EE3220 System on Chip Design

Lecture Note 8

FPGA System-on-Chip & ARM Processor




Overview

= FPGA Overview

= FPGA + ARM Processor
= FPGA Electronic Design Automation Platform —Vivado & Vitis Al
= Multi-processor System-on-Chip (MPSoC)
= Building Blocks of a Generic Microcontroller
= PicoBlaze vs. MicroBlaze

= Zynq SoC (AP SoC)

= Zynq SoC Processing System (PS)
* Processor Peripherals

= Clock, Reset, and Debug Features
= AXI Interfaces

= Summary
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Recall: FPGA Chip Overview
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MPSoC — Xilinx Zyng

Zynq® UltraScale+™ MPSoCs: CG Devices

Application
Processor Unit

Processor Unit

External Memory

Connectivity

ocessing System

™ Integrated Block
Functionality

PS to PL Interface

Programmable
Functionality
Memory

Clocking

Integrated IP

Programmable Logic (PL)

Transceivers

Speed Grades

Device Name'*

ZU2CG

ZU3CG

ZU4CG

ZU5CG

ZU6CG

ZU7CG

ZU9CG

Processor Core

Memory w/ECC
Processor Core

Memory w/ECC

Dynamic Memory Interface
Static Memory Interfaces
High-Speed Connectivity
General Connectivity
Power Management
Security

AMS - System Monitor

Dual-core ARM® Cortex™-A53 MPCore™ up to 1.3GHz

L1 Cache 32KB | / D per core, L2 Cache 1MB, on-chip Memory 256KB

L1 Cache 32KB | / D per core, Tightly Coupled Memory 128KB per core

Dual-core ARM Cortex-R5 MPCore up to 533MHz

x32/x64: DDR4, LPDDR4, DDR3, DDR3L, LPDDR3 with ECC

NAND, 2x Quad-SPI

PCle® Gen2 x4, 2x USB3.0, SATA 3.1, DisplayPort, 4x Tri-mode Gigabit Ethernet

2xUSB 2.0, 2x SD/SDIO, 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
Full / Low / PL / Battery Power Domains
RSA, AES, and SHA

10-bit, 1MSPS — Temperature and Voltage Monitor

12 x 32/64/128b AXI Ports

System Logic Cells (K)

CLB Flip-Flops (K)

CLB LUTs (K)

Max. Distributed RAM (Mb)
Total Block RAM (Mb)

UltraRAM (Mb)

Clock Management Tiles (CMTs)
DSP Slices

PCl Express® Gen 3x16 / Gen4x8
150G Interlaken

100G Ethernet MAC/PCS w/RS-FEC
AMS - System Monitor

GTH 16.3Gb/s Transceivers

GTY 32.75Gb/s Transceivers
Extended?

Industrial

103

154
141
71
1.8
7.6

192
176
88
2.6

256
234
117
35
5.1
18.0

-1-2-2L
-1-1L-2

469
429
215
6.9
25.1
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P

ng System

Static Memory Controller
Quad-SPI, NAND, NOR

2x SPI

S_AXI_GP0/1

M_AXI_GP0A

Zyng-7000 SoC Block Diagram - FPGA + ARM Processor
!

Dynamic Memory Controller
DDR3, DDR2, LPDDR2

Programmable

Logic:
System Gates,
DSP,RAM

S_AXI_HPO
S_AXI_HP1

S_AXI_HP2
S_AXI_HP3
S_AXI_ACP

Multi-Standards 1/C




ARM Cortex-A9 Processor Micro-Architecture

= Instruction pipeline supports out-of-order instruction issue and completion
= Register renaming to enable execution speculation

= Non-blocking memory system with load-store forwarding

= Fast loop mode in instruction pre-fetch to lower power consumption

IRQ/FIQ
o CoreSight PL390
oresight Debug Access Port Virtual to
JTAG physical ém«irnljlpt
Debug Profiling Monitor Block register pool ontroller
=
ges
g &g
Cortex-A9 § 2
Single core £
Processor
Auto- prefetcher
Load-Store Unit
Branch Prediction [StoreBuffer [| | | | |
ftods Global History Buffer quad-slot with forwarding m
Instruction BR-Target Addr Cache
t Coresight
PL310 L2 Cache Control Trace
L2 Cache i+
Bus Interface Unit (BIU) ECC RAMs
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Multi-processor System-on-Chip (MPSoC)

ZYNQ"

UltraSCALE +

All Programmable
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Embedded Design Architecture in Zynqg

* Embedded design with Zynq is based on:

Processor and peripherals

Dual ARM® Cortex™ -A9 processors of Zyng-7000 SoC
AXI interconnect

AXI component peripherals

Reset, clocking, debug ports

Software platform for processing system

Bare Metal Applications or OS’s (e.g. Linux, FreeRTOS)
C language support

Processor services

C drivers for hardware

User application

Interrupt service routines (optional)
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The PS and the PL

* The Zyng-7000 SoC architecture
consists of two major sections
= PS: Processing system
= Dual ARM Cortex-A9 processor based
= Single core versions available
= Multiple peripherals
= Hard silicon core
= PL: Programmable logic

= Uses the same 7 series programmable
logic

= Artix™-based devices: Z-7010, Z-7015
and Z-7020 (high-range 1/O banks only)

= Kintex™-based devices: Z-7030, Z-7035,
Z-7045,and Z-7100 (mix of high-range
and high-performance 1/O banks)

Driver Assistance
Consumer Equipment

Factory Automation

I I Broadcast Camera

Military Radios
_—

\ Medical Imaging and Networking

B ‘m - —

( ”!;ﬁreti—éommunications

CWiroIoss Communications

CAVB Routers, Switches, Encoders

ARM?* Dual Core Cortex®- A9 MPCore with Peripherals

5 Up to 866 MHz f Up to 1GHz 2
ARﬂX? 1066Mb/s DDR3 1333Mb/s DDR3 KlNTEX7
Artix-7 Fabric Kintex-7 Fabric

125k - 444k LC FPGA Fabric
400 - 2,020 DSP Slices
High Reliability and High Performance 1/Os
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PS Components

= The Zynq SoC processing system
consists of the following blocks

Application processing unit (APU)
I/O peripherals (IOP)

Multiplexed 1/O (MIO), extended
multiplexed 1/O (EMIO)

Memory interfaces

PS interconnect

DMA, Timers

Public and private

General interrupt controller (GIC)

On-chip memory (OCM): ROM and
RAM

Debug controller: CoreSight

Zynq-7000

Processing System, PS

Peripherals
Dual RISC T
Processors
NORSHAM. NAND
DDR soepryddo] o Sywwreteal WP [ B‘-- abla:
s bt P Cones A CP Wi 32405 11 caore s l umd 951 ootable:
16-hit w/ECC DR FP Jarsie Teurt NOR,
32_b.‘ -".'U Lo NS 1D vodd wih secussy — NAND,
Main [ Hoat PAn e sl 5P
Memaory ! [owa] SOUEDIMNG
L L
L2 Cache DMA On-chip RS
Controller Controller RAM X TN AT -
217 MO kb port Lirk-Ls: Prograring 36 WIS Sl [ UART. &2 "‘x CAN r
[ GFO | Sy Inbeeripts
- - T
[ W00, TTC Trwew, VMCGE
o
" .=
Interrupts, e J P Mawse ¥ MIO
L — N —_ —
Events | PL Master Controllers | 7, | PL Slave )
-y |Cache Cananant (1x| : i : |':,, | Controllers : | MO
IFIFS Bullars (4x) i) . |
| |Zenaral Purpose(2x) i [ : | : I ‘r —————————
- : I
Boot, Security o o e 0 : I : |
and Dev i
Config s L L L L L E L Ly SelectMap 10 with
#ﬁ EMIO pass through
| T O T O I O O O O
| ' I I v |
) T User Examples 1 PCmDOR 1
| S
| |
Voltage ADC -l L L -1l d_J1- 10 [ | |
;r.|?:g¢.rr‘;.; i } Image Pracnaser | ; Micra Cantroller, | SERDES /LVDS
I} Gamma. Scalng, Crvarlay : i MicroBlaze i
| ;A-°---'.'°..-.--- s S s s s i -
| FIR Filter, FIT. Viterbi, | o F
| 1|, FIRFilter, FTT, Vilarti, LUTs, FFs, BRAMs, |
L T R toemen 11 DSPSlices ||
Debug |ﬁ‘_L ——————————— e T
Bootable l -
| pL
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Zynq Architecture Built-in Peripherals

> Static Memory
Controllers

Two USB 2.0 OTG/Device/Host
Two Tri- Mode GigE (10/100/1000)
Two SD/SDIO interfaces

= Memory, /O and combo cards

Two CAN 2.0Bs, SPIs , 12Cs, UARTSs

Four GPIO 32bit Blocks
= 54 available through MIO; other available through EMIO

Multiplexed Input/Output (MIO)

= Multiplexed pinout of peripherals and static memories

Extended MIO
= Maps PS peripheral ports to the PL

2x SPI o

2x I’C -

2x CAN -—

2x UART >

2x GPIO -

2x GPIO -

2x USB w/DMA |-

2x SDIO w/DMA |a—»

2x GigE w/IDMA |t




Xilinx Vivado

= What are Vivado, IP Integrator and SDK?

