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Abstract

In this note we clarify the synchronization design for optical links when using the
GOL on the emission side, the TLK2501 deserializer from Texas Instrument or a
StratixGX FPGA on the reception side. We conclude with few requirements.
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1 Introduction

In LHCD optical links, serializers are used to encode 32 bits words in a serial
stream. The frequency of input words is 40 MHz, while the frequency of the
output stream is 1.6 Ghz.

Once encoded in serial stream the words boundaries, i.e. the limits between two
consecutive words, cannot be detected by the receiver without a specific
procedure. This procedure is required either at power-up or if the
synchronization is lost.

It is based on the emission of a specific IDLE sequence by the emission side.
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CHECK
(Look for Valid Code)
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Link in Question

Link Re-established

4 Consecutive Valid Code Words Received

Figure 1: Resynchronization principle according to TI documentation

The TLK2501 documentation [1] is ambiguous on this aspect. It makes allusion to
the use of three consecutive 16 bits IDLE cycles as shown in Figure 1. This
requirement also appears in the Gigabit Ethernet standard [2] on which the
TLK2501 is based, as can be seen on Figure 2. In our initial Optical Link
Specification [3] we only specified two (or one 32 bits IDLE cycle).

In this note we clarify the procedure allowing to synchronize the GOL' with the
TLK2501% In addition, we also study the case where the TLK2501 receiver is

1 Information based on explanations received from the GOL designers

2 Information based on explanations received from the TLK2501 Field Application Engineers
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replaced by deserializers directly included in a StratixGX FPGA’.
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Figure 2: Gibabit Ethernet synchronization principle extracted from the IEEE802.3

standard
When in the LOSS_OF_SYNC state, it can be seen that three consecutive ordered sets are expected before the
state machine can go in the SYNC_ACQUIRED state

3 Information based on the Altera documentation, explanations received from the StratixGX Field Application Engineers and
simulations made with Quartus.
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2 Synchronization principle for the TLK2501

The GOL as well as the TLK2501 are based on the physical layer of the IEEE802.3
standard. Data transmitted are encoded according the 8b10b scheme given in
Annex 1.

We remind that the 8b10b scheme encodes 8 bits words into 10 bits words. The 10
bits codes are chosen to contain:

either 6 zeros and 4 ones;
or 4 zeros and 6 ones;
or 5 zeros and 5 ones;

The purpose of this encoding is to balance the number of ones and zeros
transmitted and therefore to avoid the apparition of a DC level. However to
achieve this an additional mechanism is required. Each 8 bit data word has two
complementary representations in the 10 bit space: a positive and a negative one.
To choose between them the running disparity is computed dynamically by
counting the number of one bits and the number of zero bits. If for example the
disparity of data already sent is negative (more zeros than ones) the positive
value of the next code is chosen (more ones than zeros). This equilibrates the
quantity of zeros and ones transmitted.

The 8b10b encoding maps 256 characters tagged as data (Dx.y) and 12 additional
characters tagged as controls (Kx.y) as shown in Annex 1. Controls characters are
forced on the emission side by asserting or de-asserting control signals’. The way
it is done depends on the emission device.

To find words boundaries in the bit stream code, the TLK2501 uses a comma
character whose binary value is 0011111. This value is included in the positive
version of the /K28.5/ code (0011111010). The particularity of this code is that it
cannot be included in any other code nor in any combination of codes chosen
within the 8b10b dictionary.

The Gigabit Ethernet standard recommends the emission of 3 consecutive IDLE
ordered sets to synchronize the receiver. There are two kinds of IDLE ordered
sets: [K28.5, D5.6] named /I1/ and [K28.5, D16.2] named /12/ according to the
standard.

4  For example TX-ER and TX_DV on a TLK2501, Tx_Er and Tx_En on a GOL
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The sequence of order sets follows the following rule :

- If the running disparity before the first IDLE ordered set is positive, a /I1/
will be chosen as shown in Table 1 ;

- If the running disparity before the first IDLE ordered set is negative, an /12/
will be chosen as shown in Table 2 ;

- For the two next IDLE ordered sets a /12/ will be systematically chosen.

