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Designing with an ARM-based System on a Chip

Designing with an ARM-based
System on a Chip
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2

Objectives

« Explain the components that make up the SoC

« Create a Hard Processor System based Qsys system
« Describe the hardware to software file handoff

« Explain the Avalon® and AXI™ interface protocols

« Simulating an HPS-based Qsys system

« Debug an SoC with various Quartus® Il tools

© 2015 Altera Corporation—Confidential
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Designing with an ARM-based System on a Chip

Agenda

« System on a Chip (SoC) overview
« Hard Processor System (HPS) overview

« Hardware Design
— Hardware design flow
- Avalon/Advanced eXtensible Interface (AXI) protocols
- HPS configuration
- SoC system simulation
- SoC hardware system debug

3 © 2015 Altera Corporation—Confidential AlﬂERA .
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SoC Overview
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Innovation

Leader Across the Board
fA\_l | | g DH)_/AE L
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L viax L ¢ Cyclone’ Larria Cstratix L ¢ Enpirion’
FPGA = 50C FPGA = SoC FPGA » S5oC FPower Solutions
—_— — T— —_——
CPLDs FPGAs FPGAs

Lowest Cost,
Lowest Power

Cost/Power Balance Mid-range FPGAs

High-efficiency
SoC & Transceivers SoC & Transceivers High Bandwidth Power Management

FPGAs

PowerSoCs
Optimized for
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Designing with an ARM-based System on a Chip

Altera & Silicon Convergence

SoC Application-specific

ged for Efficiency » A% EES BN« Need for Flexibill

mSoftware
programmable

mGreat flexibility

mPoor power

mHard-wired, not
programmable

mPoor flexibility

mGreat power efficiency

efficiency mGreat flexibility mMany contain embedded
mFew application mGood power efficiency ~ processors
specific features
)&
pli
‘Jr’ -
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Altera SoC: The Best of Both Worlds

ARM /ANOTS RYA\,

Cyclone,@ vV

Arria 2V

Arn-a@ 10

ARM Cortex-A9 + Altera FPGA

8 © 2015 Altera Corporation—Confidential Aln’m .

A-MNL-HW-SOC-15-0-v2




9

Designing with an ARM-based System on a Chip

Quick Summary

« FPGA:
— Looks like an FPGA
- Works like an FPGA
— Standard FPGA development flow
- Standard FPGA development tools

« Quartus I, Qsys, SignalTap™ Il Logic Analyser, System Console, USB-
Blaster™, Programmer...

« ARM® HPS:

Looks like an ARM processor system
Works like an ARM processor system
Typical ARM processor development flow
Typical ARM processor development tools
« ARM Cortex®-A9 compiler/debugger, JTAG tools, program trace...

© 2015 Altera Corporation—Confidential Alir m 4
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System-Level Benefits of SoC

BEFORE
Increased system performance
= Qver 4,000 DMIPS for under 1.8W
= Upto 1,600 GMACS, 300 GFLOPS DSP
= >120 Gbps processor to FPGA interconnect

LOCAL Video DDR
PROCESSOR Processing Memol
= Cache coherent hardware accelerators

Reduced power consumption
BRIDGE / DDR
= 28nm & 20nm process (processor+FPGA) MAC SAUCH Memo

= Significant power savings vs. 2-chip solution

Reduced board size
=  Up to 60% form factor reduction

Video
Processing

CPU
BRIDGE /|
B,

Reduced system costs
=  Lower component cost
® Reduction in PCB complexity and cost

- Less routing with fewer layers

© 2015 Altera Corporation—Confidential Alir m 4
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Designing with an ARM-based System on a Chip

SoC Device Portfolio*

Tailored to Address Diverse Requirements

*Stratix® 10 SoCs not discussed in this class

11 © 2015 Altera Corporation—Confidential

SoC Key Features

Cycione®V Arria 2V Arria 210
o SoC SoC

Key Features

Dual-core ARM Cortex-A9 MPCore processor
L1, L2 Cache, NEON, Double Precision Floating Point Unit (FPU), Accelerator coherency port
(ACP)

Processor
Cache/coprocessors

Memory controllers

Up to DDR3 400 MHz Up to DDR3 533 MHz Up to DDR4 1333MHz

@ 800 MHz industrial temp )

support
Logic Density 25-110KLE 350-460KLE 160-660KLE
Transceivers Up to 6 Gbps Up to 10 Gbps Up to 17 Gbps

2W to 5W 10W to 15W
Total Power (Single core @ 300 MHz (Single core @ 300 MHz Up to 40% lower power
Consumption commercial temp to dual core commercial temp to dual core compared to Arria V SoC

@ 800 MHz industrial temp )

12

© 2015 Altera Corporation—Confidential

A-MNL-HW-SOC-15-0-v2

[ANO[SRYA\,




Designing with an ARM-based System on a Chip

Other Features of SoC Devices

Hard Processor System (HPS)
« Processor
ARM Cortex-A9 ARM Cortex-A9
—~  Dual-core ARM® Cortex™-A9 MPCore™ processor NECATEeT NESSTTEE 8?2 TE
_ NEON™ coprocessor L1 Cache L1 Cache
-~ Double-precision FPU L2 Cache GPIO 12c .
- 32-KB L1 instruction and data caches per core &
QsPI JTAG S
- 512-KB shared L2 cache Flash RAM Debug / SPI CAN @
Control Trace
- 2.5 MIPS/MHz instruction efficiency
NAND SO/ )
- ARMv7-A Flash SDIOC/ Timers DMA UART
MM:
« FPGA Features
. . . Shared Multiport DDR HPS to FPGA FPGA
= 8input Adaptive Logic Modules (ALM) SDRAM Controller FPGA to HPS Config
- Variable precision DSP blocks | i —
-~ Include hard floating-point on Arria® 10 devices -
- M10K/M20K + MLAB memory blocks §
O
- s FPGA
-~ Hard IP for PCI Express® %
« High-Bandwidth on-chip interfaces M 3
! e
Hard Multiport DDR Hard IP for E
SDRAM Controller PCle® Transceivers
13 © 2015 Altera Corporation—Confidential FAAL=I =AW
« Preserve Independence (virtual
2-chip operation) Virtual Two-Chip
— Processor boot / FPGA configuration Single Chip § reoal- 0
_ i _JFPGA = | .
FPGA operates even with CPU reset | § —J™cA|-Sg T
- Independent FPGA / CPU memories | g = E [ oy
FPGA

« Protect Memory When Shared
- CPU memory protected from FPGA IP

14 1© 2015 Altera Corporation—Confidential
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SoC Device (Chip Planner)

[AO[SRYA),

1© 2015 Altera Corporation—Confidential
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SoC Development Boards

« Cyclone® V SoC

« ArriaV SoC

« Arria 10 SoC

« DE1-SoC education board
« Arrow SOCKit

« Macnica Helio Board

« EBV SoCrates

« and many others

1© 2015 Altera Corporation—Confidential
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Designing with an ARM-based System on a Chip

Cyclone V SoC Development Board Block Diagram

1
: USB-Blaster Il Cable

1

1 .

1 Mictor

1 Connector
CPLD Jh \ (debug &

: trace)

DDR3 1GB ITAG
400MHz

Parallel
Configuration CPLD
Flash
_ M 10/100
Industrial w Ethernet PHY
Ethernet
Protocol M 10/100
Support w Ethernet PHY
=== | Hs\VC
£ PCle Genl
27 el
o x4
XCVRs '7

FPGA

o]

-
. el
(rspy = e e
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JTAG DDR3 1GB

400 MHz ECC

QSPI Flash
256MB

— SDCard —.
10/100/1000 | |
Ethernet PHY w

USB2.0 _ (%

OTG PHY

UART to
UsB

CAN

SPI

MAC
12C Address
—‘ Storage

RTC
Linear Tech
A/D Connector

Power
Management
Measurement

Hardware Development Perspective

« Silicon properties
« Soft IP
« Lowest level SW

18 © 2015 Altera Corporation—Confidential
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Designing with an ARM-based System on a Chip

System Development Flow

FPGA Hardware Design Flow Software Design Flow
S 2Qws & ARM

Quartus Il design softw:
Qsys system integratio HW/SW

Standard RTL flow Handoff Design
Altera® and partner IP

ModelSim®tool, VCS,
AXI and Avalo Simulate
functional models (BFM

SignalTap™ Ild anal
System Console Debug \ )

Quartus Il Progran(er

In-system Update Release Release

[ANO[SRYA\,
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HPS Overview
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Designing with an ARM-based System on a Chip

HPS Overview Agenda

« HPS features

«
«
«
«
© 2015 Altera Corporation—Confidential AIETERA .
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HPS IP Features

« Multi-Processor Unit (MPU) subsystem featuring dual ARM Cortex-A9
MPCore™ processor

SDRAM controller subsystem/interconnect*
General purpose direct memory access (DMA) controller
2 or 3* Ethernet media access controllers (EMACS)

NAND, Quad SPI, Secure Digital (SD) and MultiMediaCard (MMC)
flash controllers

2 USB 2.0 On-The-Go (OTG) controllers

2 Serial peripheral interface (SPI) master controllers
2 SPI slave controllers

4 or 5* Inter-integrated circuit (12C) controllers

2 Controller area network (CAN) controllers**

2 UARTs

3 GPIO interfaces

AAAA

AAAAAANA

*Arria® 10 SoCs only **Cyclone® V SoCs only

© 2015 Altera Corporation—Confidential Alm .
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HPS Block Diagram

FPGAZHPS HPS2FPGA LWHPS2FPGA FPGA2SDRAM
f2s_fpga_clk s2f_fpga_clk  s2f_periph_fpga_clk f2s_sdram_clk[5:0]
FPGA MM
BBBBB Masier sve Save
I e
P A28 axssinze Made
<4 b | 1 MPU Subsystem
(mpu_clk)
FPGA FPGA2HPS HPS2FPGA L\
‘ Manager Bridge Bridge ARM Cortex-A9 MPCore
{ } ‘ ‘ CPUO CPUL
ARM Cortex-A9 | ARM Cortex-A9
A i e NEON/FPU NEON/FPU
‘ ‘ {} ‘ 32KB 1S 32KB IS
32KB D$ 32KB D$
L3 Interconnect
e
b3z
N
e Aot
Al
a
SDRAM
o AHB-32 L3 Main Switch Controller
3 (13_main_clk) Subsytem
P IN
(_ er v
g 3‘ Peripheral 4\ 13 main_cll
r f 8| axw Switch X132 -
= (13_mp_clk) “/
2
o8| amn
&
g
1 j< .
; AX\?/
] .
2
D I ey
. L3 Slave Peripheral Switch
(13_sp_clk)
uuuuuu
m o
I \
< L4, APB-32
\ v
\ \ | \ \
UART | | Timer 12C || Watchdog | [ CAN | | GPIO System | | Clock Reset Scan SPI
@ () @ @ ) @® Manager | | Manager| PLL ||| Manager | | Manager @
@)
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Overview

« Cortex-A9 MPU subsystem contains
— Cortex-A9 MPCore processor
- Level 2 cache
- Debugging module

— Accelerator coherency port (ACP) ID mapper
« Allows memory coherency for other masters in system (DMA, L3 interconnect, FPGA
peripherals, Debug Access Port)

« Cortex-A9 MPCore processor contains the following
— Dual Cortex-A9 processor cores
Snoop control unit (SCU) with accelerator coherency port
— Generic interrupt controller (GIC)
— Global timer
— Private timers and watchdogs
« Cortex-A9 processor core contains the following
— ARM Cortex-A9 core
- NEONT™ Single Instruction Multiple Data (SIMD) engine with scalar Floating
Point Unit (FPU)
- Level 1 instruction and data caches
- Memory management unit (MMU)

1© 2015 Altera Corporation—Confidential AIEERA .
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Designing with an ARM-based System on a Chip

Cortex-A9 MPU Compared

64-bit Processor

CORTEX-A

Application Processor

CORTEX-R

Real-Time Control

Microcontroller

CORTEX-M
_ORTEX-M NP——
Soft Processor

SECURCORE

Performan

Smartcard Security

T

25 © 2015 Altera Corporation—Confidential Alﬂ'ERA .

HPS Memory Views

FPGA
Configuration
HPS-to-FPGA FPGA-to-HPS  Control H-
. - --==" =-=T-g--"-=-- T‘ == IT__'___—__T__—___-________—__T__—___—__T, ———————————— |
o rpoa | | ARM Cortex-ASMPCore _ HPS |
1 (xN) - > Config ! CPUO cPU1 |
| 1 ARM Cortex-A9 | ARM Cortex-A9 |
| NEON/FPU NEON/FPU |
USB ! 32 KB I$ 32 KB I$
I orcEmm) | a2KBDS 2KBDS | I
1@ i . i o
. » 5 MPU View :
; L3 View ==>——» & ! I
1 Flash H ! . | 1
I control ! ' Multi-port 1
1 | L2 Cache | DDR SDRAM 1
! (512 KB) Controller/ "
1 DMA , Interconnect 1
ry [ ¥ W ] VY ROM | TTTTTTTTTTTTTTmmTooTTmTooooTooTe 1
| , 1
! Scratch !
| [iace — =) RAM |
I 64 KB !
| ? |
I Debug |
] Port |
| |
1 |
1 Low Speed Peripherals 1
I Timers, GPIO, UART, SPI, I2C, CAN |
e e e e e e e e e e e e e e e e e e e, e e, e e, e, e e e == 1
26 © 2015 Altera Corporation—Confidential Aln-m .
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Designing with an ARM-based System on a Chip

HPS Address Maps

- 4GB
Peripheral Region Lightweight Peripheral Region
FPGA FPGA_— FPGA
Slaves
Slaves Slaves
Region Region
- - 4 > ~3GB
CV/AV Accelerator
Coherency Port (ACP*)
Window
y
» oM oG
SDRAM SDRAM egion
Window Window
—1 GB
L3 MPU FPGA-to-SDRAM
*Arria 10 ACP can be accessed for the entire SDRAM window if transaction is cacheable
*Arria V/Cyclone V ACP maps to the lowest 1G MPU SDRAM view by default
27 ©2015Altera Corporation—Confidential AEERA .

HPS Overview Agenda

<
« System management
<
«
«

28 © 2015 Altera Corporation—Confidential Alir m a
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System Management Components

FPGA

Configuration

HPS-to-FPGA FPGA-to-HPS Control
H--- L

ARM Cortex-A9MPCore

EMAC FPGA i
@ Manager ' CPUO CPU1
I | ARM Cortex-A9 ~ ARM Cortex-A9
' NEON/FPU NEON/FPU
USB ' 32KB I$ 32KBI$
oTG ' 32 KB D$ 32 KB D$
\ i S Scu
—
Flash < = e
Lontey : I I Multi-port
| | & T
L3 Vb L2 Cache e DDR
— ]
Interconnect ' (512 KB) e SDRAM
DMA Boot i Controller
ROM CTTTTTTTTTTTTmmm s
T™MC Scratch
(Trace) RAM
64 KB

Debug Clock Reset Scan System Security ?
Port Manager | Manager < Manager | Manager Manager
4 4 A )

Low Speed Peripherals
Timers, GPIO, UART, SPI, 12C, CAN

© 2015 Altera Corporation—Confidential
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System Management

« Clocks and clock manager
' ¢

AAAA

© 2015 Altera Corporation—Confidential

A-MNL-HW-SOC-15-0-v2

15



Designing with an ARM-based System on a Chip

Clock Manager Overview

« Manages Clocks in the HPS
- Contains PLLs
- Clock Frequency
— Clock Muxing
« Including sourcing clocks from the FPGA
- Clock Gating
— Controls sourcing of clocks to the FPGA

« Control and Status Register Access
- Allows software control
- Hardware libraries support

31 ©2015Altera Corporation—Confidential Alir m .

Cyclone V/Arria V HPS Clock Manager Block Diagram

FPGA

Y
feh_sdram_ref_clk | | f2h_periph_ref_clk h2f_user*_clock

Clock Manager

Flash Controller Clocks

Flash
: | ovier [ ot
Main Clock Group
LI Main | | — ] | MPU, L3, L4
PLL DK I_'l—/ ' *1 & Debug

Peripheral Clock Group

1 Peripheral ; _ | PLL-Driven
1 Dividers I—DI._/ 1 Peripherals

HPS CLKD SDRAM Clock Group
— ] SDRAM
[ —] ! }—DI S[;T-LEM E :I__/ I |  Controller
Subsystem
HPS_CLK1 HPS_CLK1 Clock Grou
S_[_C — P [~ | OSC1-Driven
| Peripherals
Control & Status,
Registers
_ L4 Bus _
32 ©2015Altera Corporation—Confidential Alir m .
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Cyclone V & Arria V Clock Manager

« Requires an external clock source
~ HPS_CLK1 pin
- 10-50 MHz
— Optional second source (HPS_CLK2 pin)

« Drives 3 clock groups, each with a separate PLL
- Main PLL
— Peripheral PLL
~ SDRAM PLL

« Optional clocks to and from FPGA
— HPS-to-FPGA clocks 0/1/2, one from each PLL group
- FPGA-to-HPS peripheral PLL reference clock
- FPGA-to-HPS SDRAM PLL reference clock

« Hardware managed clocks

— Main PLL CO, C1, and C2 are hardware-managed
« All others are software-managed clocks

© 2015 Altera Corporation—Confidential AE'EF‘A .

