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* Serial and Parallel
 SERDES

* PCle

* CCIX, CXL, OpenCAPI
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Intro to Parallel and Serial interface
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Parallel interface example
Transmitter (TX) Receiver (RX)
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Serial interface example
Transmitter (TX) Receiver (RX)
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. B \\/hich one is better
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e Serial or Parallel ???
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Problems with Parallel Interface
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e Skew

Flight Time

e Cross talk

Transmitter

e Inefficient
e Limited BW

'—:-L Receiver
I_(~ ' L Incorrect
L sampling
I_L = due to skew

ialiad sl

e |SA Common Clock Common Clock

* PCl
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. M Solution is Serial
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* USB 3.x
* Ethernet X
e HDMI

* Display Port
* Aurora

e Fiber Optic

* Fiber channel
e SATA

« NVME

* Thunderbolt

RX

* PCl-express Sender Receiver
* |Infiniband
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SERDES

Physical Coding Sublayer

Accelerati

mage source: X

nx.com



Line codes
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* NRZ
- 58Gbps PAM2-NRZ
" PAMA O 0O|1T 1(0|1 1|01 1 1
* 112Gbps RS
PAM4
11 11
10
0 1 0 1
00

* 8b/10b encoding
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Line codes

UPPSALA
UNIVERSITET

Eye Diagram
* NRZ
. 58Gbps PAM2-NRZ
" PAMA 0001 1|01 1|01 1 1]0
* 112Gbps B
PAM4
1 1 1 1
10
0 1 0 1
00 0

* 8b/10b encoding
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Overview
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¥ MNQ-Board
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ADC-Board

Master
EPGA ADC (0-31)
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/yngBoard
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* Zyng-SOC

* 4 SFP Cage

* 1 Gigabit Ethernet
UART USB

512MB DDR

1 4 SFP Cage

DDR3
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ADC Board
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e 64 Channel
e 80 MSPS
e 14-bit resolution

* 2 SFP Cage ' s
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Transceiver speed
Encoding
PCS internal data width
TX-RX buffers for synchronization
Comma value

Comma alignment

Four-byte Clock correction sequence
K character

Custom Protocol

_______ Confg | Rate

2Gbps
8b/10b
40-bit

K 28.5
Four Byte
Boundaries
000000BC
BC
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ADC Data Format

UPPSALA
UNIVERSITET

Send

Word 0: Time —[ 2 XXXXXXX
stamp(header) [~ 357559%yx
word2: | 10000000
Constant Value 1000X XXX

}_ Word 1: ADC
channel number

__ Word 3-67:14-bit
ADC raw value

1000XXXX
Word 68:Footer_[ 90000000
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Internal Design

ZYNQ-Board

Dual Clock FIFO

== Dual Clock FIFO

DDR3

l

FetchH FIFO H M_AXI S H DMA

Dual Clock FIFO

Dual Clock FIFO

Kintext-7

ETH

Accelerating Systems with Programmable Logic Components — 1DT109

15



UPPSALA
UNIVERSITET

Block Design

rsl_procassing systemT_0_100M
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GTX_0

"4 s_axi

O_CLK1_GTREFCLK_PAD_N_IN
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O_CLK1_GTREFCLK_PAD_P_M

Q_CLK1_GTREFCLK_PAD_F_IN [

GTH_RXN_INEA)

GTH_RXN_IN3:0] [

GTH_RXP_M[34]
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FPGA is not just logic cells
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e PLL

 SERDER #4-96 (6-112Gbps)

e Buffers

* BRAM

e HBM?2

* DSP engine

* Al engine

* Memory controller(DDR4/5/6)
* Security engine

* Video decoder

* Multiple CPU cores (SOC) RISC-V , ARM(R,A)
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What connector is this?
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Al A2 L5 & ] Lk AT A il A 10 All LN KL

GND| [TEI+ | | TKL- | WBUS| | CC1 D+ D- | |SBU]Y WBUS| |RE2-| |RE2Z+| |G HND

GHND| |RX1+) [RKL-| MWBUS| |SBUZ| | D- D+ | |CC2 | MBUS| |TH2-| |TH2+ | |G ND

B 12 Bll B 10 B9 B BT B B3 B4 B3 B2 Bl
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USB-C

Lane Lane
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Al A2 L5 & ] Lk AT A il A 10 All LN KL

