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2 main actors

e IntelFPGA (Altera (www.altera.com))
»Cyclone V SOC, Cyclone 10
»Arria V SOC, Arria 10
» Stratix 10

o XilINX www.xilinx.com)::

» Zyng® 7000 family
»Zyng UltraScale+ MPSoC
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2 main actors, Common Features

e 2X ARM-Cortex A9 |
hardcore et | [
> 2x NEON DSP/FPU 3
» Many programmable
Interface in hardcore B Sonmi dawcus | coec MaNPrs
> Amba interconnect I—I e |
» Large FPGA part |II
e
> DDR Controller

NEON™DSP£PU Engine || NEONDSP£PU Engine |

AES, SHA, RSA

| T
General Purpose ACP  High Performance

AXI Ports AXI Ports

% A’B‘c"_cm.,,, Programmable Logic ’;9;0:0"2
WOLETC  (System Gates, DSP, RAM) Bl e
Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Multi-Gigabit Transceivers
'

¥
Ex: Zyng-7000
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CYCLONE V-SOC
ARCHITECTURE (INTELFPGA)
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SOC + FPGA (ex.CycloneV)

6.144-Gbps -

Transceivers

ALMs and

Distributed Memory

PLLs —

6.144-Gbps

Transceivers PCS

Hard |P Blocks for
PCle Gen 2 and .

PCla Gen 1

External Memaory
Interface Controllers

HPS /O

ARM Cortex-A9
MPCore HFS

M10K Embedded
Memory Blocks

Variable-Precision
Digital Signal Processing
(DSP) Hard IP Blocks

Up to 469 D pins
(HPS + FPGA)

Two CorelTransceiver
Power Regulators
Required (1.1, 2.5V
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SOC + FPGA (ex. Cyclone V)

* FPGA part

»ALM (Adaptative Logic Module)

> 4 reqgisters

» Many modes of operations:
» Normal mode
» Extended LUT mode
» Arithmetic mode
» Shared arithmetic mode

»Memory (M10k blocks)
»DSP (Digital Signal Processing) blocks
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ALM : Adaptative Logic Module

cacs  c12 Row Interconnects of
Variable Speed and Length

3

* ALM (Adaptative Logic = ipeelig
Module) T L e
« = 32 x 2 Memory Block S | m T

]

i
[T

element (I0F) outpus: » : I
- b 1
. Direct-Link « 1 P Direct-Link
Interconnect to | - Interconnect 1o
Adjacent Block oA Adjacent Block
Local Interconnect  LAB MLAB Column Intercomects of
Fast Local Interconnect [s Driven Variable Speed and Length
oy o . from Either Sides by Column Interconnect
shared_arith_in carry_in ana’rffﬁs‘ ;y:f lmms Above by Row Interconnect
Combinational/ labelk
Memory ALUTO b
dataf) ———| BT shared_arith_in camy_in K20 [sch
np adder0
datae0 ——| LUT D D 0 ‘uauo, ‘T 1
dataa —— o daian JLUJ
S I i GND
datab ——| & o] *j_‘i'&"ﬁ jI. K o —
™ Row, Col
L T :{]—’# A AL Dxlltllrm?num-g
™ - b D e
D Q M
ILi
Combinational/ L L regl L RS &
To General or =i .
Memory ALUT1 Local Routing LR ﬂik S,
datac —— et
i 1 e
datad ——| adderl Tj D Q datact _=r}‘ ]
G-Input I —r— - Row, Cok
et —— | G - | s el e S,
datafl —— T
| I S
Ly Row, Cok
| | L~ T\—D_. - ﬁL} R S
L— - | T = I ect
shared_arith_out carry_out L} regd . ]:[U 1 -
datafl 1 o/
shared_arith_out  cary_out
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SOC + FPGA (ex. Cyclone V)

« Hardcore part

> 2 X ARM Cortex-A9 core

» + NEON™ SIMD coprocessor
» +FPU

» Snoop Control Unit (SCU)

» Accelerator Coherency Port (ACP)
» Many programmable interfaces

» External memory ctrl (DDRX)

» PCle (opt.)