Cyclone V/ArriaV: 3 HPS Clock Groups

FPGA
Configuration
HPS-to-FPGA FPGA-to-HPS  Control FPGA-to-SDRAM

ik | _ _‘[_ — N vl I
I 1 v HpS |
I | emac I, Froa ARM Cortex-A9MPCore ! o "
1 (@) Manager ' CPUO cPU1L I
1 i | ARM Cortex-A9 | ARM Cortex-A9 | ! |

NEON/FPU NEON/FPU
I [ uss : 32KB I$ 32KB I$ |
I | ot —» i 32 KB D$ 32 KB D$ "
1@ im I
1 —_—>» C SCuU 1
1 Flash i = H X |
I control | | | i Multi-port |
I ! L2 Cache ! R DDR 1
! i (512 KB) ; > SDRAM I
I pwa —, Interconnect __, Boot | Controller 1
1 ROM |
| > 1
| 1
T™C ) Scratch
I | (Trace) — > RAM |
I 64 KB !
ot I
I | Debug { ‘ Clock Reset Scan System |
1 Port Manager = Manager | Manager | Manager 1
| T A A A LY 1
I v i = i i |
1 Low Speed Peripherals |
1 Timers, GPIO, UART, SPI, I12C, CAN "
e I
W 20D ABFE LOrporanon—Luonnoenual PO

34
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Designing with an ARM-based System on a Chip

Cyclone V/ArriaV Main PLL

« HPS_CLK1 input clock source pin

« Generates clocks for
- MPU subsystem (CO0)
— L3 & L4 interconnect (C1)
- Debug (C2)
-~ Quad SPI flash (C3)
-~ NAND & SD/MMC flash (C4)
— Configuration & HPS-to-FPGA user clock 0 (C5)

mpu_base_clk

Co - >
main_base_clk
C1 >
dbg_base_clk
Main C2 : - " >
PLL  ¢3 main_qspi_base_c

v v

main_nand_sdmmc_base_clk

C4
C5

35 © 2015 Altera Corporation—Confidential Alm 4

cfg_h2f user0_base clk

v

Cyclone V/ArriaV Peripheral PLL

« Selectable Input sources
- HPS_CLK1 input clock pin
— HPS_CLK2 input clock pin
- FPGA-to-HPS peripheral reference clock from FPGA fabric

« Generates clocks for
- EMAC (C0 & C1)
- Flash Controller (C2 & C3)
— Main PLL group L4 interconnect (C4)

« USB
< SP - emacQ_base_clk R
< CAN ail emacl_base_clk :
« GPIO _ periph_qgspi_base_clk f
Peripheral C2 : >
- HPS-to-FPGA clock (C5) PLL - periph_nand_sdmmc_base_clk
c4 periph_base_clk R
cs h2f userl base clk R
36 © 2015 Altera Corporation—Confidential Alﬂ-m 4
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Cyclone V/ArriaV SDRAM PLL

« Input sources
- HPS_CLK1 input clock pin
— HPS_CLK2 input clock pin
- FPGA-to-HPS SDRAM reference clock from FPGA fabric

« Generates clocks for
—~ SDRAM Controller Subsystem (C0-C2)
- HPS-to-FPGA user clock 2 (C5)

« Only HPS PLL with phase and delay control
ddr_dgs_base_clk

v

Co
C1

SDRAM C2
PLL c3

C4
C5

ddr_2x_dgs_base_clk
ddr_dg_base_clk

v v

h2f user2_base_clk

v

© 2015 Altera Corporation—Confidential
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Cyclone V/Arria V Flash Controller Clocks

« Input sources
- Main PLL
— Peripheral PLL
- FPGA Fabric

« Generates clocks for
— QSPI Flash (Up to 108Mhz x4)
- NAND Flash (Up to 250Mhz)
- SD/MMC Flash (Up to 200Mhz)

[2h_periph_ref_dk -
main_nand_sdmm:_basa_dk — }—bl Clock Gate e simme_ck
parigh_nand_sdmme_besa_dk T L

# nand_x_dk

f2n_pariph_ref_dk -
mah_nand_sdmmcjase_dk;lj—blﬂ'————b| Divide by 4 H (Clock Gete l—b nand_clk
panph_nand_sdmme_base_dk

{2h_pariph_ref_dk

mﬂmﬁﬂjm_dkjﬁ'j—@ » gepi_ck

periph_gspi_base_dk

© 2015 Altera Corporation—Confidential

A-MNL-HW-SOC-15-0-v2

19



Designing with an ARM-based System on a Chip

Arria 10 Clock Manager

« 2 PLLs

« 3 Clock Groups
- MPU
« Hardware-sequenced clocks for the Cortex-A9 MPU subsystem
- Network on chip (NoC)
« Hardware-sequenced clocks for L3 interconnect, L4 peripheral bus, and debug
- Peripherals
« Software-sequenced clocks for PLL-driven peripherals
— No SDRAM clock group as the SDRAM controller is located in the FPGA

« 4 possible clock source

HPS_CLK1 pin

- FPGA Fabric PLL clock reference

FPGA configuration high speed internal oscillator
FPGA configuration low speed internal oscillator

39 © 2015 Altera Corporation—Confidential Alm 4
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Arria 10 Clock Manager Diagram

%I %l FPGA
=1l
=
=l
Clock Manager
Boot Clock
cb_intosc_hs_div? clk
{2} r“ - MPU Clock Group
— | Extemal Counter/
Bypas Dividers ’ >
% LR LN ]
h 4
HPS CLK1 & » NOC Clock Group
- P External Counter/ g
L Dividers > ¥
» PLLs and » see see
> Multiplexers
Peripheral Clock Group WTP
gl T
Ll
Reset o—j»| ‘ Registers Block ‘ = Asynchronous Handshakes
Manager A with Hardware Managed
+ Ourtput Clock Blocks

~ L4Bus, 11_sys free ck

© 2015 Altera Corporation—Confidential Alm 4

A-MNL-HW-SOC-15-0-v2

20



Designing with an ARM-based System on a Chip

Arria 10 Clock Manager Features

« Boot clock can be generated from 2 sources
- FPGA cb_intosc_hs_clk /2 (Secure)
- External HPS_CLK1 clock reference (non-secure)

« Each clock output block

— Can be set to 2 modes with glitch-free external bypass multiplexer
« Bypass
- Uses Boot clock set at reset
« Not-bypass (Uses one of 5 sources)
- hps_clkl
- f2s_free_clk (FPGA fabric clock reference)
- cb_intosc_hs_div2_clk (FPGA control block clock divided by 2)
- PLLO
PLL1

- Has clock gates controlled by either hardware or software

41 © 2015 Altera Corporation—Confidential Alm .

PLLO

co
CH
c2
c3
C4
s
C6
Cr

II0_mpu_base_clk

II0_noc_base_clk
pllo_emaca_clk
pllo_emach_clk

II0_emac_ptp_clk
plio_gpio_db_clk
pllo_sdmmc_clk

HPS_CLK1 [ ol0_ref ck plio_h2f_user0_clk

ch_intosc_Is_clk . pllo_h2f iserd_clk
125 fiee_clk & L plio_hme_pll_ref clk

Unused
Unused
Unused )
3 Unused
Unused

plio_pli1_ref clk

Arria 10 PLLs

A

Q
[=<]

aaQaaaq
2R 28820
b N = O O

C15

II1_mpu_base clk
II1_noc_base clk
plll_emaca_clk
plll_emach_clk
II1_emac ptp_clk
pliL_gpio_db_clk
plll_sdmmc_clk
pllL_h2f_user0_ck
pliL_h2f jser ck
pliL_hme_pll_ref_clk
Unused

Unused

cnp——r
c12 Unused >
c1a Unused

c14 Unused

15 Unused

PLLs and Multiplexers -
42 © 2015 Altera Corporation—Confidential Alm .
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Designing with an ARM-based System on a Chip

Software Management of Clocks

« Software sets clock manager using HW libraries
— Output clock dividers
— Clock selection / enable
— Interrupts (Wake up MPU, lose/gain PLL lock)
— Clock Sequencing (to prevent system lock-up)

« Most clocks require

- SW manually gate off any clock affected by the change
— Wait for any PLL lock if required
— Gate the clocks back on

« Clocks must be very carefully sequenced or system can

lock up
— Use HW libraries to prevent this from happening (discussed later)

1© 2015 Altera Corporation—Confidential
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HPS Entry/Exit of ‘Safe Mode’

« Put clocks into known safe state on cold or warm reset

request from Reset Manager
- Uses HPS_CLK1

- Clock manager register settings, for reset PLL counter & dividers,
bypassed to default values

— Enables all clocks (turns clock gating off)

— Flash controller clock multiplexer selects output from peripheral PLL

« Exit Safe Mode by resetting Safe Mode bit of CTRL
register

- Handled by the second stage bootloader stage (discussed later) during

normal boot up
— Otherwise, done by using the hardware libraries (discussed later)

1© 2015 Altera Corporation—Confidential
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System Management

<«

« Resets and reset manager

<

<«

<

<«

6 2015 e Crprsion—Gonticena /NOEERA,
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Reset Manager Overview

« Generates module reset signals based on reset requests
from various sources

« Clocked by HPS_CLK1 clock pin

« Three separate reset domains
- HPS system
- JTAG port
- Debug system

« Accepts reset requests from following
Software writing module reset registers

FPGA control block

FPGA fabric

External Reset pins

« Implements Cold and Warm reset

© 2015 Altera Corporation—Confidential Alm .
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Cold / Warm / Debug Resets

Affects all reset domains
(JTAG, Debug, System)

Places hardware-
managed clocks into safe
mode

Places software
managed clocks into their
default states

Asynchronously resets all
registers in the clock
manager

Resets SDRAM so
memory contents and
setup lost

© 2015 Altera Corporation—Confidential

Happens after HPS has
already been cold reset

Used to recover system
from a non-responsive
condition

Resets a subset of the

Only affects debug reset
HPS

domain

Debug & JTAG reset
domain unaffected

SDRAM unaffected so
memory contents
preserved
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Reset Manager Integration

FPGA
. FPGA Fabiic
« Reset Sources s o,
- Power-On-Reset voltage monitor load_ce_usomods | el sl irit
(cold reset) |
- nPOR pin (cold reset) Input b | 3 Resel Manager
- nRST pin (warm reset) Pins ! ' > ot conk iele L s
- Debug (Debug Reset) S Marage | 1 oo B Bt R
— Watchdogs (SW control) \ "™ M -

- FPGA
« f2h_cold_rst_req_n
« f2h_warm_rst_req_n
« f2h_dbg_rst_req_n
« h2f_cold_rst_n

« h2f_rst_n (cold or warm)

« |oad_csr (cold reset)

« FPGA monitoring

— Reset from FPGA can occur only

if FPGA is configured

© 2015 Altera Corporation—Confidential
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ARST —

Waichdog Reset Regquest[1:0] Resat Signal Module
o e LS N
" De-Assertion Signals

DAP Debug Reset Request

b &

POR Voltage POR Voltage Reset Request
Docer o
System Watchdog Reset Requestf! 0|_. Tﬂl,'
f {sweoldrstreq and :
v ey
[ cshs ]
| Slavo Intarface |
L4 Paripheral Bus josc1_dlk)
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Warm Reset is Software Configurable

« Warm Reset can be configured to wait if

FPGA needs to finish outstanding transactions

— SDRAM not yet in self refresh mode

— Trace Module needs to Stall and or Finish outstanding transactions

- Scan Manager interfaces not quiescent (may generate clock glitches)

« Source of last warm reset can be logged
- Warm reset log must be cleared by software

49 © 2015 Altera Corporation—Confidential AE'EF‘A .

Arria 10 Reset Manager Additional Features

« Handles anti-tamper reset

« Power on Reset handled by Security Manager and FPGA
configuration subsystem

« Additional RAM clear domain
- Clears the following RAM blocks on cold or warm

<« On-chip RAM FPGA
X = B2
« NAND read, write, and ECC RAMSs —[J—‘ ﬁ
< MPU RAMs 5 HL —

r?r'«.k"i load ¢ 0

Wiagpes

|
| | vy ResaSonats
|

] uPu wragges |

B G i~ Cock Mg |

k4 L4 Bus, osc_chl
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System Management

<
¢
« FPGA manager
' ¢
«
<

© 2015 Altera Corporation—Confidential
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FPGA Manager Overview

« Manages and monitors the FPGA portion of the SoC
— Configure the FPGA fabric
« Partial reconfiguration, encryption, decompression supported
« MSEL pins needs to be set appropriately
Monitor FPGA configuration and power status
« INIT_DONE, CRC_ERR, PR_DONE, etc.
« Software configurable interrupts to MPU
Can reset the FPGA
Drive/Receive 32 GPIOs from the FPGA
— Boot from FPGA handshake signals
« Used for booting the HPS from the FPGA fabric
Supported by the Hardware Libraries

© 2015 Altera Corporation—Confidential
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53

FPGA Manager Block Diagram

FPGA Manager FPGA
Configuration Control Block
L3 <]  Sae = Data | Dok
Interconnect Interface = Block DATA[31:0]
A
nCONFIG
MPU 1o | nSTATUS
L CONF_DONE
= INIT_DONE
CONFIG_IO Mode
bl MSEL
il Control
A nCE
i Block nCONFIG
- »| NSTATUS
CONF_DONE
» PR_REQUEST
@ nCONFIG
o _ 1284] nSTATUS
2 Register 2l CONF_DONE
iy =N = e
5 Interface o GVPCONF_DONE
B - PR_READY
= < PR_ERACR
= PR_DONE
FPGA Fabric
ll - - hef_gp[31:0]
Y @ o < f2h_gp[31.0]
< Block < f2h_boot_from_fpga_on_failure
< feh_boot_from_fpga_ready
© 2015 Altera Corp
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Arria 10 FPGA Manager Additional Feature

« Error Message Register (EMR) Interface

- Error message extraction in case of CRC errors in the FPGA

« FPGA JTAG Hosting

— Allows HPS to take control of configuration subsystem or provide JTAG
functionality to the FPGA

— Does not take control of the JTAG I/O

L4 Inerconnect Bus

© 2015 Altera Corporation—Confidentia,
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MPU
IRQ
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h

A

DCLK
DATA[31:0]

nCONFIG, nSTATUS,
CONFIG_DONE, nCE
PR_REQUEST

INIT_DONE, PR_READY, PR_ERROR
PR_DONE, nCED, MSEL, USER_MODE
CVP_CONFDONE, CRC_ERROR

SEU Cerrol
SEU Data, CRC Emor

TOI, TDO, TMS, TCK, TRSTn
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Fegister
= S d
Intertace g gl ':“:‘fr +_1:
—
[ General |
e Purpose 110 g +

TOI, TDO, TMS, TCK, TRSTn FPGA Cor

haf_nensble_jlag

h21_gpi210]
12h_gpofat:0]
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HPS Configuring FPGA Fabric

Veeram
A
SoC Device ~10kQ
|
Only
FPGA nSTATUS & nSTATUS,
CONFIG ;';7';_[>___=:‘3 1 | CONF_DONE CONF_DONE,
" o % Ny INIT_DONE
nSTATUS,
MSEL > CONF_DONE,
i cB INIT_DONE
(pins only) = ]
DEEE- - CONFIG_IO
DATA, | E Mode
PR_REQUEST | =
Only
HPS nSTATUS &
CONF_DONE
FPGA Manager
CB Data Interface |~
and
CB Control Interface |
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System Management

« System manager
¢
<
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System Manager Overview

« Contains memory-mapped control and status registers

« Manage HPS I/O features

« Enable/disable other HPS peripherals

« Provide access to boot configuration information

« Provide access to status signals in other HPS modules

« Enable and controls ECC and parity in HPS modules

« Provide registers to pass information between warm boots
« Pause watchdog timers during debug mode

© 2015 Altera Corporation—Confidential Alm .
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System Manager Block Diagram

A System Manager
Pause
| L4 Watchdog Timers
= Watchdog
b Debug Pause Debug Status
2 < MPU
: |
3 Parity Injection Logic with
s | P Parity RAM
@ .
.Jé Y E?c & Parky Generic Interrupt
5 nterrupts | Control
s Register » ontroller
N Slave = Memory-Mapped
Interface CSR: Control Signals
 J 4 : »  Other Modules "
I Not available on Arria 10 devices| o ECC Status and
: ; : | Control Signali Modulos with
X HPSIO | Freeze | < » ECC RAM
! Control Controller |
1
I A : A
| I
I
! HPS CSEL pins : FPGA JTAG Control
S e :
[ —
HPS BSEL pins
FPGA
4
FPGA Control
Fabric Block
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HPS System Manager I/O Features

« Tri-states HPS-configurable 1/0 pins during configuration

(Freeze controller)
- Not on Arria 10 devices

« Controls HPS peripheral I/O pin multiplexing
« Enables/disables various HPS 1/O peripherals interfaces
« Enables/disables HPS-FPGA interfaces

59 © 2015 Altera Corporation—Confidential Alm 4

System Manager — Managed Peripherals

« EMACs

« USB controllers

« SD/MMC controller
« NAND controller

« SPI masters

« Quad SPI controller
« DMA controller

« On-chip RAM

« CAN controllers

« Debug core

« Reset manager

60 © 2015 Altera Corporation—Confidential Alm 4
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61

System Management

L' ¢
' ¢
¢
<
« Scan manager
<

© 2015 Altera Corporation—Confidential Alm .
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Scan Manager Overview

« Cyclone V and Arria V SoCs only

« Configures and manages HPS 1/O pins
- Configures 1/0 bank settings (voltage, drive, pull up, etc.)
— HPS I/O must be frozen by System Manager before configuration

« Gives HPS access to FPGA JTAG

- Can perform any FPGA JTAG operation
— Disables external FPGA JTAG when it takes over

« Contains ARM JTAG Access Port (JTAG-AP)

— Multiple scan chain JTAG master interfaces
« One connects to FPGA JTAG (standard JTAG signals)
« Four connect to HPS 1/O banks

© 2015 Altera Corporation—Confidential Alm .

A-MNL-HW-SOC-15-0-v2

31



Designing with an ARM-based System on a Chip

Scan Manager Block Diagram

System fpgajtagen FPGA
Manager (select) *
TTAG JTAG TAP C;fg:‘ﬂl
— P o ion [P Controller
FPGA JTAG Pins | Svitch
v Scan Manager | |(CONFIG_IO Mode) HPS 1/0 Pins(7)
Scan Chain 7 - | - IO_CSFI
L ultiplexer o [T
Scan Chain 3 L IocsRs -
L\H 10 Bank 7A
: B an
JTAG-AP Scan Chain 2 ’IJ |OCSR 2 :‘
: L\H | 1/0Bank 7C
Scan Chain 1 IOCSR 1
Scan Chain 0 I—rj IOCSRO »| O Bank 7€
10 Bank 7D
A
" (1) Mot all devices contain all the banks depicted.
Register Slave Interface
A
iy 4 L4 Peripheral Bus (osc1_clk) =
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Scan Manager

« Dirives serial scan-chains connected to:
- HPS configuration IOCSR chains
« Configures HPS 1/Os
« SDRAM DDR PHY (DLL/OCT)
- FPGA JTAG
« Allows HPS to monitor single event upsets (SEUs)

« From cold reset will trigger freeze sequence
— Al HPS I/O will be considered un-configured
« |0 Buffers are in tri-state
« Weak pull-up enabled
— During Boot phase
« On-chip boot code uses Scan Manager to configure boot device's IOCSR
« |[nitial software will use Scan Manager to configure 1/0s

« When configuration complete, the freeze manager will receive an indicator from
System Manager to unfreeze 1/Os

« Not involved in Design for Test (DFT) or boundary-scan testing

64 © 2015 Altera Corporation—Confidential Alm .
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65

System Management

«
«
«
«
«
[ ¢

Security manager

© 2015 Altera Corporation—Confidential Alm .
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Security Manager Overview

« Available on Arria 10 SoCs
« Centralized device security control

« All top-level clocks and reset signals go through the
security manager for validation
« Features
- Allows Secure Boot through authentication and/or decryption

- Anti-Tamper protection
- ARM TrustZone® Technology (firewall with security manager features)

© 2015 Altera Corporation—Confidential Alm .
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67

Authentication and Encryption

« \When Secure Boot is enabled, the device only accepts

authenticated software
-~ BootROM authenticates and/or decrypts 2" Stage Bootloader

- 2nd Stage Bootloader authenticates and/or decrypts Secure Micro OS
— Through secure APIs, Micro OS lets applications in Standard OS establish

trusted services

« Arria 10 SoCs support hierarchical public key infrastructure
« Once authenticated the HPS software can configure the

FPGA with encrypted bitstream
| M

i

| AR M u [ S—

FPGA

© 2015 Altera Corporation—Confidential
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Security Manager Components

« CSS (Configuration Sub-System) interface

- Receives decrypted data from the CSS engine

« Fuse interface
- Request and receive fuse data from the CSS block
« Data stored in one-time programmable fuses on the device

« Register interface

- Software read and/or writes to security state bits, status, errors, enable

interrupt or DMA interface

« Anti-tamper — trigger memory clearing of all internal
memories

© 2015 Altera Corporation—Confidential
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Security Manager Block Diagram

Boot ROM (Sofware Layer)
PP32 Interace
—TPpa2
FPGA System
Manager Manager
| CS51IF [ERR
[ sync I
Css C5s
—_ Security
IF
OKNOK R Buifer
—CLK Security
—FUse  Manager
Fuse CRC
Loading Check
OFPGA EHoC
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HPS Overview Agenda

L ¢
«
« Interconnect
«
«
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71

Interconnect Overview

« Cyclone V/ArriaV SoCs: ARM CoreLink™ Network
Interconnect (NIC-301)

« Arria 10 SoC: Arteris FlexNoC™ Interconnect
« Based on AMBA® AXI, AHB™, and APB™ protocols

« Level 3 is Multi-layer, nonblocking architecture comprised of
three switches

- Main switch
« 64 bits of connectivity to AXI bridges, on-chip memories, SDRAM and FPGA
manager
« Half the MPU main clock frequency

- Master peripheral switch
« 32 bits connecting memory mastering peripherals to main switch
« Half the main switch clock frequency

- Slave peripheral switch
« 32 bits connecting L3, L4 slave interfaces for masters of main and master peripheral
switches
« Operates at a much slower speed

[AO[SRYA),
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Cyclone V/Arria V Interconnect Diagram

FPGA2SDRAM
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Arria 10 Interconnect Diagram
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Arria 10 Interconnect Features

« Security firewall support
- Configure secure or non-secure access per peripheral

- Configure privilege and user access for some of the peripherals
- Per transaction security

« ECC

74  ©2015 Altera Corporation—Confidential AIH—E{A .
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Level 3 Interconnect Up/Downsizing

« Level 3 interconnect different width interfaces
— 64-bit main switch
— 32-bit master peripheral switch
— 32-bit slave peripheral switch

« Sizing logic used at boundaries
— Between L3 interconnect and module
— Between 32-bit and 64-bit sub switches

« Sizing logic only packs cacheable accesses

« Sizing logic attempts to minimize 64-bit traffic
- 32->64 bit: pack two 32-bit words into a single 64-bit word
- 64->32 bit: perform one 64-bit access and split into two 32-bit words

75 © 2015 Altera Corporation—Confidential Alir m .