GND| || TEI+ | | TKL- || WBUS| | CC1 D+ D- | |SBUY WBUS| ||R&E2-| |RE2+|| |G ND

GHND|||RX1+] [REL- || WMBUS| |SBUZ| | D- D+ | |CC2 | MBUS] || TH2-| | TE2+ || |G ND

B 12 Bll B 10 B9 B BT B B3 B4 B3 B2 Bl
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x 1 | SR
- M PC| express x4
UPPSALA X 8 | S e,
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X16
ExI:)S(Iess Introduce Line Transfer Ui ippuis
version d code rate x1 X2 x4 X8 x16
0.500 GB/
1.0 2003 8b/10b 2.5 GT/s 250 MB/s ) 1.00 GB/s | 2.0 GB/s 4.0 GB/s
2.0 2007 8b/10b 5.0 GT/s 500 MB/s ;LOOO GB/ 2.00GB/s | 4.0 GB/s 8.0 GB/s
3.0 2010 4;1281 L4 8.0 GT/s 384'6 MB/ :'969 GB/ 3.94GB/s | 7.88 GB/s 515'75 GB/
4.0 2017 128?3/130 16.0 GT/s 1969 MB/s 3'938 GB/ 7.88 GB/s 515'75 G8/ ::1'51 GB/
[i
50 2019 128b/130 | 32.0 GT/s 3938 MB/s 7.877 GB/ | 15.75GB/ 31.51GB/ | 63.02 GB/
b vl s S s s
6.0 2021 128b/130 64.0 GT/s 7877 MB/s 15.754 GB | 31.51 GB/ | 63.02 GB/ | 126.03 GB
(planned) b /s S s /s
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Deskew in PCle(channel bonding)
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:> D QPLL

™ Lanel //\\
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X
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GTHEZ2_CHANNE

Lane4d

T T T T
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i o e Elastic buffer \/
Image source: Xilinx.com
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PCle architecture

t Address space
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PCle architecture

Data Block

AN
£ e

- N

t Address space
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Memory Coherency

Computer Bus
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* PCle gen5 PHY
* NUMA
* No driver

 Complex logic
* Cache coherency

CCIX

XD
XDO

CCIX

\ 4

Good for autonomous driving
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CXL (2019)
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* PCle gen5 PHY Hm
Memory
e CPU to accelerator I
* BaS|C |OgIC MC Root Complex
* Root complexity is in CPU
Home Coh
e Server level Agent Bridge
IOMMU
CXL.c%che Cxllo
~ CXL Device w/o Memory

Coh Cache DTLB
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. B OpenCAPI
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1. Accelerator 2. Coherent 3. Advanced 4, Coherent

Network Controller  Memory Storage Controller
* Bluelink ' Gaeg o
3588
* POWER9S-10 ‘ U

. '
* Summit super computer i
* 3.0 memory coherency OpenCAPI
0000 :
* 4.0 cache coherecy ooonl | o,
oooo
* P2P CPU to accelerator g
Standard PCle Storage
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Acronix accelerator

4 Tbps of GDDR6
Bandwidth
1x 200GbE e - P ———— e ——— = -
Breakout Options: R B k) +cBcooRe DD
¢2x100GbE ~  --mmteees N i i Y —F" Y = s
* 4% 10/25/40/50 GbE SR | - | P :
---- . oasaccsternion [ICH | =
=: Speedster®7t := E
________ m. e o .
1x 400GbE ... o a TR A= e,
Breakout Options: J
*2x 200GbE
*4x 100GbE
* 8% 10/25/40/50 GbE 3
PCle Gen3 x16
Ethernet Interfaces * Speedster7t FPGAs support Gen4 and Genb
Hard MAC and FEC IP for a range of industry- * Card will support Gen4 with qualification
standard protocols and line rates * Path to Genb with future versions
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* Gendx8 with CCIX

* 8GB HBM2

e 2x QSFP28 (100GbE)

* 2x 16GB 72b DIMM DDR4
* APl: OpenCL

Accelerating Systems with Programmable Logic Components — 1DT109 Image source: Xilinx.org
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* 300GB/S NVLINK 2.0 cache coherent
e Summit super computer

7.8 DTFLOPS

 15.7 STFLOPS

* 32GB HBM?2

* APl: CUDA, OpenCL,...

Accelerating Systems with Programmable Logic Components — 1DT109 image source: Nvidia.org
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* Edge computing
Storage
Database

Load balancing
Firewall

Smart NIC
Cryptography

HPC
Al
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