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7-Series Architecture — Common Elements
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Example of 7-Series Architecture: Artix-7
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Logic Resources - CLB

. ] Fabric
CLB contains two slices Routing
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"  Primary resource for design
0 Combinatorial functions
O Flip-flops
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= Connected to switch matrix for §
routing to other FPGA resources 1§

O Carry chain runs vertically in a column
from one slice to the one above
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7-Series FPGA Inputs/Outputs

= Wide range of voltages = Digitally controlled impedance
0 1.2V to 3.3V operation

= Many different |/O standards
0 Single ended and differential
O Referenced inputs
O 3-state support

= Low power

= Very high performance
0 Up to 1600 Mbps LVDS
0 Up to 1866 Mbps single-ended for DDR3

= Easy interfacing to standard
memories
O Hardware support for QDRII+ and DDR3
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Input/Output Types

= Two different types of I/0 in 7-series FPGAs
O High Range (HR)
O Supports |/O standards with Vcco voltages up to 3.3V
O High Performance (HP)
O Supports I/O standards with Vcco voltages up to 1.8V only
0 Designed for the highest performance
O Has ODELAY and DCI capability

High Range Most Some

High Performance Some Most All

7-Series Xilinx FPGAs



Most Common |/Os Standards Available

7-Series Xilinx FPGAs

3.3 na

LVTTL Single ended
LVCMOS25, -18, -15 2.5,1.8,1.5 na General Purpose
LVDS33, 25, 18 3.3,2.5,1.8 na Low Voltage Differential
PCl 33/66 MHz, 3.3V 3.3 na PCI Bus

GTL / GTL+ na 0.80 Back-Plane

HSTL-I, HSTL-II 1.5 0.75 SRAM

SSTL3-I, -1l, SSTL2-I 3.3 0.90,1.5 SDRAM




7-Series Block RAM and FIFO

= All members of the 7-series families have
the same Block RAM/FIFO

= Fully synchronous operation

O All operations are synchronous; all outputs are
latched

= QOptional internal pipeline register for higher
frequency operation

= Two independent ports access common data
O Individual address, clock, write enable, clock enable
O Independent data widths for each port

= Multiple configuration options
O True dual-port, simple dual-port, single-port

" Integrated control for fast and efficient FIFOs

7-Series Xilinx FPGAs



7- Series DSP48E1 Slice
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XADC and Analog Mixed Signals (AMS)

=  XADC is a high quality and flexible analog interface new to the 7-series

O Dual 12-bit 1Msps ADCs, on-chip sensors, 17 flexible analog inputs, and track & holds
with programmable signal conditioning

O 1V input range (unipolar, bipolar and differential)
0 12-bit resolution conversion

O Built in digital gain and offset calibration

0 On-chip thermal and Voltage sensors

O Sample rate of 1 MSPS

= Analog Mixed Signal (AMS)

0 Using the FPGA programmable logic to customize the XADC and replace other
external analog functions; for example, linearization, calibration, filtering, and DC
balancing to improve data conversion resolution
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7/-Series FPGA Families

Maximum Capability

Logic Cells

Block RAM

DSP Slices

Peak DSP Perf.

Transceivers

Transceiver
Performance

Memory
Performance

/O Pins

I/0O Voltages

7-Series Xilinx FPGAs

ZYNQ™

Lowest Power Industry’s Best Industry’s Highest Extensible
and Cost Price/Performance [2Yystem Performance | Processing Platform

4 B 16
3 75Gbps 6.6Gbps and 12.5Gbps, 6.6Gbps and
: P 12.5Gbps 13.1Gbps and 28Gbps 12.5Gbps

1066Mbps 1866Mbps 1866Mbps 1333Mbps
as0 | s0 | 120

372

3.3V and below 3.3V and below 3.3V and below 3.3V and below
1.8V and below 1.8V and below 1.8V and below




7-Series Cost, Power and Performance

* The different families in the 7-series provide solutions to address the
different price/performance/power requirements of the FPGA market
O Artix™-7 family: Lowest price and power for high volume and consumer applications
O Battery powered devices, automotive, commercial digital cameras
O Kintex™-7 family: Best price/performance
O Wireless and wired communication, medical, broadcast
O Virtex-7 family: Highest performance and capacity