AXI Bridges Architecture

CSR Slaves
High performance to EPGA Fabric High Performance
FPGA slaves Masters in FPGA
! ) A
32, 64, or 128 Bits > 32 Bits 132, 64, or 128 Bits >
—axi_clk) (h2f_Iw_axi_clk) (f2h_axi_clk)
v
M 32 Bits 32 Bits s
s | (4_mp_clk) (14_mp_clk) [ g
A AHB Q—I I_D AHB AXI
(GPV) (GPV)
HPS-to-FPGA sl | A s FPGA-to-HPS
Bridge Bridge
Lightweight
S HPS-to-FPGA Bridge M
AXI s AXI
2 AX [(GPY)
64 Bits 1 32 Bits 64 Bits
(13_main_clk) (14_mp_clk) W (13_main_clk)
M M S
AXI AXI AXI
(L3 Main Switch) (L3 Slave Peripheral Switch) (L3 Main Switch)
L3 Interconnect
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Global Programmers View (GPV)

« GPV exposes register set of the L3 interconnect to control

bridge properties and behavior

« Only three masters can access the GPV

- MPU subsystem

- FPGA-to-HPS bridge

- Debug access port (DAP)
« GPV registers are used to access the following

— Slave security

- Address remapping

- Arbitration priority

- Write tide mark (buffer fill level before issuing transaction to slave)
« Some GPV accesses must be secure

- Slave security and address remapping require secure accesses

© 2015 Altera Corporation—Confidential
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High Performance Paths

FPGA Porfion
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Example System Throughput

Port

Low Speed Peripherals
Timers, GPIO, UART, SPI, 12C, CAN

© 2015 Altera Corporation—Confidential
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FPGA-to-HPS Bridge Drawbacks

« Additional latency through the L3 interconnect
« Access to HPS SDRAM interface is only 32-bit

— On Cyclone V and Arria V SoCs
« Access to ACP is throughput limited

- Due to cache coherency logic

« Access to secure slaves require FPGA master to support

security
— Built into the AXI protocol

- For Avalon masters, Qsys supports hard coded security scheme

« Use direct FPGA-to-SDRAM interface instead of FPGA-to-
HPS bridge when cache coherency is not needed

- Minimize latency
— Improve throughput

© 2015 Altera Corporation—Confidential
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Level 4 Peripheral Bus Interconnect

Arria V and Cyclone V L4 Buses

Arria 10 L4 Buses
=

e '\\Tr?’(.. B
ez
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Level 4 Peripheral Bus

« Level 4 buses used for control and status access
- Configuring modules
- Enabling/clearing module interrupts
- Reading back module status

« HPS contains a virtual level 4 bus
- 5 physical APB buses connected to level 3 interconnect
« 7 for Arria 10 Devices

« Each physical APB bus
- Operates on a unique clock domain (L3 handles clock crossing)
- Connects to multiple APB slave interfaces

g2  ©2015Altera Corporation—Confidential Alir m .
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HPS Overview Agenda

« Memory and Memory Controllers
¢

83 © 2015 Altera Corporation—Confidential AE'EF‘A .

On-Chip ROM Features

« 64 KB for Cyclone V and Arria V SoCs
- 128 KB for Arria 10 SoCs

« 32-bit AXI interface

« Accessed after warm or cold reset
— Stores initial bootloader
- Programmed by Altera

NIC-301 Boot ROM
L3 Interconnect

AXl-32
(13_main_clk)

84 © 2015 Altera Corporation—Confidential AE'EF‘A .
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On-Chip RAM Features

« 64 KB (28nm SoCs) or 256 KB (Arria 10 SoCs)

- Used as initial bootloader scratch pad
- Runs 2nd stage bootloader and possibly user bootloader

« 64-bit AXI interface
« ECC support

- Single bit correction
— Double bit detection

NIC-301 On-Chip RAM -
L3 Interconnect ECC from System Manager

‘_
M|, | S
AXl [ > AXI

AXl-64 )
(o_maa_ck) ECC Interrupls
to Interrupt Controller
—»
85 © 2015 Altera Corporation—Confidential Alﬂ-m 4

HPS DDR Memory Controller

« One 64-bit AXI port for CPU AN
« One 32-bit AXI port for L3 o e
« Available direct FPGA Ports [ ae ||| el (5 o ||
~ Upto 6 for Cyclone V/ArriaV SoC | e | | e P el 10 | o
« Avalon and AXI ronrs v [ ]
- Up to 3 for Arria 10 o
< AXI only . | P | N
« Variable DRAM port width = —

_ 8-bit, 16-bit, 32-bit =
— 64-bit (Only Arria 10)

« Optional 8-bit ECC

« Up to 4GB of address map for DDR

« Firewall and security support (Arria 10 SoC)

86 © 2015 Altera Corporation—Confidential _ o 5.
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SDRAM Controller Features (1)

« SDRAM device support

— Supports DDR2 (Cyclone V/Arria V only), DDR3, and LPDDR2(Cyclone
V/Arria V SoC only) SDRAM

— DDR4 and LPDDRS3 support with Arria 10 SoC
— Up to 4GBit density parts and 2 chip selects

« Error correcting code (ECC) support
— Hamming single-error correct and double-error detect reads
— ECC write-backs
— User notification of ECC errors
« Operation ordering
— Command reordering (bank look ahead management)
— Data reordering (transaction reordering)

1© 2015 Altera Corporation—Confidential AEIERA .
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SDRAM Controller Features (2)

« Port scheduling
— Absolute priority per port with eight levels
— Relative weight per port
« Deficit weighted round robin scheduling for ports of same priority
— Priority and weight can be configured dynamically

« Burst adaptation
— Burst alignment support for efficient unaligned burst access
— Burst adaptation support of chopping and merging for user burst bigger or
smaller than memory burst length
« Memory device power management
— Support for self refresh command and partial array self refresh
— Power down support for user defined length or based on inactivity
— Deep power down support for LPDDR

1© 2015 Altera Corporation—Confidential AEIERA .
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SDRAM Controller Features (3)

« AXI support

- AMBA AXI4 ordering rules supported

« Memory protection
- If designed exclusively with AXI masters TrustZone® is supported

« Exclusive support for shared memory accesses

- Tracking logic for up to 16 exclusive write operations

© 2015 Altera Corporation—Confidential
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SDRAM Controller Diagram (Cyclone V/ArriaV SoC)
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Memory

4
N

Pins

A
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Designing with an ARM-based System on a Chip

SDRAM Interconnect (Arria 10 SoCs)

« Uses HMC (Hard Memory Controller) located in the FPGA
but through the SDRAM interconnect inside the HPS

FPGA Fabric | HPS
32/64/128 Bit AXI SDRAM Leve}l?. Interconnect
FPGA 32/64 Bit AXI > coran € 64 Bit AXI MPU

Masters - Subsystem

32/64/128 Bit AXI »! Scheduler Y

32 Bit
Up to 256 Bit + ECC -
0 it +
MI;rEll’lrgry : SDRAM Level 3
Controller |e———2000! Adapter | 32Bit__| Interconnect
91 © 2015 Altera Corporation—Confidential Alﬂ-m 4

HPS SDRAM Controller Configuration (28nm SoCs)

« MPU subsystem must initialize interface
- Program 1/O scan chain bits (voltage, delay chain settings)
— Program memory controller settings (width, timing)
— Perform calibration

« Implications

- HPS 2n stage bootloader software will be responsible for controller
initialization and calibration

- Quartus Il software will provide appropriate settings and bit stream

« For Arria 10 SoCs

- SDRAM Controller is done through FPGA peripheral configuration
« Can be performed by software

92 © 2015 Altera Corporation—Confidential Alm 4
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Designing with an ARM-based System on a Chip

Maximizing SDRAM Performance

« When possible give FPGA masters direct access
- Using the FPGA-to-HPS bridge will limit throughput to 32-bit data

- Traffic through the FPGA-to-HPS bridge has to compete with other
masters

- FPGA SDRAM ports are wider and typically will be lower latency
« Carefully determine MPFE weighting
— Absolute and relative weighting

- Ensure that a performance critical path has appropriate weighting

- Remember that FPGA masters are also competing for bandwidth and may
swamp the memory controller

93  ©2015Altera Corporation—Confidential Alir m .
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Paths Into HPS SDRAM

FPGA Portion

'1-.':_.
= |

32/64-bit s

n al ‘ £i8s N g Scborstem
L2 Stave Peripharal Switch :;,

[C% -2 . 1 - ] I
1 S S S S N SO S O O
D6 || | T | | (][] [de] [
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Designing with an ARM-based System on a Chip

Considerations when Accessing HPS SDRAM from FPGA

« HPS SDRAM FPGA ports are highly configurable

- AXI standards supported
- Avalon-MM* support can be configured to be read/write only

« Use multiple FPGA ports instead of Qsys arbitration
- ex: 3 FPGA masters connected to HPS SDRAM
- Give each FPGA master an independent port
- Goal: use arbitration built into the controller as apposed to soft logic

« Keep the FPGA masters and HPS SDRAM port on the

same clock domain
- SDRAM FPGA ports have built in clock crossing that is always enabled
- Using different clock domains will only increase memory latency

Only directly supported in Arria V and Cyclone V SoCs
© 2015 Altera Corporation—Confidential Alﬂ-m .

96

Coherent Memory Sharing

EEGURES, FPGARHPS HPS o FPGA Lightweight HPS 1o FPGA

« Coherent memory

Control

Block

Masirs

Siaves Slaves

support for all masters I e wb?
-~ FPGA and HPS B }—‘ R
Plif; L — - — MPU Subsystem
« ACP ID Mapper | e T
w =F- =
— Supports up to 6
concurrent L3 Masters [ o et 7
— Unlimited transactions RN e o
pending ol |z
« High Bandwidth . o
- 64-bit port running at %2 !
CPU clock L3 Slave Peripheral Switch
H
© 2015 Altera Corporation—Confidential Alﬂ-m 4

A-MNL-HW-SOC-15-0-v2

48



Designing with an ARM-based System on a Chip

Memory Protection: ECC Support

« DDR controller (16-bit,  [ror F—

HPS 1 FRGA Lighiweigit HP

5 1o FPBA

Conirol
Biock

Mam|

32-bit, 64-bit)

Staves

Skves

AXIBus

3,64 & 12851

-, 64-5 12850
A Bus

AxiBus

L2 cache .

| Manager

| FPGA{OHPS HPS-to-FPGA| Lightwesght
Brdge Broge: HPS-40-FPGA Bridge
On-chip RAM waf sl |
L4, BB AX Bus AXI Bus AXI Bus

QSPI, SDIMMC, NAND |~ [&s
DMA E

USB, EMAC, CAN

AAAAA

o Peripheral | 3.5
s | | Swilth | mages
——|

B4 AX) Bus

MPU Subsystem

AR Corten AR
MPCom

G

645t AX) Bus
F

scu

ACPID)
Mappe]

Caha

| [ e a0 s
| [ e a0 s

B4 AX) Bus

6 AX) Bus

|

Bt AX) Bus

nzmmaul

L3 Slave Peripheral Switch

0.5 A Bus
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HPS Overview Agenda

«
«
«
«
«

DMA Controller
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Direct Memory Access Controller (DMAC) Overview

« ARM Corelink™ Controller (DMA-330)

« Microcode architecture for various transfer types
— Small instruction set providing flexibilty
— Memory to memory, memory to/from peripheral

« Support for up to eight DMA channels
— Eight concurrently executed threads (AXI read/writes)
- One additional manager thread

« Provides interrupt lines into the MPU subsystem
— For thread abort and events

« Dedicated SuppOI’t for secure & non-secure accesses
— Dual slave interface

« Contains multi-FIFO data buffer

99 1© 2015 Altera Corporation—Confidential AIEERA .

DMAC Peripheral Flow Control Features

« Peripherals can request transfers
— Simple request and acknowledge interfaces provided
— Most peripherals require two interfaces for receive and transmit
— Peripherals can request single or burst transfers

« Flow control with 32 peripheral request interfaces
- 4 for FPGA
— 4 shared between FPGA and CAN controller (2 RX and 2 TX)
— 8 for I2C controller (4 RX and 4 TX)
— 8 for SPI masters and slaves (4 RX and 4 TX)
— 2 for QSPI flash controller (RX and TX)
— 1 for System Trace Macrocell
— 4 for UART (2 RX and 2TX)
1 for FPGA manager

¢ Condltlonal code execution support based on peripheral
request type

100 ©2015 Altera Corporation—Confidential AIEERA .
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References

« For more information refer to the Cyclone V, Arria V, or

Arria 10 handbooks

« https://www.altera.com/products/soc/overview.html

« SoC Hardware Overview online trainings
— Microprocessor Unit

« hitp://wl.altera.com/education/training/courses/OEMB5500

- Interconnect and Memory

« http://wl.altera.com/education/training/courses/ OEMB5500INT

- System Management, Debug, and General Purpose Peripherals
« http://wl.altera.com/education/training/courses/OEMB5501

— Flash Controllers and Interface Protocols

« http://wl.altera.com/education/training/courses/OEMB5501FLASH

« External Memory Interface Handbook

« External Memory Interfaces instructor led training
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Quiz: Appropriate Bridge to Use

Scenario
ARM MPU accessing FPGA SGDMA status register

Which Bridge?

ARM MPU writing to FPGA SGDMA descriptor memory

FPGA SGDMA master access to HPS memory

HPS writing a character to the FPGA JTAG UART

ARM MPU reading the FPGA System ID

HPS DMA transfer to FPGA SDRAM

ARM MPU executing code from FPGA SDRAM

Nios MPU writing to HPS SDRAM to share data with HPS

Depending on the cache coherency needs of the access, either the FPGA-
to-HPS bridge or the FPGA-to-SDRAM interface will be accessed.
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Exercise 1

Configuring the HPS Component

103 ©2015 Altera Corporation—Confidential AEIERA .

Designing with an ARM-based
System on a Chip

Hardware Design
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Designing with an ARM-based System on a Chip

Hardware Design Agenda

« Hardware design flow with Qsys

AAAAAA

105 @ 2015 Altera Corporation—Confidential
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Typical Design Flow

Create Quartus Il
Project e
(Select SoC Device)

Create Qsys
System

1

Add/Configure
HPS IP

l

Add IP to Qsys
System

l

Add Custom IP to
Qsys System

l

Interconnect
Components

l

Generate Qsys
System

106 ©2015Altera Corporation—Confidential : :S}‘S FlOW AE'EF‘A
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Perform Functional
Simulation

4

3 In§tant|ate Qsys System
in Quartus Il Project

3

Run Analysis &
Elaboration

!

Create /O Assignments
(DDR,HPS Bank VCC)

!

Compile Quartus Il
Project

|
v v

—»  SW Handoff HW Verification

—
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Designing with an ARM-based System on a Chip

Qsys Tool

« GUI based tool for system design using IPs

« Qsys advantages
- Simplifies complex system development
- Reduces time to market
- Raises the level of design abstraction
- Enables design re-use
— Scales easily to meet the needs of end product

« Provides a standard platform:
- IP integration
- Custom IP authoring
- IP verification
« Generates fast and scalable network-on-a-chip interconnect

- Allows standard interface interoperability
- Allows simultaneous multi-mastering

iy

Qsys

107 ©2015 Altera Corporation—Confidential Aﬂm 3

Traditional System Design

Processor PCI Express

(32-bit Master) (64-bit Master)

Bus Interface Interrupt Bus Interface
Controller
Address 2
Decoder

Bus Interface

Slave 5
64-Bit

Bus Interface Bus Interface Bus Interface Bus Interface

Slave 1 Slave 2 Slave 3 Slave 4
8-Bit 32-Bit 16-Bit 32-Bit

« Components in system use different interfaces to communicate
(some standard, some non-standard)

« Typical system requires significant engineering work to design
custom interface logic

« Integrating design blocks and intellectual property (IP) is tedious and
error-prone

108 @ 2015 Altera Corporation—Confidential Aﬂm 3
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Automatic Interconnect Generation

Processor PCI Express
(32-bit Master) (64-bit Master)

Qsys automatically
generates interconnect

Slave 1 Slave 2 Slave 4 Slave 5
8-Bit 32-Bit 32-Bit 64-Bit

« Avoids error-prone integration
« Saves development time with automatic logic & HDL generation
« Enables you to focus on value-add blocks

@sys improves productivity by automatically
generating the system interconnect logic

109 @ 2015 Altera Corporation—Confidential MEA .

Qsys Features

High-Performance Interconnect

e—e13
Hierarchy I I : Design Reuse
.—> «—> <—.
e e Package as IP
Based on Network-on-a-Chip (NoC) ]
Architecture Design , s Add to
o System B e Library

Industry-Standard Interfaces

uQsys

MEERE, | Avalon® Interfaces
ARM® AMBA® AXI3, AXI4
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Designing with an ARM-based System on a Chip

Create Quartus Il Project for SoC Device

« Start with a New Quartus Il Project

T4 Quartus 164-8it =R

Fle Edt View freject Assgoments Processng  Took  Window  Help ) AT—— @

T RET L[] PR 1 X =
[Project Hevgatoe e x| K Home

iy Complation Herarchy

Start Designing

I;‘;wur_hr =ﬂﬁ-¢ | 2 Design Units jﬂ ﬁ

Tasks 18 x
Flow; |Ful Desgn _' Customize... New Project Wizard
Task =
3 start Progect
3 Create Dresign

| Astign Comesints
a P o

o

Open Project

WO E @ 7 s v

3 Type 10 measage

Messages

\_system \ Processng | » V9

Directory, Name, Top-Level Entity [page 1 of 5]

hat o the merking devctory for B propet?