» High speed link (6.144 Gbps) (opt.)
» HPS 1/O
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Cyclone V SoC Overview

Cortex-A9 MPU Subsystem

On-Chip
Memories

Support
Peripherals

Interface
PLLs Peripherals Debug

HPS-FPGA
Interfaces

Altera SoC FPGA Device
HPS Portion FPGA Portion
Flash SDRAM Controller
Controllers Subsystem Control|  User HSSI
Block /0 Transceivers

PCle

FPGA Fabric
LUTs, RAMs, Multipliers & Routing

Hard Memory
Controllers

http://www.altera.com/literature/hb/cyclone-

vicv_5v4.pdf
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Cyclone V HPS (Hard Processor System)

FPGA Portion

A

017

FPGA to HPS HPS to FPGA Lightweight HPS to FPGA
Control Master: Slavi Slaves 1-6 FPG/ \ part
Block asters aves Masters
j‘ 32-, 64- & 128-Bit AXI & 32-, 64- & 128-Bit AXI 4 32-Bit AXI
A Y A
| FPGA FPGA-to-HPS HPS-to-FPGA Lightweight
o Manager Bridge Bridge HPS-to-FPGA Bridge
System Manager ...t f f
32-Bit 64-Bit AXI 64-Bit AXI 32-Bit AXI
L4, 32-Bit Bus
L3 Interconnect v MPU Subsystem
(NIC-301)
ARM Cortex-A9
) MPCore
o Dap | 32BH % cPU0 | cPut
64-Bit »|ACPID >l acp| scU
32-Bit Mapper
ETR > <
L3 Main YA
h Switch L2
32-Bit !
» SD/MMC > < 64-Bit Cache
L3 Master
Peripheral 32-Bit _
EMAC | 32-Bit Switch . > ST™
) > 32-Bit
S2:Bit »  BootROM
C| USB | 2Bt | ) v
- O(;G I el »| On-Chip RAM
32-Bit - SDRAM |
»> Controller P
Nanp | 2Bt | 32-Bit 4 64-Bit | Subsystem
Flash v DMA bl
Y
32-Bit A
32-Bit L3 Slave Peripheral Switch ) Quad
- 32-Bit
32-Bit »  SPI
Flash
A
B L4, 32-Bit Bus v -~
4 y 4 y y y y 4 y
CAN Timer 12¢ Watchdog| | yaRT GPIO SPI Clock Reset Scan System 14 I /O art F_
@) (4) (4) Tl(r;)er @ 3) (4) Manager | |Manager | [Manager | |Manager p [
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Peripheral Region Lightweight

FPGA Slaves FPGA
Slaves Slaves
Region Region

Peripheral Region

L3 MPU SDRAM
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HPS L3/MPU Address Space
N

FPGA slaves FPGA sIave:s connected to the HPS- 0xC000 0000 960 MB
to-FPGA bridge

HPS peripherals  Slaves directly connected to the HPS  OxFCOO0 0000 64 MB

Lightweight FPGA FPGA slaves connected to the

OxFF20 0000 2 MB
slaves lightweight HPS-to-FPGA bridge X

- cPrL
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HPS Peripheral Region Address Map

m
OxFCO0 0000 48 MB
DAP DAP OxFFOO 0000 2 MB
LWEPGASLAVES FP.GA slaves accessed with lightweight HPS-to-FPGA OXEE20 0000 |2 MB
bridge
LWHPS2FPGAREGS | Lightweight HPS-to-FPGA bridge GPV OxFF40 0000 1 MB
HPS2FPGAREGS HPS-to-FPGA bridge GPV OxFF50 0000 1 MB
FPGA2HPSREGS FPGA-to-HPS bridge GPV OxFF60 0000 1 MB
EMACO EMACO OxFF70 0000 8 KB
EMAC1 EMAC1 OxFF70 2000 8 KB
SDMMC SD/MMC OxFF70 4000 4KB
QSPIREGS Quad SPI flash controller registers OxFF70 5000 4 KB
FPGAMGRREGS FPGA manager registers OxFF70 6000 4 KB
ACPIDMAP ACP ID mapper registers OxFF70 7000 4KB
GPIOO GPIOO OxFF70 8000 4 KB
GPIO1 GPIO1 OxFF709000 4KB
GPIO2 GPIO2 OxFF70 AOOO 4 KB
L3REGS L3 interconnect GPV OxFF80 0000 1 MB
NANDDATA NAND controller data OxFF90 0000 1 MB
QSPIDATA Quad SPI flash data OxFFAO 0000 1 MB
USBO USBO OTG controller registers OxFFBO 0000 256 KB
USB1 USB1 OTG controller registers OxFFB4 0000 256 KB
NANDREGS NAND controller registers OxFFB8 0000 64 KB
FPGAMGRDATA FPGA manager configuration data OxFFB9 0000 4 KB
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HPS Peripheral Region Address Map

