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£ =12 IMA (integrated modular avionics) 7199 F-57]5 EES] 50 74 2.4 FY P MEH A RS 7443k dl
32 8 8 FC-NIC (fibre channel network interface card)] 24| A2} B A5 7t A#E e L2} v}, 58] 54 Fa} A7
13l zynq SoC (system on chip) & AH8-31] FC-NICS T @331t &~ E+= 4181312} 8l WA ] B H]o]E o] giste] FC

A} 2, T22E v 2] §) X9} 77 FC-NICL. 2 A Y81 FC-NIC-2 DMA (direct memory access) & &3] 32 E v & g]
E =t FC A T2 EFH A E A 9 9 3Y U] FY -2 FC-NICS] zynq SoCUH 9] 27 X2 A9} L2 3o E 220 71t
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[Abstract]

This paper shows that design, manufacture and the performance of FC-NIC (fibre channel network interface card) for network
unit configuration which is based on one of the 5 main configuration items of the common functional module for IMA (integrated
modular Avionics) architecture. Especially, FC-NIC uses zynq SoC (system on chip) for host load reductions. The host merely
transmit FC destination address, source memory location and size information to the FC-NIC. After then the FC-NIC read the host
memory via DMA (direct memory access). FC upper layer protocol and sequence process at local processor and programmable
logic of FC-NIC zynq SoC. It enables to free from host load for external communication. The performance of FC-NIC shows
average 5.47 us low end-to-end latency at 2.125 Gbps line speed. It represent that FC-NIC is one of good candidate network for
IMA.
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Table 1. Data categories and characteristics.
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Data .
10 Gbp ( Rate Application
F-35,F/A-
18E/F,
Fiber Channel FC-AE F-16E/F
1 Gbps 1/2 Gbps (Block&0)
[~ IEEE 1394b 800 Mbps
F-35
100 ’TD)(/AGS4 A380/B787
Mbps 100 Mbps
e HSDB 80Mbps JIAWG/F-22
Typhoon
STANAG 3910 Raphael
10 Mbps| 20 Mbps
Ethernet B787/
10 Mbps Business Jet
1 Mbps 15538 Vet wide
1 Mbps
R used
In Military
Community
100 kbps
| Tornado Tornado &
64 kbps Sea
Harrier
10 kbps

a8 1. 3700 ARBElE 3 CIXIE HlolH HAS
Fig. 1. Common digital data buses used on aircraft.

Fig 1.9 &37]dl A8 XY 2 o] W), ASEE,
dlolg W2, A871Es YERItE dEAS] HagE |
Mbps<] 1553B¢] @o] AH&-5m, "1&7]= 100 Mbps AFDX
(avionics full-duplex)”} IMAY] &% WEYIZ ALgdATt
[10][11].

SHH, 787 54 oA B F20] B 2 9 F
S AARIO R AET 7 Qlofof s, olel whzt e F4l
YELZ7} FC o]tH14].

2 =M IMA 7 s EES sk STl 7 8
2 T UEHA F5S ©9de FC-NIC (fibre channel network
interface card) 713, A 2 A2k 18] 3L A2 FC-NICS] A
& H7hskelh

Parameter Video Fast sensor Medium Slow sensor Control/data Sync File transfer

Data rate 2 Gbps 2 Gbps 750 Mbps < 250 Mbps <1 Mbps <1 Mbps <1 Gbps

—application Video Radar Beam steer E/O data Various Various Variousp

—frame length | 25 Mbits 2 Mbits 64 Kbps 5 Mbits 32 bits~132 Kbits | < 100 Kbits 1 Mbits

—rate 80 Hz 1 KHz 10 Khz 50 Hz 5~200 Hz 50 Hz~1 KHz

Periodic/ Periodic Periodic Periodic Periodic Both Periodic Aperiodic

aperiodic

Persistence 10sofs 10sofs 10sofs 10sofs 10sofs 10sofs Message length

Latency

—bit 10 s of ms 5 us 5us 5us 100 us 10 us 1ms

—frame

Time tagging no yes yes yes - - no

Topology Point to point Point to point Point to point | Point to point Multi point Multi point Point to point

Delivery Bit errors Bit errors Bit errors Bit errors Frame Frame Frame

guarantee detected detected detected detected acknowledgement| acknowledgement| acknowledgement
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Fig. 2. Fibre Channel topology.
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Frame Structure
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Flow Control
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Link Control Pratocals

Vit Fibre Channel Leve| 2
Generic Services(GS)

Node_Port

Physical Interface
Optical and Electrical Interfaces
Cables, Connectors, etc.