Vivado is the tool suite for Xilinx FPGA design and includes capability for embedded system design

IP Integrator, is part of Vivado and allows system level design of the hardware part of an Embedded
system

Integrated into Vivado

Vivado includes all the tools, IP, and documentation that are required for designing systems with the
Zyng-7000 SoC hard core and/or Xilinx MicroBlaze soft core processor

Vivado + IPI replaces ISE/EDK

SDK is an Eclipse-based software design environment

Enables the integration of hardware and software components
Links from Vivado

* Vivado is the overall project manager and is used for developing non-embedded
hardware and instantiating embedded systems

Electrical Engineering
ShHmAR
City University of Hong Kong
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Vivado Components

= Vivado/IP Integrator = Software Development Kit (SDK)
= Design environment for configuration of PS, and = Project workspace
hardware design for PL = Hardware platform definition
* Hardware Platform (xml) = Board Support Package (BSP)
= Platform, software, and peripheral simulation = Software application
= Vivado logic analyzer integration = Software debugging

Department of

Electrical Engineering
13 TR AR

City University of Hong Kong




Embedded System Tools: Hardware

= Hardware and software development tools

IP Integrator

IP Packager

Hardware netlist generation

Simulation model generation

Xilinx Microprocessor Debugger (XMD)
Hardware debugging using Vivado logic analyzer

ay
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Embedded System Tools: Software

* Eclipse IDE-based Software Development Kit (SDK)

= Board support package creation
= GNU software development tools
= C/C++ compiler for the MicroBlaze and ARM Cortex-A9 processors (gcc)

= Debugger for the MicroBlaze and ARM Cortex-A9 processors (gdb)

= TCF framework — multicore debug

= Board support packages (BSPs)
= Stand-alone BSP
= Free basic device drivers and utilities from Xilinx
= NOT an RTOS
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Vivado View

Customizable panels

A: Project Management

B: IP Integrator

C: FPGA Flow

D: Project view/Preview Panel
E: Console, Messages, Logs

EHEH AR

City University of Hong Kong

[} . O X
File Edit Flow Tools Reportts Window Layout View Help = @ Quick Synthesis and Implementation Out-of-date  details 4
= W <« B X & & b b & X ¥ = Default Layout v

Flow Navigator x ¥4 1| BLOCK DESIGN - pynq_tutorial * ? X

v PROJECT MANAGER by ¥ N

Source| Desix Signals| Board| ? _ O [4 Diagram X Address Editor X 2000
£+ Settings =
Q = A # |@ i X O Q + | | F|EF | AIC| T T
Add Sources
External Interfaces ~
Language Templates Interface Connections
<F IP Catalog Nets
FF axi_smc|( martConnect:1.0
v IP INTEGRATOR ¥ bram (AXI BRAM Controller:4.1)
¥ ock Memory Generator:8.4
Create Block Design bram_bram (Block Memory Generator:
F buttons (AXI GPI0:2.0)
Open Block Design # leds (AXI GPIO:2.0
Generate Block Design +F processing_system7_0 (ZYNQ7 Processing S
#F rst_ps7_0_100M (Processor System Reset5.1
v SIMULATION #F switches (AXI GPIO:2.0 bt
< >
Run Simulation
Block Properties PR E1E IR
vV RTL ANALYSIS <
“F processing_system7_0 - -3
> Open Elaborated Design
Name: acessing_system7_0

v SYNTHESIS Parentname: pynqg_tutorial

P Run Synthesis
> Open Synthesized Design General Properties IP
v IMPLEMENTATION TclConsole x Messages |Log |Reports | Design Runs e N EIRE
P RunImplementation Q' T 2 11 B B @
> OpenImplemented Design Adding cell -- xilinx.com:ip:axi_gpio:2.0 - leds -~
. Adding cell -- xilinx.com:ip:smartconnect:1.0 - axi_smc o
i 2 % = L - "
v PROGRAM AND DEBUG _— ?
i Generate Bitstream v —
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Zynqg Customization Processing System

¢ Re-customize IP X
. ZYNQ7 Processing System (5.5) ¢
= Zynq Block Design
© Documentation £F Presets IP Location #F Import XPS Settings
L] L]
= PS-PL Interface Configuration |
Page Navigator ~ — Zynq Block Design Summary Report
= Periph | 1/O Pi [ZmaBlockDesion =
eriphera ins —
PS-PL Configuration e Setne ] Appication Processor Unit (APU)
. : . “Wall [cco— <
u M I O Conflgu ratlon/TabIe V|eW Peripheral I/0 Pins (15:0) i . ARM Cortex -A9 ARM Cortex 49
CAND : aystem Laval cPU cPU
CAPL' —_— Control Regs
. o MIO Configuration m:‘: X i‘x’:
* Clock Configuration o === o S I
. ol
Clock Configuration U (M10) _‘_—.g"’ . l 512 KB L2 Cache and Controier Ports
'e [ . W‘ 4
= DDR Configuration BRI et |, l =Nc
[ eners | Central Components
SMC Timing Calculation Bank1 Interconnect . | .
= SMC Timing Calculati B | ree LT
|m|ng alculation i | e T T
9 %I_V' Lo | pEVC | L:;coy‘:;lnr:mm:y Dmg:‘mnz ‘<-
* Interrupts e
- S by el ,
Foaets | Generaton ERCHCHE Processing System(PS)
mﬂ ﬂg 0|1]2]|3 DMA IRQ
b T (R E E [Em
Ports Ports
Programmable Logic(PL)
| oK | I Cancel
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Integrator Block Diagram

IP Integrator Block Diagram opens a
blank canvas

IP can be added from the IP catalog
Drag and drop interface

Intelligent Design environment
= Design Assistance
= Connection automation
= Highlights valid connections
= Group, create hierarchal blocks

Can create and import custom [P
using IP Packager

Diagram X Address Editor X
@ a 3 X © Q

/‘ Designer Assistance available. Run Block Automation Run Connection Automation

@

+

Search: axi (62 matches)

N

¥ 106 Ethernet Subsystem

4F AHB-Lite to AXI Bridge

I AXI-Stream FIFO

4F AXI 1G/2.5G Ethernet Subsystem
4F AXI4-Stream Accelerator Adapter
4F AXI4-Stream Broadcaster

4 AX14-Stream Clock Converter

4F AXI4-Stream Combiner

4F AXI4-Stream Data FIFO

4F AXl4-Stream Data Width Converter
4F AXI4-Stream Interconnect

4F AXI4-Stream Protocol Checker
4F AXI4-Stream Register Slice

4 AXI4-Stream Subset Converter
4F AXI4-Stream Switch

I AXI4-Stream to Video Out

4F AXI AHBLite Bridge

4F AXI AMM Bridge

v

ENTER to select, ESC to cancel, Ctrl+Q for IP details

¥ Cc o &

processing_system7_0

<
DDR + |||
FIXED_IO + |||
M_AXI_GPO + }ii
FCLK_CLKO
FCLK_RESETO_N

M_AXI_GPOACLK 7Y N| Q‘

ZYNQ7 Processing System

axi_gpio_0
“+ s Axi
s_axi_aclk GPIo +|||
s_axi_aresetn

AXI GPIO

ay
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Configuring Hardware in IP Integrator

Double click blocks to access configuration options
* Drag pointer to make connections
= Highlights valid connections

= Connection Automation
= Automatically connect recognised interfaces

ﬂ Re-customize IP
AXI Ethernet (5.0)

ﬁ Documentation || IP Location

Component Mame |design_1_axi_ethernet_1_0

Physical Interface”” MAC Features | FIFO & Checksum | Metwork Timing

T

%o Diagram X | [ Address Editor X

= Automatically Redraw system Al

Q| (@ Designer Assistance available. Run Connection Automation

processing_system7_1_axi_periph

VLAN Options
Tx VLAN Options

Statistics Counter Options

Statistics Counter Width

() 32bit @ 64bit

Frame Filter Options

[T Enable Tx YLAMN translation
[T Enable Tx YLAN tagging

[T Enable Tx YLAN stripping

rs  [V] Allow Statistics to be reset

[] Enable Rx extended multicast address filtering

Rx VLAN Options

[} Enable Rx YLAN translation
[ Enable Rx YLAN tagging

[7] Enable Rx YLAN stripping

m

o
Al
[N btns_Sbit
»-:4 i
o
ﬁ AXI GPIO
B |
E 3
&
@‘ proc_sys_reset
E _sync_ck mb_resat b=
t_reset_in bus_struct_reset{0:0]
—aux_reset_in peripheral_res2{0:0] m
=—mb_debug_sys rst interconnect_aresstn[0:0]
={dcm_locked peripheral_aresetn[0:0]
Proc Sys Reset