Ordered set 1/ nz2/ nz2/

Character K28.5 D5.6 K28.5 D16.2 K28.5 D16.2
8b10b code 110000 0101 101001 0110 001111 1010 100100 1010 001111 1010 100100 1010
8 bits value code BC C5 BC 50 BC 50
Running disparity Initial value + - - + - + -

Table 1 : IDLE sequence for initial running disparity positive

Ordered set n2/ N2/ n2/

Character K28.5 D16.2 K28.5 D16.2 K28.5 D16.2
8b10b code 001111 1010 100100 1010 001111 1010 100100 1010 001111 1010 100100 1010
8 bits value code BC 50 BC 50 BC 50
Running disparity Initial value - + - + - + -

Table 2 : IDLE sequence for initial running disparity negative

The disparity after a /I1/ ordered set changes its sign, while it is the same after
a /12/ ordered set. By judiciously choosing /I1/ or /I2/in function of the initial
running disparity, we can force a negative running disparity at the end of the
tirst IDLE ordered set, and the positive comma is therefore systematically present
at the second and third IDLE ordered set.

Note that only 2 consecutive IDLE ordered sets are necessary and sufficient for
the TLK2501 to get the alignment because it uses the positive comma to
synchronize.

The state machine shown in Figure 1 must be interpreted as follows: when in
ACQ state, the TLK2501 counts the number of IDLE ordered sets received; if
three IDLE ordered sets are consecutively received it goes in SYNC state; if less
ordered cycles are received, it goes in SYNC state as soon as it receives a valid
data word. Thus the TLK2501 is able to find word boundaries with only two
consecutive ordered sets if they are emitted according to rules stated above.
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3 Synchronization principle for a Stratix GX

The StratixGX [5] includes High Speed Buffers (HSB) with serialization/
deserialization capabilities similar to the TLK2501 ones. It can be configured
according various standards including Gigabit Ethernet. In this case 3
consecutive ordered sets are required for synchronization.

However the StratixGX buffer can also be configured in manual mode allowing
more flexibility.

I EBM0B I

\Reference
Y. Clock

Figure 3: StratixGX receiver block

The Word Aligner of a receiver block shown in Figure 3 contains a Pattern
Detector. The Pattern Detector matches a pre-defined comma to detect the byte-
boundary. If the comma is found, a signal ( rx_patterndetect ) is asserted for the
duration of one clock cycle to signify that the comma exists in the current word
boundary.

Both positive and negative disparities are checked in this mode. For example if
a /K28.5/ (b’0011111010) pattern is specified as the comma, the rx_patterndetect
will be asserted if b’0011111010 or b"1100000101 is detected in the incoming data.

In manual mode, the synchronization procedure is as follows : when the signal
commanding the synchronization ( rx_enacdet ) is high, the word aligner is going
to detect the specified comma and re-align the byte boundary when needed.
When the comma is detected, the rx_patterndetect signal is asserted and a
rx_syncstatus signal is also asserted for one clock cycle to signify that the word
boundary has been synchronized. When this condition is met, the rx_enacdet
signal must be deasserted by the user's logic. This causes the current word
boundary to be locked.
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Figure 4: Resynchronization of a StratixGX buffer operating in 8 bits mode

with a single comma word (K28.5)

On the simulation shown in Figure 4 one can notice that all this synchronization
process can be executed on detection of a single 8 bits word. By adding
appropriate logic inside the FPGA, it is possible to synchronize on one or two
predefined 16 bits IDLE ordered set, for example on the occurrence of either /I11/
or /12/ just like in the TLK2501.

Because it can detect a positive as well as a negative coma, the StratixGX is able
to synchronize on a single IDLE 16 bits cycle instead of 2 for the TLK2501.

4 IDLE cycle management for the GOL

The GOL chip has a 32 bits data input operating at 40 MHz and 2 control signals:
Tx_En and Tx_Er.

The production of IDLE ordered sets is obtained by de-asserting the Tx_En input.
As the data path is 32 bits, the de-assertion of Tx_En during one cycle at 40 MHz
corresponds to the emission of two consecutive ordered sets. The GOL follows
the Gigabit Ethernet rules concerning the running disparity. Therefore the IDLE
cycles emitted during one cycle will be [ /I1/, /12/ Jor [ /12/, /12/ ] according to
the detected parity. These two ordered sets are sufficient for a TLK2501 or a
Stratix GX to synchronize.
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5 Recommendations

The synchronization sequence is an essential operation for the correct
functioning of the pipelines located behind the deserializers. For this reason, the
following recommendations go beyond the strict minimum described above. This
is the price to pay for securing this feature.