Fibre Channel Level 0

J8 3. FC 2|
Fig. 3. Fibre channel level.
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Transmission Word

1 O ) DOoEEE
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T P E Fxended E» 2 3
22| = Frame Frame e | le e
2 2 5 leader Hoader Optional Optional amrmi‘;:"bei m % ¢ 3 3 3
T T E (ew Header  Header " Bytes ¥ E T Z
5 transported) z
| T 1+6+6+528+2 = S43words = 2172bytes iwith EFH)
| e 1+6+528+2 = 537words = 2148bytes (without EFH)
| ~
|
|
|
Frame type and content/function | R-CTL D_ID(Destination Address) Where frame fs being sent ta
Class-speific control information | CS.CTL 5 ID(Source Address) Where the frame came from
Protocol Type in this frame TVPE F_CTL{Frame Control) Frame Control field
Sequence this frame belongs to SEQ ID DF CTL SEQ CNT Sequential count of frames
Originator Exchange 1D 0X.ID RX_ID Responder Exchange 1D
Multi-purpose parameter field PARMParameter Field )

I8 4. FC =2l 7=
Fig. 4. Fibre channel frame structure.

2-2 FC NIC MA|

1) FCNIC A A AM¥

obgfl #2¢ FC-NICS] 7N AMFS YeEhlIth VME
(versatile module european) 3= VPX carrier board ‘s UFFSt
S2E FAF @A) 7Fs8 =5 VITA 42.0 XMC form factor
£ WSkt FC-NIC dual redundancy 7]5-& 7 =5 2
port7} ¥ =5 &F3 oM, HEEEE 1 Gbps B 2 GbpsE A
At AAelet. TREZS FC-Raw X9}
FC-AE-ASM< A 918t e Si9ie) A HAE el &5 3 2
& 4 AF%S MIL-STD-810F & 7150 & 4.3t

-
XE+

2) FCNIC *-&
B =Fo| A AAstaL = FC-NICS FC-NIC2] 5 ~E 2]

o 4w s P A,

E 2. FC UIES QHHO|A FIE AR
Table 2. FC NIC specification.

Item

Specification
XMC (Switched Mezzanine Card), VITA 42.0.

Type VITA 423-2006

Host interface PCI Express x8, Genl, 2.5 Gbps x8 / Gen2, 5
Gbps x8

Number of port 2 Ports

Transfer rate 1.0625 Gbps/ 2.125 Gbps

End to end delay less than 20 usec

Power consumption | 10 W

Size 149 mm x 74 mm

Weight 120 g Typ

Protocol FC-AE-ASM and RAW Mode
toefne;tri:t%re -40° ~ +85° (Card Edge)

Vibration MIL-STD-810, Method 514, Procedure I
Shock MIL-STD-810, Method 516, Procedure I

http://dx.doi.org/10.12673/jant.2015.19.5.423
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S35 Controller Cortex-A9 | Cortex-A3 <+V10_VECINT— poguintors
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> +5v
e | i, |
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PCle Endpoint GTX GTX
T T
Rs-232
I MUX & MUX &
& £Q EQ
i t
FRU Info. & |3 ] || e

P15-PCIExpress
Connector

P16-FC-NIC Ports

P14-USER 10
Connector

Connector

J8 5. FC LUES oHH0|ATIE 25
Fig. 5. FC network interface card block diagram.
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Fig. 6. Fibre channel network interface card.
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Fig. 7. FC-1 level structure.