RESETN
_ACLK E
E eerallCO-AXIE
ot m1_m=‘.>i§§’|
_ARESETN
1_ACLK

1_ARESETN

AXI Interconnect

|+
ii[fRS00 AT | Found 1 interfac

sw_8bit
dhs_ax

F

.axi_ack  gpiodp “
t5_axi_aresetn

AXI GPIO

ay
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Software Development Flow

= Create hardware platform project

= Automatically performed when SDK
tool is launched from Vivado project

Create BSP

= System software, board support
package

= Create software application
= Create linker script
* Build project

= compile, assemble, link output file
<app_project>.elf

20

-

C/C++ - hello_world_0/src/helloworld.c - Xilinx SDK

= | B [ S

File Edit Source Refactor Navigate Search Run Project XilinxTools Window Help

€] helloworld.c

[n] platform_config.h
[€) platform.c

[n platform.h

T Iscript.ld
s hello_world_bsp_0

#include <stdio.h>
#include "platform.h"

void print(char *str):;

int main()

¥ system_hw_platform {

init_platform():
[@ ps7_init.c init_platform()
g PSZ_fnft: | print ("Hello World\n\x"): =
ps/_init.htm
B ps7_inittcl

cleanup_platform();
|4 systemxml

return 0;
}

< n

»
s

[21 Problems [ ] Tasks | B Console &2

mifie & & BH S G- Er RO B0 B~ & (Eg c/c++
BeEm: 8-fd-ve-o-
[ Project Explorer 52 = O[3z systemxml |, system.mss [€] hellowerld.c 3 = O/ out 2 @ Ma =08
8% 7| - - AL N
=5 hello_world_0 2 stdio.h
1;; Binaries = platform.h
[ Includes * helloworld.c: simple test application ++ print(char®) : void
(= Debug @ main():int
(= src

=] Properties | & Terminal B-rg+=0
C-Build [hello_world_0]
arm-xilinx-eabi-size hello world 0.elf |tee "hello world 0O.elf.size" o
text data bss dec hex filename
47984 1096 27736 76816 12c10 hello_world 0O.elf
Finished building: hello world 0O.elf.size
o
o Writable Smart Insert 1:1
J
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Zynqg Configuration GUI

r N
¢ Re-customize IP @

* Provides a graphical view of the PS ;
o Documentation Presets IP Location #% Import XPS Settings
to configure ——

= ARM cores T =

PS-PL Configuration

Page Navigator — | Zynq Block Design Summary Report

Application Processor Unit (APU)

P SWDT
- 200 ‘ TIc N 5
. Peripheral I/0 Pins {15:0) 1201 | ARM Corex -A9 ARM Cortex -A9
- eripnerais cu e =
\ 3 CAN1 Control Regs
MIO Configuration UART 0 | 64
[l o UARTT Y e
MUX GPIo } {_or Snoop Control unt | A

:

| D D R I I Clock Configuration MI10) %00 al
512 KB L2 Cache and Contolier Ports
controller f = = W
|| | DDR Configuration et | ocm 256K8
ENET 0 -, Interconnect SRAM
' ENET 1 Components
v

| M emo r'y Syste ms SMIC Timing Calculation - S | Cenes ;

(53:16) Interfaces —
T —
[Cousose |

Interrupts

= |/O partitioning between dedicated -

Ko | DAP ‘

Memory Interfaces

e | pEVE | Programmable DDR23,LPDDR2
Logic to Memory Controlier

Interconnect
7 R [y
|| Hw e | | ] ] .
=

PS . I | I I . I / O J Recustomize? § Recustomize P =
P I n S a n P I ogl al I l I I la e Ogl C ZYNQ7 Processing System (5.5) P ZYNQT Processing System (5.5) P
|
@ Documentation £¥ Presets (= IP Location (G} Import XPS Settings @ Documentation ¥ Presets [ IP Location & Import XPS Setings
. o .
[ | I S C O n I u r e VI a a S et O Page Navigator Peripheral 1O Pins Summary Report Page Navigator PS.PL Configuration Summary Report
2ynq Block Design ; 2Zynq Block Design
o 9 « Search 4 2 * Searen: |0
PS-PL Configuration Q v | Bank 1 Lvewos 1av v PS-PL Configuration Q) [ et T
' . Peripheral IO Pins x [iRerenien oLtz s 1o MBI re 1o 20 20,,22.25, 260 125,28 20, B 28 30 30 R Peripheral IO Pins 3 v iGanersl "
> S [ N 1] - N - s UARTO Baud Rate 115200 Baud rate is generated with internally fixed UART Ref Clock Freq=10.
- l s l s
IO Configuration s MIO Configuration s UART1 Baud Rate 115200 v Baud rate s generated with intemnally fied UART Ref Clock Freq=10.
Clock Configuration © ./ NaND Fiash | | clock Configuration PLAXIidle Port Enables idle AX signal o the PS used o indicate thatthere are no .
DDR ARB bypass Port Enables DDR urgentiard signal used o signal a ciical memory star.
> [ Ethemeto
[ || | DDR Configuration =0 DDR Configuration PS-PL Debug interface Enables PL debug signals to PS and vice-versa
i > L Ethemet1 Enett I FTI Trace data interface Enables FTH Trace AXI stream inferface usedto capture data from P.
SHC Timing Calculation SHC Timing Calculation
/usBo — FTM Trace buffer 0 Generates a FIFO to hold trace data
Interrupts use1 . p— I Intertupts FTH Data edge detector 0 Stores trace data in the FIFO when the data changes as marked by e.
l l
— FTM Trace buffer FIFO size 128 FTM Trace buffer FIFO size
=) 20 FTM Trace buffer clock delay 12 Number of clock cycles interval for a trace data output from FIFO bein.
b so1 so1 Include ACP transaction checker Enables ACP transaction checker.
> VISPIo | - g I Trace datalcontrol signal pipeline width 8 Enables configurable number of pipeline stages on the TRACE DAT.
> [ sPI . Power-on resel(POR) 4k imer Enables power-on reset(POR) 4k timer. By default, 64k timer is used
sen sen v
SE Processor event interface Enables event bus which provides a low-latency and direct mechanis
aRTO uaRTO uaRTO uaRTO uaRTO uarTo uat S G o
i usRT1 Ty uaRTH uaRTH uaRTH uaRTt I > Enable Clock Triggers
>[lco " > Enahla Clnck Resste e
< < >
oK Cancel
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Software Development Kit (SDK)

22

Full-featured software design environment
Separate tool from Vivado — can install standalone for SW teams
Based on popular Eclipse open-source IDE

Used for software applications only; hardware design and modifications are done in
Vivado

Well-integrated environment for seamless debugging of embedded targets

Sophisticated software design environment with many options and features with
support for

= Multiple processors

= Multiple software platforms

= Multiple software applications

&
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SDK Workbench Views

|. C/C++ project outline displays the
elements of a project with file
decorators (icons) for easy
identification

C/C++ editor for integrated
software creation

Code outline displays elements of
the software file under development
with file decorators (icons) for easy
identification

Problems, Console, Properties views
list output information associated
with the software development flow

23

@ C/C++ - peripheral_tests_0/src/testperiph.c - Xilinx SDK

O [ B i |

D

[ Project Explorer &2

SN

Siv5lvro o~

& hw_platform
1% peripheral_tests 0
-1;? Binaries
[ Includes
(= Debug @
[h devcfg_headerh
[h gpio_headerh
[h gspips_header.h
[h scugic_header.h
[h] scutimer_header.h
lh] scuwdt_header.h
1| testperiph.c
L€ xdevcfg_selftest_example.c
[€] xgpio_tapp_example.c
[ xqspips_selftest_example.c
[€] xscugic_tapp_example.c
[€] xscutimer_intr_example.c
[ xscutimer_polled_example.c
\.€| xscuwdt_intr_example.c
E Iscript.ld
s peripheral_tests_bsp_0
1% zynq_fsbl_0

&= src

= [m] Hh system.mss

File Edit Source Refactor Navigate Search Run Project Xilinx Tools

B oER &
=

#include <stdio

<

[£1 Problems | ¥ Tasks | B Console 2

C-Build [peripheral_tests 0]

./src/xscuwdt_intr example.o

Finished building
i

Invoking: ARM Print Size
arm-xilinx-eabi-size peripheral tests_0.elf

text data
46872 1976
Finished building:

B8~ [&gr@~

|4 system.xml

.n> o
#include "xparameters.h" fid

Window Help

-9~

= @]

@ Make =0
BV o %~

= stdio.h

1¢| testperiph.c i3 5% Outlin 2

xparameters.h
o xil_cache.h

= xscugich

= xil_exception.h
S scugic_headerh
H  xdevcfg.h

® devcfg_header.h
H  xqspips.h

= qspips_header.h
H  xbasic_typesh
= xgpio.h
gpio_header.h
xscutimer.h
scutimer_header.h
= xscuwdt.h
scuwdt_header.h
main() : int

