
option. When driven HIGH, this signal indicates an almost empty 
condition for the rate matching FIFO.

rx_fifoalmostfull (high when 
rate matching FIFO is in almost full 
condition)

You can include this rate matching FIFO status signal by enabling this 
option. When driven HIGH, this signal indicates an almost full condition 
for the rate matching FIFO.

rx_bisterr (error status for 
built-in self-test)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

rx_bistdone (self-test complete 
signal)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

Table 6–8. MegaWizard Plug-In Manager Options (Page 7 for GIGE Mode)  (Part 2 of 2)

altgxb Setting Description
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Figure 6–32. MegaWizard Plug-In Manager - altgxb (Page 8)

Table 6–9 describes the available options on page 8 of the MegaWizard 
Plug-In Manager for your altgxb custom megafunction variation.

Table 6–9. MegaWizard Plug-In Manager Options (Page 8 for GIGE Mode)  (Part 1 of 2)

altgxb Setting Description

Enable 8B/10B encoder In GIGE mode, this option is always enabled because data is always 
8B/10B encoded.

Enable 8B/10B /I1/, /I2/ generation Selecting this option enables the transmitter to replace any /Dx.y/ 
following a /K28.5/ with either /D5.6/ or /D16.2/ depending on the running 
disparity before /K28.5/. Refer to the section “Idle Generation” on 
page 6–16 for more information.

Use external Transmitter 
termination

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Use Voltage Output Differential 
(VOD) control signal

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Select the Voltage Output 
Differential (VOD) control setting

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.



Altera Corporation   6–41
June 2006 Stratix GX Device Handbook, Volume 2

GIGE Mode

Figure 6–33 shows page 9, the Simulation Libraries page, of the 
MegaWizard Plug-In Manager for the GIGE protocol set up.

Use preemphasis control signal For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Select the preemphasis control 
setting (0 is the least preemphasis 
and 5 is the most preemphasis)

For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Base settings on For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

Input clock frequency For information about this option, refer to the Stratix GX Analog 
Description chapter in volume 2 of the Stratix GX Device Handbook.

tx_coreclk (write clock of the 
Transmitter phase compensation 
FIFO buffer

You can optionally choose the write clock of the transmitter phase 
compensation FIFO buffer. This clock should be frequency locked with the 
internal reference clock because the phase compensation FIFO buffer 
cannot tolerate frequency variations and contains no error flags.

tx_forcedisparity (controls 
the disparity of the 8B/10B system)

Refer to the Ports & Parameters chapter in volume 2 of the Stratix GX 
Device Handbook.

Table 6–9. MegaWizard Plug-In Manager Options (Page 8 for GIGE Mode)  (Part 2 of 2)

altgxb Setting Description
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Figure 6–33. MegaWizard Plug-In Manager - altgxb (Page 9)

Figure 6–34 shows page 10 of the MegaWizard Plug-In Manager for the 
GIGE protocol set up. You can select optional files on this page. After you 
make your selections, click Finish to generate the files.
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Figure 6–34. MegaWizard Plug-In Manager - altgxb (Page 10)

Stratix GX Transceiver Merging

A transceiver block contains four transceivers. In a design, an altgxb 
instantiation is placed in one or more transceiver blocks and potentially 
leaves unused transceivers in a block. For example, a six transceiver 
instantiation completely fills one transceiver block and half fills a second, 
taking up two full transceiver blocks. If another instantiation is in the 
design, it is placed the same way. For example, an instantiation of two 
transmitters takes up a third transceiver block. Merging two of the 
partially filled transceiver blocks into one transceiver block reduces the 
resources used and allows a design to fit into a device with fewer 
transceiver blocks.

The altgxb MegaWizard Plug-In Manager in the Quartus II software 
has a feature that allows merging of similar quads (transceiver blocks). 
With a few exceptions, transceiver blocks can be merged if the options 
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chosen in the wizard are the same. The Quartus II software merges the 
transceiver blocks automatically if you turn on the merging option for 
each instantiation. Table 6–10 shows the considerations for merging.

The Quartus II software does not merge two transceiver blocks if they 
won’t completely fit into one. It can, however, merge three transceiver 
blocks into two. Figure 6–35 shows a configuration with three transceiver 
blocks that can potentially be merged.

Figure 6–35. Three Transceiver Configuration

In Figure 6–35, two transceiver blocks cannot merge because there would 
be extra channels remaining. But because there are three transceiver 
blocks, the Quartus II software can merge them into two with no 
remaining channels.

