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The Bottleneck of Digital Radar

» The bottleneck of digital array radar and its processors: associated with the
massive data handling and transportation requirements (GBytes for future
MPAR) and simultaneous multiple channel processing capabilities.

» Also in advanced signal processing (such as Space-Time Adaptive Processing)
which are invoking the embedded distributed computing schemes, data

need to be sent to right processing point on time, no information loss, and
low-cost.

» |0 power consumption >> processing power consumption

» Interconnection and interface are the bottleneck of scalability

» It is an urgent need to study the solutions for data transportations in embeddec
Systems to make the future multi-functional radar possible.



Overview of Future MPAR Architecture

l From antennas

A mesh network model
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EMIBEDDED SYSTEMS

An embedded system is a computing system (other than a general-purpose
computer) with the following general characteristics
e Single-functioned
e Typically, is designed to perform predefined function
e Tightly constrained
e Tuned for low cost
e Single-to-fewer components based
e Performs functions fast enough
e Consumes minimum power
e Reactive and real-time
e Must continually monitor the desired environment and react to
changes
* Hardware and software co-existence



TRADITIONAL EMBEDDED SYSTEM
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NEXT STEP




RECONEIGURABLE SYSTEM ON A CHIP
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HIGH SPEED SERIAL LINKS

Why serial links?

» More flexible, thinner cabling

» Topologies that promise to scale to the needs of the end
user

» Reduced system costs because of fewer PCB traces, and
lower pin/wire count.

» Predictable and reliable signaling schemes

» Exceptional bandwidth per pin.

Currently studying:
1. Serial RapidlO
2. Aurora




RapidlO Overview

A high-performance Point-to-point, packet-switched, interconnect
technology

Controlled by The RapidlO Trade Association (Xilinx, Freescale, Tundra,
Mercury, Altera, Ericcson, Curtiss-Wright, etc.)

Compatible with the most popular integrated communications processors,
host processors, and networking digital processors

Chip-to-chip and board-to-board communications at performance levels
scaling to ten Gigabits per second and beyond.

Networks of any topology possible (generally using switches)



Where Does Serial RapidlO Fit?

( Serial Ha"‘p—;dIO
Parallel ;ﬁlon
>

1G or 10G Ethernet

Fibre Channel
InfiniBand




Advantages of Serial RapidlO(SRIO)

» SRIO vs PCI, PCI-X and PCl — Express
-Lower-pin number
-Higher protocol efficiency
-Better for embedded application

»SRIO vs Ethernet and Gigabit Ethernet
- Provides 9.3 Gbps of effective data rate vs 795 Mbps for GigE
- Lower latency and faster speed
- Better efficiency for small form factor

»SRIO vs 10 Gbit (1000 Base-T) Ethernet:
- Provides 6.7 Gbps using small 64 bytes PDU vs 3.3Gbps for 10 GigkE.
- 95% efficient
- Save ~“80% power consumption, lower cost, better efficiency .



RapidlO Layered Architecture
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SRIO Layers: Logical and Transport

o |ogicall Layer- contains protocols necessary for to process a
transaction

o |/@ Logical Layer
o Memory mapped remote reads/writes
o No direct support for cache coherence
» |Viessage Passing Logical Layer

o Uses sends and receives with explicit processor ID supplied as
sender/receiver |D

e [Data messages- “‘normal” sends/receives

o Doorbell messages- veny short, low overhead “special” message (no
payload)

» Globally'Shared Memory Logical Layer
s Hardware-based cache coherence
o \Viemory-based mechanism for directory-based coherence
o RIOiis targeted towards the other two logical layers
o Allithree logicalllayers may co-exist on the same network
s Common liransport Layer
o Alllogicalllayers use the common transport layer

s Simple;spec provides information to route a packet from source to
destination




SRIO Layers: Physical

Used for link-level communication
o LP-Serial 1x-4x
« 1x provides 1 data lane, 4x provides 4 data lanes

« Embeds clock with data
« Both variants use differential signaling

Many services provided by both physical layers

» flow control, error management, and signal acknowledgement (all

between linked devices)