__ Slave Identifier | SlaveTite | BaseAddress | Size _
CANO CANO controller registers 0xFFCO 0000 4 KB
CAN1 CANL1 controller registers OxFFCO 1000 4 KB
UARTO UARTO O0xFFCO 2000 4 KB
UART1 UART1 0xFFCO 3000 4 KB
12CO 12CO O0xFFCO 4000 4 KB
12C1 12C1 0xFFCO 5000 4 KB
12C2 12C2 0xFFCO 6000 4 KB
12C3 12C3 0xFFCO 7000 4 KB
SPTIMERO SP Timer0 O0xFFCO 8000 4 KB
SPTIMER1 SP Timerl 0xFFCO 9000 4 KB
SDRREGS SDRAM controller subsystem registers O0xFFC2 0000 128 KB
OSC1TIMERO OSC1 Timer0 OxFFDO 0000 4 KB
OSC1TIMER1 OSC1 Timerl OxFFDO 1000 4 KB
L4WDO Watchdog0 OxFFDO 2000 4 KB
LAWD1 Watchdogl OxFFDO 3000 4 KB
CLKMGR Clock manager OxFFDO 4000 4 KB
RSTMGR Reset manager OxFFDO 5000 4 KB
SYSMGR System manager OxFFDO 8000 16 KB
DMANONSECURE DMA nonsecure registers OxFFEO 0000 4 KB
DMASECURE DMA secure registers OxFFEO 1000 4 KB
SPISO SPI slaveO OxFFEO 2000 4 KB
SPIS1 SPI slavel OxFFEO 3000 4 KB
SPIMO SPI master0 OxFFFO 0000 4 KB
SPIM1 SPI masterl OxFFFO 1000 4 KB
SCANMGR Scan manager registers OxFFFO 2000 4 KB
ROM Boot ROM OxFFFD 0000 64 KB
MPUSCU MPU SCU registers OxFFFE CO00 8 KB
MPUL2 MPU L2 cache controller registers OxFFFE FOOO 4 KB
OCRAM On-chip RAM OxFFFF 0000 64 KB
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FPGA Portion

fah_sdram_ref_dk | | f2h_periph_ref_clk

AAA

Clock Manager

Hash
1 Controllers
MPU, L3, L4
»1 & Debug
PLL-Driven
P peripherals
HPS_CLK2 SORAM
[ — - (Controller
Subsystem
":Ps—m“ .| OSCi-iien
Peripherals.
Reset reset_manager_safe_mode_req - Control Control & Status
Manager Logic Registers
A
L4 Bus (osc1_clk) v
-+
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Abbreviation

« STM  System Trace Module

« DMA  Direct Memory Access

« DAP  Debug Access Port

« ETR  Embedded Trace Router

« SD/ Supporte;: SDSC(SD), SDHC, SDXC, eSD,
SDIO, eSDIO

e MMC MMC, RSMMC, MMCPlus, MMCMobile,
eMMC

« EMAC Ethernet Media Access Controller

20
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Abbreviation

« ACP
« USB
« UART
« SPI
 CAN
¢ 12C

Accelerator Coherency Port

Universal Serial Bus

Universal Asynchronous Receiver-Transmitter
Synchronous Peripheral Interface
Controller Area Network

Inter-Integrated Circuit

21
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Ex. Programmable Interface SD/MMC Unit

SD/MMC Controller

E Bus Interface Unit Card Interface Unit

)

Master g ;

<+ < OMA :
Interface Controller : Data Path
: : Control

A

L3 Interconnect

Card Bus 1/0 Pin

FIFO _ HFO Command
Buffer [ Synchronizer < pyfer Path Control .__|:}

Control Control

(

v ; 5
Control

> Register
Interface Block

Slave

L4 Bus

Storage
HIFO Buffer

MPU Interrupt
Subsystem Control

22
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Boot process

* |t Is possible to use the Cyclone V SoC in
3 different configurations:

»FPGA-only

»HPS-only
>HPS & FPGA

* The configurations using the HPS are
more difficult to set up than the FPGA-only
one.
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Independent FPGA Configuration and HPS

HPS/FPGA Boot (1) Booting

—p| PCle
Altera SoC Device
FPGA Portion HPS Portion
Quad SPI
Flash Controller <
Configuration - MPU
s A e
Sources
£PGA Flash Controller
- Fabri
> Pas§|ve aoric NAND
Serial Flash Controller
> Passive Boot | | On-Chip
Parallel ROM RAM
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HPS/FPGA Boot (2)

Boot &
Configuration
Sources

—p» PCle
Altera SoC Device
FPGA Portion HPS Portion
MPU
Active Serial/
P 1 ctive Serial x4 ?
FPGA

Passive Fabric HPS-’[F)-FPGA
> Serial Bridge

Passive Boot
o Parallel ROM

FPGA Configuration before HPS Booting
(HPS boots from FPGA)
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HPS Boots and Performs FPGA

HPS/FPGA Boot (3) Configuration
Altera SoC Device
FPGA Portion HPS Portion
Quad SPI
Flash Controller
MPU
SD/MMC
Flash Controller
ETSA FPGA
anc Manager NAND
Flash Controller
EMAC

> Boot
Sources

Configuration Source
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FPGA only case

* Exclusively using the FPGA part of the
Cyclone V Is easy, as the design process
IS Identical to any other Altera FPGA.