O High-end wired communication, test and measurement, advanced RADAR, high-
performance computing

POWER PERFORMANCE

XILINX UNIFIED FPGA SERIES
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Zynqg-/000 Main Features

* Complete ARM®-based processing system
O Application Processor Unit (APU)
O Dual ARM Cortex™-A9 processors
0 Caches and support blocks
O Fully integrated memory controllers
O |/O peripherals

= Tightly integrated programmable logic
0 Used to extend the processing system
O Scalable density and performance

= Flexible array of I/O
O Wide range of external multi-standard 1/0
0 High-performance integrated serial transceivers
O Analog-to-digital converter inputs
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Zynq SoC Block Diagram

Process ng S“m Static Memory Controller Dynamic Memory Controller ngmmmame
» " Quad-SPI, NAND, NOR DDR3, DDR2, LPDDR2 Logic:

System Gates,
DSP, RAM

S_AXI_HPO
S_AXI_HP1

S_AXI_HP2
S_AXI_HP3

S_AXI_ACP

!

-

| 2xSPI_|
| 22c
| 2xCAN
| 2xUART _
| _GPIO
2x SDIO
with DMA
2xUSB
with DMA
2x GigE
with DMA

EMIO XADC S_AXI_GP0M  M_AXI_GPO0A PCle
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PS Main Components

= Application processing unit (APU)

= |/O peripherals (IOP)
oMultiplexed I/0 (MI0), extended multiplexed I/0O (EMIO)

* Memory interfaces
= PSinterconnect
= DMA

= Timers
O Public and private

= @General interrupt controller (GIC)
*  On-chip memory (OCM): RAM
= Debug controller: CoreSight

7-Series Xilinx FPGAs



PL Main Components

= Configurable logic blocks (CLB)
O 6-input look-up tables (LUTSs)
0 Memory capability within the LUT
O Register and shift register functionality

= 36 Kb BRAM
, Zynq FPGA Based Fabric
. DSPASET Slice . Zyna
72010, 7z015, 72020 Artix
= Clock management 72030, 72035, 72045, 72100  Kintex

= Configurable 1/Os
= High Speed Serial Transceivers

" |ntegrated interface for PCl Express

7-Series Xilinx FPGAs



PS-PL Interface

= AXI high-performance slave ports (HPO-HP3)
O Configurable 32-bit or 64-bit data width
O Access to OCM and DDR only
O Conversion to processing system clock domain
O AXI FIFO Interface (AFI) are FIFOs (1KB) to smooth large data transfers

= AXI general-purpose ports (GP0-GP1)
O Two masters from PS to PL
O Two slaves from PL to PS
O 32-bit data width
0 Conversion and sync to processing system clock domain

7-Series Xilinx FPGAs



PS-PL Interface

= One 64-bit accelerator coherence port (ACP) AXI slave interface to CPU
memory

= DMA, interrupts, events signals
O Processor event bus for signaling event information to the CPU
O PL peripheral IP interrupts to the PS general interrupt controller (GIC)
O Four DMA channel RDY/ACK signals

= Extended multiplexed 1/0 (EMIO) allows PS peripheral ports access to PL
logic and device 1/0 pins

= Clock and resets
O Four PS clock outputs to the PL with enable control
O Four PS reset outputs to the PL

= Configuration and miscellaneous

7-Series Xilinx FPGAs




Zynq Architecture

DDR3 DRAM
Controller

—
AXI
W ENTE

Snoop Control

AXI DMA Unit (SCU)
N EVES Contro

ller
AX] Interconect

Masters

SPI, CAN, SD, Ethernet, USB, UART....
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PS-PL Interface