1 >

r = 2 | =<
O GE) BREG| ot B~

=] Properties | & Terminal 1 + =0

-Wi, ——scarc—gro;p, —lxlI, -1gcc, -1c, -—end-group

©

|tee "peripheral tests_O.elf.size"
bss dec hex filename
27964 76812 12cOc peripheral tests_0.elf

target: peripheral tests_0.elf

m

Writable Smart Insert 65:16

peripheral tests_0.elf.size
)
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Software Management Settings

= Software is managed in three = o S =

| Settings < o o Board Support Package Settings
M Resource Control various settings of your Board Support Package.
I I Ia Or areas Builders - -
C/Co+ Build Configuration: [Debug [ Active] verview hello_world_bsp.0
- e standalone T
Build Variables drivers OSType:  standalone Standalone is a simple, low-level software layer. It provides access to basic
. . . Discovery Options cpu_cortexad 3062 processor features such as caches, interrupts and exceptions as well as the basic
| O m PI e r I n e r- Ptl O n S Environment % Tool Settings | & Build Steps | 1 Build Arifact | [ Bina 05 Version: faeba:::;gf;rosted environment, such as standard input and output, profiling,
Logging £ '
- Sctii i) ARM gcc assembler Command:  arm-xilinx-
eings) 8 Genenl : Target Hardware
u M M Tool Chain Editor © LfRM enera ; All options: Hardware Specification: C:\xup\zedboard\project 2\project_2.5dk\SDK\SDK_Export\system_hw_platformisystem.xml
Ication program C/Ce-+ Geneal  ARM gec compler Processon P corteat0
Project References (2 Symbols
i = i
Run/Debug Settings (2 Warnings Supported Libraries
. Optimization
- Debuggin Check the box next to the libraries you want included in your Board Support Package. You can configure the library in
ortware riatrorm osettings 2 Debugging L . ik
& = s >
5% Directories Command
]
Miscellaneous line pattern: ${COMMA Name Version Description
) Iwip140 1022 1wIP TCP/IP Stack library: WwIP v1.4.0, Xilin adapter v...
| 3 Inferred Options
3 Software Platform ] sifatfs 1002 Provides read/wite routines to access fles stored on...
Processor Options [ itflash 3022 Xilinx Flash library for Intel/AMD CFI compliant paral...
. . .  ARM gec linker ] xilisf 3002 Xilinx In-system and Serial Flash Library
[ L I 5 General 4 ] xilms 1002 Xilinx Memory File System
INnKer Crlpt eneration B ;
——

= Assigning software to memory 1

Generate a linker script -

re S o u rc e S Generate linker script

Control your application's memory map.

= Covered in more detail later s

Place Code Sectionsin:  ps7_ddr_0_S_AXI_BASEADDR

]

Output Script:

iboard\project_2\project_2.sdk\SDK\SDK_Export\hello_v Place Data Sectionsin: ~ ps7_ddr 0_S_AXI BASEADDR
Modify project build settings as follows: Place Heap and Stack in:  ps7_ddr_0_S_AXI_BASEADDR
lSet generated script on all project build configurations v Heap Size: 1KB
Hardware Memory Map Stack Size: 1ke

Memory Base Address Size

ps7_ddr_0_S_AXI_BASEADDR 0x00100000 1023 MB

ps7_ram_0_S_AXI_BASEADDR 0x00000000 192 KB

ps7_ram_1_S_AXI_BASEADDR 0xFFFFO000 ~63.5 KB

®

Genente ] [ Gancel ] |} Department of
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From SDK to Vitis IDE

= Platform Project & System Project

25

i3 v B-Q{-iH-vO-v oM@

~. Explorer 2 \ BB
vic}appDev_app [ appDev_bsp_domain ]
»4¥ Binaries
*» milIncludes
*_ide
» =Debug
(= SrcC
*K appDev_app.prj
S appDev_app_syst.sprj
~BIUED_hw_1
» & bitstream
» & export
'&hw
» = logs
» & psu_cortexas53_0
& resources
» & zyngmp_Fsbl
* &zyngmp_pmufw
«Jplatform.spr

-

(=]

- M appDev_app_system [UED_hw_1] ‘

(\‘Assistant SST EES&K O+

-

8

-~

UED_hw_1 [Platform]

v{ctappDev_app [Application]
(% Debug
< Release

- FappDev_app_system [System]

Platform
Project

System
Project

. Explorer 32|
»[EappDev_app_system
=

» (& bitstream

» > export

rehw

zlogs

» = psu_cortexas3_0
(@ resources

¥ =zyngmp_fsbl

* @ zyngmp_pmufw
«Jplatform.spr

«J Assistant 2 B® RO B

B UED_hw_1 [Platform]
[®appDev_app_system [System]
~{lappDev_app [Application]
( Debug
< Release

Domain
(Standalone -
A53)

Hardware
Specification

Standalone
Application

FSBL

Platform
FM

Quick Access | | [[ZDesign) 4 Debug

~ UED_hw_1 3|

type filter text €@ = @ 4 X Board Support Package

~EIUED_hw_1
~{J) psu_cortexa53_0

done. All the

~E#zyngmp_fsbl
1 Board Support Package Modify BSP Settings... | Reset BSP Sources
~[1appDev_bsp_domain
% Board Support Package clears any existing
~{J psu_pmu_0 Load BSP settings from file

~*zynqmp_pmufw

B Board Support Package

Operating System

Name: standalone

Update Hardware Specification

Update hardware specification for UED_hw_1
© Specifed file doesn't exist.

Hardware ification File: | J / /training/demo/UED L hadf

| Main| Hardware Specification |

Cancel

=0

View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling, add/remove libraries, assign
drivers to peripherals, change versions of OS/libraries/drivers etc.

A BSP settings file is generated with the user options selected in the settings dialog. To use exising settings, click the below link. This operation
i changes are applied on top of the loaded settings.

ccess to basic processor features such as caches, interrupts and
ment, such as standard input and output, profiling, abort and exit.

Browse...

Dy

© console 12 | (% Problems [] vitis Log (D Guidance

AME ~O8-8~=0|

Platform Tcl Console
:iscwiiget _hw path
::regenerate_psinit /home/xilinx/training/demo/UED_hw_1/hw/system.dsa
cw::get_mss_path
active {zynqmp_pmufw}
w::get_hw_path
i:regenerate psinit /home/xilinx/training/demo/UED hw_1/hw/system.dsa
::get_mss_path
active {appDev_bsp domain}
::get _hw path
::regenerate psinit /home/xilinx/training/demo/UED hw_1/hw/system.dsa
::get_mss_path

l UED_hw_1




26

Unifying Software Solutions: Vivado & Vitis

@)

Al inference
Acceleration

O

SDAccel, Data Center
(Faas, Alveo)

O

SDSoC, Embedded

O

OS & Firmware
SDK

Vivado

2012

Vitis Unified Software

Platform
(@)

Vivado Design Suite

O
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All Developers Can Build and Deploy on All Platforms

Build Embedded Enterprise Enterprise Infrastructure Data & Al
Developers Application Developers Developers Scientists
(V XILINX
a VITIS.
Q0
o-Hd-o
o4O
Deploy

Zynq-7000 Zynq UltraScale+ MPSoC Alveo Versal ACAPs

Department of
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Vitis Unified Software Platform

Domain-specific 1F TensorFlow
development Caff M FFmpeg
environments atlic

o .. . L Vitis Al Vitis Video
Vitis accelerated PRSIl R RIgFle[=! Math & Linear Quantitative
libraries Processing Algebra Finance

Compilers Analyzers Debuggers

Vitis core
development kit [

Xilinx runtime library (XRT)

Vitis target platform

\ J

Electrical Engineering
ShHmAR

City University of Hong Kong

Edge Deployment On-Premise Deployment Cloud D%bepartment of
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Vitis Target Platform

Base Hardware, Software Architecture

= For PCle Accelerator Cards, Includes
= PCle® Interface Logic
= DDR memory interface controllers
= XDMA logic etc.