4) FC-1 24

FC-1 & 8b/10b 21t] =5, link control protocol, L] 3L
ordered set A& L 5221 7]50] Qlt}. FC-1 AL Fig7. 7 &
o] A7 %}l GTX serdest xilinxAkl| A IP (intellectual
property) B E| 2 A|-F=™ 500 Mbpsoll 4] 12.5 Gbps2] ==
dolHE A5e = gtk 3 8b/10b21 ] Y 2 parallel tlo]
& serialZ A&3= 93HS 31T} PSM (port state machine)
2 glo|HAE TR EFA ZH L] Fal FH| Aol o]
F0] %] = state machine©]T}. o] A& link level ZTEE 0]l tx
encoder, rx decoder 255 53 ordered setE WAYS}aL, IS}
o] 7] A} (primitive sequence)E 1.EH3IC] Fig 8.2 PSM2]
A ESEE eI

2=

Port State Machine

________ | LRR Receive
(LR3)
Transmit

(AQ
Normal Operation

Transmit
(OL1)
Transmit

LR Receive
(LR2)
Transmit
LRR

OLS Receive
(0L2)
Transmit LR

LR Transmit
--NOSE )
| PSS Transmit LRy,

(OL3)
Transmit

NOS Receive
(LF1)
Transmit OLS

NOS Transmit
(LF2)
Transmit NOS

LOS : Loss Of Signal
LR : Link Reset
LRR: Link Reset Response
NOS : Not Operational
OLS : Offline
T.0.: Timeout

% 8. PSM
Fig. 8. PSM operating block diagram.

Link Failure State

=Xt E§E|.0|O.|1EDH

o1 =27

SAE 251 A2 2ME 9/ zyng SoCE M&

427

BHFC-NIC AAof 25t

T

Port State Machine_
Module

3 9. FC-2 alE7=
Fig. 9. FC-2 level structure.
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Fig. 11. Test environment for analyzing ASM protocol.

2eh Al 2t

Bytes 0 1 2 3
0~3 Message ID

4-7 Reserved - Security

8~11 Reserved

12-15 L ' Priority | Message Payload Length(Bytes)

13 12. FC-AE-ASM 3|
Fig. 12. FC-AE-ASM header.

= A FC Avionics Environment ASM
- @ ASM Header
< Message ID - 00000002h
e Secunty - DEADBEEFh
® FReserved 1 -BBBBEBBBh
/" L-0b[Payload length 16,777,216 Bytes]
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[0 Length - 6000
e Data

A\ CRC

12 13. FC-AE-ASM 3l (FC 24171)
Fig. 13. FC-AE-ASM header (FC analyzer).
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Absolute Amplitude

B_
1-X2 1-X1

Normalized Time (in UI)

<Absolute eye diagram masks at By and y; >
33 14. FC eye Clojoja X9
Fig. 14. FC eye diagram definition.

33 15. FC eye miE 1} X6 AIE &HH
Fig. 15. FC eye pattern and jitter test environment.

j-l:l 16 oA'EAq_\_L )\|o4 2|.|:|:|
Fig. 16. Oscilloscope view of test.

E 3. FC oto|m{H, X|E{Alef, Al n}
Table 3. FC eye pattern and jitter specification and test
result.

Gamma T point (Chassis)

Units 200-DF-EL-S Result
Deterministic
UI max 0.16 0.114
Jitter output |—(ULP-P)

Total (UI p-p) 0.30 0.147

B mV 1000 900

Eye A mV 200 700

mask X1 ut 033 01

X2 Ul 0.5 0.25




2 E 55t 4z €48 212 zyng SoCE Xt FC-NIC Aol atgh A7

fol

BERZ FC analyzers AFg-3le] S4s1gl o FC 7+49¢1 E 4. End-to-end latency Al&l Zxt
10-12 ©]8}el=] gelsl= L0 2 Fig 179 =4 AFE Le} Table 4. End-to-end latency test result.