Cimy_pray

VAL it ruuea o i et

sac_prol

WhaL i the nwms of the Sap sl desgn aniity For the praject? Th sanatue and masch ¥ tha desgn B,

‘sae_pro)

|use Esating Project Setings...|

[Cete | [Cremr [ Fmb | [ coed | [ e |
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SoC Devices

« ArriaV SX

- 6.5 Gbps transceivers

« ArriaV ST
- 10.3125 Gbps transceivers

« Arria 10 SX

- 17.4 Gbps transceivers

« Cyclone V SX
— 3.125 Gbps transceivers

« Cyclone V ST

— 5 Gbps transceivers

« Cyclone V SE

— No transceivers

© 2015 Altera Corporation—Confidential
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Device Family
Famly: [Arria ¥ (GT/Gx/ST/SK) |
Devices: |All vJ
- —
Arria ¥ GX Mainstream -

Arria ¥ GX Base

TR el Arria ¥ GT Extended Features

e Arria ¥ 5% Extended Features

@ Specific j Arria ¥ 5 Mainstream
Arria ¥ 5X Base

Cther: | Arria ¥ ST Extended Features
Arria ¥ 5T Mainstream

Available devi

Device family

Family: [Arria 10 (GX/SX/GT) -

Devices: (Al

Arria 10 GX
Target devict Arria 10 GT
All
e e ——
Device Family
Famly: [Cyclone v (E/GR/GT/Sx/SE/ST) -]
Devices: |All VJ

Cyelone ¥ GX Extended Features

Cyclone ¥ GX Base

Cyclone ¥ E Extended Features
Cyclone ¥ E Base

e Cyclone ¥ Gl

@ specific  Cyclone ¥ 5¥ Extended Features

Cyclone ¥ 5T Extended Features

Other: 1§ Cyclone ¥ SE Mainstreamn

clone Y SE Base

Target devic

Available devi
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Start a New System in Qsys

« Start Qsys from the Quartus Il software

Sa  Qsys
- Menu, toolbar, or task pane
- Qups- (CEE i ) =R =5
Fle Edit System Genesste View Tooh Help
TP coog ﬁ_ — oo O[5 Svetem Continks 01| Addressao E|w.uwmmumu u| -cB
%0 = [a] Bl Systeme csaved
Project — * se  Com. Meme Diecrgtion Expert Chock Base End 1
4 vew Component.... “a O dk o Clack Source
4 Gystem x (= o n [Clack Input ok exported
Library " £ ko resed Reset rgnt reaet
¥ ;:“F"‘:;:““ Advieed & Clock Output o
: Bitec = o reset Reset Oulpt
-
A0
a1 Interfince Pratocols o
rve Prvocy x
1 Memary [nserfaces and Cantroler
# frocessors snd Perphersls
4 Qv Interconnect
| wrmversy program
.. oo
"]
i ek
+ = reset
€k 0
I}Tl F T Current fiter A interfaces
u“: VRS !! =
Tyee Path Message
0 Errors, 0 Warrings 'mgum...::rnm: B o
us ©® . : c

Qsys Component Library

« Lists available IP and systems

41 1P catalog &2 =
. . . =y o y X 5
Type search string to filter the list — — — —
roject
5 New Component.
Library
i --Basic Functions
Expand categories to i DSP
[-Interface Protocols
bI'OWSG com ponents --MEI‘nDry Interfaces and Controllers
--PLL

[=-Processors and Peripherals

-Co-Processors
-Embedded Processors
‘Hard Processor Systems

Double-click component or click

Add... button to add selected >IH
component to system J & Peripherals

[#-Qsys Interconnect

Edt...
Bring in custom IP /
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Connect the Components: Method 1

3 Address Map 52 ‘ Project Settings 52 |

t: System Contents

A | Use Connections

é

= ——

— —

v

¥

. N\

Q? ' ¥
Nt

Marne

= fpga_only_master

clk
clk_reset
master

masker_reset
= intr_capturer_0

clock

reset_sink

Descripkion

ITAG to Avalon Master Bridge

Avalon Memory Mapped Master
Reset Oukput

Interrupt Capture Module
Clock Input

Avalon Me

Click the open dot to make a connection

=
il

Systern Contents 5%

Address Map 53| Project Settings 53|

Use  Connections

4 Md4r N EX =]

© 2015 Altera Corporation—Confidential

Mame

B fpga_only_master

k.
clk_reset
master

masker_reset
intr_capturer_0

clock

reset_sink

Description

JTAG to Avalon Master Bridge
Clock, Input

Reset Inpuk

Avalon Memory Mapped Master
Reset Oukput

Inkerrupt Capture Module
Clock Input

Reset Inpuk

intr_capturer_0.avalon_slave 0
HAualon Mermory Mapped Slave [avalon_slave 13.1]

116

Connect the Components: Method 2

t: System Contents &2

Address Map  £% | Project Settings &% |

4P | Use
x

Connections

Name

clock

= fpga_only_master

= intr_capturer_0

reset_sink

Description

ITAG to Avalon Master Bridge

Interrupt Capture Module
Clock Input
Reset Input

ck Clock Input

clk_reset Feset Input

masker Avalon Memory Mapped Master
master_reset Reset Oukput

9 K4r M E

Right-click an interface to
make eligible connections

© 2015 Altera Corporation—Confidential
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=4

N+

X

<.

® & 78

intr_capturer_D.avalon_slawe_ Connections

Filter

Edit...
Add...
Renarme
Duplicate
Rermove

Details

Show Arbitration Shares
Allow Connection Editing

Unlock Base Address

Expand Al
Collapse &ll

Set Colar..,

Frint...

Ctrl+E

hps_0L.h2f_axi_rnaster
hps_0.h2f_la_axi_rmaster
fpga_only_rmaster.master

hps_only_master.master

Ctrl +R
Ctrl+D
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Instantiating HPS in Qsys

& Qsys
File Edit Systemn Generate View Tools Help

Qsys Interconnect

Edit... “p Add.

3 IP Catalog % l e I_ System Contents m AddressMap &% | Interconnect Requirements &% | Device Family &2 ‘ =
4 F" 4F |Use  Connections Mame Description Export Clock
Project X B dk_o Clock Source
L. New Component... B [=a dk_!n Clock Input il exported
Library . (=g dk_in_reset Reset Input. reset
= N S

Basic Functions dk Clock OQutput ck_o

DSP Y — clk_reset. et Quinut,

Interface Protocols - N Bl hps_0 :m: W;Cydone V Hard Processor System

Memory Interfaces and Controllers =z memary ondui memory

L (—< h2f reset Reset Output
=-Processors and Peripherals 4 h2f_axi_dack Clock Input clk_o

Double-click to export [h2f_axi_do...

117
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ha2f_lw_axi_clock Clock Input cll_0
h2f_lw_axi_master AXT Master [h2f_lw_axi...
& onchip_memoryd_0 |On-Chip Memory or }]
dk1 Clock Input clk_o
s1 Avalon Memory Mapped Slave [ck1]
Peripherals resetl Reset Input [ck1]

Back

Create Complete FPGA System in Qsys

SoC Qsys System

FPGA

HPS
System

System .
User /10 <4 > C)éntrol 4—N2f_Iw_axi_master
Hardware .
AceallEraian <_h2f_ax|_master 4—} . N
JTAG
Bridge
4——) DDR
s Address Span foh_axi_slave
Subsystem Extender ==
w/
Vectored
Interrupt

118

Controller —) Address Span
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Generate Completed Qsys System

« Creates the Qsys interconnect
« Generates source files for synthesis and/or simulation

« Creates software handoff files

r ™
L Generation ﬂ
4 Qsys - soc_sys.gsys (Caltera_trm\alOsocdesignisoc_sys.qsys) E - I
File Edit System [Generate] View Tools Help
W % o Synthesis files are used to compile the system in a Quartus II project,
e e Create HDL desi 2
ign files for synthesis:
Genrate Testbench Systemn.. | |iesdoosy,
A\ HDL Example... § System: soc_S [ Create timing and resource estimates for third-party EDA synthesis toals.
Project | Example Designs » [rections [] Create block symbal file (.bsf)
-~ New Comporerit... ] =]
E-System % [~ simulation
Library =
(#1-altera DSP Builder Advanced ™ |72 The simulation mode! contains generated HOL files for the simulator, and may indude simulation-only features.
L ISR J = Create simulation model: Veriog
Edit... o Add... A _ [] Allow mixed-anguage simulation
v
Enable this if your simulator supports mixed4anguage simulation.
=
L, H 2| Devic 2 -
rria10_hps_0 = [* Output Directory |
» emif | || Path C:faltera_trnjmyproject mysystem ™
-a f2h_irqd [
=-a f2h_irql
= h2f axi_dock
= h2f bw_axi_clock I \- )
& h2f Iw_axi_master TETW emif_aT0_hps_0 MArfia 10 External Memery Interfaces T... =
-4 h2f_reset 4| m | 3
e A4 -
4| - " mm | v "|~ fh’. ? ‘ Current filter: Al Interfaces \

/AYO[S RYA\,
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Hardware Design Agenda

<
« Configuring the HPS IP
«

AAAA
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Hard Processor System Component

L Arria V/Cyclone V Hard Processor System - hps_0 E

“ Arria V/Cyclone V Hard Processor System

altera_hps
[~ Block Diagram *|y] Presets
3 IP Catalog %5 == =] show sgnals FPGA Interfaces | peripheral Pins | HPS Clocks | SDRAM A
7 |~ General | Project
m x hps_0 Enable MPU standby and event signals Bl | | i-cick Mew...to create a preset.
- ibrary
Project 21_mpu_everts e e e e s L ELPIDA EDJ1108BASE-6C
-14 New Component... [T Enable Debug APB interface ELPIDA ED]5308BASE-8C
h_saramO_olock JEDEC DDR2-1066 256MB X6
Library

h_sdram0_data [ Enable System Trace Macrocell hardware events
-Basic Functions ai

DSP 2_axi_clock

JEDEC DDR2-1066 512MB X8
JEDEC DDR2-400 256MB X3
JEDEC DDR2-400 512MB X3

[] Enable FPGA Cross Trigger Interface

[F] Enable FPGA Trace Port Interface Unit

.
.
.
.
.
.
Interface Protocols h_axi_clock ~# JEDEC DDR2-533 256MB X8
i ] Enable boot from foga signals ® JEDEC DOR2-533 S12MB X8
Memory Interfaces and Controllers Ll el # JEDEC DDR2-667 256MB X8
PLL 2f Iw_axi_clock [] Enable HLGPI Interface # JEDEC DDR2-667 512MB X8
. ‘# JEDEC DDR2-800 256M8 X8
[I-Processors and Peripherals sters | | [*_AXI Bridges # JEDEC DDR2-800 512MB X8
Co-Processors FPGA-to-HPS interface width: c4bt - ‘# JEDEC DDR3-1066E 1GB X8
Embedded Processors HPS-t0-FRGA interface width: GHbit - # JELECDORI-I066E 265 X8
L | ‘# JEDEC DDR3-1066E 512MB X8
Hard Processor Systems Lightweight HPS-to-FPGA interface width: 320t | & JEDEC DOR3-1066F 1B X8
@ # JEDEC DDR3-1066F 2GB X8
™ — ~ FPGA-to-HPS SDRAM Interface # JEDEC DDR3-1066F 512MB X8
Inter-Process Communication Click the '+ and "~ buttons to add and remove FPGA-to+ : ;:g:g gggijﬁ::g ;22 ::
Peripherals Name Type Width # JEDEC DDR3-1066G 512M8 X8
Qsys Interconnect l£2h_sdramo -3 64 # JEDEC DDR3-1G4 1GB X8
# JEDEC DDR3-1G4 2G8 X8
# JEDEC DDR3-1G6 1G8 X8
# JEDEC DDR3-1G6 2G8 X8
% JEDEC DDR3-800D 1GB X3
% JEDEC DDR3-800D 2GB X3
Edit... # JEDEC DDR3-500D 512MB X8
ar = ) oo = ) v Apply Update... Delet
&, Warning: hps_0: ODT is disabled. Enabling ODT (Mode Register 1) may improve signal integrity s
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General Options & Boot Control

“ Arria V/Cyclone V Hard Processor System
Mogacars 3ltera_hps

« Events Eaass p SS———— pl
i PGA Interfaces | Peripheral Pins | HPS Clocks [WQRAM
[ Show signals W

- Eventin and out R —
— Wait for event condition

h_sdramd_clock

- Wait for interrupt condition

2f_axi_clock

< GPIO v
« Debug interfaces —
« Boot from FPGA | a8

~ FPGA-to-HPS SDRAM Interface

Click the '+ and "~ buttons to add and remove FPGA-to-HPS SDRAM pot

n

hps_0

[ Enable general purpose signals

[ Enable Debug APB interface

[] Enable System Trace Macrocell hardware events

[ Enable FPGA Cross Trigger Interface

[] Enable FPGA Trace Port Interface Unit

[ 7] Enable boot from foga signals

2f_Iw_axi_clock [] Enable HLGPT Interface

=
|

Name Type Width
f2h_sdram0 AXI-3 64
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Events

« Event in — sends event to both Cortex-A9 cores

« Event out — either cores has executed single event
« Wait for event condition (status bit)

« Wait for interrupt condition (status bit)

FPGA Interfaces | Peripheral Pin Multiplexing | HPS Clocks | SDR.am|

[~ General
@ble MPL standby and event signals > o B |h Zf_mpu_events |
[7] Enable MPU general purpose signals O hZf m pU_eve At [1]

[7] Enable Debug APE interface ~@ hZf_mpu_eventa [1]

=] hof_mpu_standbywfe [2]
=] hoT_mpu_standbywfi [2]

["] Enable System Trace Macrocel hardware events
["] Enable FPGA Cross Trigger Interface
[ 7] Enable FPGA Trace Port Interface Unit

[ ] Enable baot fram Fpga signals

[ ] Enable HLGPT Interface
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General Purpose IO

« Input bus 32 bits

« Output bus 32 bits

« Separate GPIO than shared HPS 1/O pins
« Controlled through FPGA Manager

FP@A Interfaces | Peripheral Pin Multiplexing | HPS Clocks | SDRAM |

[~ General

[7] Enable MPU standby and event signals h2f_gp

21 in[31..0 .
@ble MPU general purpose signals > sz_:LEﬂm ]0] gp_in

ap_out
[7] Enable Debug APE interface o

[ "] Enable System Trace Macrocel hardware events
[ "] Enable FPGA Cross Trigger Interface
[ "] Enable FPGA Trace Port Interface Unit

[ ] Enable boot from Fpga signals

[ ] Enable HLGPT Interface
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Debug APB

« Clock input and reset output

« APB interface
— Address 31 indicates CPU or DAP access

o W= hZf_debug_apb_clock
FP@A Interfaces | peripheral Fin Multiplexing | HPS Clocks | SDraM)| =~ haf_dbg_apb_clk[1]
¢ =8 hif_debug_aph_rezet
=3 h2f_dbg_apb_rzt_n [1]
¢ =8 h2f_debug_aphb
[] Enable MPU general purpose signals =0 h2f_dbg_apb_PADDR [15]
| Enable Debug APB interface > 9 hat_dbg_apb_PADDR3IL [1]
-a h2f_dbg_apb_PEMABLE [1]
[ Enable System Trace Macrocell hardware events = hZi_dbg_apb_PROATA [32]
[T Enable FPGA Cross Trigger Interface - h2f_dbg_aph PREADY [1]
-3 hz2f_dbg_apb_PSEL [1]
=~ hzf_dbg_apb_PSLVWERR [1]
|:| Enable book From Fpga signals =0 h2f_dbg_apb_PWDATAS [32]
[7] Enable HLEPT Interface -89 h2f_dbg_apb_PWRITE [1]
o = hZT_debug_apb_sideband
=~ h2f_dbg_apb_PCLKEN [1]
= h2f_dbg_apb_DEC_APE_DISAELE[1]
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[~ General

[7] Enable MPU standby and event signals

[7] Enable FPEA Trace Part Interface Unit

System Trace Macrocell (discussed later)

« Allows FPGA HW to insert messages into the trace
« Event bus - 28 bits
« Captures rising edge events

FPGA Inkerfaces | perjpheral Pin Multiplexing | HPS Clacks | soram|

[~ General

["] Enable MPU standby and event signals

[T] Enable MPU general purpose signals

["] Enable Debug APE interface

1@%3 System Trace Macrocell hardw@ f2h_stm_hw_events

h_stm_hwevents[27 ..0]
["] Enable FPEA Cross Trigger Interface stm_hwevents

["] Enable FP&A Trace Part Interface Unit

["] Enable baot fram Fpga signals

["] Enable HLGPT Interface
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Cross Trigger Interface (discussed later)

« Allows cross-trigger capability between FPGA hardware
and software debugger
« Sends & receives triggers

— Trigger input/output buses
- Handshake interface

¢ m= hzf_cti
FPGA Intetfaces | peripheral Pin Multiplexing | HPS Clacks | SDRAM | = h2f_cti_trig_in [8]
" General =] hZf_cti_trig_in_ack [3]
[7] Enable MPL standby and event signals =21 hZf_cti_trig_out [&]
[7] Enable MPU general purpose signals D= hZf_cti_trig_out_ack [3]
[ Enable Debug APE interface = hzZf_cti_asicctl [§]
[T Enable System Trace Macracell hardware events = h2f_cti_fpaa_clk_en [1]
@Jle FPaA Cross Trigger InterFace) 7 - h2f_cti_clock
["] Enable FPGA Trace Part Intetface Unit - haf_cti_clk [1]

["] Enable baot fram Fpga signals

["] Enable HLGPT Interface
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Boot from FPGA Signals

« Provides inputs monitored by Boot ROM
- FPGA Boot device ready
- Allow boot from FPGA if selected boot device fails

« FPGA system must be active and ready
— PLL driving boot device must be locked

« Boot ROM will pass SW control to FPGA

FPGA Interfacss | peripheral Pin Multiplexing | HPS Clocks | SDRamM|

[~ General

[] Enable MPU standby and event signals
[ "] Enable MPU general purpose signals
["] Enable Debug AFE interface

[T Enable System Trace Macrocell hardware events

¢ W= fZh_boot_from_fpga
- f2h_boot_from_fpga_ready [1]
- f2h_boot_from_fpga_on_failure [1]

[7] Enable FRGA Cross Trigger Interface
[7] Enable FP&A Trace Port Interface Unit

i@ boot from fpga signals >

[ Enable HLGPI Interface
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AXI Bridges

« FPGA-t0-HPS

- Access peripherals & memory

- 4 GB space r—
_ 32 , 64’ or 128 bItS Wlde FPGA-to-HPS interface width: 64bit
HPS-to-FPGA interface width: 125-bit vj
( H P S_to_ F P GA Lightweight HPS-to-FPGA interface width: Llnused
32-bit
) 960 M B Space |' FPGA-to-HPS SDRAM Interface 64-bit
Click the '+ and '-' buttons to add and remMPS SDRAM ports,

- 32, 64, or 128 bits wide
« Lightweight HPS-to-FPGA

- Lower performance (32 bits)
« Latency sensitive
« No bursting

— Accessing CSRs

— 2 MB space

« Support soft Avalon connections
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FPGA-HPS Bridge Interfaces

Configuration FPGA
PS-to-FPGA FPGA-to-HPS

FPGA-t0-SDRAM

ARM Cortex-A9 MPU

EMAC J FPGA ; E
@ Manager i CPUO CPU1 '
1 | ARM Cortex- ARM Cortex- ! »
H A9 A9 !
usB i NEON/FPU NEON/FPU ! b
oTG 1 32KBI$ 32 KB I$ !
@ 32KB D$ 32KBD$ |
-8 scu |
Flash ' L a8 ! i
Control i l l - | Multi-port
L3 + i L2 Cache o - DDR
Interconnect : (512 KB) e |! SDRAM
DMA Boot i ' Controller
ROM STTTTmTTmmmTmmmmmomsommsommmoees
T™MC Scratch
(Trace) RAM
64 KB
Debug 1 Clock Reset Scan System g
Port Manager Manager Manager @ Manager
Low Speed Peripherals
Timers, GPIO, UART, SPI, 12C, CAN
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Accessing HPS Memory Space from FPGA

« 4 GB HPS memory map (FPGA to HPS Bridge)
« Less capable FPGA masters need Address Span Extender
(Windowed Bridge)

]P. Address Span Extender - address_span_exte

“ Address Span Extender

Megotors 2ltera_address_span_extender

= ]
~ Block Di
ST ¥| [~ Data Path Properties
[ shour signals Datapath Width 2 |w|bits
ddress_span_sxtender 0 Byteenable idth 4 bits
Data Wiord Width 4 bytes
LS = [~ Address Properties
set Expanded Master Byte Address Width b,‘s
andomes siwe Expanded Master Address Span 4 gigabytes
Slave iord Address Width i
Slave Address Span: 256 kilobytes
Slave Address Shift: B bits

[~ Burst Properties

Burstcount Width: bi\S

Maximum burst. 1 words

Maximum burst 4 bytes

~ Control Slave Properties

Control s/ave address width, 1 bits
Number of sub-windows wh_wmdw,,s

Reset Default for Master Window.  [0x0000000000000000 address
Disable Slave Control Port :

Sub window span 256 kilobytes

[~ Bridge Slave Properties

Maximum Pending Reads i) iy Alm
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FPGA-to-HPS SDRAM Interface

« Cyclone V and Arria V SoCs
- AXI3 or Avalon-MM ports
— Supports up to 6 ports
« Maximum of 3 AXI3 ports or