PS Power Pins
rp——— 1 [ 1
|| DDR Memory || | AXI Idle, ||
| | || DDR Ab, ||
| NAND, | || SRAM Int || ] |
NOR/SRAM I | |
| | |
| o | || DMA Req/Ack || || User SelectlO ||
| PsCLK, | | .. | | umm |
|| POR_RSTN, || | FOLKs ! | XADC |
Il SRsTN || . | - | | e |
| Processing | ! I| Mutti-Gigabit ||
[ quasel | | FTMD Trace, || || seral |
i | System i FTM'I: .Trlgs | | Tramoew?rs i
| use | (PS) || IRQ, Event, || |__Mesx* |
Mo e, || |PL Signais [
Nl ol | misc.!
I il |
| MIO Pins, EMIO Signals, JTAG | | Pt
| MIO | || Signals |
} GigE, sDIO, sPI, | | -
| | Boot Pins I2C, CAN, UART, || | I |
| GPIO, TTC, SWDT | | | [2x M_AXGP | |
I I | 12x S_AXI_GP | |
| | JTAG = EMIO s=—————————————x =1 4x S_AXI_HP | | PL Power Pins
| e —— ) | |1x S_AXI_ACP| |
IL AXI Interfaces I
Programmable Logic (PL)

*Zynq 7z030, 7x045 & 7z100 only
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PS-PL AXI Interfaces
mm

M_AXI|_GPO
General Purpose (AXl_GP)
M_AXIl_GP1 PS PL
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PS-PL Interface Performance
“wethod | Benefits | Drawbacks | Usage | Performance.

PL AXI-HP DMA < Highest throughput e OC/DDR access only e HP DMA for large 1.200 MB/s
* Multiple interfaces e Complex PL Master datasets (per interface)
e Command/Data FIFO design

PL AXI-ACP DMA ¢ - Highest throughput < Large burst might cause

HP DMA for smaller 1.200 MB/s

- Lowest latency cache trashing coherent datasets
- Optional cache e Shares CPU e Medium granularity
coherency interconnect bandwidth CPU offload
e Complex PL Master
design
PL AXI-GP DMA ¢ Medium throughput ¢ More complex PL e PLto PS control 600 MB/s
Master design functions
 PSI/O Peripheral
access
CPU e Simple Sw * Lowest throughput e Control functions <25 MB/s

Least PL resources
e Simple PL Slave

Programmed |/O

7-Series Xilinx FPGAs




PS-PL Miscellaneous Signals

= PL Clocks and Resets
= PL Interrupts to PS
= |OP Interrupts to/from the PL

= Events

= |dle AXI, DDR, ARB, SRAM Interrupt
= DMA Controller

= EMIO Signals




PS Peripherals and
Connections




Multiplexed I/O — Internal / External

Static Memory

<Multiplexed input/output (MIO)

“*Multiplexed output of peripheral and static memories
“*Two I/O banks; each selectable: 1.8V, 2.5V, or 3.3V

Controllers

2x SPI i

2% I*C -

**Configured using configuration

2x CAN -

“*Dedicated pins are used

2% UART -

“*User constraints (LOC) should not be present
» The BitGen process will throw errors if LOC constraints are |

2x USB wiDMA |l

wExtended MIO

2x SDIO w/iDMA  |[-—p

**Enables use of the SelectlO™ interface with PS peripheral

**User constraints must be present for the signals brought ol
to the SelectlO pins YTy

*»The BitGen process will throw errors if LOC constraints EMIO

2x GigE w/DMA,  |tf——ip-

are not present ‘ PL

7-Series Xilinx FPGAs




Extended Multiplexed 1/0 (EMIO)

Zyng Bh-ck[)eaig_n
— T 110 Penpherals
Extended interface to PL I/O peripheral ports | | I
<» EMIO: Peripheral port to PL 53 '_EE;_?
“» Alternative to using MIO '_E%g 3
<+ Mandatory for some peripheral ports o J e
* Faclilitates I q E‘; Y
< Connection to peripheral in programmable logic 8 _;E:ELL___
< Use of general I/0 pins to supplement MIO pin usage (53:48) e
++ Allows additional signals for many of the peripherals ’ ﬁ
++ Alleviates competition for MIO pin usage T 1 Tmng
R | || censatin
FITE, oy I EI
Mo Emio] . PEPL
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Multiplexed I/0 (MIO)

1F Re-customize IP

|| ZYNQ7 Processing System (5.3)