= Latency Latency Latency
WHRATE 5782 2 Gbps <520l 4] 50 kbytes EL‘7] ©] FC-AE-ASM No. | “useq | Noo | wseg | No | (useq
< point to point = 547+ AFste] AUk 54 276 x 107 1 556 36 5.54 71 5.54
0 2~3) 7}O
= ks e } 2 5.54 37 5.52 72 544
End-to-end latency™ Fig 18.3} o] +Adste] F 71| FC
A7 =] 2 = =10 3 5.44 38 5.46 73 552
end system A}o] |7 HE XA ZA AT End-to-end
latency 57 3PS Fig 19.9} o0, QAR ATTE 214 4 >52 | 39 | 48 | 4 >4
o] FC NIC9] zynq PSell4] DDRH Eg]dl] 220] =)= A4 3 4= 5 54 40 5.54 75 5.36
Ao A 24138 9] DDR | Eg]o] & A7t o] = 100 6 536 41 5.54 76 5.48
8] SAste] Hat sk AohE se40] e S 7 5.48 42 5.44 77 5.44
_— 8 5.44 43 5.52 78 5.54
Rl El s == 9 55 44 5.54 79 5.44
10 5.54 45 5.52 80 5.52
11 5.52 46 5.56 81 54
12 5.46 47 5.54 82 5.46
13 548 48 5.44 83 548
14 5.38 49 5.52 84 5.38
R 2 |
a3 17. BER AlE Zo} 15 5.48 50 54 85 548
Fig. 17. BER test result. 16 5.52 51 5.46 86 5.52
17 54 52 548 87 5.52
18 5.36 53 5.38 88 5.46
19 5.48 54 548 89 5.54
20 5.44 55 5.52 90 5.54
21 55 56 5.46 91 55
22 5.54 57 554 92 5.54
[ J“_L ﬁ 23 5.54 58 5.54 93 5.54
== i - 24 5.44 59 5.44 94 5.44
1% 18. End-to-end latency &8 FAT
Fig. 18. End-to-end latency measurement block diagram. 25 5.52 60 5.52 95 5.52
26 54 61 54 96 54
b e+ e it bt e e o, | i '_.." 27 536 62 536 97 536
1 ' e 28 5.44 63 5.48 98 5.44
P}
- 29 55 64 5.52 99 55
W : 30 5.54 65 54 100 5.4
3 [P E— 31 5.52 66 5.36
End 1o-Ead Lmency
3 5.46 67 5.44
33 5.54 68 5.5
Average:
== Ta =l T 34 5.54 69 5.54 S ———
...... - Zimane " 35 5.44 70 5.4

18 19. End-to-end latency &4 stH
Fig. 19. End-to-end latency view of measurement.
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E 5. 537 ¥el

Table 5. Definition of measurement interval.

Interval Description
Measurement Measurement interval #1 is time taken to
u
. process data in FC-NIC #1 PS and to pass data
interval #1
to FC-NIC #1 PL.
Measurement Measurement interval #2 is time taken to send
u
. data from FC-NIC #1 PL to FC-NIC #2 PL via
interval #2 .
fibre channel.
Measurement| Measurement interval #3 is time taken to
interval #3 process data received from FC-NIC #2 PL.
Al FC-NIC #2
PS(SW)

PL(FPGA)

PS(SW)

PL{FPGA)

_1.,_

fibre-channel

18 20. Payload size M& AlZt ¥ HAERE Al 7ME
Fig. 20. Transmission time per payload size and bus
occupancy ratio test block diagram.

¥ 6. Payload size 8 ™M& A2t A HRs AlE 4n
Table 6. Transmission time per payload size and bus
occupancy ratio test result.

Pa%'gjt‘i;‘ze Fc‘t’i‘rige”(igﬁfer Link-idle(%) |Bus usage(%)
4 1148 96.007 3.993
8 1178 95.765 4235
16 1254 95.203 4797
32 1278 94.054 5.946
64 1272 91727 8273
128 1258 87.208 12792
256 1434 82.691 17.309
512 157 68.546 31454
1024 1758 57.708 42.292
2048 239 43.06 56.94
2096 254 41788 58212
5120 57.38 25.92 74.08
10000 101.78 17.89 82.11
50000 369.84 17.207 82.793
100000 73595 18.866 81.134
500000 3855 2343 7657
1000000 7582 22617 77.383
4000000 29929 21.858 78.142
8000000 59932 21732 78.268
16777216 | 124663 20.567 79.433
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