* We can build a complete design in
Quartus Il & Qsys, simulate It In
ModelSim-Altera, then program the FPGA
through the Quartus Il Programmer.

* We can instantiate a Nios Il processor In
Qsys, we can use the Nios Il SBT IDE to
develop software for the processor.

30
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* OS based (ie: Linux)
« Bare-metal (No OS)

. cPrL
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HPS Boot Flows

User Software

Operating

Reset —® BootROM —» | Preloader » Boot Loader —» System

— Application

Baremetal
Application

Although the HPS has a DUAL-processor,
CPUL1 is under reset, and the boot flow only executes on CPUO.

If we want to use both processors,
then USER SOFTWARE executing on CPUQ is responsible
for releasing CPU1 from reset

32
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Preloader

« The preloader is one of the most important boot stages. It is actually what
one would call the boot “source”, as all stages before it are unmodifiable.
The preloader can be stored on external flash-based memory, or in the
FPGA fabric.

« The preloader typically performs the following actions:

>

vV V V V

>

Initialize the SDRAM interface

Configure the HPS 1/0O through the scan manager
Configure pin multiplexing through the system manager
Configure HPS clocks through the clock manager

Initialize the flash controller (NAND, SD/MMC, QSPI) that contains the next stage boot
software

Load the next boot software into the SDRAM and pass control to it

« The preloader does NOT release CPU1 from reset. The subsequent stages
of the boot process are responsible for it if they want to use the extra
processor.

33
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project
name

i L L L

nios hps modelsim quartus hdl

[ v L i L

application| |application| | preloader linux
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DE1-SOC Bloc Diagramm

25MHz Clock Input
(Clock Generator x1)

Normal Type-B
X2
[ x4 v ‘ ‘ 4
| > M
ke @ ¢ > Micro
- X6 '_:],”m SD Card

SDRAM x1664 VB |

- RGMII TﬁE UU Ethernet

-

—X36_,
429 Cycl%neng usB USB.
‘ oC’ MEERE ~ G -
‘Video | ————X12_, 5CSEMASF31C6N USB Host

Normal Type-A| » =

; % 6, DDR3
EC <z SDRAM x32 1 GB

: S
From HPS _[switch Control x3 J
T ——» USB Mini-B

x1
Gz —— ——

Clock(Clock Generator) -Lb

FPGA HPS 2x7 LTC Header
Bl s I
Txa Tx10 |xa2 [x10 x6 lx1 T Tx1
3 A
e pEE
s BSs kSe K. UserLED RST (loor ROT

L
Push Button x4
' EEEEZEEEE St

FEEEEELE: 1111111111
,‘ LED x10
B Qn%@m%n@pﬂb \ 20 2K 2 2K 2
BEEEEE

7-Segment Display x6
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DE1-SoC

Green for peripherals directly connected to the FPGA

Blue for board control
W rrca

B systen VGA Out

Mic Line Line VGA
In  In Out Video-In 24-bit DAC

JTAG Header
Audio Codec

Video Decoder
PS2 — s |
USB-Blaster || ———s b " o b 2l B éxzo GPIO x2
Power DC Jack .
e = : o Altera 28-nm
Power ON/OFF —(@) |- i G| R
64MB SDRAM
ADC
ADC Header
7-Segment Display |
LED x10 = : .. @ M :
mr-“_-l I——'Hﬂ[—l o e — IR-out
s - 4 \‘ op

Lo bt | | bt |

Switch x10 Button x4



DEO-nano-SoC

9.0V

3.3V
2.5V -'— CLOCK 25MHz
1.8V

8

USB Mini-B
l
v
U U Giga

25MHz “ Ethernet
25MHz

1Or 25MHz
FEM cpcs [——
24MHz USB OTG

«~ - NN
—— Cyclone,gm | % e (Micro-AB)

2x20 pin GPIO —> % | —-—

USB Mml B

5VI2A
Power Adaptor
— -5

5V DC Jack

”