! Documentation &% Presets [ TP Location &% Import XPS Settings

Page Navigator & ‘Per'vllemlllOPils Summary Report
Zynq Block Design E Search: |Qv |
A
EEFLE = Bank 0 |LVCMOS 3.3V ~ | ‘ Bank1 |LvCMOS 1.8V~ |
[Peripheral 170 Pins ]l = Periphearals e 2 i D e e s 2 B il i el Bl B 20 o2 22 25 o2 20 200 2 2B o2 o B B2 B B B B o2 2 i b 2 B3 i B I i il i B0 B 520 B2 EMIO
[ 1! uad SFI Flash ‘ | ‘ | ‘
MIO Configuration Ma
SRAM/NOR Flash
B [ | SRAM/NOR Flash
Clock Configuration - T—— ‘ | | | ‘ | | | ‘ | |
B[] NAND Flash
DDR Configuration EMI
- ] Ethernet 0
SMC Timing Calculation Enet1 EMIO
[E2S Ethernet 1
Interru
o= ]uss e W
UsSBE1
[Tuse1
SDO SDO EMIO
[ [¥]spo | | |
sD1 sD1 sD1 EMIO
- [¥]sp 1 ‘
| | se0 | [ ] se0 sl || se0 —
&[] sPo
SP1 SP1 SP1 SP1 EMIO
- [C]sP1
UARTO UARTO UARTO UARTO UARTO UARTO UARTO UARTO UARTO UARTO EMIO
[+ ] uaRT 0
UART1 | UART1 | UART1 | UART1 | UART1 | UART1 | UART1 | UART1 | UART1 | UART1 | UART1 EMIO
- [¥] UART 1
- [ Rco
12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1 | 12c1
H W] et
gwo) | lowe | lewm) [ lowe] | lowe| | lew [ lowe] | lowe| | lew [ low] | low| |
[+ /] can 0
CANT CANT CANT | CANT CANT CANT | CANT CANT CANT | CANT CANT CANT
- [¥] CAN 1
TTCO TTCO TTCO
[¥]TTco ‘ ‘ ‘
TTCH TTC1 TTC1 EMIO
Clrra
SWD SWD SWD SWD SWD EMIO
SWD
FITAG FITAG FITAG PITAG EMIO
PITAG Interface
Trace Trace EMIO
[+ || Test and Debug Trace
1122 ] 4|5 11 (12|13 (14 (15|18 |17 [ 18 |19 | 20 (21 | 22|22 |24 |25 |26 |27 (28 |29 (230 (31|32 33|34 |35|38 (37 |28 |39 |40 |41 |42(43 |44 |45 | 48|47 |48 | 49 (50|51 |52 53
- [¥] GFIO MIO
- [¥] GPIO EMIO =
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MIO Port Configuration

ZYNQ7 Processing System (5.5) ‘
ﬁ Documentation % Presets E IP Location ﬁ: Import ¥P5S Settings
Page Navigator < || MIO Configuration Summary Report
Zyng Block Design 4= Bank 0 1/O Voltage| LVCMOS 3.3v - | Bark 11/ Voltage | LVCMOS 1.8V =
| PS-PL Configuration P |{1v |
| | Peripheral 1/0 Pins z ) ) ) ]
=1 eripheral 10 Signal 10 Type Speed Pullup Dir... Polarity
|I\lIIDCmﬁg.latim E_E]" Memory Interfaces -
l |- 1O Peripherals
Clock Configuration o & ENET 0 EMIO - |
DDR Configuration - EMNET 1 :
SMC Timing Calculation uss 0
| USE 1
| | Interrupt= - <00
G [@] sD1 MIO22..27 - | =
B UART 0
- [7] UART1 MIO % .. 45 - |
Modem signals
# UART 1 MIO 43 b LVCMOS 1.8Y  « ||slow + | disabled + |out |
I - [ 12co L4
: - [ 1201
| B~ SPIO
' ®- [#] SPI1 EMIO - |
| -

£y

] | »
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PS Available Peripherals

7-Series Xilinx FPGAs

m Serial Peripheral Interface, either master or slave mode.

12C (x2) 12C bus. Supports master and slave modes.

CAN (x2) Controller Area Network. CAN 2.0A and CAN 2.0B.

Universal Asynchronous Receiver Transmitter. One UART
is used for terminal connections to a host PC.

General purpose Input/Output. There are four GPIO
banks, each of 32 bits.