If you turn on the merging option, the Quartus II software automatically 
merges transceiver blocks if possible or provides a warning during 
compilation if merging is not possible. The merging feature can reduce 
the transceiver block resources used in your design.

Table 6–10. Stratix GX Merging Considerations

Merging Rules Required to Match Between 
Transceiver Blocks

Not Required to Match Between 
Transceiver Blocks

MegaWizard Plug-In Manager 
options

USE_8B_10_MODE
USE_DOUBLE_DATA_MODE
CHANNEL_WIDTH
SYNC_MODE
DATA_RATE
TRANSMIT_PROTOCOL

VOD
Pre-emphasis
Equalization
Number of transmitters
Number of receivers

Input control signals must be shared 
across transceiver blocks and must 
be from the same source

Clock
CRU_CLOCK
PLL_RESET
PLL_ENABLE

The merging partial transceiver 
blocks must reduce the number of 
transceiver block when merged

The total number of receivers and 
transmitters must be tx ≤4 x n and 
rx ≤4 x n, where n is the reduced 
number of transceiver blocks 
remaining after merging.

Three Transmitters
Three Receivers

Two Transmitters
Two Receivers

Three Transmitters
Three Receivers
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Design Example The design example shows the GIGE synchronization sequence and 
illustrates what happens when the receiver loses synchronization, as 
described in clause 36 of the IEEE 802.3 specification. To simplify the 
documentation process, the design is implemented in Verilog hardware 
description language (HDL).

Design Description

When the protocol is specified as GIGE, synchronization is achieved on 
receiving three (/K28.5/, /Dx.y/) ordered sets. Each /K28.5/ is 
separated by any odd number of /Dx.y/ code groups. Invalid code 
groups are not supported during the synchronization stage. If at any time 
four invalid code groups are received separated by fewer than three valid 
code groups, synchronization is lost. This design example shows both the 
transmission of the synchronization sequence and the transmission of the 
invalid error codes that cause the loss of synchronization.

`define reset 3'd0
`define donothing 3'd1
`define sync 3'd2
`define tx_err 3'd3  
`define count 3'd4
`define txk 3'd5
module gige8b10btest(
clk,
rx_in,
patterndetect,
ctrldetect,
errdetect,
syncstatus,
disperr,
rxout,
txout);
input clk, rx_in;
output patterndetect, ctrldetect, 
errdetect,syncstatus,disperr;
output [7:0] rxout;
output txout;
reg [3:0] curst,nextst;
reg reset, txctrl;
reg [6:0] globalcntr;
reg [3:0] kcntr;
reg [7:0] datacntr, kdata,txdata;
reg tff;
wire [7:0] rxout;
wire coreclk, rxclk, rx_in;
wire patterndetect, ctrldetect, 
errdetect,syncstatus,disperr;
//GXB instantiation
gige8b10bgxb gige8b10bgxb_inst(
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.pll_areset(1'b0),

.pllenable(1'b1),

.inclk(clk),

.rx_in(rx_in),

.rx_slpbk(1'b1),

.rxanalogreset(1'b0),

.tx_in(txdata),

.tx_ctrlenable(txctrl),

.rxdigitalreset(reset),

.txdigitalreset(1'b0),

.rx_disperr(disperr),

.rx_patterndetect(patterndetect),

.rx_ctrldetect(ctrldetect),

.tx_out(txout),

.rx_errdetect(errdetect),

.coreclk_out(coreclk),

.rx_out(rxout),

.rx_syncstatus(syncstatus));
//governing counter
always@(posedge clk)

globalcntr <= globalcntr +1;
//control character counter
always@(posedge clk)

if(kcntr==4'd11 || reset==1'b1)
kcntr<=4'b0;

else
kcntr<=kcntr+1;

//data counter
always@(posedge clk or posedge reset)

if(reset==1'b1)
datacntr<=1'b0;

else
datacntr<=datacntr+1;

//control character decode
always@(kcntr)
case (kcntr)

0: kdata=8'h1c;  //k28.0
1: kdata=8'h3c;  //k28.1
2: kdata=8'h5c;  //k28.2
3: kdata=8'h7c;  //k28.3
4: kdata=8'h9c;  //k28.4
5: kdata=8'hbc;  //k28.5
6: kdata=8'hdc;  //k28.6
7: kdata=8'hfc;  //k28.7
8: kdata=8'hf7;  //k23.7
9: kdata=8'hfb;  //k27.7
10: kdata=8'hfd;  //k29.7
11: kdata=8'hfe;  //k30.7