« Maximum of 6 Avalon-MM ports
- Data widths: 32, 64, 128, 256

« Arria 10 HPS supports up to 3 ports

— AXI protocol only
- 32, 64, or 128 bit wide

|' FPGA-to-HPS SDRAM Interface

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

Name Type Width
f2h_sdrami AXI-3 125
f2h_sdram1 Avalon-MM Bidirectional |64

_
/AYO[S RYA\,
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Resets

« Different reset domains

- Cold

¢ =8 hZf_cold_reszet
- Warm @ h2f_cald_rst_n[1]
- Debug ¢ B= fZh_cold_reset_req

= f2h_cold_rst_req_n [1]

« HPS can drive resets to FPGA b = haf_warm_reset_handshake
« FPGA can drive resets ~9 het_pending.rstreqn [1]

= fzh_pending_rsi_ack_n [1]
9 W= fZh_debug_rezet_reqg

= f2h_dbg_rst_req_n [1]
¢ W= T2h_warm_reset_req
Enable HPS-1o-FPCA cold reset output D fZh_warm_rst_req_n [1]

Enable HPS warm rezet handzhake sighals

|' Resets

Enable FPCA-to-HPS debug reset request
Enable FPCA-to-HPS warm rezet request

Enable FPCA-to-HPS cold rezet request

/AYO[S RYA\,
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DMA Control

« Eight logical channels
- Four available exclusive for FPGA
- Four shared between CAN or FPGA
« Becomes FPGA exclusive on parts without CAN

« Request single or burst transfer

|' DMA Peripheral Request ? — .I.'E h_d It E,_I"E |:.| I:I
Peripheral Request ID Enabled
0 res - fZh_dma_reql_req [1]

fam | »

- f2h_dma_reqO_zsingle [1]
- =3O feh_dma_req0_ack [1]

5555 |
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Interrupts

« FPGA-to-HPS (64 interrupt inputs
to GIC)

« HPS peripheral interrupt outputs to
FPGA

135 @ 2015 Altera Corporation—Confidential

|' Interrupts
[] Enable FPGA-ta-HPS Interrupts
[~ HPS-10-FPGA
[] Enable CAM interrupts

|:| Enable clock peripheral interrupts
[] Enable CTlinterrupts

[] Enable DMA interrupts

[] Enable EMAC interrupts

|:| Enable FPCA manager interrupt
[] Enable GRIO interrupts

[] Enable 12C-EMAC interrupts

|:| Enable I2C peripheral interrupts
[] Enable L4 timer interrupts

[] Enable MAND interrupt

[] Enable O5C timer interrupts

[ ] Enable QSPlinterrupt

[] Enable S0 /MMC interrupt

[] Enable SPI master interrupts

[] Enable 5P slave interrupts

[] Enable UART interrupts

[] Enable USE interrupts

|:| Enable watchdog interrupts

[AO[SRYA),

Generic Interrupt Controller (GIC) Overview

« Up to 180 interrupt sources
- Shared by both Cortex-A9 processors

- 64 FPGA interrupts, DMA, Peripherals, Parity/ECC, Debug

« 16 banked Software Generated Interrupts (SGIs) per A9 core

- Used for issuing events to other core
« ex: waking up processor core from sleep
— Priority set by SGI receiver

« 16 banked private peripheral interrupts
- Watchdog timers, general-purpose timers

« Programmable priority levels for each interrupt

- 16 levels for non-secure

- 16 levels for secure

- Two levels deep

- Priority mask will filter out lower priority interrupts
- Highest priority is 0
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Additional Arria 10 Interface Options

« Enable Anti-tamper signals

- Allows communication between FPGA anti-tamper logic and the HPS
security manager [* Security Manager

[~] Enable Anti-tamper Signals

« Enable Boot selection from FPGA

— Allow boot selection (BSEL) tie-off from the FPGA instead of the BSEL
pins [ Boo and Clock Select

[ Enable boot from fpga signals

[ Enable boot selection from FPGA

Boot selection from FPGA: SD/MMC Internal Transceiver (3.0v) w |

« Enable FPGA EMAC(1-3) Switch Interface

- Provides direct connectivity from FPGA soft logic to any of the HPS EMAC
peripherals, bypassing the L3 interconnect

|~ FPGA EMAC Switch Interface
Enable EMACO Ethernet Switch Interface

[] Enable EMAC 1 Ethernet Switch Interface

[] Enable EMAC2 Ethernet Switch Interface
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HPS and FPGA IOs (Cyclone V/Arria V SoCs)

« A portion of device
I/O are allocated to
the HPS peripherals

HPS LVTTL
Local
/O

FPGA /0

BFF" A Fabric
« HPS peripherals
assigned to HPS 1/0

HPS Core
(Processors & Peripherals)

<« HPS peripherals can
be routed to FPGA

sueg O/l
NA8'T—SGTTLSS

9del8lu| VOdd / SdH

« FPGA logic can be
routed to HPS 1/0

HPS / FPGA Interface

O/l VOdd
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Arria 10 HPS IOs

« 17 Dedicated HPS IO

- For CIk, Resets, Flash devices, 12C, UART, SPI
- Configured by software

« 48 Shared I0s for peripherals
- Configured as part of FPGA 10
-~ Shared with FPGA logic

« Pins for 64bit DDR with ECC
- Configured as part of FPGA 10

« Compared with Cyclone V/Arria V SoCs
— Where all HPS 10s are dedicated
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Peri P heral Pins OptiOﬂS For Arria V and Cyclone V SoCs
FPGA Inherfa£ Peripheral Pins Dips Clocks | SDRAM
« Enable peripheral interfaces e ——
. EMACO mode: NjA - |
« Choose peripheral modes vl
EMAC1 mode: 'RGMIT -l
« Select I/O set | '
. i [~ NAND Flash Controller i i
— More peripherals than available NAND pin: Unused v
I/O MAND mode: :NIA v:
. . . ~ Quad lash Controller
— GPIO pins shared with peripherals T —
Q5PI mode: Unused
FPGA
[ SD/MMC Conraller |75 1/0 5et0
SDIO pin: HPS 1jO Set 1
SDIO mode: fNIA v:
|~ UsB Controllers
USBO pin: Unused -
USB0 PHY interface mode: :NJA ] .
USBE1 pin: :Unused. -
USB1 PHY interface mode: :Nm -l )
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HPS I/O Pin Muxing Diagram For Arria V and Cyclone V SoCs

______________ - | HPSPins |
9 HPS Pins 1 HPS Pins HPS Pins | (MIXED2 Bank) ! HPS Pins HPS Pins
| (DEDICATED Bank) | | (GENERAL Bank) | | (EMACBank) || HHP470 only_!| (FLASH Bank) || (WIXED1 Bank)

‘ —
s 55
M [ D = J
oE L 3
HHH 2
—»| Scan = 2 § z 8 » . g
Manager | |5 2§ 38 2
a TEE Lol
Es h
— [i] -
gy > :
-7/ : -
/_/ Pin Mux -]
=
i i i i T
P ¥ Y Y
4 [ Emaco.r |[uss o | oFasn | [se, unrr, [ Trace &
12C, CAN
% System Manger (NAND, -
5 System registers directly drive SDMMC,
Manager mux selects QsPI ]
» | L
>
-
. */// GPIO/LoanlO Mux — —
i i
. GPIOD.1.2
i /NBIERVA
141 ©2015 Altera Corporation—Confidential .

Ethernet For Arria V and Cyclone V SoCs

« Two Ethernet cores

« |/O Select

- ArriaV SoC
« EMACO one
<« EMACL1 two
— Cyclone V SoC - one for each EMAC core

« Presently only RGMII support
« Optionally select MDIO or 12C PHY management interfaces

|' Ethernet Media Access Controller

EMACD pin multiplexing: |qps fOSetD | w

EMACO mode: RCMII |v
EMACL pin multiplexing:
EMACT p RCHI wmith 12C2
mode: 7B T+
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Other Peripheral Options For Arria V and Cyclone V SoCs

< QSPI
- Two I/O Sets
— Choose 1, 2 or 4 slave selects (up to 4 devices)

« SP| master
— Single or dual slave selects

« UART

— Enable/Disable flow control

143 ©2015 Altera Corporation—Confidential AEIERA .

Pin Usage & Conflicts For Arria V and Cyclone V SoCs

« View pin mux usage

|~ Peripherals Mux Table

PinName mux select 1 mux select 2 mux select 3 * GFIO +Loanl0

RGMIID_TX_CLK EMACD TX_CLK (Seit) C GFID0 C (o7 o E—
RGMIID_TXDD EMACD, TXDO (Setd) C GFIO0T C CAHICTT
RGMIID_TXD1 EMACD TXD (Setn) C GFIONZ C
RGMIID_TXD2 EMACD TXDZ (Setn) C GFIONE C
RGMIID_TXD3 EMACD TXD3 (Setn) C GEION C CARITIE

« Enable GPIO

|~ Peripherals Mux Table

FPinName mux_select 1
RGMID_TX_CTL
RGMIID_RX_CLK
RGMID_RXD1 =
RGMIID_RXD2 EMACDRXDZ (Setl)
RGMIID_RXD3 EMACDLRXDA (Setl)

« View conflicts

selected peripherals 'EMACL' and 'MAND' are conflicting.
width of 24 or 40 has been chosen.
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HPS Pin Assignments For Arria V and Cyclone V SoCs

« Qsys automatically assigns HPS pins
- pin mux settings transferred to the Quartus Il project

« Run hps_sdram_pO_pin_assignments.tcl
in Quartus to set up SDRAM [/O assignments

- Located in the <project>\<qsys system>\synthesis\submodules
directory

- Tclfile generated during Qsys system generation
« Check Assignments in Quartus Il pin planner
- Location ‘ | l l ‘

— Drive strength vem ke 23
- VCCIO for banks

13 14 15 16 17 18 19 20 23 24 25 26 27 28 29 30

7

VOO /K
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Arria 10 Pin Mux GUI For Arria 10SoCs

FPGA Interfaces | HPS Ciocks and resets | SDRAM | Pn M and Perchersis

[+ Pim o Gt
T Seiecnon | Aduanced P Placement
1P Bk Ta 6% 1j0s To FPGA Boot Source o e — ke
- = If0Fn  Ferpheral [joFn  Peripheral 1oPn  Perpheral
— soHHC Qi uARTE Q1 A
T i L] Bost H SOHMC @i uasTo o EMACL
e . SoHmC G uaaT ) AL
SoHMC Qe uam Q4 HAC
e - - sommc @ semo @ A
#M L 0. sommC @s  semo @ EnAc
= - P n w0 @7 s Q17 Eean
n e s semo s A
L d LB SoHmC ws ses Qs EMACy
x o 0.» SoHMC Qe ser ) HACt
st g se a1 HACt
o o 0. Bost
sommc @ ses @ tacy
TRACE o 0. = .
@0 4 n e QU FPGA Avadabie QIFPGA Avalable
Enable = J LK ot 1/0 Usage
Peripherals oo ae st e displayed
. Agply Selections
and Options . o e ar
w:  we i wome
L R — F— 1 usey 43 MONE
qia usen Q44 momE
SOMM bit-width: i - P — B ——
RGMIT PHY Options e e o Hone
EMAC &: Rl Wi - R . moton
T s Mow
EMAC B tione P - e
IMAC C: G use1 Q0 MOME
Addtionsl Q51 Slave Selects [0 @ e @i NONE
Qn e o HoHE
SDMMC Perwer Enaiie o

@ Fle @ e Finer 1/0O selection
options available

¥ Pim Hh Rpart :
Dedicated 16 Pin location Quadrant 1 P bocation (uadrant 2 Pin lcation Quadrant 3 Pin location Quadrant 4 Pin location under Advanced Pin
815 QL M7 Q21 120 Q1 17 Q4L c Placement tab
H 17 QL M Q2 HZ Q2 [ Qa2 o7
& o5 Qi K18 Q3 nr Qi3 a0 TR A
N /NETERA
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HPS Input Clocks Options

« Specify HPS clock pin frequency
« Drive FPGA clocks into HPS PLLs

- Peripherals
- SDRAM

FPGA Interfaces | Peripheral Bins | HPS Clocks | sDRaM |

Input Clocks | Qutput Clacks

|~ External Clock Sources

D)

© 2015 Altera Corporation—Confidential

EQSC1 dock frequency: 25.0 MHz
E0SC2 dock frequency: 25.0 MHz
'|" FPGA-to-HPS PLL Reference Clocks B
[] Enable FPGA-to-HPS SDRAM PLL reference dock
|| Enable FPGA-to-HPS peripheral PLL reference dock
FPGA-to-HPS SDRAM PLL reference dock frequency:  g.p MHz
\FPGA—ho-HPS peripheral PLL reference dock frequency: . MHz)
|' Peripheral FPGA Clocks
EMACD emacd_md_dk dock frequency: 100 MHz
EMACD emacl_gtx_dk dock frequency: 100 MHz
EMAC1 emacl_md_dk dock frequency: 100 MHz
EMAC1 emacl_gtx_dk dock frequency: 100 MHz
QSPI gepi_sdk_out dock frequency: 100 MHz
SPIMO spimd_sdk_out dack frequency: 100 MHz
SPIM1 spim1_sdk_out dock frequency: 100 MHz
12C0i2c0_ck dock frequency: 100 MHz
12C1i2c1_dk dock frequency: 100 MHz
12€2i2c2_ck dock frequency: 100 MHz
12C3i2c3_dk dock frequency: 100 MHz

JARIERAY
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HPS Output Clocks Options

« Specify clock mux options

« Specify peripheral clock
frequencies

« Enable HPS clocks into the
FPGA

© 2015 Altera Corporation—Confidential
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Input Clacks | Output Clocks

[ Clock Sources

SDMME clock source:
NAND dock source:
QSPI dlock source:
L4 MP dock source:
L4 5P dlock source:

Peripheral PLL reference dock source:

EOSC1 dock

Peripheral NAND SDMMC dock
Peripheral NAND SDMMC dodk
Main QSPI clock

Peripheral base dack +
|Peripheral base clock

| Main PLL Output Clocks

Default MPU dock frequency:

MPU dock frequency:

L3 MP dock frequency:

13 5P dlock frequency:
Debug AT dock frequency:
Debug dock frequency:
Debug trace dock frequency:
L4 MP dock frequency:

7] Use defauilt MPU dock frequency

9250 MHz

800.0 Yy MHz
[200.0 = |1e
1900 = iz

250 - | MHz

125 = | MHz

25.0 v‘MHZ

100.0 MHz

L4 5P dock frequency: 100.0 MHz

Configuration/HPS-to-FPGA user 0 dock frequency: [1pp,0 MHz
[ il PLL Output Clocks -

SDMMC clock freguency: 200.0 MHz

NANMD dack frequency: 12,5 MHz

QSPI dock frequency: 400.0 MHz

EMACD dock frequency: 250.0 MHz

EMAC1 clock frequency: 250.0 + | MHz

USE dock frequency: 200.0 MHz

SPI dock frequency: 200.0 MHz

CAND dock frequency: 100.0 MHz

CAN1 dock frequency: 100.0 MHz

GPIO debounce dock frequency: 32000 Hz
~ HP5-to FPGA User Clocks

[] Enable HPS-to-FPGA user 0 dlock

[] Enable HPS-to-FPGA user 1 dodk

[] Enable HPS-to-FPGA user 2 dack

HPS-to-FPGA user 0 dock frequency: 100.0 MHz

HPS-to-FPGA user 1 dock frequency: 100.0 MHz

74



Designing with an ARM-based System on a Chip

Cyclone V/Arria V SDRAM Configuration GUI

For Arria V and Cyclone V SoCs

« Consistent with SDRAM Controller MegaWizard™ GUI
« Supported memory devices

- DDR3
- DDR2
- LPDDR2

« Configure

clock & initial

settings
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FPCA Interfaces | Peripheral Pin Multiplexing | HPS Clocks | SDRAM

D

SDRAM Protocol

PHY Setfings | Memory Parameters | Memory Timing | Board Settings |

[~ Clocks

Memary clock frequency: [350.0 MHz
[ use specified frequency instead of calculated frequency
Achieved memory clock frequency 3500 MHz

125.0 MHz

PLL reference clack frequency:

[~ Advanced PHY Settings

[[] Adwanced clock phase cantrol
Additional address and command clock phase:
Additional CK/CK# phase:

Degrees
Degrees
Supply Voltage:

142 standard

v [<]

|»

[4]

A 2eery |

| Presers

4

[ Project

Library
[ ELPIDA EDJ1108BASE-8C
[ ELPIDA EDJ5 308BASE-8C
[} JEDEC DDRZ-1066 256M8 X8
[} JEDEC DDRZ-1066 512M8 X8
[} JEDEC DDRZ-400 256M8 X8
[} JEDEC DDRZ-400 512M8 X8
[ JEDEC DDRZ-533 256M8 X8
[ JEDEC DDRz-533 512M8 X8
[} IEDEC DDR2-667 256ME X8
[ IEDEC DDR2-667 S12ME X8
[ IEDEC DDR2-800 256ME X8
[ IEDEC DDR2-B00 512M8 X&
[ IEDEC DDR3-1066E 1GE %8
[} JEDEC DDR3-1066E 2GB %8
[} JEDEC DDR3-1066E 5 12MB X8
[ JEDEC DDR3-1066F 1GB X8

| [EDEC DDR3-1086F 2GB X&

[t e

oo |

SDRAM Embedded Memory Interface

SDRAM Protacal:

For Arria VV and Cyclone V SoCs

f PHY Settings r Memory Parameters r Memory Timing r/ Board Settings

Use the Board Settings to model the board-level

The wizard supports single- and multi-rank con
effects on the output signaling of these configur
rate and the Intersymbol Interference (IS0} within

These values are representative of specific Alrer:
the board level effects for your board. You canu
walues that are reprezentative of your board.

[* Setup and Hold Derating

The slew rate of the output signals affects the s
“fou can specify the slewwrate of the output sigr
both the address and command sighals and the
Derating method:

CESCH# slewsrate (Differential):
Address and command slew rate
DOS/DO%# slew rate (Differential):
DQ slew rate:

S

tH:

tDs:

tDH

|' Inters ymbol Interference

Intersumbnl interfarsncs ic the distarinn of 2 ©
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SDRAM Protocal

[ PHY Settings rMemm\f Parameters | Memary Timing |  Board Settings

Apply memory parameters fram the manufacturer data sheet
Apply device presets fram the preset list on the right

Memary vendor lEnec

-

Memary farmat

Memory device speed grade or SDRAM Protocol

Total interface width

f PHY Settings rMEmnry Parameters r Memory Timing r Board Settings

DQ/DOQS group size:

[~ General Settings

Mumber of DQ5 garoups: Speed Crade:

Mumber of chip select/depth expansion:

as

Mumber of clocks: [ Clocks

Row address width: Memory clock frequency:

Column address width:

Bank-address width,

FIFIREE ==

Enable DM pinz

D054 Enahle

PLL reference clock frequency

Achieved memory clock frequency:

[350.0 MHz

|:| Use requested memory clock frequency as achiewable clock frequency

350.0 hHz

125.0 MHz

|' Advanced PHY Settings

\' Memory Initialization Options

Mirror Addressing: 1 per chip select:
DAddrEss and command parity Additional CKjCK# phase

Mode Register 0 Supply Waoltage

Burst Length: Bui
/0 standard:
READ Burst Type:

|:| Advanced clock phase control

Additional address and command clock phase:

Degrees
Degrees
1.5V DDR3 :
[AlU]anpYay
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Arria 10 SDRAM Parameterization

For Arria 10SoCs

« Must use Arria 10 External Memory Interfaces
- Separate Qsys component to be connected to the HPS

A Arria 10 Bxternal Memory Interfaces for HPS - emif_al0_hps_1

“ Arria 10 External Memory Interfaces for HPS

Mogotiws:  Altera_emif 10 hps

~ Block Diagram

Show signals

[~ Memory Protocol

| »

Protocol: |ppR3 o

emif_al0_hps_1

General | /o | Memory Topology | Memory Timing | Board Timing | Contraller | Diagnostics|
|- FPGA
Speed grade: 112 (ES) - change device under View'->Device Family'
[ Interface
Cenfiguration: Hard PHY and Hard Controller
[ Clocks
Memory dock frequency: 1066.667 MHz
attera_emif_a10_hps
Use recommended PLL reference dock frequency
PLL reference dock frequency: |266.667 MHz
PLL reference dock jitter: 10.0 os
Clock rate of user logic: |Half

[ Specify additional core docks based an existing PLL

ol i

Presets

4

Documentation
Example Design. ..