EE_ SD card memory controller

m Universal Serial Bus. Host or OTG (in-the-go) modes.
Gigabit Ethernet MAC peripheral, supports 10Mbps,
100MBps and 1Gbps.

ICTP

UART (x2)




GPO/1 Ports Configuration for PS-PL Interface

.-

ﬁ Re-custormize IP

(0) C“Ck on the menu or ZYNQ7 Processing System (5.2)
green GP Blocks to 9 ocunsotaton [B5 P Location G Presets

Page Mavigator << |Z‘_I|.mq Block Design

configure e
|Z';.fn|:| Block Design m;u il

=4

Apploation Processor Unit [APU)

= Er—
Banki
- i i ] b=
P3-PL Configuration h- o e — U e —
- N Bya b Laval
. i AN
Peripheral I/ Pins ART S et P
e T | ) axl
MIO Confi H MU GRIG! 1 Snoap Conbrol uni A
|F'S-F"L Configuration BnrIgUFALon L = | 512 KB L2 Coohe and Controlier Parts
* Search; | Ci- Clock. Configuration R ‘ I
E Marne Select  Descripkion COR Configuration |2
pag | [# General o Irturfucus
== __ OM& Contraller SMC Timing CEI'ELI'EItiI:IF == -
£ GP Master &%1 Interface e e p -
Enables General purpose axi master inkerface 0 Interrupts
[H-M AXI GPL interface [ Enables General purpose axi master interface 1 Processing System(PS)
[=- GP Slave &%I Interface Ly
A Parfermanmea AR
5 &x] GPO interface Enables Gemeral purpose 32-bit %1 Slave interface 0 Eraro Tl Sterrs Q

L5 A% GP1 interface [l Enables General purpose 32-bit AXI Slave interface 1

-- HP Slave AR Interface
[+~ ACP Slave ARI Interface

Programmable Logic{PL)

OF; |[ Cancel ]
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GP 0/1 Ports

o By default, GP Slave and Master ports are disabled

]

SIbGF' EE,I:GF'

Hlusll:-nr El.ﬁuu-

o Enable GP Master and/or Slave ports depending on
whether a slave or a master peripheral is going to
be added in PL

o axi_interconnect block is required to connect IP to a
port with different protocols
0 Automatically convert Protocols

o Can be automatically added when using Block
Automation in Vivado IP

7-Series Xilinx FPGAs

|PS-PL Configuration

&
Q,
B
%

Search: | Cl~

Marne
& General

. DMA Contraller
EI GP Master AxI Interface

- [-M A% GP1 interface
EI GP Slave AXI Interface
5 A%l GPO inkerface

. -5 AXIGPL inkerface
[+ HP Slave AXI Interface
- &CP Slave &%1 Interface

Select  Description

i master inkerface 0

eneral purpos

o

Enables G

[ Enables General purpose 32-bit AXI Slave interface 1

Enables General purpose axi master interface 1

bit AxI Slave interface 0

eneral purpose 32-

’ 0]4 H Cancel ]




Zynq — Internal Device View

[ Package x| % Device X O =
[

X

j‘.&\ ?LII:" I‘-'_U"-{ll" ('1:}‘ S "-":

&
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Zynq — Package View

7-Series Xilinx FPGAs
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PS 1/O Peripherals




12C

= |?C bus specification version 2
" Programmable to use normal (7-bit) or extended (10-bit) addressing

=  Programmable rates: fast mode (400 kbit/s) , standard (10 Okbits/s), and low (10 kbits/s)
O Rates higher than 400 kbits/sec are not supported

= Programmable as either a master or slave interface
= (Capable of clock synchronization and bus arbitration
=  Fully programmable slave response address

= Reversible FIFO operation supported

= 16-byte buffer size

= Slave monitor mode when set up as master

= |2C bus hold for slow host service

= Slave timeout detection with programmable period

= Transfer status interrupts and flags

7-Series Xilinx FPGAs




CAN

= Upto24-MHz CAN_REF clock as system clock

" 64 message-deep receiver and transmitter buffer
= Full CAN 2.0B compliant; conforms to ISO 11898-1
=  Maximum baud rate of 1 Mb/s

= Four message filters required for buffer mode

= Listen-only mode for test and debug
= External PHY I/O

=  “Wake-on-message”