= Hardware Config & Lifecycle Management

= For Embedded Devices, Includes
= Operating System
= Runtime library (XRT)
= Runtime drivers (XRT)

= Firmware & Boot loader

Ready-to-Use Vitis Target Platforms
OR
Build Your Own using Vivado Design Suite

29

W XILINX

""""" a VITIST

Embedded Software

Op2rating System

Runtime
Library
& Drivers
Boot
Loader

Host
Application

Host (x86 or ARM)

@onnectivity IPs

ay

Dynamic Region
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Vitis Target Platforms for Alveo Accelerator Cards

Available Today

Alveo U200

\\

UltraScale+ Architecture

1,182k LUTs

Dual slot, full height
64GB DDR, 77GB/sec
PCle Gen3

2x QSFP 28 (100GbE)

< 225W

30

Alveo U250

.\\

UltraScale+ Architecture

1,728k LUTs

Dual slot, full height
64GB DDR, 77GB/sec
PCle Gen3

2x QSFP 28 (100GbE)

< 225W

Alveo U280

UltraScale+ Architecture
1,304k LUTs

Dual slot, full height
8GB HBM2, 460GB/sec
PCle Gen3, Gen4, CCIX

2x QSFP 28 (100GbE)

< 225W

Alveo U50

UltraScale+ Architecture
872k LUTs

Single slot, half height
8GB HBM2, 316GB/sec
PCle Gen3, Gen4, CCIX

1x QSFP 28 (100GbE)

< 75W
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Vitis Target Platforms for Embedded Platforms

Available Today

Zynq-7000 SoC
ZC702

Learn More

Zynq-7000 SoC
ZC706

Learn More

Zynq UltraScale+ MPSoC
ZCU102

Learn More

Zynq UltraScale+ MPSoC
ZCu104

Learn More

Avnet Ultra96-Vv2

Learn More

You Can Also Create Vitis Target Platforms for Your Custom Boards

31
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https://www.xilinx.com/products/boards-and-kits/ek-z7-zc702-g.html
https://www.xilinx.com/products/boards-and-kits/ek-z7-zc706-g.html
https://www.xilinx.com/products/boards-and-kits/ek-u1-zcu102-g.html
https://www.xilinx.com/products/boards-and-kits/zcu104.html
https://www.xilinx.com/products/boards-and-kits/1-vad4rl.html

Vitis Al: Deep Learning Acceleration

Frameworks

Vitis Al
development kit

Deep Learning
Processing Unit
(DPU)

32

1F TensorFlow

Al Optimizer

CNN DPU

Edge Deployment

Al Quantizer Al Compiler

Xilinx runtime library (XRT)

LSTM DPU

On-Premise Deployment

Al Profiler

O PyTorch

~

MLP DPU

Cloud De

Al Library

Bt tment of
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SDSoC, SDAccel and SDK Migration for Developers

P W XILINX
@@ SDAECCGI q o VITIS Fundamental User-Flow Remains Same

nvironment

@@ Xilinx SDK _’

@@ SDSOC”’ W XILINX Significant Changes to User Paradigm
Environment o VITISW(Software & Accelerator Design Decoupled)

W XILINX
A VITIS Minor Changes to User-Flow

Migration Guides & Examples Available to Help Migration to Vitis Unified Software Platform

Department of
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SDK, SDSoC and SDAccel Releases and Support
2019.2 2020.1 2020.2

? ? ?

Xilinx SDK
SDAccel”

Environment

Deprecated

SDSoC”

Environment

W XILINX

a VITIS.

Production

34



Overview

35

FPGA Overview

FPGA + ARM Processor
= FPGA Electronic Design Automation Platform —Vivado & Vitis Al
= Multi-processor System-on-Chip (MPSoC)
= Building Blocks of a Generic Microcontroller
= PicoBlaze vs. MicroBlaze

Zynqg SoC (AP SoC)

Zynqg SoC Processing System (PS)
Processor Peripherals

Clock, Reset, and Debug Features
AXI Interfaces

Summary

ay
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Building Blocks of a Generic Microcontroller

» There are several microcontroller families developed by different vendors.
= Although these have different properties, they share similar building blocks.

Central Processing Unit

O Central processing unit (CPU) is a sequential circuit in its basic sense. It is responsible for
executing commands given to it in the form of instructions.

O Therefore, CPU is the fundamental block responsible for working of a microcontroller.

Arithmetic Logic Unit

o Arithmetic logic unit (ALU) is a sub-part of CPU responsible for executing
arithmetic and logic operations.

O ALU is basically composed of combinational circuits.

O Depending on the microcontroller type,ALU can perform addition, subtraction,
multiplication, and division operations.

Department of
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Building Blocks of a Generic Microcontroller

Memory

A microcontroller needs memory for two reasons.

First, instructions to be executed by the CPU should be kept somewhere.
Program memory (ROM) is the place for this operation.

Second, some instructions to be executed will work on data which need to be
stored in memory. Data memory (RAM) will be the block for this operation.

A microcontroller should have ROM and RAM blocks.

Oscillator/Clock

37

Being a sequential device, microcontroller needs a clock signal to operate.

A clock is generated either by an external source or internal oscillator in
the microcontroller.

Initial microcontrollers had just one clock source to operate.

Recent microcontrollers have more than one clock source such that each
can be used by a different block in the microcontroller.

ay
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Building Blocks of a Generic Microcontroller

General Purpose Input/Output

o A microcontroller interacts with the outside world through its input and
output pins.

O These are called general purpose input and output (GPIO).

o Most of the times, GPIO pins operate with digital data. These pins may be
of use for other applications as well such as digital communication and
analog to digital conversion.

Other Blocks

O A microcontroller may also have other blocks generally called as
peripherals.

O Digital communication, analog to digital converter (ADC), and
digital to analog converter (DAC) can be counted as such blocks.

Department of
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Xilinx PicoBlaze Microcontroller

o PicoBlaze is an eight-bit soft-core microcontroller developed by Xilinx.
o For example, we can program it on the Xilinx Artix-7 FPGA:s.

Functional Blocks of PicoBlaze

39

PORT_ID >

OUT_PORT >

Flags
Zero
Carry

8 z
c o
3 = %
i L | o5 ek+= 64-Byte ,D*
Instruction EQ Lo ol Scratchpad RAM
PROM o L R
g = "
o O
o - o J
) 0 " 4
'
(Instruction |__ g Constants ¢
Decoder |
Y
INTERR PT\ e : ;
i ol 16 Byte-Wide Registers | = ‘d 3
[iE ] Enable s0 s1 s2 s3 ekl
'\ s4 s5 sb s7
IN_PORT - s8 s9 sA sB -
/ sC sD | sE sE |1 & .
J
Operand 2

>ALU
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Xilinx MicroBlaze Microcontroller

O MicroBlaze is a 32-bit soft-core microcontroller developed by Xilinx.
O It has a fairly complex architecture compared to PicoBlaze.

.
. .
MicroBlaze as an IP Block Functional Blocks of MicroBlaze
£F Customize IP Instruction-side Data-side
bus interface bus interface
MicroBlaze MCS (3.0) Memory Management Unit (MMU)
[ff) Documentation (5 IP Location €3 Switch to Defaults UTLB _)[—‘ —\
, M_AXI_IC [> A\r: . S20 ]| ' ) M_AXI_DC
Component Name | microblaze_mcs_0 - — o
MCS | UART | FIT | PIT | GPO | GPI | Interrupts 2-; {} {} i =
General |XCL_'\| <_—_ § < g > DXCL_M
Input Clock Frequency (MHz) | 100.0 ) p;og ram v ALU g
Memory Size 16KB v | [JError Correction Code lXCL..S :> Counter /1_ Shift @ DXCL_S
E, |
Select MicroBlaze Optimization | AREA 57 psl.‘l)f?) ggle
s i:[ Registers [—N] | Bamel Shift
[] Enable 10 Bus Branch —/ Multiplier “P
[[] Enable MicroBlaze Trace Bus m Ta rget i > DFLE
Cache Divider
Enable Debug Support NONE v Bus F PU e
Debug JTAG User-defined Register | USER2 = IF IF }— N ‘D_AX' S
-] Instruction M15 AXIS
Vivado Information | Software Information '—‘/ Buffer ) -
After generating the core, there are a few steps necessary in Vivado, mainly to ensure Instruction SO—AXIS o
that software is associated with the bit stream. Decode - S1 S_AXIS
Befor ting the bitstream, the softw: ELF file should by iated with 4
the Mirolaze MCS core. This can be achieved by using the Associate ELF fles doo, -] Register File LN\ MFSL 0..15 or
found in the Tools menu. —‘/ 32 X32b DWFSL 0..15
See the Product Guide for more information and examples. _‘\ SFSL0..15 or
Optional MicroBlaze feature 4 Department of
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Objectives

= |dentify the basic building blocks of the Zynq™ architecture processing system (PS)

= Describe the ARM Cortex-A9 processor memory space

= Understand how to connect PS to the programmable logic (PL) through the AXI ports
= Name the five AXI channels

= Describe the operation of the AXI streaming protocol
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Outline

e Zynqg SoC (AP SoC)

e Zyng SoC Processing System (PS)
e Processor Peripherals

e Clock, Reset, and Debug Features
o AXI Interfaces

e Summary

42




The PS and the PL

* The Zyng-7000 SoC architecture consists of two major sections

43

PS: Processing system

Dual ARM Cortex-A9 processor based

Single core versions also now available

Multiple peripherals

Hard silicon core

PL: Programmable logic

Shares the same 7 series programmable logic as

Artix™-based devices: Z-7010, Z-7015, and Z-7020 (high-range I/O banks only)

Kintex™-based devices: Z-7030, Z-7035, Z-7045, and Z-7100 (mix of high-range and
high-performance I/O banks)

ay
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Zyng-7000 Family Highlights

Complete ARM®-based processing system
= Application Processor Unit (APU)
* Dual ARM Cortex™-A9 processor
= Caches and support blocks
= Fully integrated memory controllers
= |/O peripherals
Tightly integrated programmable logic
= Used to extend the processing system
= Scalable density and performance
Flexible array of 1/O
* Wide range of external multi-standard I/O
= High-performance integrated serial transceivers
= Analog-to-digital converter inputs

44




PS Components

= Application processing unit (APU)

45

l/O peripherals (IOP)
= Multiplexed I/O (MIO), extended multiplexed 1/O (EMIO)

Memory interfaces
PS interconnect
DMA

Timers

= Public and private
General interrupt controller (GIC)
On-chip memory (OCM): RAM
Debug controller: CoreSight
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Outline

e Zynqg SoC (AP So(C)

e Zynqg SoC Processing System (PS)
e Processor Peripherals

e Clock, Reset, and Debug Features
o AXI Interfaces

e Summary
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FPGA Data Sheet

* |t is important for us to learn how

47

to read this kind of datasheet as a
professional hardware designer.

i: XI LI NX® Zynq-7000 SoC Data Sheet: Overview

DS190 (v1.11.1) July 2, 2018 Product Specification

Zynq-7000 SoC First Generation Architecture

The Zyng®-7000 family is based on the Xilinx SoC architecture. These products integrate a feature-rich dual-core or single-core ARM®
Cortex™-A9 based processing system (PS) and 28 nm Xilinx programmable logic (PL) in a single device. The ARM Cortex-A9 CPUs are
the heart of the PS and also include on-chip memory, external memory interfaces, and a rich set of peripheral connectivity interfaces.