Micro
(" il SD Card

v

2x20 pin GPIO Semmmes A Accelerometer

Digital

Arduino Header - FPGA HPS

SR
H B us E' WEN ,OF5o HES HPS WARM

Switch x4 Button

http://www.terasic.com.tw/attachment/archive/941/DEO-Nano-SoC_User_manual_rev.C1.pdf

LTC 2x7 Header

oc
2x5 Header ? h‘ f

Push Button x2 Shd

FZ
[I':I-+

[
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DEO-nano-SoC

B FPGA
HPS
B System
Altera 28-nm
Cyclone V FPGA
with ARM Cortex-A9
&% 2x20 GPIO (FPGA)
% G-Sensor ey ermet
PHY HPS DDR3
5V DC LTC 2x7 Header
Power Jack
FPGA /
Configuration
Mode Switch ~ /

USB OTG

Arduino Header (USB Micro-AB)

USB-Blaster |l
(USB Mini-B) _/—‘

USB PHY
UART to USB
= (USB Mini-B)
Clock
Generator i i
Ethernet

HPS User Button
WARM_RST

MicroSD
Socket 2520 GPIO

(FPGA) LED x8

Slide Switch x4 : Loy
HPS_RST ‘ - m /
Button x2 “" |
HPS User LED 45 ADC
Header
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Qsys, hps definit

lon (1)

ki

Mogators’

altera_hps

Hard Processor System

[~ Block Diagram

»

[ Show signals

hps_0
2f_mpu_gp i conduit memory,
h_sdram0_clock h2f_res

h_sdram0_clata

h2f_axi_master,

2f_axi_clock

h2f_lw_axi_master,

h_axi_clock

(| h_axi_slave

2f_|lw_axi_clock

altera_hps

FPGA Interfaces | peripheral Pin Multiplexing | HPS Clocks | SDRAM|

| General

[ Enable MPU standby and event signals

Enable MPU general purpose signals

["] Enable Debug APE interface

[] Enable System Trace Macrocell hardware events
[] Enable FPGA Cross Trigger Interface

[] Enable FPGA Trace Port Interface Unit

[] Enable boot from fpga signals

["] Enable HLGPI Interface

m

[~ Axi1 Bridges
FPGA-to-HPS interface width: 4bit
HPS-to-FPGA interface width: 64-hit

Lightweight HPS-to-FPGA interface width: [32hit

|' FPGA-to-HPS SDRAM Interface

Click the '+ and - buttons to add and remove FPGA-to-HPS SDRAM ports.

Mame Type Width
f2h_sdram0 - -

)

[~ Resets
["] Enable HPS-to-FPGA cold reset output

[] Enable HPS warm reset handshake signals
["] Enable FPGA-to-HPS debug reset request
["] Enable FPGA-to-HPS warm reset request

[] Enable FPGA-to-HPS cold reset request

[~ DMA Peripheral Request

Peripheral Request ID Enabled

HEEHES

Presets

&

Documentation

Library

800800000000 00800800800 0080000808008 008008008R08RGSTS

Project

ELPIDA ED]1108BASE-8C
ELPIDA ED]5308BASE-8C
JEDEC DDR2-1066 255MB X8
JEDEC DDR2-1066 512MB X8
JEDEC DDR2-400 256MB X8
JEDEC DDR2-400 512MB X8
JEDEC DDR2-533 256MB X8
JEDEC DDR2-533 512MB X8
JEDEC DDR2-667 256MB X8
JEDEC DDR2-657 512MB X8
JEDEC DDR2-800 255MB X8
JEDEC DDR2-800 512MB X8
JEDEC DDR3-1066E 1GB X8
JEDEC DDR3-1066E 2GE X3
JEDEC DDR3-1066E 512MB X8
JEDEC DDR3-1066F 1GE X8
JEDEC DDR3-1066F 2GE X8
JEDEC DDR3-1066F 512MB X8
JEDEC DDR3-1066G 1GE X3
JEDEC DDR3-1066G 2GE X3
JEDEC DDR3-1066G 512MB X8
JEDEC DDR3-1G4 1GB X8
JEDEC DDR3-1G4 2GB X8
JEDEC DDR3-1G6 1GB X8
JEDEC DDR3-1G6 2GB X8
JEDEC DDR3-800D 1GB X8
JEDEC DDR3-800D 2GB X8
JEDEC DDR3-800D 512MB X8
JEDEC DDR3-800E 1GE X8
JEDEC DDR 3-800E 2GE X8
JEDEC DDR3-800E 512MB X8
JEDEC DDR3L-1066E 1GB X8
JEDEC DDR3L-1066E 2GB X8
JEDEC DDR3L-1066E 512ME X8
JEDEC DDR3L-1066F 1GB X8
JEDEC DDR3L-1066F 2GB X8
JEDEC DDR3L-1066F 512ME X8
JEDEC DDR3L-1066G 1GB X8
JEDEC DDR3L-1066G 2GB X8
JEDEC DDR3L-1066G 512ME X8
JEDEC DDR3L-1G4 2GB %8
JEDEC DDR3L-1G6 2GB %8
JEDEC DOR3L-800D 1GB X8
JEDEC DOR3L-800D 2GB X8
JEDEC DDR3L-800D 512MB X8
JEDEC DDR3L-800E 1GB X8
JEDEC DDR3L-800E 2GB X8
JEDEC DDR3L-800E 512MB X8
MICRON MT41]128M16HA-15E