Serial RapidlO

Clock 1-bit Wide
Rate

4-bit Wide

PEAK Sustained Sustained

32 byte Op 256 Op

PEAK Sustained
32 byte Op

Sustained
256 byte Op

1.25 GHz i D 8 Gb 4 Gb
2.5 GHz 2 D 16 Gb 8 Gb
3.125 GHz 5 2. 4 20 Gb 10 Gb

7.2 Gb
14.4 Gb
18 Gb




Tools Used for Serial RIO Implementation

- Xilinx software tools (ISE, IP core generator, Impact, ChipScope)
- Two Xilinx Virtex-1l Pro XC2VP30-7 FPGA boards

- Agilent Logic Analyzer 16902A

- Two Agilent differential flying lead sets E5381A

- Two Diligent FX2-BB boards

- Two Serial ATA cables



Serial RIO Implementation

Size (cwonds)

Packet Address

Target Raquest /
Target Rasponse
State Machine




SRIO Testbench
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p30_host.ise - [Design Summary]
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Selected Device : Zvp30LLsS9e-7
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Clock period: 4.695ns (freguency: 212.952ZMHz)

Nunber of Slices: 66259 out of 13696 48%
Total nuwber of paths / destination ports: 166596 / 16678 Nurber of Slice Flip Flops: 7281 out of 27392 265
HNundber of 4 input LUTs: 29032 out of 27392 3%
Delay: 4,695n=s (Lewvels of Logic = &) Nunber used as logic: 5490
Source: rio_de wrapper/phy wrapper/phy 1x_ ser/U0/phy 1x_ser gen.phy ser/u oplm top Nurber used as Shift registers: 56
Destination: rio_de wrapper/phy wrapper/phy 1x_ ser/U0/phy 1x_ser gen.phy ser/u oplm top Nurber used as RAMS: 476
Source Clock: sys_clkp rising 0.3X Nudher of IOs: 63
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LUTZ_L:I0->LO 1 0.275 0.118 UD/phy 1x ser gen.phy ser/u oplm top/u oplm pos t Fartition Resource Summary:
LUT3: I2->0 1 0.275 0.349 U0/phy 1x ser gen.phy ser/u oplw top/u oplm pos_t
LUT4_L:IZ->LO 1 0.275 0.118 UO/phy 1x ser gen.phy ser/u oplw_top/u oplm pos_t
LUT4:I2->0 8 0.275 0.576 UO/phy 1x_ser gen.phy ser/u oplm top/u oplm pes t N0 Fartitions were found in this design.
LUTZ2: T1->0 1 0.2758 0.369 UO0/phy_1x_ser_gen.phy_ser/u oplm top/u_oplm pes_t
LUT4: I3->0 1 0.275 0.000 UO/phy 1x ser gen.phy ser/u oplw top/u oplm pos_t
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<| I FOR ACCURATE TIMING INFORMATICN FLEASE REFER TO THE TRACE REPORT
GENERATED AFTER PLACE-and-ROUTE.
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SRIO Signals Captured by the Logic Analyzer

Agilent Logic Analyzer - Unnamed Configuration - [Waveform-1] E]@ Agilent Logic Analyzer - Unnamed Configuration - [Waveform-1] E]@

' File Edit View Setup Tools Markers Run/Stop Waveform Window Help File Edit View Setup Tools Markers Run/Stop Waveform Window Help
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SRIO Bandwidth Performance
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AURORA PROTOCOL

DEFINES: (point to point only)

- Physical layer interface: electrical level and symbol coding
-Initialization and error handling

-Data stripping

- Link layer

- Flow control

DOES NOT DEFINE:

-Error detection and recovery : does not define a mechanism for
detecting error in users PDUs.
-Data switching: does not define an address scheme.



SERIAL CONNECTIVITY WITH AURORA 1P

High-Speed Serial Transceivers Each Aurcra Lane Uses One MGT
MGT = Multi-Gigabit Transceiver

Aurora Channel Partners Aurora Full-Duplex Channel

A A
[ |\
User 3 User
User [interface Llﬁl E v E Llﬁl Interface [ User
lication | g—p -a— | Application
APD Interface g AN Channel g Interface
A = e A
\J
Interconnect
(Ex. Backplane)
User Frames and S ————— i User Frames and