Proj

g
E
<

EEEEEEEE SRR RS

ew...

-ate a preset. =

DDR3-1066E CL6 Component 1CS 1Gb (128Mb x
DDR3-1066E CL6 Component 1CS 1Gb (256Mb x
DDR3-1066E CL& Component 1CS 1Gb (§4Mb x1
DDR3-1066E CL& Component 1CS 26b (128Mb x
DDR3-1066E CL& Component 1C5 2Gb (256Mb x
DDR3-1066E CL6 Component 1C5 2Gb (512Mb x
DDR3-1066E CL& Component 1CS 4Gb (1Gb x4)
DDR3-1066E CL& Component 1CS 4Gb (256Mb x
DDR3-1066E CL& Component 1CS 4Gh (512Mb x
DDR3-1066E CL6 Component 1CS 8Gb (1Gb x8)
DDR3-1066E CL& Component 1CS 8Gb (2Gb x4)
DDR3-1066E CL& Component 1CS 8Gb (512Mb x
DDR3-1066E CL6 LRDIMM 8R %72 32GB (72 x1G |

ARRD AREEE M ARIMM AR LT 42D 135 ek

[ | 3

Appl

¥ Update... Delete New...

(@ Info: emif_a10_hps_1: Debug features for HPS are currently not supported.
(@ Info: emif_a10_hps_1.arch: Placement of address/command pins must follow "DDR3 Scheme 2: Component/UDIMM/SODIMM",
(@ Info: emif_a10_hps_1.arch: For additional documentation about the interface, consult the *_readme. txt file after generation.

© 2015 Altera Corporation—Confidential
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Arria 10 SDRAM Connection

For Arria 10SoCs

« Enable conduit to the Arria 10 External Memory Interface
- Allows connection to the Arria 10 External Memory Interface for HPS

Arria 10 Hard Processor
altera_arria10_hps

System

‘ FPGA Interfaces I HPS Clocks and resets | SDRAM | Pin Mux and Peripherals|

|~ EMIF Conduit

Enable the conduit to connect to the Arria 10 External Memory Interface

« Make the conduit connection in the Qsys tool

B I arrial0_hps_0
emif
O hps_io
—— h2f_reset

—F—= h2f_axi_master

h2f_axi_dock

h2f_Iw_axi_dock
h2f_lw_axi_master

f2h_irq0
f2h_irgl
=] IE emif_al0_hps_0

global_reset_n
pll_ref_dk
< oct
O mem
e hps_emif

© 2015 Altera Corporation—Confidential
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Arria 10 Hard Processor System
Conduit

Conduit hps_io

Reset Qutput

Clock Input

AXT Master

Clock Input

AXI Master

Interrupt Receiver

Interrupt Receiver

Arria 10 External Memery Interfaces for HPS
Reset Input

Clock Input

Conduit 'emif_al0_hps_0_oct
Conduit emif_a10_hps_0_mem

Conduit

Double-dlick te export

iclk_0
[h2f_axi_clo...
iclk_0
[h2f_lw_axi...

iclk_0
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Arria 10 SDRAM Considerations

« Unnecessary to run SDRAM assignment script as relevant
assignments are included in the .qip file

« SDRAM Controller is part of the FPGA
- FPGA peripheral must be configured prior to software using the SDRAM

« Arria 10 bootloader can be generated to provide FPGA
configuration support

153 © 2015 Altera Corporation—Confidential Alm 4

Hardware Design Agenda

<«
«
« Software handoff
«

AAA

154 ©2015 Altera Corporation—Confidential Alm 4
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Hardware/Software Design Flow Overview

Hardware Flow Software Flow

_ Second Stage
& . Handoff Bootloader
Generator Second
Altera Stage
HW Design % Complete mmm DS-5 Debugger Bootloader
Design
Suite
L. QS%@ ; Device Tree Device T
S S .sopcinfo Generator S
< ¥ : System Header oo svstemh
“ ° File Generation —SY )
[

Qsys system info, component

info, SDRAM calibration files,
ID / timestamp, HPS IOCSR data

155 @ 2015 Altera Corporation—Confidential
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Generated Software Handoff Files

« Created when Quartus project is compiled
<quartus project>/hps_isw_handoff/
« Used to create the second stage bootloader

« Information contained
SDRAM parameters
HPS modules and I/0O usage
— Checksum
For Cyclone V / Arria V SoC’s
« Binaries of IOCSR, SDRAM sequencing source software

156 @ 2015 Altera Corporation—Confidential
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Additional Generated Files

« Created when Qsys system is generated

System View Description (SVD) file
Allows visibility into the register maps of Qsys
peripherals from a debugging tool such as DS-5*

XML file describes FPGA hardware system
<QSYS_SYSTEM_NAME>.sopcinfo = 1. Used to create a system header file used to
(located in the same directory as the .qgsys file) abstract away FPGA peripheral addresses
2. Used to generate device tree for Linux

<gsys_system_name>_<hps instance>_hps.svd |
(located in the <system>\synthesis directory)

157  ©2015 Altera Corporation—Confidential Alm 4

SVD File for Custom Components

« |P component designer can create .svd file and attach to
an interface in the <component>_hw.tcl file

set_interface_property <slave interface> CMSIS_SVD_FILE <file path>

« Ability to pass variable into .svd file from component
instantiation through hw.tcl file

set_interface property <slave interface> \
CMSIS_SVD_VARIABLES “<Variable> <Variable value>”

158  © 2015 Altera Corporation—Confidential Alm 4
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Example System View Description File

« Create SVD file according to ARM Cortex Microcontroller
Software Interface Standard (CMSIS) XML schema
specification

<7xml version="1.0" encoding="utf-8"7>
<device schemalersion="1.1" xmlns:xs="http://www.u3.org/2081/XMLSchema-instance” xs:noHamespaceSchemalocation=""CMSIS-SUD_Schema_1_1.xsd" >
<{peripherals>
<{peripheral>
<name>altera_avalon_sysid</name><{baseRddress>B<0808088888</basenddress>
<addressBlock>
{offset>0x8{/offset>
<size>8<{/size>
{usage>registers<{/usage>
</addressBlock> . .
<registers> Register information
{register>
<name>ID</name>
<displayName>System ID</displayHame>
<description>A unique 32-bit value that is based on the contents of the QSys system. The id is similar to a check-sum value; Qf
<addressOffset>Bx0</address0Ffset>
<{size>32<{/size> . Lo
<access>read-only</access> Reg|3te|’ descnpnon
(resetUalue)${sysiﬂiidiualue}(/resetualue)\
sk EKFRGTEE L egglasl? Value from component instantiation through hw.tcl
<field><name>id</name>
<bit0ffset>Bx08</bit0ffset>
<bitWidth>32</bitWidth>
<access>read-only<{/access>
£/field>
</ffields>
{/reaister>

Component Information

159 @ 2015 Altera Corporation—Confidential Aﬂm 3

Visualization of SoC Peripherals

H H f () golden_ref_design_ CMSIS_1_1_to_arm_v2.tef 22
« Register views o "
F P G A p e rl p h e ral S :.Ilsle :hh.s t':‘h tod c:u::olrdmod.f_y :_m ::rdg: regl:ters: nggﬂbu bitfields can be editeq
itie bar. Mandatory Tields are indical y an ENSK.
— Point DS-5 debugger to stS_ ~ *Unique Name Name  Base Addre.. “Offset
H 1 JTAG_UART inst 0_CON.. Control JTAG_UAR...  0x00000004
generated svd file 2 JTAG_UARTinst 0.DATA Data ITAG_UAR...  0x00000000
3 PIOLinst.0_ CLEAR BITS  Outclear PIOinst.0 (00000014
4 PIO_inst 0 DATA Data PIOinst 0 0x00000000
| | f d b f 5 PIO_inst 0_DIRECTION Direction PI0_inst 0 (00000004 i
( A OWS Or e ug O 6 -AEE Co I Target _‘;'_lErrorL | =5 Progre |®d= Variabl | % Breakp [wis Registe °0
- 7 g
software drivers :
_ Self'documentlng ; . ‘“I“"rName Value |Size Access|
=i (= JTAG_UART inst 0
— Grouped by peripheral,  © JTAGUART inst 0 DATA oxeesazeee 32 RAW
. g [# % JTAG_UART inst 0_CONTROL  exeesezeee 32 R'W
register and bit-field 5 G PIO_inst 0
+ @ PIO_inst 0_DATA exepeeeeee 32 R/W
3 @ PIO_inst 0_DIRECTION oxeeeoeeee 32 /W
& @ PIO_inst_0_IRQ_MASK exeeeeeese 32 R'W
@ @ PIO_inst 0_EDGE_CAP exeeeoceee 32 R/W
@ PIO_inst_0_SET_BIT rite only 32 WO
S S @ PIO_inst 0_CLEAR BITS rite or 32 Wo
= = SYSID_inst 0
) ) 3 @ SYSID_inst 0_ID @xDEADBEEF 32 R/W
Per|phera| register # @ SYSID_inst 0_TIMESTAMP ex50491FC1 32 RAW

descriptions

© 2015 Altera Corporation—Confidential Alir m 4
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161

Hardware Design Agenda

« Avalon/AXI overview
«
<
<

© 2015 Altera Corporation—Confidential
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Qsys - Supported Interfaces — Altera Avalon

« Altera Avalon-MM
- Memory mapped
- Control plane

- Master initiates requests to
slave

« Altera Avalon-ST

- Streaming
- Data plane

— Source interface sends data to
sink interface (point-to-point)

© 2015 Altera Corporation—Confidential
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LC

t Editor - new_cs t_hw.tcl®

File |Templates| Beta View

P

o
]

Add Avalon-MM Simple Slave

Add Avalon-MM Simple Slave With Interrupt
Add Avalon-MM Pipelined Slave

Add Avalon-MM Pipelined Slave With Interrupt
Add Avalon-MM Simple Master

Add Avalon-MM Simple Master With Interrupt
Add Avalon-MM Pipelined Master

Add Avalon-MM Pipelined Master With Interrupt

Add Typical Tristate Conduit Slave
Add Typical Tristate Conduit Master
Add Typical AXH Slave

Add Typical AXH4 Master

Add Typical APE Slave

Add Typical APB Master

Add Typical Avalon-5T Sink
Add Typical Avalon-5T Source

Add Mios Custom Instruction Slave - Combinational

Add Mios Custom Instruction Slave - Variable Multi-cycle
Add Mios Custom Instruction Slave - Fixed Multi-cycle
Add Mios Custom Instruction Slave - Extended

Add Mios Custom Instruction Slave - Internal Register File

/AYO[S RYA\,
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Qsys - Supported Interfaces - ARM AMBA

A Component Editor - new_component_hw.tel®

< ARM AMBA AHB interface ie (enple st View
co Add Avalon-MM Simple Slave
- Memory mapped _’ Add Avalon-MM Simple Slave With Interrupt
- High bandwidth control plane | AddAvalon-MMPipelined Slave
) N Add Avalon-MM Pipelined Slave With Interrupt
- MUItIpIe bus masters - Add Avalon-MM Simple Master
— Burst and Sp“t transac“ons Add Avalon-MM Simple Master With Interrupt
. Add Avalon-MM Pipelined Master

( ARM AM BA APB Interface Add Avalon-MM Pipelined Master With Interrupt

Add Typical Tristate Conduit Slave
Agd Typical Triitate Conduit Ma_ster

- Memory mapped

- Low bandwidth control plane Add Typical AX4 Slave
— Similar to AHB interface, with a less Add Typical AXI Master
com IeX Sl nal I|St Add Typical APE Slave
p g Add Typical APBE Master
< ARM AMBA AXI interface
Add Typical Avalon-5T Source
- Memory mapped . Add Mios Custom Instruction Slave - Combinational
_ Includes Support for Axl_the and Add Nios Custom Instruction Slave - Variable Multi-cycle
_ H H Add Mios Custom Instruction Slave - Fixed Multi-cycle
AXI Streamlng Interfaces y Add Mios Custom Instruction Slave - Extended
- BO'[h COI’]U‘O| and data plane Add Mios Custom Instruction Slave - Internal Register File

- Burst and unaligned transactions

163 © 2015 Altera Corporation—Confidential Alm o

Advantages of Using Standard Interfaces

« Ensure compatibility between IP blocks from different

design teams or vendors
— Any component supporting interface can be connected

« Simplify design entry and team-based design
- Signal behavior defined by interface
- Improved understanding, simplified documentation
- No manual wiring or mapping of control, data, and status signals
- Fast system-level integration
- Easy system changes

« Simplify interface verification
- Use verification infrastructure to verify against standard

« Bus functional models, interface compliance assertions and monitors, functional
coverage

164 © 2015 Altera Corporation—Confidential Alm o
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Standard Interface Example

Qsys Interconnect
Avalon-MM (simplified) Avalon-MM

Master /V Slave

M/ \

Any master interface can communicate
with any slave interface

[ANO[S RYA,

165 @ 2015 Altera Corporation—Confidential

Avalon-MM Interfaces

< Master interfaces Example master/slave
- Initiate read/write transfers to Qsys connections
interconnect targeting slaves in its
address space
« Slave interfaces
- Respond to transfer requests from
Qsys interconnect
« Qsys interconnect handles
- Address decoding
- Data width matching
- Arbitration
— Clock crossing
- Timing adaptation
« All interfaces must be
associated with a clock and
reset

address

control

readdata

Master Interface

data

166 @ 2015 Altera Corporation—Confidential
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Basic Avalon-MM Master Interface Signals

Signal Type Width Direction | Required Description
address 1-64 Output Y Byte address corresponding to slave for transfer request
waitrequest Forces master to stall transfer until deasserted (other

1 Input Y

waitrequest_n Avalon-MM signals must be held constant)

read ) -
1 Output N Indicates master issuing read request

read_n
readdata 1-1024 Input N Data returned from read request
write . ) . .

. 1 Output N Indicates master issuing write request
write_n
writedata 1-1024 Output N Data to be sent for write request
byteenable 1,2,4,.., it N Specifies valid byte lanes for readdata or writedata (width =
byteenable_n 128 P data width / 8)
167 @ 2015 Altera Corporation—Confidential AEI-EA

Basic Avalon-MM Slave Interface Signals

Signal Type Direction | Required Description
address 1-64 Input N Word address of slave for transfer request
waitrequest )

) q 1 Output N Allows slave to stall transfer until deasserted
waitrequest_n
read .

1 Input N Indicates slave should respond to read request

read_n
readdata 1-1024 Output N Response data provided to the Qsys interconnect
write . .

. 1 Input N Indicates slave should respond to write request
write_n
writedata 1-1024 Input N Data from the Qsys interconnect for a write request
byteenable 1,2,4,.. Inout N Specifies valid byte lanes for readdata or writedata (width =
byteenable_n 128 P data width / 8)
168 @ 2015 Altera Corporation—Confidential AEI-EA .
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Avalon Interface Specification

« Defines the entire Avalon
Interface standard

« Provides reference information Avalon Interface Specifications

on additional transfer types
— Use cases
- Waveform diagrams

il e | S AITERAY
www.altera.com/literature/manual/mnl_avalon spec.pdf
169 @ 2015 Altera Corporation—Confidential AEI-EA

Advanced eXtensible Interface (AXI) Overview

« ARM standard has been licensed by Altera
- Altera supports AXI3 and AXI4 specifications
- HPS is AXI3 spec compliant

« Suitable for high-bandwidth and low-latency transfers

« Separate Read and Write channels
- 3 Write Channels, 2 Read Channels

« Separate Address/Control and Data phases

« |dentical handshake mechanisms for all channels
- VALID/READY handshake
« Source generates the VALID
« Destination generates the READY

« Handshake can be
— VALID before READY
- READY before VALID
- VALID with READY

170 © 2015 Altera Corporation—Confidential Alm o
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Additional AXI features

« Transaction ID’s for out of order responses

« AWCACHE & ArCACHE
— Define memory type (i.e. read, write, cacheable, bufferable)

« AWPROT & ArPROT
— Indicates the privilege and security level of the transaction

— Indicates whether the transaction is a data access or an instruction
access

« AxLock

- Allows atomic accesses to AXI slaves (i.e. locked, exclusive,
normal)

— Response signaling notifies master if can’t be accessed

/AYO[S RYA\,
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Individual Channel Handshake Examples

« READY active after VALID

ACK| 1 1 1 r
DATA | I — |
VALID f I |

READY Y

« READY active before VALID

Information Capture

ACK|—— = 7 I
DATA ! r——
VALID I 1
READY f I 1

« READY active at the sam&time as VALID

ACLK i I

AT |

VALID ]

READY ]

172 ©2015 Altera Corporation—Confidential
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AXI Write Transaction

Write Address Channel Write Data Channel Write Response Channel
ACLK | f | | . | f [ S S
AWADDR | [N e S .
AVWVALID '
AWREADY
WDATA | x LT —
VWVALID | iy
WREADY f
AEls e ——
BVALID ' T
BREADY
© 2015 Altera Corporation—Confidential AlﬂERA .

173

AX| Read Transaction

Read Address Channel Read Data Channel

ACLK | / | ] I 1 f | f 1 J |

ARADDR | S —

ARVALID ] |

ARREADY
RDAT | [ x [——
RVALID f I
RREADY f
RRESP | I i ]
174 @ 2015 Altera Corporation—Confidential AlﬂERA .
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AXI Interface Specification

« Defines the entire AXI Interface

standard

« AXI3 and AXl14 interfaces

< AXI specification available from N
ARM

AXIZ, AX147, and AXI4-Lite
ACE and ACE-Lite”

ARM

[AO[SRYA),
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Qsys Packets

« All memory mapped transactions automatically converted
to Qsys packets

« The Qsys tool uses a wide packet format
— Contains complete transaction in a single clock cycle
« Writes in 0 cycle

« Reads with a round-trip latency of 1 cycle
— Project Settings assignment allows tradeoff between latency and
maximum frequency

« Separate command and response network
— Increases concurrency
« Command traffic and Response traffic don’t have to compete for
throughput
« Networks tailored individually to system topology

[ANO[SRYA),
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NoC Architecture

« Memory-mapped packet transactions and transport
- Each transfer/request encapsulated in packet and sent to slave
- Each response encapsulated in packet and sent back to master

MM Avalon-ST MM

Master Avalon-ST Slave
Network Network Network
Interface (Command) Interface

Slave
Interface

Master
Interface

Master Avalon-ST Slave
Nmme Network Network Network pammg |nterface
Interface (Response) Interface

Master
Interface

Transaction Layer Transport Layer Transaction Layer

177  ©2015 Altera Corporation—Confidential AEIERA .