40
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W

Mogators

Hard Processor System

altera_hps

Show signals

hps_0
n?f mpu_gp condut] memory
Eh sdram0_clock e ha2f, r:ssl
Eh sdram0_data q 1 h2f_axi_master
faxi P LU
EZ! axi_clock h2f_lw_axi_master

Eh axi_clock lelack
h_axi_slave

=
2f_Ilw_axi_clock

TG el o

altera_hps

[ES|E n
[Resets ——— 7
Enable HPS-to-FPGA cold reset output
] Enable HPS warm reset handshake signals
Enable FPGA-to-HPS debug reset request
Encble FPGA-to-HPS warm reset request
Enable FPGA-to-HPS cold reset request

Enable FPGA-to-HPS Interrupts

Enable CAN interrupts.

Enable dock peripheral interrupts.
Enable CTI interrupts.
Enable DMA interrupts

Enable EMAC interrupts

Enable FPGA manager interrupt

Enable GPIO interrupts

Enable I2C-EMAC interrupts
Enable 12 peripheral interrupts
Enable L4 timer interrupts
Enable NAND interrupt.

Enable OSC timer interrupts
Enable QSPI interrupt
Enable SDMMC interrupt
Enable SPT master interrupts

Enable SPI slave interrupts

Enable UART interrupts.
Enable USB interrupts
Enable watchdog interrupts

Presets.

&

Project

=
-8
o
=

ELPIDA ED11108BASE-8C
ELPIDA ED15308BASE-8C
JEDEC DDR2-1066 256MB X8
JEDEC DDR2-1066 512MB X8
JEDEC DDR.2-400 256MB X8
JEDEC DDR2-400 512ME X8
JEDEC DDR2-533 256MB X8
JEDEC DDR2-533 512MB X8
JEDEC DDR2-667 256ME X8
JEDEC DDR2-667 512MB X8
JEDEC DDR2-800 256ME X8
JEDEC DDR2-800 512MB X8
JEDEC DDR3-1066E 1GB X8
JEDEC DDR3-1066E 2GB X8
JEDEC DDR3-1066E 512MB X8
JEDEC DDR3-1066F 1GB X8
JEDEC DDR3-1065F 2GB X8
JEDEC DDR3-1066F 512ME X8
JEDEC DDR3-1066G 1GB X8
JEDEC DDR3-1066G 2GE X8
JEDEC DDR3-1066G 512MB X8
JEDEC DDR3-1G4 1GB X8
JEDEC DDR3-1G4 2GE X8
JEDEC DDR3-1G6 1GB X8
JEDEC DDR3-1G6 2GE X8
JEDEC DDR3-800D 1GB X8
JEDEC DDR3-800D 2GE X8
JEDEC DDR3-800D 512MB X8
JEDEC DDR3-800E 1GB X8
JEDEC DDR3-800E 2GB X8
JEDEC DDR3-800E 512MB X8
JEDEC DDR3L-1066E 1GE X8
JEDEC DDR3L-1066E 2GE X8
JEDEC DDR3L-1066E 512MB X8
JEDEC DDR3L-1066F 1GE X8
JEDEC DDR3L-1066F 2GE X8
JEDEC DDR3L-1066F 512MB X8
JEDEC DDR3L-1066G 1GB X8
JEDEC DDR3L-1066G 2GB X8
JEDEC DDR3L-1066G 512MB X8
JEDEC DDR3L-1G4 2GB X8
JEDEC DDR3L-1G6 2GB X8
JEDEC DDR3L-800D 1GB X8
JEDEC DDR3L-800D 2GB X8
JEDEC DDR3L-800D 512ME X8
JEDEC DDR3L-800E 1GB X8
JEDEC DDR3L-800E 2GB X8
JEDEC DDR3L-800E 512MB X8
MICRON MT41J128M16HA-15E
MICRON MT411128M16HA-187E
MICRON MT411128M& 1P-187F.