= Time-stamping for receive messages
=  TXand RX FIFO watermarking

= Exception: no power-down mode

7-Series Xilinx FPGAs



SD-SDIO

= Support for version 2.0 of SD Specification

=  Full-speed (4 MB/s) and low-speed (2 MB/s) support
0 Low-speed clock (400 KHz) used until bandwidth negotiated

= 1-bit and 4-bit data interface support

* Host mode support only

= Built-in DMA controller

= Full-speed clock (0-50 MHz) with maximum throughput at 25 MB/s
= 1 KB data FIFO interface

=  Support for MMC 3.31 card at 52 MHz

= Support for memory, I/O, and combo cards

= Support for power control modes and interrupts

7-Series Xilinx FPGAs



SPI

= Master or slave SPI mode

=  Four wire bus: MOSI, MISO, SCK, nSS

= Supports up to three slave select lines

= Supports multi-master environment

= |dentifies an error condition if more than one master detected
= Software can poll for status or function as interrupt-driven device
= Programmable interrupt generation

=  50-MHz maximum external SPI clock rate

= Selectable master clock reference

" |ntegrated 128-byte deep read and write FIFOs

= Full-duplex operation offers simultaneous receive and transmit

7-Series Xilinx FPGAs



UART

= Two UARTs

*  Programmable baud rate generator

= 64-byte receive and transmit FIFOs

= 6,7,or8databitsand 1, 1.5, or 2 stop bits

= (0dd, even, space, mark, or no parity with parity, framing, and overrun error
detection

= "Line break" generation and detection
* Normal, automatic echo, local loopback, and remote loopback channel modes
" Interrupts generation

= Support 8 Mb/s maximum baud rate with additional reference clock or up to 1.5
Mb/% with a 100-MHz peripheral bus clock

*  Modem control signals: CTS, RTS, DSR, DTR, RI, and DCD (through EMIO)
= Simple UART: only two pins (TX and RX through MIO)

7-Series Xilinx FPGAs



USB

= Two USB 2.0 hardened IP peripherals per Zynq device

0 Each independently controlled and configured

= Supported interfaces
O High-speed USB 2.0: 480 Mbit/s
O Full-speed USB 1.1: 12 Mbit/s
O Low-speed USB 1.0: 1.5 Mbit/s
O Communication starts at USB 2.0 speed and drops until sync is achieved

= Each block can be configured as host, device, or on-the-go (OTG)
8-bit ULPI interface
All four transfer types supported: isochronous, interrupt, bulk, and control

= Supports up to 12 endpoints per USB block in the Zyng device

O Running in host mode

=  Source-code drivers

7-Series Xilinx FPGAs



USB 2.0 OTG

= Control and configuration registers for each USB block

= Software-ready with standalone and OS linux source-code delivered
drivers

= EHCI compliant host registers

= USB host controller registers and data structures compliant to Intel
EHCI specifications

= |nternal DMA
"= Must use the MIO pins

7-Series Xilinx FPGAs




USB 2.0 Usage Example

Usbl ulpi_clk LUsBE1_DM
- CLKOUT DM |-= D-
Usb0_ulpl_data[7:0] Usae1 DP
- DATA[7:0] DP = - D+
Lisb0_ulpi_rx UsB1_ID
LSE Contraller DIR ID |- D
Usb0 ulpi st USB1
< b _ulpl_nx NXT
Usbd ulpi_stp
» STP
| oTG
Zynq Device ULPI1 Device or Zyng| [PHY
Downstream Hulb
HMNP
l SRP
Device Mode _—
Zyng | [PHY v Host or I Another OTG
Upstream Hulb Device
HS. FS I

G585 15 _30_030712
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Gigabit Ethernet Controller

=  Tri-mode Ethernet MAC (10/100/1G) with native
GMII interface

|[EEE1588 rev 2.0
O Time stamp support
O 1 usresolution

IEEE802.3

RGMII v2.0 (HSTL) interface to MIO pins
O Need MIO set at 1.8V to support RGMII speed
O Need to use large bank of MIO pins for two Ethernets

= MIlI/GMII/SGMII/RGMII verl.3 (LVCMOS) and ver2.0 (HSTL) interface available
through EMIO (programmable logic 1/0)