Flow Control Messages Aurora Frames Flow Control Messages




SERIAL CONNECTIVITY WITH AURORA 1P

M Octets

User PDU

M Octets l One Octet

User PDU m

Link-Layer Encapsulation l

Two Octets M Oictets One Octet Two Octets

8B/10B Encoding l
Two Symbols M Symbols One Symbol Two Symbols




SERIAL CONNECTIVITY AURORA IP

Configurable parameters :
- Streaming / framing interface .
- Simplex / full duplex data flow
- Single / multiple MGTs
- Reference clock value
- Line rate
- MGT location based on number of MGTs selected

- Reference source clock



Tools Used for Serial RIO Implementation

- Xilinx software tools (ISE, EDK, IP core generator, Impact)
- Two Xilinx Virtex-1l Pro XC2VP30-7 FPGA boards

- Two Diligent FX2-BB boards

- Two Serial ATA cables

- National Instruments LabView 8.5



SERIAL CONNECTIVITY WITH AURORA IP

Dedicated Hard IP
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= |
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SERIAL CONNECTIVITY WITH AURORA IP
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R232 INTERFACE

DATA RECEIVED

0x0032 00031 Dx0030 0x002F Dx002E 0x002D Dx002C 0x002B 0x002A 0x0029 Dx0023 0x0027
00026 0x0025 020024 0x0023 0:0022 0x0021 0x0020 0x001F 0x001E 0x001D 0x001C Oz001E
Dx001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 020013 0x0012 0x0011 0x0010 0x000F
0x000DE 0x000D 0x000C 0:x000B Dx0004 0x0009 0x0008 Dx0007 0x0006 Dx0005 0x0004 0x0003
Dx0002 0z0001

YISA resource name

355 CoM1 j

Input

baud rate buffer size
£ ; 0x0032 0x0031 0x0030 0x002F 0x002E 0x002D 0x002C Oz002B Oxz002A Ox0029 0x0028 ORO0D2Z2T
rﬂ%c“:' :'Eqngﬁ 020026 0x0025 0x0024 0x0023 0x0022 0x0021 0x0020 0x001F 0x001E 0x0010 0x001C 0x0018
d = . 0x001A 0:x0019 0:0018 0:x0017 0x0016 0x0015 0x0014 0x0013 0x0012 0z0011 Oz0010 OxO0DOF

.'?t.,_a.__lts : S e 0x000E 0x000D 0x000C 0x000B 0x000A 0:x0009 0x0008 0x0007 0x0006 0x0005 0x0004 Ox0003
:' a End wirite with 0x0002 0x0001
- kermination
patity l:haract_er? 0x0032 0x0031 0x0030 0x002F 0x002E 0x002D 0x002C Oz002B 0xz002A Ox0029 00028 ORO0D2Z27T
3 t: -2 0xz0026 0:x0025 0x0024 0:x0023 0x0022 0x0021 0x0020 0x001F Ox001E Ox001D Ox001C Ox001B
r kiNDnE 0x001A 0:x0019 0x0018 0:x0017 0x0016 0x0015 0x0014 0x0013 0x0012 Oz0011 Oz0010 OxO0DOF

0x000E 0x000D 0x000C 0x000B 0x000A 0:x0009 0x0008 0x0007 0x0006 0x0005 0x0004 Ox0003

StClp |:||t5 End read on Ox0002 Dx0001

. kermination

1.0 character? 0x0032 0x0031 0x0030 0x002F 0x002E 0x002D 0x002C Oz002B Oxz002A Ox0029 0x0028 ORO0D2Z27T

00026 0xO0025 020024 0x0023 0:0022 0x0021 0x0020 0x001F 0x001E 0x001D 0x001C Oz001E
0x001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 0x0013 0x0012 0x0011 0x0010 0x000F
0x000DE 0x000D 0x000C 0:x000B Dx000A 0x0009 0x0008 Dx0007 0x0006 Dx0005 0x0004 0x0003
Dx0002 0z0001

bimeaut {ms)
110000

0x0032 00031 Dx0030 0x002F Dx002E 0x002D Dx002C 0x002B 0x002A 0x0029 Dx0023 0x0027
00026 0x0025 020024 0x0023 0:0022 0x0021 0x0020 0x001F 0x001E 0x001D 0x001C Oz001E
Dx001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 020013 0x0012 0x0011 0x0010 0x000F
0x000DE 0x000D 0x000C 0:x000B Dx0004 0x0009 0x0008 Dx0007 0x0006 Dx0005 0x0004 0x0003
Dx0002 0z0001