Qsys Memory-Mapped Packet Format (1/2)

Address Byte address of lowest byte in packet
Size Describes the segment of the payload that contains valid data for a beat

Address Sideband Up to 8 bit signals for rd/wr address channels; valid for each beat in a

packet
Cache AXl cache signals
Transaction (Exc) Indicates exclusive access (read, compressed read, write, posted, lock)

Transaction (Posted) ' Indicates non-posted writes (require response)

Data Write - data to be written; Read - data that has been read
Byte Enables Which bytes of data in packet are valid

Source ID Command - ID of the master; Response - ID of the slave
Dest ID Command - ID of the slave; Response - ID of the master
Response AXIl response signals

Thread ID AXl transaction ID values

Note: Fields in yellow are for AXI interface support and are ignored or removed for Avalon interfaces

178 @ 2015 Altera Corporation—Confidential AEIERA .
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Qsys Memory-Mapped Packet Format (2/2)

Byte Count Number of remaining bytes in the transfer
Burst Wrap Defines the wrapping behavior during bursting
Protection Access level protection

0 - normal access; 1 — privileged access

AXl4 std: 4 bit field carries QoS info from AXI master to slave
QoS AXI3 std: 4’b0000 indicates not participating in QoS scheme
QoS bits are dropped by slaves that do not support QoS

On Write, signals map to WUSER register
Data sideband On Read, signals map to RUSER register
On Write response, signals map to BUSER register

Note: See Qsys Interconnect chapter of the Quartus Il Handbook for more details on the packet fields.

179
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Which Protocol to Choose: Avalon or AXI?

« No right answer....

Desire for simpler interfaces Avalon
Working with existing Avalon interface-based systems Avalon
Have legacy AXI IP AXI
Require secure transactions AXI

Need the ability to lock or have exclusive access to

*
slaves (i.e. mutex): AXI

« Ability to mix and match protocols among interfaces

*Avalon interface supports locked transactions, but does not support exclusive accesses

180 © 2015 Altera Corporation—Confidential Alm 4
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Test Your Knowledge

« True or False, The HPS can be instantiated directly in HDL
without the Qsys tool

- False

« Which if these is not a hardware to software handoff tool?
a) Device Tree Generator
b) Second Stage Bootloader Generator
c) Linux Application Generator
d) System Header File generator

« True or False, Qsys tool will automatically handle HPS AXI
master to Avalon slave interface translations

- True
181 @ 2015 Altera Corporation—Confidential AIETERA
Exercise 2

Complete the HPS Qsys System
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Hardware Design Agenda

«
«
«
«
«
[ ¢
«

183 © 2015 Altera Corporation—Confidential Alm o

HPS simulation

HPS System Simulation Support

« AXI Bus Functional Models (BFMs) provided

Licensed through Mentor Graphics® Corporation

Implemented in SystemVerilog
« VHDL wrapper components provided

Master BFM, Slave BFM, and Inline Monitor are available
Use to test AXI components

« Avalon BFMs

- Used to test any Avalon interface
« Master, Slave, or Streaming

— Written in SystemVerilog with available VHDL wrapper
« Allows rapid verification of your FPGA IP

— Instantiate appropriate BFM for each interface
« Validate IP before integrating with system
- Access the BFMs through standard function calls in the BFM API

« HPS component not simulatable

184 © 2015 Altera Corporation—Confidential Alm o
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Simulation Flow

1. Create HPS system in Qsys

- Can also simulate individual Avalon/AXI components standalone

2. Generate simulation model or testbench system
3. Write top-level test program
4. Build and run simulation script
185 @ 2015 Altera Corporation—Confidential AEERA

Slave Component Testing

« Build Qsys system with RTL slave (DUT) components
interfaces exported or connected to BFMs

« AXI/Avalon Master BFM generates transactions
« Monitor BFM watches traffic and does checking

User Test Program

* oy |2k

RTL Slave Master BFM v

Reset BFM

f

Generated by Qsys

186 @ 2015 Altera Corporation—Confidential AE'ERA 4
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Master Component Testing

« Qsys system with RTL master (DUT) components
interfaces exported or connected to BFMs

« AXIl/Avalon Slave BFM generates responses
« Monitor BFM watches traffic and does checking

}

User Test Program

RTL Master

Slave BFM

f

Generated by Qsys

187 @ 2015 Altera Corporation—Confidential

ke

v
Reset BFM

/AYO[S RYA\,

HPS System Testing

« Completed HPS system in Qsys
- HPS component represented by appropriate BFMs

Generated by /
Qsys

User Test Program
A

Reset BFM

Conduit BFMs

188 @ 2015 Altera Corporation—Confidential
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189

HPS Simulation Support - Interfaces

« Each HPS interface will
be represented by an
interface BFM

« Clock output interfaces
will be driven by Clock
Master BFMs

« Pin-side interfaces will
be unconnected within
the HPS simulation
model

« Applies to both
simulation model and
testbench generation

© 2015 Altera Corporation—Confidential

Clk & reset
interfaces

h2f_clk
h2f

h2f_lite_clk
h2f_lite

f2h_clk
f2h
f2h_interrupt

gpio
avent

S0

2sdram RAM  AX]
BFM
amac]1:0]
nand
qspi
SOMmc
ush(1:0]
spim[1:0]

sl |

[AO[SRYA),
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Generate Qsys System for Simulation

« Testbench Generation
— Standard
« For component testing

« BFMs created for every
exported interface

— Simple
« For system testing

« Only clock and reset BFMs
created

« Simulation Model

Generation

- Generates simulation model of
system, no BFMs added for
exported interfaces

© 2015 Altera Corporation—Confidential
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Generate Testbench System...

L Generation

|~ Testbench System

The testbench system is a new Qsys system that instantiates the eriginal system, adding bus functional
Once generated, the bus functional madels can interact with the system in the simulator.

Create testbench Qsys system: Standard, BFMs for standard Qsys interfaces »
Create testbench simulation mode!: [yeriog + |

] Allow mixed-anguage simulation

Enable this if your simulator supports mixed-4anguage simulation.

|~ Dutput Directory
Path:

C:/altera_trn/myproject/mysystem

Testbench: C:faltera_trn/myproject/mysystem/testbench/

< i v

Generate HDL...

X Generation

[~ Synthesis |

Synthesis fies are used to compile the system in a Quartus IT project.
Create HDL design files for synthesis: |veriog

[] Create timing and resource estimates for third-party EDA synthesis tools.
[ Create block symbol e (bsh)
q

The simulation mode! containg generated HDL files for the smulator, and may include simulation-only fieatures.

Create simulation model: Veriog =
[] Allow mixed-anguage simulation

Enable this if your simulator supports mixed-language simulation.

[~ Output Directory 1
BEE Ci/altera_trn/myproject/mysystem ™
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Testbench Directory Structure for 28nm Devices

Name

qsys_edit Name

db

| synthesis

incremental_db =

i | testbench Mame

sim_support_files / J aldec . .
‘ = - ModelSim setup script
| system . cadence

. libraries

Source code

7| load_sim.tcl

2 | modelsim.ini

|| system.ipx

| systern_CHO_BUFFER.hex

|| systern_RGB_DATA.hex
Generated Qsys | ] system_th.html

system including BFMs

| wsim.wlf

|| wave.do

191 ©2015 Altera Corporation—Confidential AE'ERA 4

Testbench Directory Structure for Arria 10 Devices

altera_tm » alOsocdesign »

iith = MNew folder

it MName Simulator
P Component Source code Scrit
E J qgsys_edit - C“p S
T rra_trn b alOsocdesign » soc_sys_th »
J hps_isw_handoff _ Mew folder
b incremental_db s - 3trn ¢ al0socdesign » soc_syf tb » soc_systh » | aldec
. output_files 4
| SOC_Sys J soc_sys_th Share with | Cadence
| soc_sys_th s a soc_sys.html Narne - | mentor
- | ] soc_sys.ipx dILETd_ITIENIN_Sld | synopsys

soc_sys_generation.pt altera_merlin_width_adapter_150
] _Sy's_! .

altera_mm_interconnect_150
a soc_sys_th.html R -
altera_reset_controller_150

|| soc_sys_thw

| soc_sys_th.qsys
> error_adapter_L

| sim

| . soc_sys 10

B soc_sys_thcsy € System Source code

|| soc_sys_th.spd

Generated Qsys
system including BFMs

192 @ 2015 Altera Corporation—Confidential AE'ERA 4
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Qsys Testbench System — HPS System

1
£ Qsys - soc_system_tb.gsys (Claltera_tm\Designing_with_ARM_SoC\Labs\soc_systemitestbench\soc_system_tb.qsys) kel B
File Edit System Generate View Tools Help

Mk T -0 MMM £ | Profect Settngs -ono

+1- Configurstion B Programening

il
- Embedded Processors
P i

| Mowis | | £t & add

(%= oo
0 soc_system _th

+ o0

&) 9k s0c_system_inst_button_peo_gxterny
-0k soc_system_inst_ck_bfm

+ -1 soc_system_inst_dpow_pio_externsl
@ 4k s0c_system_inst_hps_0_bos_io_bfm
&) ok soc_system _inst_led_pio_sxternal o
-0k soc_system_inst_memory_bfm

« i '
-4 soc_system_inst_reset_bfm _> s
. Connections !: Messages E! M / -8

Desaription Path &l
=0 13 Info Messages -
i_ UIwa;chdnirabw-h.&ﬁd m-'ibemwmpw-u%swm.mm_ns.ij
| PIO inouts are not hardwired in test bench. wahues will be read from PIO input System, soc_system_inst dipsw_pio |
_0 Errors, 0 Iﬂ!l!\w /

/

HPS System Under Test
1093 © 2015 Altera Corporation—Confidential AETERA

Writing the Test — BFM API Overview

« The BFM APl is a System Verilog interface with VHDL
wrapper functions
— Application Programming Interface (API) contains tasks and functions
- Organizes transactions into commands and responses
« Abstracts away signal level details
« The tasks/functions are used to communicate between the

API and the underlying AXI implementation

— The tasks and functions often contain a handle to a transaction

194 @ 2015 Altera Corporation—Confidential AlﬂERA .
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Testbench Example

1 module test_program;

2

3] import mgc axi_pkg::¥; G

s Import AXI BFM
5 logic [31:0] temp_register;

6 arl_transaction master_trans, slave_trans; package

T

8 erample_th system():

]

o0 =B initial begin .

11 //initial reset - h2f reset follow the tb reset |nStantIate sts
1z "h2f_reset.reset_assert();

13 wait ("th_reset.reset == 1}; teStbenCh System
14 "h2f_resect.reset_deasserc();

15

16 = fork: axi_transaction thread

17 3 begin: master thread

18 // 82f axi master to configure read command

15 master_trans = ‘'s2f.create_read transaction(32 : Setup Values for
20 master_trans.id = 8'hl; .
21 master_trans.size = AXI BYTES 8&; master transactlon
22 master_trans.burst = AXI_INCR;

23 master_trans.lock = AXI NORMAL:

24 master_trans.cache = AXT NONCACHE NONBUF;

25 master_trans.prot = RXT PRIV_SEC_ DATA;

26

27 // send read data command and wair for read date and read response 1

28 // read data and read response will be contained inside nisaction Send transaCtlon
29 *s2f.execute_transaction(master_ trans);

30 end //master thread

31 r 1 1
C g AN Yy & Wait for transaction
33 /f f2s axi slave wait and receive the read command

34 slave_trans = "fZ2s.create slave_transaction():

35 slave_ trans.set_address ready delay(4): Setup response
36 "f2s.get_read_addr phase(slave_trans):

37

38 // configure read data and read respons I =

33 slave_trans.resp[C] = BXT OEAY; Send response
40 slave_trans.data words[0] = &<'h32;

41 "fZs.execute_read_data_burst(slave_trans);

42 r end //slave_thread —
43 join //joins axi_transaction thread Alﬂ-m
- e e S s — |

196

Using Conduit BFMs

« Every signal on a conduit BFM gets its own set & get
function

Set value on “gp_in” Retrieve value
signal of BFM from “gp_in”

N -

45 J/coduit transaction

46 J/fdrive signal to mpu gp's gp_in and retrieve g} walue
47 ‘conduit.set_gp_in(32'h3);

48 #1:

49 temp_register = ‘mpu_gp.get_gp in(};
50

51 ffdrive signal to mpu gp's gp_out

52 ‘mpu gp.set_gp out (32'hl0);

3

54 = wait (2) Bposedge "tb_clk.clk):

55 Sfinish;

Sa end

SiF endmodule

N
Set value on
Hg p_outﬂ

© 2015 Altera Corporation—Confidential Alir m 4
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Run Simulation Script

« Scripts for simulators created automatically by Qsys
— Supports tools from Mentor Graphics, Synopsys®, Cadence®, Aldec®
— For simulation model
« <project_directory>/<Qsys designh name>/simulation/<vendor>
- For simulation testbench
« <project_directory>/<Qsys desigh name>/testbench/<vendor>

« Sets up simulation variables
« Creates and compiles device libraries and source files
« Simulates the design

197 ©2015 Altera Corporation—Confidential Alir m .

Learn More

« Mentor Verification IP Altera Edition User Guide
— http://www.altera.com/literature/ug/mentor vip ae usr.pdf

« Quartus Il handbook Qsys chapter

— http://lwww.altera.com/literature/hb/gts/quartusii handbook.pdf

« Instruction-led trainings
— Introduction to the Qsys System Integration Tool
— Advanced Qsys System Integration Methodologies

« Free Altera Online trainings
- Introduction to Qsys

— Advanced System Design Using Qsys
— Custom IP Development Using Avalon and AXI Interfaces

198 @ 2015 Altera Corporation—Confidential Alir m .
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Hardware Design Agenda

«
«
«
«
«
[ ¢
«

199  © 2015 Altera Corporation—Confidential AE'ERA a

HPS configuration and booting

SoC Configurations & Boot Sequences

« Independent FPGA configuration and HPS boot
« FPGA configured then HPS boots through FPGA
« HPS boots and configures the FPGA

200 @ 2015 Altera Corporation—Confidential AE'ERA a
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System Boot Schemes — Independent

« FPGA configured from standard non-HPS sources
— Configuration device, flash memory, etc

« HPS obtains 2"d stage bootloader from boot source
— Flash memory

SOC Device

@ FPGA HPS . "

O g HEEE Pl T O

3 o
>

(7)) »| QSPI CPU MMC o

= ISPI ISD (]

ke 5

?E Passive NAND (@]

= Serial Flash m

>

(@)] v

Y= . Config .

c Passive Boot On-chip

o Parallel [ [N ROM RAM

@)

201 @ 2015 Altera Corporation—Confidential Al.'Tl;{A

System Boot Schemes — HPS First

« HPS boots first through a non-FPGA source

« Software running on the HPS configures the FPGA
through the FPGA Manager

- FPGA image from flash memory or any communication interface

SOC Device
FPGA HPS

QsPI
ISPI

I
I

CPU MMC
ISD

I
|

NAND
Flash

Config P )
Controller b Boot On-chip
ROM RAM

202 @ 2015 Altera Corporation—Confidential Nm .

Boot Sources
Configuration Sources
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System Boot Schemes — FPGA First

« FPGA configured from standard non-HPS sources
« HPS boots from FPGA fabric

— Waits for various control signals (init_done and boot_from_fpga signal)
— Boot ROM launches software running across the HPS-to-FPGA bridge
« 2" stage bootloader or other software can be in FPGA RAM or other sources

SOC Device
@ FPGA HPS
o > PCle
S
3
(7))} o QsPI CPU
c S
.©
=
© Passive
’5 Serial
(@)] 4
L‘E P i Confi
assive ontig
@) ~| Parallel -
U .
Boot On-chip
Boot » User Specified I/F or FPGA memory - AXI ROM RAM
Source
203 ©2015Altera Cor Conf

HPS Typical Boot Stages

|

Reset

i

Boot ROM

I

2nd Stage
Bootloader

Bootloader

« Starts Running code at reset exception address
* BootROM is mapped to reset address

* Setup minimal configuration

* Load 2ndary bootloader from Flash into On-Chip memory
(skipped if booting from FPGA)

» Jumps to 2" stage bootloader

~

« Setup clocks and PLLs

« Initializes and calibrates SDRAM

« Loads subsequent boot stage or OS from Flash into
SDRAM

« Jumps to subsequent stage

* Program FPGA

/
« Setup IOCSRs and pin muxing \

« Application specific OS loader, if not included as part of
second stage bootloader
oS : . . A
« Linux, VxWorks, Windows, OSE, etc
«Device drivers and BSP
* Root File System )
Application e
I IDE and Application Debug
\ J . ) .
« Possible FPGA configuration from HPS
204 @ 2015 Altera Corporation—Confidential AEE:.ERA .
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20

Configuration Sources

HPS Power On / Reset

Software
Source

Software
Location

Boot Flow

On-Chip
RAM

FPGA

asPl

5Pl

S0C Device

Boot Sources

Designing with an ARM-based System on a Chip

« After reset/power up

system runs Boot ROM
code on CPUO

CPUL1 is held in reset

Boot ROM code hard
programmed as primary
bootloader

Boot ROM code uses
On-chip RAM space for
data storage

/AYO[S RYA\

206

HPS Boot ROM

Software
Source

(oo Flash)

FPGA, Flash,
MMC/SD Card

FPGA
Config. Data

2"d Stage BL

User
BootLoader

Applications

Software
Location

Boot ROM

On-Chip
RAM

A-MNL-HW-SOC-15-0-v2

Boot Flow

{

2nd Stage
Bootloader

Boot ROM code scans
boot-select and clock-select
pins to determine flash clock
setup and boot source

Configures minimal set of
HPS 1/O pins to read boot
source using I/O config. data
stored in Boot ROM

Performs CRC check & loads
2d stage bootloader
(Preloader) software from
boot source into On-Chip
RAM

Boot ROM hands off
program control to the 2nd
stage bootloader

103



Designing with an ARM-based System on a Chip

207

Second Stage Bootloader

Software
Source

(Fron )

FPGA, Flash,
MMC/SD Card

FPGA
Config. Data

]
2nd Stage BL

- User
BootLoader

S

Applications

I

Peripheral

=

—

onfie

Software
Location

Boot ROM

EEE—
On-Chip
RAM

User
BootLoader

DDR

Boot Flow

2"d Stage BL

b

Built from Qsys handoff files

Limited by size of On-Chip
memory

HPS 1/0 and SDRAM
configuration data compiled
into 2" Stage Bootloader

« As software (Cyclone V and Arria V
SoCs) or FPGA bitstream (Arria 10
SoCs)

Sets HPS pin configuration

Initializes, calibrates and
verifies SDRAM setup

Copies next stage software
(e.g. U-Boot or OS) into
SDRAM from boot source
Hands off control to the next
stage

[AO[SRYA),
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HPS User Bootloader

Software
Source

(oo mlach)

FPGA, Flash,
MMC/SD Card

FPGA
Config. Data

2nd Stage BL

|II|H|%HHHHII|

R
Applications

Peripheral

(OF]
(eg. Linux)

onfic

Software
Location

Boot ROM

e ——
On-Chip
RAM

)
oS
(eg. Linux)
DDR

-

A-MNL-HW-SOC-15-0-v2

Boot Flow

2nd Stage BL

(0K
(eg. Linux)

« Application/OS specific
« Bootloader Copies

Operating System from
non-volatile RAM (or
Peripheral)
to SDRAM

- Linux, VxWorks, etc

« Runs any other processes

specified

« Hands off control to OS
« For Arria 10 devices, the

functionality of the User
Bootloader is built into the
2nd Stage Bootloader
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HPS Linux OS Start Up

Software Software Boot Flow
Source Location

Boot ROM

OS launches

Runs BSP/device driver
initialization routines

— Processor setup
(memory, interrupts etc.)

— CPU 1 initializes and runs
- Peripheral hardware setup

FPGA
Config. Data

AA

27 Stage BL i olgfh;mip 2nd Stage BL (detect, verify and initialize)
g « Creates OS specific
( \ resources
U-Boot U-Boot - e.g. Root File System

. « Same OS runs on both
OS+DevTree
- processors
Applications
kel ; « Loads and runs

Peripheral ‘ Appllcatlons
Applications icati

pplicatl Applications

o O /ANOERA,

Typical Boot Scenarios

Cyclone V and Arria V families

Arria 10 and likely future families

210 © 2015 Altera Corporation—Confidential AlﬂERA .
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“Bare Metal” Programming

« Bare metal: the actual register interfaces and hardware
features of the processor system

« Bare metal programming: code that reads and writes direct
to the hardware with no intervening software
functions/code/abstraction layer

« The less operating system resources are used, the closer
you are to bare-metal

« Requires in-depth knowledge of hardware to write

211 © 2015 Altera Corporation—Confidential AEIERA .