=  TX/RX checksum offload for TCP and UDP
= |nternal DMA and wake on LAN

7-Series Xilinx FPGAs



Gigabit Ethernet Controller

7-Series Xilinx FPGAs

Ethernet
Controller

RGMII

MD

MO
Multiplexer

EMET_RGMII_TX_CLK

EMET_RGMII_TXD[3:0]

g

ENET_RGMI_TX_CTL

v ¥

ENET_RGMII_RX_CLK

-
ENET_RGMIl_RXD[3:0]

_ENET_RGMIl_RX_CTL

ENET MDC

ENET_MDIO
-

——B4Bd- B4 B BB

Zyng Device |
Boundary |

MDI D PN

MDI T PN
MDI 2 PIN
MDI 3 PN

[T T}

|

External
PHY Device

RJ-45 Conn.
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ARM Processor Architecture

=  ARM Cortex-A9 processor implements the ARMv7-A architecture
0 ARMVvV7 is the ARM Instruction Set Architecture (ISA)
O Thumb instructions: 16 bits; Thumb-2 instructions: 32 bits
O NEON: ARM'’s Single Instruction Multiple Data (SIMD) instructions
0 ARMv7-A: Application set that includes support for a Memory Management Unit (MMU)
0 ARMVv7-R: Real-time set that includes support for a Memory Protection Unit (MPU)
0 ARMv7-M: Microcontroller set that is the smallest set

= ARM Advanced Microcontroller Bus Architecture (AMBAZ®) protocol
O AXI3: Third-generation ARM interface
0 AXl4: Adding to the existing AXI definition (extended bursts, subsets)

= Cortex is the new family of processors

O ARM family is older generation; Cortex is current; MMUs in Cortex processors and MPUs
in ARM
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APU Components

* Dual ARM® Cortex™-A9 MPCore
with NEON extensions
O Up to 800-MHz operation
0 2.5 DMIPS/MHz per core

O Separate 32KB instruction and data
caches

* Snoop Control Unit (SCU)

O L1 cache snoop control
O Accelerator coherency port

= |Level 2 cache and controller
O Shared 512 KB cache with parity
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APU Sub-Components

= General interrupt controller (GIC)

* On-chip memory (OCM): RAM and boot ROM

= Central DMA (eight channels)

= Device configuration (DEVCFG)

= Private watchdog timer and timer for each CPU

= System watchdog and triple timer counters shared between CPUs

= ARM CoreSight debug technology




APU Address Map

= All registers for both CPUs are grouped into two contiguous 4KB
pages

O Accessed through a dedicated internal bus

" Fixed at OxF8FO_0000 with a register block size of 8 KB
O Each CPU uses an offset into this base address

0x0000-0x00FC SCU registers

0x0100-0x01FF Interrupt controller interface
0x0200-0x02FF Global timer

0x0600-0x06FF Private timers and watchdog timers

0x1000-0x1FFF Interrupt distributor
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NEON Main Features

= NEON is the ARM codename for the vector processing unit
O Provides multimedia and signal processing support

"= FPU is the floating-point unit extension to NEON
O Both NEON and FPU share a single set of registers

= NEON technology is a wide single instruction, multiple data (SIMD)

parallel and co-processing architecture

O 32 registers, 64-bits wide (dual view as 16 registers, 128-bits wide)
O Data types can be: signed/unsigned 8-bit, 16-bit, 32-bit, 64-bit, or 32-bit float
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L1 Cache Features

= Separate instruction and data caches for each processor
" (Caches are four-way, set associative and are write-back
= Non-lockable

= Eight words cache length

" On acache miss, critical word first filling of the cache is performed
followed by the next word in sequence
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L2 Cache Features

= 512K bytes of RAM built into the SCU
O Latency of 25 CPU cycles
O Unified instruction and data cache

= Fixed, 256-bit (32 words) cache line size
= Support for per-master way lockdown between multiple CPUs
= Eight-way, set associative

= Two AXl interfaces
O One to DDR controller
O One to programmable logic master (to peripherals)
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On-Chip Memory (OCM)

* The on-chip memory (OCM) module contains 256 KB of RAM and 128
KB of ROM (BootROM).