B e LSS PSS SIS LTSS IEIEISIIELIRISISIPILITIEIERIERIESIEIIEITIEERIETIETSTS

[apely | [ Update.. |[ Dekte | (T4
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1O PIN in HPS

* With the PeripheralPin Multiplexing,
some |/O Interface can be used by the
HPS part or the FPGA part.

« The selection Is done here.
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Cyclone V, FPGA development process

For the FPGA part, it's the same as for the
others FPGA, Quartus Il and Qsys tools

* NIOS Il processor

« SDRAM Citrl as softcore module

* Programmable Interface on Avalon Bus
* PLL for Clk and external SDRAM CIk
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Cyclone V, FPGA development process

I:: System Contents 3@] AddressMap 2 ‘ Interconnect Requirements 53 ‘ Device Family &3 |

3

K4 » M flx

<

=i

=

Use  Connections Name Description Export Clock Base End IRQ
= elic D Clodk Source

CH
C—

L

A

dk_in
clk_in_reset
dk
dk_reset
g pllo
refdk
reset
outclkd
outclk1
outclk2
B sdram_controller_0
dk
reset
sl
wire
E nios2_qgsys_0
dk
reset_n
data_master
instruction_master
d_irg
jtag_debug_module_reset
jtag_debug_module
custom_instruction_master
B jtag_uart_0
dk
reset
avalon_jtag_slave
irg

Clock Input

Reset Input

Clock Output

Reset OQutput

Altera PLL

Clock Input

Reset Input

Clock Qutput

Clock Qutput

Clock Qutput

SDRAM Contraller

Clock Input

Reset Input

Avalon Memary Mapped Slave
Conduit

Mios II Processor

Clock Input

Reset Input

Avalon Memory Mapped Master
Avalon Memory Mapped Master
Interrupt Receiver

Reset Output

Avalon Memory Mapped Slave
Custom Instruction Master
ITAG UART

Clock Input

Reset Input

Avalon Memory Mapped Slave

Interrupt Sender

clk
reset

pll_0_sdram

sdram_controller_0_wire

exported

ck_0

clk_0
[refdlk]
pll_0_outcka
pll_0_outckil
pll_0_outck2

pll_0_outcl...
[clk]
[ick]

pll_0_outcl...
[eh]
[ilk]
[ilk]
[clk]
[eh]
[ilk]

pll_0_outdl...
[ek]
[clk]

[dK]

0x0400_0000 O0x07£Ef fEEfF

IRD O IRG 31—

0x0800_0800 0x0B800_0f£f

0x0800_1000 0x0800_1007
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Cyclone V, HPS development process

For the HPS part, it's the same as for the
others FPGA, Quartus Il and Qsys tools

 HPS configuration with Qsys
* |/O pins association

Arria V/Cyclone V Hard Processor System

altera_hps

“ EPFL

RB 2015



Cyclone V, HPS /O selection

Ex.: HPS KEY & HPS LED

From schematics:

G21 26 HPS KEY

i

3
TRACE_D5/SPIS1_MOSI/CAN1_TX/HPS_GPIO54 [—z57 26 HPS LED S

TRACE_D4/SPIS1_CLK/CAN1_RX/HPS_GPIO53

r 3 - o

In Qsys selection for the specifics

NINS:

TRACE_D4 CAN1.RA (Get) SPISA.CLK (SetD) TRACE.D4 (Set0) ( GRS ! LOANITES J
TRACE_DS CANT.TA (SedD) SFIS1.MOS] (SetD) TRACE.DS (Setl) { P03 Ji LOANIOS4 J
TRACE:DS 201,501 (Sell) SF130.550 (Sell) TRACE.DZ (Setll ( GFI05S ( LOARITES )
TRACE D4 CANTRX (Setl) SFIS1.CLK (Sefl) TRACE.D4 (Setl) [ 5 E— LA )
TRACE D5 CANT.TX (Setl) SFIS1.MOS (5eil) TRACE.DS (Setl) |1y E— LOARITES )
TRACE_DG 200,504 (Setd) SPIS1.550 (Sel) TRACE.DE (Setl) ( G105 ( LOAAITES )
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Cyclone V, HPS I/O selection

Ex.: HPS KEY & HPS LED

« GPIOXY: Configures the pin to be connected to
the HPS’ GPIO peripheral.