Processing System (PS)

ARM Cortex-A9 Based I/O Peripherals and Interfaces
Application Processor Unit (APU) «  Two 10/100/1000 tri-speed Ethernet MAC peripherals with
. 2.5 DMIPS/MHz per CPU IEEE Std 802.3 and |EEE Std 1588 revision 2.0 support
«  CPU frequency: Upto 1 GHz *  Scatter-gather DMA capability
e Coherent multiprocessor support *  Recognition of 1588 rev. 2 PTP frames
. ARMV7-A architecture . GMII, RGMII, and SGMII interfaces
e TrustZone® security *  Two USB 2.0 OTG peripherals, each supporting up to 12 Endpoints
+  Thumb®-2 instruction set *  USB 2.0 compliant device IP core
«  Jazelle® RCT execution Environment Architecture *  Supports on-the-go, high-speed, full-speed, and low-speed
»  NEON™ media-processing engine modes '
«  Single and double pracision Vector Floating Point Unit (VFPU) *  Intel EHCI compliant USB host
+  CoreSight™ and Program Trace Macrocell (PTM) *  8-bit ULPI external PHY interface
. Timer and Interrupts ¢  Two full CAN 2.0B compliant CAN bus interfaces
»  Three watchdog timers + CAN 2.0-A and CAN 2.0-B and ISO 118981-1 standard
*  One global timer compliant

+  Extemal PHY interface
«  Two SD/SDIO 2.0/MMC3.31 compliant controllers

*  Two triple-timer counters

Caches «  Two full-duplex SPI ports with three peripheral chip selects
* 32 KB Level 1 4-way set-associative instruction and data caches «  Two high-speed UARTS (up to 1 Mb/s)
(independent for each CPU) «  Two master and slave 12C interfaces
* 512 KB 8-way set-associative Level 2 cache «  GPIO with four 32-bit banks, of which up to 54 bits can be used with
(shared between the CPUs) the PS 1/O (one bank of 32b and one bank of 22b) and up to 64 bits
*  Byte-parity support (up to two banks of 32b) connected to the Programmable Logic
On-Chip Memory . Up to 54 flexible multiplexed 1/0 (MIO) for peripheral pin assignments
+  On-chip boot ROM Interconnect
* 256 KB on-chip RAM (OCM) «  High-bandwidth connectivity within PS and between PS and PL
e Byte-parity support *«  ARM AMBA® AXI based

External Memory Interfaces . QoS support on critical masters for latency and bandwidth control

*  Multiprotocol dynamic memory controller

«  16-bit or 32-bit interfaces to DDR3, DDR3L, DDR2, or LPDDR2
memories

. ECC support in 16-bit mode

. 1GB of address space using single rank of 8-, 16-, or 32-bit-wide
memories

. Static memory interfaces
*  8-bit SRAM data bus with up to 64 MB support
*  Parallel NOR flash support
*  ONFI.0 NAND flash support (1-bit ECC)
*  1-bit SPI, 2-bit SPI, 4-bit SPI (quad-SPI), or two quad-SPI (8-bit)

senial NOR flash

8-Channel DMA Controller

*  Memory-to-memory, memory-to-peripheral, peripheral-to-memory,
and scatter-gather transaction support

© Copyright 2012-2018 Xilinx, Inc., Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Vivado, Zyng, and other desigr brands included herein are of Xilinx
in the United States and other countries. AMBA, AMBA Designer, ARM, ARM Cortex-A9, CoreSight, Cortex, and PrimeCell are trademarks of ARM in the EU and other countries.
PCI, PCle, and PCI Express are trademarks of PCI-SIG and used under license. All other trademarks are the property of their respective owners.

DS190 (vi.11.1) July 2, 2018 www.xilinx.com
Product Specification 1

Department of
Electrical Engineering

EHEH AR

City University of Hong Kong



Overview of the Zynq Chip

Zyng-7000 SoC
e Processing System
Peripherals Application Processor Unit
Geﬁ:’r‘:t‘ion Reset SWDT i P ——— =
/ usB FPU and NEON Engine |l| FPU and NEON Engine |l
TTC
usB | [ 2xUSB I_l Mmu | ARM Cortex-A9 : vmu | ARM Cortex-A9 :
GigE 2x SD Level 32 KB 32 KB I| 32KB 32KB |l
SD Control I-Cache D-Cache |l| I-Cache D-Cache ||
SDIO Regs L T e s s =
IRQ s
SD > Gic | | Snoop Controller, AWDT, Timer |
SDIO Yvyy
GPIO | |- < DMAB | A | 512 KB L2 Cache & Controller |
o UART . Channel
- :
= UART | |- A
2 ocM | 256K
125G > Interconnect | SRAM v
12C A Memory
SPI Central Interfaces
SPI Interconnect
DDR2/3
W CoreSight DDRSL:
&N Inteerfn;(():gs Components CLPDDRZ
\ SRAM/ - ontroller
NOR
< DAP
ONFI1.0 ' ‘ ‘
NAND - DevC Programmable Logic to
Q-SPI Memory Interconnect
plee ¢ tf 111
EMIO General-Purpose DMA IRQ | Config High-Performance Ports ACP
Spter Ports Sync AES/
12-Bit ADC SHA Programmable Logic
3 SelectlO
Notes: Resources
1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32-Bit/64-Bit, AX| 64-Bit, AXI| 32-Bit, AHB 32-Bit, APB 32-Bit, Custom
3) Dashed line box indicates 2nd processor in dual-core devices
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ARM Processor Architecture

49

ARM Cortex-A9 processor implements the ARMv7-A architecture
= ARMv7 is the ARM Instruction Set Architecture (ISA)
= ARMv7-A:Application set that includes support for a Memory Management Unit (MMU)
= ARMv7-R: Real-time set that includes support for a Memory Protection Unit (MPU)
=  ARMvV7-M: Microcontroller set that is the smallest set

The ARMv7 ISA includes the following types of instructions (for backwards compatibility)
= Thumb instructions: |6 bits; Thumb-2 instructions: 32 bits
= NEON:ARM’s Single Instruction Multiple Data (SIMD) instructions

ARM Advanced Microcontroller Bus Architecture (AMBA®) protocol
= AXI3:Third-generation ARM interface
= AXI4:Adding to the existing AXI definition (extended bursts, subsets)

Cortex is the new family of processors

= ARM family is older generation; Cortex is current; MMUs in Cortex processors and MPUs in
ARM

ay

Department of
Electrical Engineering

EREAH RS
City University of Hong Kong



ARM Cortex-A9 Processor Power

* Dual-core processor cluster
= 2.5 DMIP/MHz per processor

= Harvard architecture
= Self-contained 32KB LI caches for instructions and data

= External memory based 512KB L2 cache
= Automatic cache coherency between processor cores
= |GHz operation (fastest speed grade)

50




ARM Cortex-A9 Processor Micro-Architecture

= Instruction pipeline supports out-of-
order instruction issue and
completion

= Register renaming to enable
execution speculation

= Non-blocking memory system with
load-store forwarding

= Fast loop mode in instruction pre-
fetch to lower power consumption
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Coresight / #

JTAG

Debug h Profiling Monitor Block

Cortex-A9
Single core
Processor

CoreSight
Debug Access Port Virtual to
physical
register pool

Fast-loop
mode
Instruction
cache

Branches

Branch Prediction

Global Hi Buffer
BR-Target Addr Cache
Return Stack

Instruction queue

Auto- prefetcher
Load-Store Unit

[StoreBuffer || | | | |

quad-slot with forwarding m

I

PL310
L2 Cache
Controller

L2 Cache Control
Bus Interface Unit (BIU)

ECC RAMs

**

AMBA 3 AXI 64bit
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Coresight
Trace

IRQ/FIQ
PL390
Interrupt

Controller
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ARM Cortex-A9 Processor Micro-Architecture