// 12: kdata=8'hff;  //invalid code
default:kdata=8'hbc;

endcase
always@(globalcntr or curst)
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case(globalcntr)
0: 

nextst=`reset;//resets receiver
1:

nextst=`sync; //sends out 3 idle ordered sets
8:

nextst=`count; //sending counter values
40: 

nextst=`txk; //sending control characters
52: 

nextst=`count; //sending counter values
60: 

nextst=`tx_err;  //sending 4 illegal codes
64:

nextst=`donothing; //do nothing until resync
default:

nextst= curst;
endcase
always @(posedge clk)

curst<=nextst;
always@(posedge clk)
case(curst)

`reset:  //resets receiver
begin

reset<=1;
txctrl<=0;
txdata<=datacntr;

end
`donothing:  //sends out /D0.0/
begin

reset<=0;
txctrl<=0;
txdata<=8'h00;

end
`sync:  //sends alternating /K28.5/ and /D31.7/
begin

reset<=0;
if (globalcntr[0]==1)
begin

txdata<=8'hbc;
txctrl<=1;

end
else
begin

txdata<=8'hff;
txctrl<=0;

end
end
`tx_err:  //sends an out of bounds control code 

/K31.7/
begin

reset<=0;
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txctrl<=1;
txdata<=8'hff;

end
`count: //sends out value of a counter
begin

reset<=0;
txctrl<=0;
txdata<=datacntr;

end
`txk:  //sends out all 12 K codes
begin

reset<=0;
txctrl<=1;
txdata<=kdata;

end
default: 
begin

reset<=0;
txctrl<=0;
txdata<=datacntr;

end
endcase
endmodule

ALTGXB

module gige8b10bgxb (
pll_areset,
pllenable,
inclk,
rx_in,
rx_slpbk,
rxanalogreset,
tx_in,
tx_ctrlenable,
rxdigitalreset,
tx_forcedisparity,
txdigitalreset,
rx_disperr,
rx_patterndetect,
rx_ctrldetect,
tx_out,
rx_errdetect,
coreclk_out,
rx_out,
rx_syncstatus);
input[0:0]  pll_areset;
input[0:0]  pllenable;
input[0:0]  inclk;
input[0:0]  rx_in;
input[0:0]  rx_slpbk;
input[0:0]  rxanalogreset;



Altera Corporation   6–49
June 2006 Stratix GX Device Handbook, Volume 2

GIGE Mode

input[7:0]  tx_in;
input[0:0]  tx_ctrlenable;
input[0:0]  rxdigitalreset;
input[0:0]  tx_forcedisparity;
input[0:0]  txdigitalreset;
output[0:0]  rx_disperr;
output[0:0]  rx_patterndetect;
output[0:0]  rx_ctrldetect;
output[0:0]  tx_out;
output[0:0]  rx_errdetect;
output[0:0]  coreclk_out;
output[7:0]  rx_out;
output[0:0]  rx_syncstatus;
wire [0:0] sub_wire0;
wire [0:0] sub_wire1;
wire [0:0] sub_wire2;
wire [0:0] sub_wire3;
wire [7:0] sub_wire4;
wire [0:0] sub_wire5;
wire [0:0] sub_wire6;
wire [0:0] sub_wire7;
wire [0:0] rx_disperr = sub_wire0[0:0];
wire [0:0] rx_patterndetect = sub_wire1[0:0];
wire [0:0] tx_out = sub_wire2[0:0];
wire [0:0] rx_ctrldetect = sub_wire3[0:0];
wire [7:0] rx_out = sub_wire4[7:0];
wire [0:0] rx_errdetect = sub_wire5[0:0];
wire [0:0] coreclk_out = sub_wire6[0:0];
wire [0:0] rx_syncstatus = sub_wire7[0:0];
altgxbaltgxb_component (

.pll_areset (pll_areset),

.pllenable (pllenable),

.inclk (inclk),

.rx_in (rx_in),

.rx_slpbk (rx_slpbk),

.tx_in (tx_in),

.rxanalogreset (rxanalogreset),

.tx_ctrlenable (tx_ctrlenable),

.rxdigitalreset (rxdigitalreset),

.tx_forcedisparity (tx_forcedisparity),

.txdigitalreset (txdigitalreset),

.rx_disperr (sub_wire0),

.rx_patterndetect (sub_wire1),

.tx_out (sub_wire2),

.rx_ctrldetect (sub_wire3),

.rx_out (sub_wire4),

.rx_errdetect (sub_wire5),

.coreclk_out (sub_wire6),

.rx_syncstatus (sub_wire7));
defparam

altgxb_component.align_pattern = "P0101111100",
altgxb_component.align_pattern_length = 10,
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altgxb_component.allow_gxb_merging = "OFF",
altgxb_component.channel_width = 8,
altgxb_component.clk_out_mode_reference = "ON",