Even if the assertion of Tx_En during a single cycle at 40 MHZ is sufficient to
synchronize the receiving end, it is felt that making this number of cycles
programmable could be a security in the case where external perturbation would
jeopardize the synchronization sequence.

Moreover, in the case where a specific initialization would be required prior to
start the processing, the time at which the Data Valid on the receiving TLK2501
rises should be programmable. As the Data Valid is the image of the Tx_En on
the GOL, this is equivalent to make programmable the time at which the Tx_En
rises.

This can be achieved in programming the start and stop time of the Tx_En signal.

A possible implementation could be that the device driving the Tx_En signal on
the emission board had two 16 bits registers accessible by the ECS: one with the
number of the machine cycle at which the Tx_En signal must be asserted, a
second with the number of the machine cycle at which the Tx_En signal must be
de-asserted.

In the example shown in Figure 5, the start value is programmed to 3549 and the
end value is programmed to 0. This way we obtain a 16 cycles large de-asserted
Tx_En signal with a rising edge toggling synchronously with the first valid data
of the machine cycle.

5 Be aware that clock cycles are not the same on the StratixGX (160 MHz), on the TLK2501 (80 MHz) and on the GOL (40 MHz). The

10

assertion of Tx_En during one cycle on the COL corresponds to the reception of 2 cycles on the TLK2501 and 4 cycles on the
StratixGX.
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Figure 5: Example of TX En management on the GOL side
for a running disparity negative at end of cycle 3548

6 Conclusion

We have clarified the behaviour of the TLK2501 on the reception side.

The initial specification of the Optical link interface [3] correctly described the
number of cycle during which Data Valid has to be de-asserted for allowing the
processing board devices to re-synchronize.

However it is recommended to reinforce the security of the synchronization
process which appears as a key issue for the correct operation of the downstream
electronics . This could be reached by making programmable both the beginning
and end of the Tx_En signal de-assertion on the GOL side.

11
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Annex 1: 8b10b code
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Valid data code-groups

Code Ortet Octel Bils Current RD - Curvent RD +

Group | yue | HGF EDCBA e r

Nume abedei Ighf  abedei ghj
FO 101 1000 0110031 (0] 100100 L1116
1 111 i0Q0d 100 Gl T00011 f001
L 111 EQDID (U BN 0011 Q0|
I3 111 10011 LIDOan L L1000 TCr T
L4 Il F0100 oolua oLl U101 o]
J 6] 1Bl 1010k 100030 1110 LCEL0 0
Ftr 111 103 06@ 011000 L1114 [ 100 ]
EY i1 10111 1110120 O] oaoon 111
FR 11 11on 11001 €] (LRI RREL]
Frr 111 11007 100130 1110 TEHFL 100 ]
FA 111 11010 LRI A pene [ERINRRERL LE ]
(R AR ERIR (RILI R TIRR ] THRIORT [ 116w
I 111 11100 Ool1an prieg (LA RRERLCE b
FIy 111 11101 1O 10000 O] oomy L1
FE 101 1000k 01110 G Lio0oy L1
¥ FEDL 1111} 101031 (] (R0 LL1EK

Valid control code-groups

K Code | Octal 8-Bit code 10-Bit code RD- | 10-Bit code RD+
value HGF EDCBA abcdei_fohj abcdei_fohj
K28.0 1C 8°b000 11100 10°b001111 0100 10°b110000_1011
K281 3C 2'b001 11100 10°b001111 1001 10'b110000 0110
K282 5€ 8'b010 11100 10°b001111 0101 10°b110000_1010
K283 ic 8°b011 11100 1076001111 0011 10°b110000_ 1100
K284 9C 8'b100 11100 10°b001111 0010 10°b110000 1101
K28.5(1) BC 8°b101 11100 10°b001111 1010 10°b110000 0101
K286 DC 8'b110 11100 10°b001111 0110 10'b110000_1001
K287 FC 8'bl11 11100 10°b001111_1000 10°b110000_0111
K237 F7 g°b111 10111 1076111010 1000 10°b000101 0111
K27.7 B 8'bl11 11011 10°b110110 1000 10°b001001 0111
K397 FD 8b111 11101 10°b101110_1000 10°b010001_0111
K30.7 FE 8'bl11 11110 10°b011110_1000 10°b100001 0111
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