= Variable length, out-of-order, eight-stage, super-scalar instruction pipeline

Advanced pre-fetch with parallel branch pipeline enabling early branch prediction
and resolution

Multi-issued into

Primary data processing pipeline
Secondary full data processing pipeline
Load-store pipeline

Compute engine (FPU/NEON) pipeline

= Speculative execution
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Supports virtual renaming of ARM physical registers to remove pipeline stalls due to
data dependencies

Increased processor utilization and hiding of memory latencies
Increased performance by hardware unrolling of code loops

Reduced interrupt latency via speculative entry to Interrupt Service Routine (ISR)
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Processing System Interconnect

= Programmable logic to memory
= Two ports to DDR

= One port to OCM SRAM
Central interconnect

DDR
Controller

NAND, NOR/SRAM, QSPI
Controllers

IOP
Slave

From L2
Cache
IOP
Master Central

! I Interconnect

Processing Processing
System Master System Slave

[ |

= Enables other interconnects to
communicate

Peripheral master

= USB, GigE, SDIO connects to
DDR and PL via the central

interconnect

Programmable
Logic to Memory

Peripheral slave

= CPU, DMA, and PL access to
|OP peripherals

Input/Output Peripherals
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Processing System Interconnect

= Processing system master

= Two ports from the processing system

to programmable logic NAND, NOR/SRAM, QSPI DDR

Controllers Controller

From L2
Cache
IOP
Master Central

l l l Interconnect

Processing Processing
System Master System Slave
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= Connects the CPU block to common

peripherals through the central
interconnect

= Processing system slave

= Two ports from programmable logic to
the processing system

Programmable
Logic to Memory

Input/Output Peripherals




Memory Map
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The Cortex-A9 processor uses 32-bit
addressing

PS peripherals and PL AXI slave interfaces are

memory mapped to the Cortex-A9 processor
cores

All AXI slave PL peripherals will be located
between

4000 0000 and 7FFF_FFFF (connected to GPO)
and

8000_0000 and BFFF_FFFF (connected to GPI)

FFFC_0000to FFFF_FFFF
FD00_0000to FFFB_FFFF
FC00_0000to FCFF_FFFF
F8F0_3000 to FBFF_FFFF

F890_0000to F8FO_2FFF
F801_0000to F88F_FFFF

F800_1000to F880_FFFF
F800_0C00 to F800_OFFF
F800_0000 to F800_OBFF
E600_0000to F7FF_FFFF
E100_0000to E5FF_FFFF
E030_0000to EOFF_FFFF
E000_0000to EO2F_FFFF

C000_0000to DFFF_FFFF

8000_0000to BFFF_FFFF

4000_0000to 7TFFF_FFFF |

0010_0000to 3FFF_FFFF

0004_0000to 000F_FFFF
0000_0000 to 0003_FFFF

OCM

Reserved

Quad SPI linear address

Reserved

CPU Private registers

Reserved

PS System registers,

Reserved

SLCR Registers

Reserved

SMC Memory

Reserved

10 Peripherals

Reserved
PL (MAXI GP1)

PL (MAXI_GPO)

DDR(address not filtered by SCU)

DDR(address filtered by SCU)

OCM
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System Address Map - Intro

= |f we want to access a device outside
the CPU, we need to pass through
this Bridge chipset.

= Address point of view — serve as an
address mapping router.
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AGP Connector

AGP
Graphics

Pentium lll/Celeron

Intel

Processor (CPU)

i Intel 81_§ Chipset Family

AGP 2.0

Intel

(Intel 815E
Northbridge)

Hub
Interface

Intel

PCl Bus

100/133MHz |

82815 GMCH . >

System Memory
a

SDRAM 1

SDRAM 2

PCI
Slots

ICH2

| (southbridge) | :

Interface

..............................

Firmware Hub (FWH)

Flash BIOS
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Zyng SoC Memory Resources

* On-chip memory (OCM)
= RAM
= Boot ROM

* DDRx dynamic memory controller
= Supports LPDDR2, DDR2, DDR3

= Flash/static, memory controller
= Supports SRAM, QSPI, NAND/NOR FLASH

57

ay

Department of
Electrical Engineering

EREAH RS
City University of Hong Kong



PS Boots First

= CPUO boots from OCM ROM; CPUI goes into a sleep state
=  On-chip boot loader in OCM ROM (Stage 0 boot)
= Processor loads First Stage Boot Loader (FSBL) from external flash memory
= NOR
= NAND
= Quad-SPI
= SD Card
* Load from JTAG; not a memory device—used for development/debug only
= Boot source selected via package bootstrapping pins
= Optional secure boot mode allows the loading of encrypted software from the flash boot memory
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Configuring the PL

= The programmable logic is configured after the PS boots
= Performed by application software accessing the hardware device configuration unit

= Bitstream image transferred
|00-MHz, 32-bit PCAP stream interface
Decryption/authentication hardware option for encrypted bitstreams

In secure boot mode, this option can be used for software memory load

Built-in DMA allows simultaneous PL configuration and OS memory loading
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Outline

e Zynqg SoC (AP So(C)

e Zyng SoC Processing System (PS)
e Processor Peripherals

e Clock, Reset, and Debug Features
o AXI Interfaces

e Summary
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Input/Output Peripherals

= Two GigE

= Two USB

= Two SPI

= Two SD/SDIO
= Two CAN

= Two I2C

= Two UART

= Four 32-bit GPIOs

= Static memories
=  NAND, NOR/SRAM, Quad SPI

= Trace ports
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Arrow direction shows control (master to slave)

data flows in both directions

AHB 32bit, APB 32bit, MIO Only, EMIO only, MIO or EMIO
RGMI

I0P
Master

DMA
{ USBO
v AHB
DMA
1 USB0
' g AHB

IoP (—

D g 0 | CANx2 | can
o APB 12C x2 12C
> ELNNLAEYE UART
>
> T ————os?
> I

NAND Flash ONFI111
2 .

54 Dedicated Pins

\ 4

Pardlel Bus
(SRAM, Flash)

Parallel Bus
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Multiplexed I/O (MIO)

EMIO to PL
A
= External interface to PS I/O peripheral ports J o soo
= 54 dedicated package pins available mery a2
2= RGMII
= Software configurable - =
= Automatically added to bootloader by s o gl [
tools — e w || X
= Not available for all peripheral ports e M| [®
= Some ports can only use EMIO I
= T T m
Quad-SPI CI) _E
Cuad-sPI g =
At —
Slgn:{;g?w : SRAMMNOR :
—
Trace Dabug
—
‘ o
= CAN —@
UART
[z W wer 1\
12C
212C j2C /
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PS-PL Interfaces
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AXI high-performance slave ports (HPO-HP3)

Configurable 32-bit or 64-bit data width
Access to OCM and DDR only

Conversion to processing system clock domain

AXI FIFO Interface (AFl) are FIFOs (1KB) to
smooth
large data transfers

AXI general-purpose ports (GPO-GPI)

Two masters from PS to PL
Two slaves from PL to PS
32-bit data width

Conversation and sync to processing system
clock domain

To DDR
Controller

Programmable

Logic to Memory

Processing
System
Master

Interconnect

Processing
System Slave

Interconnect

Masterto PL Slave From PL

From Programmable Logic
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From PL to PS Sub-system

To DDR
Controller

From CPU System

‘ -

Programmable |
256K OCM :
SRAM Interconnect Logeefo: Nermory
Interconnect PP

t -

From Central FIFO| |FIFO| [FIFO[ [FIFO
Interconnect
Legend T t T T
Arrow direction shows control (master to slave) High-Performance AXI Ports
data flows in both directions. :
from Programmable Logic

AXI 32bit/64bit, AXI 64bit

DS190_03_031912

Figure 3: PL Interface to PS Memory Subsystem
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PS-PL Interfaces

= One 64-bit accelerator coherence port (ACP) AXI slave interface to CPU memory
= DMA, interrupts, events signals
= Processor event bus for signaling event information to the CPU
= PL peripheral IP interrupts to the PS general interrupt controller (GIC)
= Four DMA channel RDY/ACK signals
= Extended multiplexed I/O (EMIO) allows PS peripheral ports access to PL logic and device I/O pins
= Clock and resets
= Four PS clock outputs to the PL with enable control
= Four PS reset outputs to the PL

= Configuration and miscellaneous
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Outline

e Zynqg SoC (AP So(C)

e Zyng SoC Processing System (PS)

e Processor Peripherals

e Clock, Reset, and Debug Features
o AXI Interfaces

e Summary
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PL Clocking Sources

PS clocks
= PS clock source from external package pin
= PS has three PLLs for clock generation
= PS has four clock ports to PL

The PL has 7 series clocking resources
= PL has a different clock source domain compared to the PS
= The clock to PL can be sourced from external clock capable pins
= Can use one of the four PS clocks as source

Synchronizing the clock between PL and PS is taken care of by the architecture of the PS

PL cannot supply clock source to PS
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Clocking the PL
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| = e T T R 1

i IO PLL :

: | il

: ARM PLL —:—* 0

: | :

: DDRPLL [ 1 4 < B
Liss s svns sans e | Glitch-

Free

6-bit Programmable
Divisor 0

Glitch-Free

6-bit Programmable
Divisor 1

Glitch-Free

..................................................................................................................................................................................................................................................................................................................................