= |t supports two 64-bit AXI slave interface ports, one dedicated for
CPU/ACP access via the APU snoop control unit (SCU), and the other

shared by all other bus masters within the processing system (PS) and
programmable logic (PL).

= The BootROM memory is used exclusively by the boot process and is
not visible to the user.
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Snoop Control Unit (SCU)

= Shares and arbitrates functions between the two processor cores
O Data cache coherency between the processors
Initiates L2 AXI memory access
Arbitrates between the processors requesting L2 accesses

0

0

O Manages ACP accesses

O A second master port with programmable address filtering between OCM and
L2 memory support
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Cache Coherency Using SCU

= High-performance, cache-to-cache transfers

= Snoop each CPU and cache each interface
independently

= Coherency protocol is MESI
O M: Cache line has been modified
O E: Cacheline is held exclusively
O S:Cache line is shared with another CPU
O I: Cache line is invalidated

= Uses Accelerator Coherence Port (ACP) to allow To/from PL

coherency to be extended to PL
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System Level Control Register (SLCR)

= A set of special registers in the APU used to configure the PS
O Power and clock management

O Reset control
0 MIO/EMIO management

= Accessible through software
O Standalone BSP support

System clock and reset control/status registers  TrustZone control register

APU control registers SoC debug control registers
DMA initialization registers MIO/IOP control/status registers
DDR control registers Miscellaneous control registers

PL reset registers RAM and ROM control registers
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CPU Clock

ARM_CLK_CTRL [24]
CLK_621_TRUE [0] | }—|—-—I— _C_PJ gx;x_ —i
- 1 | - |
7 Giiteh. ARM_CLK_CTRL [25] | g'ﬁ;e';‘ gz’g’:ﬁ% |
F_______i GFI:-tgg— Free | Y |
| ARM PLL 21 —\—D - CPue |
| ! B-bit Clock
| Programmable Ratio
| | DDR PLL Divider Generator
| Glitch-Free ARM_CLK_CTRL [26]
: 10 PLL B r—————-— "
!_ 2:10r3:1 CPU_2x l
______ ARM_CLK_CTRL [27] : Closely QBUDIed. :
4] [5] [13:8] | Always 2.1 Ratio |
ARM_CLK_CTRL ARM_CLK_CTRL o \:| ) - CPU_1x |
CPU Clock Clock Domain Modules
CPU_6x4x 800 MHz 600 MHz CPU clock freq, SCU, OCM arbitrer,
(6 times faster than CPU_1x) (4 times faster than CPU_1x) NEON and L2 Cache
CPU_3x2x 400 MHz 300 MHz APU Timers
(3 times faster than CPU_1x) (2 times faster than CPU_1x)
CPU_2x 266MHz 300 MHz IOP, central interconnect, master
(2 times faster than CPU_1x) (2 times faster than CPU_1x) interconeect, slave interconnect and
OCM RAM
CPU_1x 133 MHz 150 MHz IOP, AHB and APB interface busses
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PL Clocks

|
IO PLL ) .

I 6-bit 6-bit

| Programmable Programmable

| Divisor0 [ Divisor 1

|| ARM PLL

|

| Glitch-Free Glitch-Free

| | DDR PLL

I Y

Four
PL FCLK Clock | Control Register | Mux Ctrl Field | Mux Ctrl Field | Divider 0 Ctrl Field | Divider 1 Ctri Field Independent
PL Clocks

PLFCLK DO FPGAD CLK_CTRL SRCSEL, 4 SRCSEL, 5 DIVISOR 0, 138 DIVISOR 1, 2520 |——— FCLKCLKO
PL FCLK 1 FPGA1 CLK_CTRL SRCSEL, 4 SRCSEL, 5 DIVISOR 0, 13:8 DIVISOR 1, 25:20 |——— FCLKCLK1
PL FCLK 2 FPGA2 CLK_CTRL SRCSEL, 4 SRCSEL, 5 DIVISOR 0, 13:8 DIVISOR1,2520 bV—= FCLKCLK2
PLFCLK 3 FPGA3_CLK_CTRL SRCSEL, 4 SRCSEL, 5 DIVISOR 0, 138 DIVISOR1,2520 V—m» FCLECLEK3
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