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Hardware platform and design software used

@ Altera PCI Express Development Kit
with Stratix Il GX

- : _ @ JDSU (ex. Picolight) SFP+
e = &/ : transceiver up to 8.5 GbpS

@ Altera Quartus Il version 8.1
with corresponding Modelsim-Altera

QUARTUS'II Advanced Simulation and Debugging

QUARTUS'II jocg

Design Software
Version 8.1

MOERA,




Block diagram (1)
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Block diagram (2)

Scrambler —» RS encoder

Verilog files obtained
from Csaba Soos

converted in VHDL
to ease simulation

RS decoder

.Descrambler
'Descrambler

FPGA Altera Stratix I1 GX
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Encoding chain

Clock40MHz
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Serialization

Clock domain crossing
Multiplexing

120bits

Dual port RAM 40})its
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@4.8Gbps
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Stratix Il GX receiver block diagram

Receiver Analog Circuits Receiver Digital Logic

MY Phagd]

Byte Compen- Ly

Ordering

Unit

Clock De- Word
j[>-> Recovery ™| serializer > Aligner

20bits seriali:i:er
\ @240MHz @ 120MHz

Reference

Clock 7@‘ @ Tries to align data on a pattern but pattern length can be:
+ 7 bits

+ 10 bits

*+ or 20 bits

*+ but not 4 bits

@ Offers a manual bit slip mode
*+ Available when using 16 or 32-bits parallel interface
+ but not available when parallel interface on 40 bits (16
and 32 bits parallel interface not usable because not a
divisor of 120)




Deserialization and manual header finding (1)

@ Word boundary search fully manual:

+ “word aligner” module of the GX buffer allows to search for pattern of 7-bits minimum
= Means that we have to search ourselves the 4-bits header

+ “bit slip command” is not available in the GX buffer configuration we use
= Means that we have to do the bit slipping ourselves

@ From the thesis of Giulia Papotti, following parameters were used:

23 consecutive correct headers

4 incorrect headers
within 64 successive frames




Deserialization and manual header finding (2)

Clock domain crossing

Demultiplexing
Dual t RAM
Serial link 40bits e .
@4.8Gbps ll > 120bits
from the optical @ 120MHz ’
transceiver @ 40MHz
Write addreﬁ
Read address
Enable eﬁ
counter Pulse when
nter exceeds 39
Locked on
header O>
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Decoding chain

D
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RS decoder J
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descrambler
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RS decoder — 2 21
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Decoding chain without FEC

AT
21bits

descrambler
-~

21 *

descrambler
-~

Redundancy| 44
suppression
16-bits

84

21

21bits
7 . descrambler
~

21bits
descrambler

Descrambler

Useful data
to the error counter

suppression
16-bits

Redundancy
suppression

@ |In such way, we really test the quality of the physical link because we do
not occult errors eventually corrected by the RS decoder
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Latencies and used resources

Size in
. . Latenc
Function Adaptath((eAll__ol\(}IJI(; Modules . 40|V||')|/Z @ Extrapolation for more channels...
S
36384 available EPS2GX90 €100k cycles » EP2SGX30 (8 channels max)
Scrambler 173 0.48% 2 <+ 93% of logic usage
RS encoder 126 0.35% 0
Interleaver 0 0.00% 0 * EP2SGX60 (12 channels max)
Multiplexer 11 0.03% 2 * 78% of logic usage

+ EP2SGX90 (16 channels max)

Header finder 259 0.71% | 23<N<618 + 69% of logic usage
Demultiplexer 10 0.03% 2
De-interleaver 0 0.00% 0 » EP2SGX130 (20 channels max)
RS decoder 819 2.25% 1 <+ 59% of logic usage
Descrambler 169 0.46% 1
Total for
one channel 1207 4.31%

@ To be investigated...
+ How can we reduce the used logic ?




Test setup and results

.
230V ) First test:

Clock input 120MHz (4.8Gbps)
Using decoding without correction
=» Runs 48h without any error

20V

30m long

S

Second test:

Clock input 160MHz (6.4Gbps)
Using decoding without correction
=» Runs 48h without any error
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Measurements

@ Corresponding serial data jitter characteristics
data rate = 4.8Gbps

@ 120MHz clock jitter characteristics

Timebase 0.0 psf
1
4.00 M3

Tj@BER-10"=89ps~0.43 U1



Conclusions

@ GBT protocol successfully implemented in an Altera Stratix Il GX FPGA
for up to 16 channels
=% The code will be available soon

@ This custom protocol seems to need a lot of logic resources
+ |s it possible to decrease it ?

@ The new Stratix IV GX will also be compatible with the GBT protocol and even better:
<+ the deserializer latency will be reduced, due to the possibility to bypass the
word aligner
= it contains more logic resources




Questions, remarks ?