‘PLFabric0

FPGAO_CLK _CTRL

i et et o - CIRCINNNNN e S R AP aussinsves P hssanssasussasnasasnned orslalemd e o S . el S kSRR o & ot S el o b, g o b il Lawe d oo e dories dem o e TN,

DIVISOR 1, 25:20

—® FCLKCLK2

SRCSEL, 5
SRCSEL, 5

DIVISOR 0, 13:8
DIVISOR 0, 13:8

DIVISOR 1, 25:20

PLFabricl  FPGA1 CLK CTRL SRCSEL 4
PLFabric2  FPGA2 CLK CTRL SRCSEL 4
PLFabric3  FPGA3 CLK CTRL SRCSEL 4

Four
Independent PL
Clocks

—* FCLKCLKO
.~ FCLKCLK1

. —® FCLKCLK3
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Clock Generation (Using Zynq Tab)

- The CIOCk Generator a.”OWS Clock Configuration Summary Report
Conflgur’athn Of PLL Components for, Basic Clocking Advanced Clocking
both the PS and PL 4 |nput Frequency (MHz) 50.000000 CPU Clock Ratio| 6:2:1 v
. Q S h: | Q
= One input reference clock =
= Component Clock Source Requested Frequ... Actual Frequency(... Range(MHz)
= Access GUI by clicking the Clock . v Processoriemory Clocks 2
Generatlon BIOCk, or Se|eCt from .:: CPU ARM PLL v || 650 650.000000 50.0:667.0
N . t DDR DDR PLL v || 525 525.000000 200.000000:534.000...
aVIga or v |O Peripheral Clocks
- Conﬁgure the PS Peripheral Clock in sMC 10 PLL v 100 100.000000 10.000000 : 100.000000
QSPI 10 PLL 200 10.000000 10.000000 : 200.000000
the Zynq tab ENETO 10 PLL 1000 Mbps 10.000000
= PS uses a dedicated PLL clock ENET1 I0PLL 1000 Mbps 10.000000
. SDIO 10 PLL v|| 50 50.000000 10.000000 : 125.000000
. PS I/O Perlpherals use the I/O SPI 10 PLL v | 166.666666 166.666672 0.000000 : 200.000000
PLL clock and ARM PLL > CAN
~ PL Fabric Clocks
v/| FCLK_CLKO 10 PLL v 1100 100.000000 0.100000 : 250.000000
v/| FCLK_CLK1 10 PLL v || 250 250.000000 0.100000 : 250.000000
v'| FCLK_CLK2 10 PLL vl 125 125.000000 0.100000 : 250.000000
FCLK_CLK3 10 PLL 50 10.000000 0.100000 : 250.000000

v
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Zynq Resets
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Internal resets
= Power-on reset (POR)
= Watchdog resets from the three watchdog timers
= Secure violation reset
PS resets
= External reset: PS_SRST_B
= Warm reset: SRSTB
PL resets

= Four reset outputs from PS to PL
= FCLK_ RESET[3:0]
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AXIl is Part of ARM’s AMBA

AINVIBA

Digital Highway from ARM

— T

AHB AXI AMBA 3.D

AMBA: Advanced Microcontroller Bus Architecture
AXI: Advanced Extensible Interface
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AXl is Part of AMBA

AMBA
Enhancements for FPGAs

(2003)

Sa_me Spec r----J--------——L————— --------L------------.

AMBA 4.0

(2010)

Interface Features Similar to
Memory Map / Full Traditional Address/Data Burst PLBv46, PCI
(AX14) (single address, multiple data)
Streaming Data-Only, Burst Local Link / DSP Interfaces / FIFO /
(AXI4-Stream) FSL
Lite Traditional Address/Data—No Burst PLBv46-single
(AXI4-Lite) (single address, single data) OPB
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MicroBlaze & AXI Bus Interface

MicroBlaze is Xilinx’s 32-bit RISC soft processor core, optimized for embedded
applications on Xilinx devices.
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Templates

Base MicroBlaze

Base Zynq

BFT

Configurable Microblaze Design
Configurable ZYNQUS+MPSOC Desi
CPU (HDL)

CPU (Synthesized)

Wavegen (HDL)

Description
Base MicroBlaze

MicroBlaze system with peripherals including GPIO and UART.

MicroBlaze®

< Back

AXIGPIO (>
AXI —
Uartlite

Cancel
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Basic AXI Signaling — 5 Channels

Read address channel

/ Address
|. Read Address Channel ool

—

Master Slave
2. Read Data Channel Master Slave
Read data channel
Read Read Read Read
\> data data data data

- - -

3. Write Address Channel
4. Write Data Channel
5. Write Response Channel A

control
_—
/ Write data channel

Write address channel

Master Write Write Write Write Slave
_Ln.lar:f.ane_é data data data data interface

Write response channel

\$ Write

res ponse

-—
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AXI Interface - AXl4-Lite

=No burst

=Data width 32 or 64 only

= Xilinx IP only supports 32-
bits

*Very small footprint

=" Bridging to AXI4 handled

automatically by
AXI_Interconnect

75

AXl4-Lite Read

Read address channel

Address
and
control
—_—

Master Slave
interface interface
Read data channel

Read
data
.‘_
AXl4-Lite Write
Write address channel
Address
and
control
—_—
Write data channel
Master Write Slave
interface data interface
R —
Write response channel
Write
response
-—

ay
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The AXI Interface - AX|4

AXl4 Read

Read address channel
. Add
= Sometimes called “Full AXI” or and
control
“AXI Memory Mapped” —
Master Slave
interface interface
FRead data channel
= Single address multiple data data | daa | dets | data
= Burst up to 256 data beats ) ) )

= Data Width parameterizable AX14 Write
= I 024 bltS Write address channel

Address
and
control

—_—

Write data channel

Master Write Write Write Write Slave
interface data data data data interface

- =
L L

¥

Write response channel

Write Department of
response Electrical Engineering
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The AXI Interface—AXI4-Stream

= No address channel, no read and write, always just
master to slave

= Effectively an AXI4 “write data” channel
= Unlimited burst length
= AX14 max 256
= AXI4-Lite does not burst
= Virtually same signaling as AXI Data Channels
= Protocol allows merging, packing, width conversion

= Supports sparse, continuous, aligned, unaligned
streams
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Master
interface

AXI4-Stream Transfer

.....t data channel

data

data

data

data

Slave
interface

A

L J

h
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Streaming Applications

= May not have packets
=E.g. Digital up converter
= No concept of address
= Free-running data (in this case)
= |n this situation, AXI4-Stream would optimize to a very simple interface
= May have packets
= E.g.PCle

= Their packets may contain different information
= Typically bridge logic of some sort is needed
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Ordering Information

Speed Grade and Junction Temperature Range
= Each L r h Device Commercial (C) Extended (E) Industrial (1)
ac ette as a 0°C to +85°C 0°C to +100°C -40°C to +100°C
special meaning XC720075
XC72012S -1 -2 S P
XC7Z014S
XC7Z010
XC72015 -1 2.3 8.4
XC7Z020
XC7Z030
XC7Z035 -1 -2,-3 -1, -2, -2L
XC72045
XC7Z100 -1 5 o

Example: XC7Z2014S-2CLG484C

Part Number Temperature Range
C = Commercial (Tj = 0°C to +85°C)
Single Core | = Industrial (Tj = —40°C to +100°C)
Indicatort” E = Extended (Tj = 0°C to +100°C)
Speed Grade — Number of Pins
(-3, -2, -1, -1L@, -2L9)
Pb-Free
. . : V = RoHS 6/6
1) Available in Z-7007S, Z-7012S, and Z-7014S devices
2) -L1 is the ordering code for the lower power, -1L speed grade. — Package Type G (CLG) = RoHS 6/6 : :
3) -L2 is the ordering code for the lower power, -2L speed grade. G (SBG, FBG, FFG) = RoHS 6/6 with Exemption 15

DS190_04_091916

79 Figure 4: Ordering Information
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Summary

= The Zyng-7000 processing platform is a system on a chip (SoC) processor with
embedded programmable logic

= The processing system (PS) is the hard silicon dual core consisting of
= APU and list components

= Two Cortex-A9 processors
= NEON co-processor

= General interrupt controller (GIC)
= General and watchdog timers

= |/O peripherals

= External memory interfaces
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Summary

* The programmable logic (PL) consists of Xilinx “7 series” technology (28nm)

AXl is an interface providing high performance through point-to-point connection

AXI has separate, independent read and write interfaces implemented with channels

The AXI|4 interface offers improvements over AXI3 and defines

= Full AX]I memory mapped
= AXI Lite
= AXI Stream

Tightly coupled AXI ports interface the PL and PS for maximum performance

The PS boots from a selection of external memory devices
The PL is configured by and after the PS boots
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