altgxb_component.consider_enable_tx_8b_10b_i1i2_gener
ation = "ON",

altgxb_component.consider_instantiate_transmitter_pll
_param = "ON",

altgxb_component.data_rate = 1250,
altgxb_component.data_rate_remainder = 0,
altgxb_component.disparity_mode = "ON",
altgxb_component.dwidth_factor = 1,

altgxb_component.enable_tx_8b_10b_i1i2_generation = 
"ON",

altgxb_component.equalizer_ctrl_setting = 0,
altgxb_component.flip_rx_out = "OFF",
altgxb_component.flip_tx_in = "OFF",
altgxb_component.force_disparity_mode = "OFF",
altgxb_component.for_engineering_sample_device 

= "OFF",
altgxb_component.instantiate_transmitter_pll = 

"ON",
altgxb_component.intended_device_family = 

"Stratix GX",
altgxb_component.loopback_mode = "SLB",
altgxb_component.lpm_type = "altgxb",
altgxb_component.number_of_channels = 1,
altgxb_component.number_of_quads = 1,
altgxb_component.operation_mode = "DUPLEX",
altgxb_component.pll_bandwidth_type = "HIGH",
altgxb_component.pll_inclock_period = 8000,
altgxb_component.preemphasis_ctrl_setting = 0,
altgxb_component.protocol = "GIGE",
altgxb_component.reverse_loopback_mode = 

"NONE",
altgxb_component.run_length_enable = "OFF",
altgxb_component.rx_bandwidth_type = "NEW_LOW",
altgxb_component.rx_data_rate = 1250,
altgxb_component.rx_data_rate_remainder = 0,
altgxb_component.rx_enable_dc_coupling = "OFF",
altgxb_component.rx_force_signal_detect = "ON",
altgxb_component.rx_ppm_setting = 1000,
altgxb_component.signal_threshold_select = 530,
altgxb_component.tx_termination = 2,
altgxb_component.use_8b_10b_mode = "ON",
altgxb_component.use_auto_bit_slip = "ON",
altgxb_component.use_channel_align = "OFF",
altgxb_component.use_double_data_mode = "OFF",
altgxb_component.use_equalizer_ctrl_signal = 

"OFF",
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altgxb_component.use_preemphasis_ctrl_signal = 
"OFF",

altgxb_component.use_rate_match_fifo = "ON",
altgxb_component.use_rx_clkout = "OFF",
altgxb_component.use_rx_coreclk = "OFF",
altgxb_component.use_rx_cruclk = "OFF",
altgxb_component.use_self_test_mode = "OFF",
altgxb_component.use_symbol_align = "ON",
altgxb_component.use_vod_ctrl_signal = "OFF",
altgxb_component.vod_ctrl_setting = 1000;

endmodule

Simulation Waveform & Hardware Verification Results

Figures 6–36 and 6–37 show the complete synchronization sequence from 
the transmitter to the receiver for the SignalTap® II logic analyzer and the 
Quartus II software, respectively. The GIGE duplex channel is configured 
in a serial loopback mode. The synchronization pattern is sent by the 
transmitter. The receiver sends a K28.4 character (8’ b9C + ctrl) until 
synchronization is achieved. Although any odd number of valid /Dx.y/ 
codes is supported between each /K28.5/ code, one /Dx.y/ is shown in 
this example.

The 8’h00 shown on the rx_out bus results from the reset pulse when 
the pipelined registers are reset in the receiver block.

There is good correlation between the SignalTap II logic analyzer results 
and the Quartus II software simulation.

Figure 6–36. GIGE Synchronization Sequence SignalTap II Results
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Figure 6–37. GIGE Synchronization Sequence Quartus II Software Simulation Results

Figures 6–38 and 6–39 show the loss of GIGE synchronization on 
receiving invalid code groups from the SignalTap II logic analyzer and 
the Quartus II software, respectively. On receiving four invalid codes that 
are separated by fewer than three valid codes, the receiver signals a loss 
of synchronization by deasserting the rx_syncstatus signal and 
sending a /K28.4/ code group (8’h9C + ctrl). In the example, four 
invalid codes are transmitted with zero valid codes in between.

Figure 6–38. Loss of Synchronization SignalTap II Logic Analyzer Results

Figure 6–39. Loss of Synchronization Quartus II Simulation Results
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