d pt
TRACE_D4 CANT.R (Sef0) SPIS CLK (5e10) TRACE D4 (5ell) ( A% ‘ [ERIE: )
TRACE D5 CANA. T (Sell] SPIS1 MOS! (Sell) TRACE.DS (Setl] " GRS N (AR I
. 1 1

* SPI Controllers

wet = o | OANIOXY: Configures the pin

SPIMO mode: M -

i it to be connected to the FPGA
S et fabric. This pin can be exported

from Qsys to be used by the
FPGA.

v cPrL
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Cyclone V, HPS — FPGA development process

Address Map &3 | Interconnect Requirements &5 | Device Family &5 | Parameters i3 | - =
P | Use Connections Mame Description Export Clock Base End IRQ
X ck 0 Clock Source -
= C dk_in Clock Input clk exported F
o s dk_in_reset Reset Input reset
= dk Clock Output ck_0
s dk_reset Reset Output

- = pll_o Altera PLL
* refdk Clock Input clk_0
= reset Reset Input [refdk]
? outclko Clack Output pll_0_outdkn
outdkl Clock Output pll_0_outdk1
H outclk2 Clock Output pll_0_sdram pll_0_outclk2
E sdram_controller_0 |SDRAM Controller
* dk Clock Input pll_0_outcl...
reset Reset Input [clk]
51 Avalon Memory Mapped Slave [iclk] 0x0400_0000 0x07EE_fEEE
o wire Conduit sdram_controller_0_wire
E nios2_gsys_0 Mios II Processor
dk Clock Input pll_0_outcl...
reset_n Reset Input [clk] E
data_master Avalon Memaory Mapped Master [cdk]
— instruction_master Avalon Memory Mapped Master [ick]
d_irg Interrupt Receiver [cdk] IRG O IRQ 31
———— jtag_debug_module_r... [Reset Qutput [ck]
L 2 jtag_debug_module Avalon Memaory Mapped Slave [cdk] 0:x0800_0800 0x0800_0£££
custom_instruction_m... |Custom Instruction Master
B jtag_uart_0 ITAG UART
dk Clock Input pll_0_outcl...
reset Reset Input [clk]
avalon_jtag_slave Avalon Memory Mapped Slave [iclk] 0x0800_1020 0x0800_1027
irg Interrupt Sender [clk]
= leds_o PIO (Parallel 1O}
dk Clock Input pll_0_outcl...
reset Reset Input [iclk]
51 Avalon Memaory Mapped Slave [cdk] 0x0800_1010 0x0800_101£
O external_connection Conduit leds_0_external_conne...
B switches_0 PIO (Parallel IjO) =
dk Clock Input pll_0_outcl...
reset Reset Input [clk]
51 Avalon Memaory Mapped Slave [clk] 0x0800_1000 0x0800_100£
o external_connection Conduit switches_0_external_co...
E hps_0 Arria V/Cycone V Hard Processor System
o memory Conduit hps_0_ddr
o hps_io Conduit hps_0_io
h2f_reset Reset Output
h2f_lw_axi_dock Clock Input pll_0_outcl...
h2f_lw_axi_master AXI Master [h2f_lw_axi...
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clone V, HPS — DDR3 configuration

System Contents §X§| Address Map XX‘ Interconnect Requirements &2 | Device Family &% _ - =

soc_system > hps_0

Arria V/Cyclone V Hard Processor System

altera_hps

FPGA Interfaces | peripheral Pins | HPS Clocks l soram |

|~ General
Enable MPU standby and event signals

[] Enable general purpose signals

SDRAM Tab:
» In fact DDR3 memories
» Put the right parameters

» Assign the pins with tcl file

4 [ ZF Project
pin_assignment_DE 1-SoC. td
4 [ F =soc_system
4 | synthesis
4 | % submodules
hps_sdram_p0_parameters. tcl
Ihps_sdram_plj_pin_assignments.b\:lI J

hps_sdram_p0Q_pin_map. td

hps_sdram_p0_report_timing. tcl
hps_sdram_p0_report_timing_core. td
hps_sdram_p0_timing. tc
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Exercises / Mini Project

1. Use the DE1-SOC/DEO-nano-SoC without the
ARM-A9
» NIOS design to access the Switches and LEDs
» Adapt the LCD/camera controller for the NIOSII

2. Use the ARM-A9 with ARM DS-5 software

» Access through the AXI bridge the Avalon part of the
FPGA

» Control the LCD/camera from the ARM

A2017



* Try the Linux access of the FPGA...to
control LCD and Camera

* In option !
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