termination char
(0xf="n"=LF

STOP

0x0032 00031 Dx0030 0x002F Dx002E 0x002D Dx002C 0x002B 0x002A 0x0029 Dx0023 0x0027
00026 0RO0025 020024 0x0023 0:0022 0x0021 0x0020 0x001F 0x001E 0x001D 0x001C Oz001E
0x001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 020013 0x0012 0x0011 0x0010 0x000F
0x000DE 0x000D 0x000C 0:x000B Dx000A 0x0009 0x0008 Dx0007 0x0006 Dx0005 0x0004 0x0003
Dx0002 0z0001

bytes to read 2




SERIAL CONNECTIVITY AURORA IP

“& h - HyperTerminal E]@@

File Edit “iew Call Transfer Help
O = & =B

0x0010 0x000F 0x4000E 020000 0x000C 0x000B 0x000N 0x0009 0x0008 0x0007 0x0006 0x0
005 0x0004 0x0003 0x0002 0x0001

0x0032 0x0031 0x0030 0x002F 02002 0x002D 0x002C 0x002B 0x0020 0x0029 0x0028 O
x0027 020026 0x0025 0x0024 0x0023 020022 0x0021 0x0020 0x001F 0<001E 0x001D 0x00
1C 0x001B 0x001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 00013 020012 0x0011
0x0010 0x000F 0x0OVE 0x000D 0x000C 0x000B 0x000N 0x0009 0x0008 0x0007 0x0006 O0x0
005 0x0004 0x0003 0x0002 020001

0x0032 0x0031 020030 0x002F O=002FE 0x002D 0x002C 020028 0x0020 0x0029 0x0028 @
%0027 040026 0x0025 0x0024 0x0023 020022 0x0021 0x0020 0x001F 0<001E 0x001D 0x00
1C 0x001B 0x001A 0x0019 0x0018 0x0017 Ox0016 Ox0015 0x0014 00013 0x0012 0x0011
0x0010 0x000F 0x0OPE 0x000D 0x000C 0x000B 0x000A 0x0009 0x0008 0x0007 0x0006 0x0
005 0x0004 0x0003 0x0002 020001

0x0032 0x0031 0x0030 0x002F 0x002FE 0x002D 0x002C 020028 0x002A 0x0029 0x0028 @
%0027 040026 0x0025 0x0024 0x0023 020022 0x0021 0x0020 0x001F 0<001E 0x001D 0x00
1C 0x001B 0x001A 0x0019 0x0018 0x0017 Ox0016 Ox0015 0x0014 00013 0x0012 0x0011
0x0010 0x000F 0xDOOVE 0x000D 0x000C 0x000B 0x000A 0x0009 0x0008 0x0007 0x0006 Ox0O
005 0x0004 0x0003 0x0002 020001

0x0032 0x0031 0x0030 0x002F Ox002E 0x002D 0x002C 020028 0x002A 0x0029 0x0028 @
x0027 040026 0x0025 0x0024 0x0023 00022 0x0021 0x0020 0x001F 0<001E 0x601D 0x00
1C 0x001B 0x001A 0x0019 0x0018 0x0017 0x0016 0x0015 0x0014 0x0013 0x001_

Connected 0:00:07 Auto dekect Q600 §-M-1 TIINA



SERIAL CONNECTIVITY AURORA IP

“& h - HyperTerminal
File Edit Wiew Call Transfer Help

D & 3 DBE

EBEX

Reading data from the board 1 :
HWHATS -UP ? -

Transmit data from Board 0 to Board 1

Writing data to the board 1 :
Ax0001 0xPP02 Dx0B03 Ox0004 <0005 Dx0PO6 Ox0007 0x00P8 0x0009 B<BO0A

Reading data from the board 1 :
Ax000A0 BxBPO9 OxPO08 Ox0007 <0006 BxBPO5 0x0004 Ox0003 <0002 BxB001

Transmit text from Board 0 to Board 1

Writing data to the Board 1 :
AURORABDOD O -

Reading data from the board 1 :
HWHATS -UP ? -

Transmit data from Board 0 to Board 1

Writing data to the board 1 :
0x0001 0xPPO2 Dx0B03 O=00D4 Bx0005 BxBOO6_

[

€|

Connected 0:01:04 ARSI Sa00 G-fl-1 CAPS  MUM



SERIAL CONNECTIVITY AURORA IP
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