HWLibs Components

« SoC Abstraction Layer (SoCAL) - (low level HAL)

Macro based abstraction layer to access low-level hardware IP registers
— Header files
— C code generated from chip RTL
— Decouples software from hardware
— Each type of HPS has its own SoCAL

« Hardware Manager (HWMgr)

— Collection of C and some assembly language APIs for more complex
higher level access to SoC hardware

— #includes SoCAL header files
— Written by Altera engineers

212 @ 2015 Altera Corporation—Confidential AEIERA .
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HWLibs Documentation

« SoC Abstraction Layer:
- <SoC EDS folder>/ip/altera/hps/altera_hps/doc/soc_<fam>/socal/html/index.htm

« Hardware Manager
- <SoC EDS folder>/ip/altera/hps/altera_hps/doc/hwmgr/html/index.htm

| T

- Altera SoCAL
;:‘5 J h = n-lr,_‘.ns The Altera SoC Abstraction Layer (S:Cs.t:] AP Reference Manual

Mdain Page Address Space  Duta Structures | Fies &

“  Register : Timeri Control Register Plcomt
- timericontrolreg

Fimar Mol ALT_ TV

Description

‘This register controls ensbiing. ope: count) mask of
Timaet. ¥ou can program s tegister i anabie o aatie Tenee! 8nd i Conol i moce of opaaton
Ragister Layout

Bits Access Reset Description

o | Rw D0 | Timer Enable

. Lme fea: |TeeriMod

B | Aw D0 | Timert ketermupt Mask

| 00 | UNDEFINED

Field ; Timer1 Enable - timer1_enabie
Timar! scablaicisatia bt

Fiaid Enumeration Vislues:

et bl Enum Value Description
< > ALT TWR TMRICTLRES TMR1 BN E DISO | 0xd | Timeri Cisabled

I ot o g 1) 5 1.8 s o by (L [
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Creating System Header File

« Create system header file from Qsys .sopcinfo file
- Abstract away FPGA component properties from software
— Run sopc-create-header-Tiles from embedded command shell
« Executable part of the Quartus Il software install

sopc-create-header-files <gsys system>.sopcinfo

36 CRCHIP HEVONYE © READ DURTI ATTE 10E OOMT_CARE

P50 OMCWIP MEMORYZ 9 _STNGLE_CLOC

IPS_8_ONCHIP_MEMORY2_8_SITE Nu.unu: 1

e NI 0_CRCIER_MEMORYZ_9_SIZE_VALUE G55

ne HPS_8_ONCKIP MEMORY2_B_MRITABLE 1

e WG _CRCICLR_MEMOKYZ_8_REORY_INFO_OAT_SYM_[WSTALL_OIR $1M_GIR
1

— Outputs various .h files :
« For the system
« For the processors
« For each of the masters in the system

5 u Fine HPS 8 ONCKIP_WEHORY2_6_MEMORY_IHFO_HEX Nsu L nm on; om

BddeFine WPS_8_S¥SI0_GSVS_COMPONENT_TYPE alters_svalon_sysld_geys
Rdetine HPS. 8 SYSID_USYS COHPONENT WME 3ysid aoys
Bdefine HIPS_8_SrSI0_GSYS_BASE Gxaibe
ine HPS_9_SYSID_GSYS_SPAN §
< HPS_§_SYSID_GSYS_END Bx1edd?
 mdeFine WP S EVAID RS 10 2SO
#define HPS_B_SYSID_QSYS_TIMESTAMP 1366807766

1 WdeFine WES_8_LED_PIG_COMMONENT_TYRE alters_svalon_plo

2 adefine HPS_8_LED_PIO_COMPONENT NAME led_pia
adeFine HI%_B_LED_PID_BASE Bx1obas

214 @ 2015 Altera Corporation—Confidential ine HES_8_LED_PIO_CARTURE

dellne WPS @ LED PID DATA WIDTH 4
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Hardware Design Agenda

«
«
«
«
«
[ ¢
«

SoC debug

215 @ 2015 Altera Corporation—Confidential Aﬂm 3

SoC Debug Agenda

« Debug Overview

«
«
216 © 2015 Altera Corporation—Confidential Aﬂm .
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Traditional Software and FPGA Debug

« All traditional FPGA and ARM software debug methods still
apply
« ARM software debug

- JTAG tools, compiler, debugger, profiler, trace, etc

<« FPGA

- SignalProbe, SignalTap Il Logic Analyzer, System Console, USB-Blaster
Cable, Programmer, etc

217  © 2015 Altera Corporation—Confidential Alm o

HPS Software Debug Interfaces Supported

« ARM DS-5 Altera Edition toolchain
« JTAG

Direct connection to hardware
- Halts processor, can master system via control of processor
— Debug any code at low level — driver, OS kernel, bare metal application
— Dual core SMP processor debugging
- OS aware debugger display optional

« Ethernet
— Requires running software to drive it
— Processor/OS cannot be halted
- OS Application can be halted
- Good for high level programming (fast, easy)
- Debuggers usually have OS aware GUIs and features

— Cannot do low level debug (kernel, driver, bare metal) as OS cannot be
stopped

218 @ 2015 Altera Corporation—Confidential Alm o
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Hardware Debug with SignalTap Il Logic Analyzer

Al
« Part of the Quartus Il software
« Built in logic analyzer capability for internal FPGA logic Signaffap’

« Captures the state of signals when running at speed

« Uses standard JTAG connection to PC

« User defines target signals and trigger conditions to capture data
« Data read back from FPGA memory and displayed on PC

« Works on the FPGA side of the SoC

]

FRG5555555n

LLERLTT T

P =
¥ aess— 0y E T
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Altera SoC Embedded Design Suite

« Comprehensive software / firmware development environment
« FPGA-adaptive software debugging capabilities

— ARM DS-5 Altera Edition Toolkit &
« Hardware / software handoff tools ey
« Linux application development

P
~ Yocto Linux build environment @- =% ‘ﬁ@
b

— Pre-built binaries for Linux / U-Boot

- Work in conjunction with the Community Portal TN
Adaptive
« Bare-metal application development w

- SoC Hardware Libraries
- Bare-metal compiler tools

« Design examples

220 @ 2015 Altera Corporation—Confidential Alm 4
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FPGA-Adaptive Debugging

" Altera SoC

" ARM | ARM

Cortex-A9 Cortex-A9

Simulation Hardware Debug Alte;a' B = FPGEA I: ,
FPGA Adaptive USB-BIaS_terTM | Penph_eralmCry;ﬁoEjng ;
Debugging Extension : Conect|on J | DSPAccekerator | Soft Core |

ARM DS-5 Altera Edition Features

« Removes debugging barrier between CPUs and FPGA

« Single USB-Blaster target connection for SW and HW debug

« Hardware cross-triggering between the CPU and FPGA domains
« FPGA events inserted non-intrusively into HPS program trace

« Debugger with visibility into FPGA registers

- Automatic creation of register views

201 @ 2015 Altera Corporation—Confidential AlﬂERA .

SoC Debug Agenda

«
« System Console
«
202 @ 2015 Altera Corporation—Confidential Aln'm
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What is System Console?

« Quick debug of Qsys systems through an interactive Tcl console
- Opens as a separate window
— Orin the Nios® Il and Embedded Command Shell

« Debug over various available communication channels
- JTAG, TCP/IP, or USB

« Read from or write to memory-mapped components
« No processor required

M Syszem Contole - G5YS LAR Dashbasd SRR ===
Fe Tock Help
Systam Explorer of| [ Qs L8 Dushbowd O X

connections QSYS System Console Lab
s ws0-Haster on locahost (580
devices Coefients na
= Jf PRBpP LR s wF [Py ——
) ! : :
s b1 o
& (130:3 1 22) L
® (103v1EY cu 0
3 e (1300832 v1 =0}
. desgrs.

o
ba: [t b p Load Lumncaity Spece Transfom Coeficents
B

el Trarsform

Messages

) Frmshd rxtalizab

D) Pt dncovenesg TAG conmmesorn

D) Set o usercode to make s desin sutomaticaly ink
i) Frshed decovenng US sennestons

203 @ 2015 Altera Corporation—Confidential FAALSI =N A AW
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Usage Examples

« System-level debug
- Board bring-up and interface testing
— System clock, reset and JTAG chain validity testing

« Bug Isolation
- HW/SW bug isolation
- Replicate MM access pattern and ensure proper response
- Dissecting locked systems while in the locked state

« Process Automation
- Automate production tests

« Custom Visualization
- Create interactive Dashboards customized for a system
- Used to drive manual processes or get immediate feedback

224  © 2015 Altera Corporation—Confidential Alm 4
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System Console Interfaces

System Console

USB Through JTAG and Virtual JTAG Hub

[
| | !

USB Debug - Nios Il ] JTAG to L JTAG UART
Master processor Avalon Master
Bridge
Avalon-MM Avalon-MM Avalon-MM Avalon-MM
Master Master Master Slave

l

MM Slave

Qsys
interconnect

User component

/AYO[S RYA\,

205 @ 2015 Altera Corporation—Confidential

System Console GUI Launch

From Qsys Tools Menu

A Qsys - mysys2.qsys (Chaltera_trn\Temp2\mysys2.qsys)

File Edit System Generate View Help

Nios I Software Build Tools for Eclipse
Nios I Command Shell [gecd]

Window Help 5

Run Simulation Tool

Launch Simulation Library Compiler

Launch Design Space Explorer IT

e s>

I Library 23 d

TimeQuest Timing Analyzer

Advisors

&
gy

Chip Planner System Console I

@ e

Design Partition Planner

Options...

From Nios Il or Embedded Command Shell:
system-console

[E=8 EoR <)

From Quartus
Tools menu

Netlist Viewers

SignalTap II Logic Analyzer
In-System Memory Content Editor
Logic Analyzer Interface Editor

Em ) B

In-System Sources and Probes Editor
SignalProbe Pins...
Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools

(A1 System Console

IP Catalog ransceiver Toolkit

Mios II Software Build Tools for Edipse us Analyzer (Beta)

T JE  External Memory Interface Toolkit

Td Saripts...

N m lese

Customize...

Options...

License Setup. ..

& Instal Devices...
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Designing with an ARM-based System on a Chip

System Console GUI

a —
File Tools Help
System Explorer.
K/

=iy USB-Blaster on localhost [USE-0]
- s EPICISEPACELRL
S ) [MFG:70 ID:34 INST:0 VER: 3]
® nios2 0
B Je [MFG: 110 ID: 132 INST:0 VER: 1]
=4 phy 0
® master
3 b [MFG:110 ID: 128 INST:0 VER: 1)
® jtaguart 0
& designs
deson _mctances

Messages o | [ Td Console

||| | Finished dscovering ITAG connections || | (/e
(@) Executing startup script C:lalteraliL... || |
| Finished dscovering JTAG connections
I D c:'\UsersVeai\system_console\soripts ..., |
1£3 There is an Error

1, This is a Wamning

() Master service is being used without... | | | VER

t master_write 8 Snm 0x02201040 15

% close service master Smm

L
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System Console Services

« Collection of functions to accomplish a type of tasks

« Accessed through a service instance which may be
associated with a particular component

« Run get_service_types to return all available services

« Example Services
- jtag_debug
« Perform jtag chain, system reset, and system clock debug
— master

« Provide control over a master interface to perform reads and writes on slaves
— monitor

« Efficiently and regularly read from a range of addresses
- dashboard

« Easily add GUI elements such as buttons and displays to control the system
- And many others

208 @ 2015 Altera Corporation—Confidential MEA .

A-MNL-HW-SOC-15-0-v2 114




Designing with an ARM-based System on a Chip

Usage Flow — Summary

1. Add required component to Qsys

!

2. Connect board and program FPGA

!

Complete master write
3. Launch System Console

and read example script
‘ set mpath [lindex \

[get_service_paths master] 0]
4. Locate and claim service path ~ ~ set claim_path \

* [claim_service master $mpath “]
5. Perform desired operation(s) with _ master_write_memory $claim_path \
master_read_memory $claime_path \
‘ 0x2000 2
6. Close the service —p Close_service master $claim_path
209 @ 2015 Altera Corporation—Confidential AIETERA

Jtag_debug Service Type

« Verify functionality and signal integrity of the JTAG chain
« Some functions requires JTAG to Avalon Master Bridge
« Verify the clock and reset signals

« Issue reset(s) to the system

230 @ 2015 Altera Corporation—Confidential Alm 4

A-MNL-HW-SOC-15-0-v2

115
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Issue JTAG Reset

« jtag debug reset _system <path>

- Issues a reset to connected components in the system through the
master_reset output of the JTAG to Avalon Master Bridge

B J2A_Master JTAG to Avalon Master Bridge
> ck Clock Input
> ck_reset Reset Input
master Avalon Memory Mapped Master

Reset Output

% jtag _debug reset _system

231 @ 2015 Altera Corporation—Confidential

Verify Clock and Reset

« jtag debug sample clock <path>
- Returns the value of the asynchronously sampled system clock
- May require multiple samplings to see toggling

« jtag debug sample reset <path>
- Returns the value of reset signal

« jtag debug sense clock <path>
- Returns 1 if clock has ever toggled

LA) Jjtag_debug_sample_clock
o]

E] J2A Master JTAG to Avalon Master Bridge
T/ dk Clock Input ;
dk_reset Reset Input P jtag_debug_sample_clock
—l master Avalon Memory Mapped Master L

master_reset Reset Output
Pb jtag_debug_sense_clock

1
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Clock and Reset Visibility

« Badge in explorer window nodes e oo e

indicate clock and reset status O B
« Status updated with Refresh D ot
Connections (Tools menu) St
< Green for OK 3
« Red for no clock E:;‘i
« Green with line for reset asserted S 22t
and held > &

N
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Master Service Complete Example

[ j2a_master JTAG to Avalon Master Bridge
clk Clock Input
clk_reset Reset Input
master Axyalon Memory Mapped Master
master_rezet Rezet Qutput

E on_chip_mem On-Chip Memory (RAN or ROM)
clk1 Clock Input

- 3 =1 Awalon Memory Mapped Slave r 0x02100000 I
— resetl Reset Input

% 2et m path [lindex [get service paths master] 0]
foconnections/USB-Blaster on localhest [USB-0]/EP3C25|EPACE22E1/[MFG:110 ID:132
INST:0 VER:1]/phy O/master

3z set claim_path [claim_service master O 31
g master_write_memory 0x02100000 32

g master_read_memory 0x02100000 1

0x20

z close _service master
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Dashboards

« Create widgets in System Console GUI
« Customize the dashboard using Tcl commands
« Interact with live instances of an IP core

« Refer to the "System Console” online training or
“Advanced Qsys System Integration Tool Methodologies"
Instructor Led Training

My Dash O X

Group 2

o]
Group 1 /.’<"_ ~
Y
Button 1 | @ Green LED @ Red LED Button 2 T |
\ |
W, Wi
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SoC Debug Agenda

<
«
« FPGA Adaptive Software Debug
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A-MNL-HW-SOC-15-0-v2

118



Designing with an ARM-based System on a Chip

Cross Triggering

« Synchronization of debug actions on the HPS with
hardware events in the FPGA (including SignalTap Il

Instances)
- Facilitate the debugging of software interacting with hardware

« Features provided
- FPGA to HPS cross trigger
« Hardware signal or SignalTap Il logic analyzer trigger out breaking HPS
execution
— HPS to FPGA cross trigger

« Breaking code execution in the HPS cores acts as a input trigger for the
SignalTap Il logic analyzer or other hardware

237 @ 2015 Altera Corporation—Confidential AEIERA .

Cross Triggering Interface (CTI)

« Standard ARM CoreSight™ debug component in HPS

— Documented in the CTI CoreSight specifications

« Debug Cross Triggers between FPGA and MPU

— 8 trigger inputs + 8 ACK signals
— 8 trigger outputs + 8 ACK signals

« Runs on FPGA clock source

« Trigger handshaking option is supported

— Trigger output to FPGA will remain asserted until
ACK signal received from FPGA

« CTI connected to Cross Trigger Matrix (CTM)

— Configures trigger connections to debug infrastructure

23g @ 2015 Altera Corporation—Confidential AEIERA .
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Synchronizing Hardware Events with HPS Trace

« Correlate hardware event or SignalTap Il trigger out with
the HPS trace stream without stopping processor

« Hardware signals or SignalTap Il trigger out drive the event
inputs of the HPS System Trace Macrocell (STM)

« Hardware events generated are stored in trace buffer
along with program trace generated by the processors

Embedded Trace
Router (ETR)
Trace AF)
R Trace Port Interface >
218 Usit(iP) [
A
Y
Debug AP
Debug Access | o
Port (DAP)
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Altera SoC Debug Architecture

Up to 28 HW signal events
injected into trace stream

FPGA IP

FPGA

Cross-triggers between
FPGA(8) and CPUs (8)

CTI

Debug bus

Export trace

to trace port,

peripheral or
memory

Full trace capability on
hardened part of the SoC 1

I ARM CPU

ARM CPU
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Using Cross Trigger and/or Trace with Custom Hardware

Hard Processor System
Mogatars” altera_hps

hps0 "
ps_U M
ps_ ||| FPeA Interfaces | Peripheral Pin Multiplexing | HPS Clocks
f2h_stm_hw_events |~ General
h_stm_hwevents[27..0] stm_hwevents D Enable MPU standby and event signals
21 cti trig_in[7.0] HCed L D Enable MPU general purpose signals
_cti_trig_in[7.| irig in E
f_cti_trig_in_ack[7 .0 , || Enable Debug APB interface
= trig_in_ack
! m Irg_oul[7..0 trig_out Enable System Trace Macrocell hardware events
2f_d!_tr\g_om_ack[?..0] L ok
2: 3' ?SICC“ ‘:;'(--0 asicetl 2 Enable FPGA Cross Trigger Interface
_cti_fpoga_clk_en
Tpga_clk_en [7] Enable FPGA Trace Port Interface Unit
h2f_cti_clock
2f _cti_clk | [ Enable boot from fpga signals

« Enable HPS events and cross trigger interfaces

— Enabling STM hardware events allow FPGA modules to synchronize FPGA
events with the program trace

- Enabling the Cross Trigger Interface allows FPGA modules to halt the
processor or take the HPS trigger out

Connect to FPGA hardware
« Must be disabled if to be used with SignalTap Il Logic Analyzer
— Configure cross triggering and events from within SignalTap Il setup

241  © 2015 Altera Corporation—Confidential Alm 4

SignalTap Il Configuration for Cross Trigger

Trigger

Trigger flow control: [Sequential - ]

Trigger position: [% Center trigger position b4 ]

Trigger conditions: [1 v] ( HPS > FPGA CrOSS Trlgger

(¥ Trigger in Allow the breaking in the running of

© Pin: the HPS core to act as the trigger in
© Node: condition for SignalTap Il Logic
Instance: Analyzer

@ Hard Processor System (HPS) trigger out

Pattern: [ ¥ Either Edge - ]
« FPGA -> HPS Cross Trigger
L= - Allows SignalTap Il trigger out to

Inetance: break the execution of the HPS core
Hard Processor System (HPS) trigger in / .

— Allow trigger out to generate STM
Hard Processor System (HPS) event: __ )
Level _:d] — 8 hardware event in the HPS trace

Latency delay: 5 cydes

Qsys HPS Component Export of Cross Trigger Interface must be disabled
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Designing with an ARM-based System on a Chip

Before Running Debugger with Cross Triggering Enabled

« Make sure FPGA is programmed

« Ensure CTl interface enabled
- Interface enabled in Qsys HPS parameterization or in SignalTap Il setup
- Interface connected to appropriate logic

« Otherwise HPS will be stuck in an unknown state trying to
read the CTI register requiring a reboot

© 2015 Altera Corporation—Confidential AE'EF‘A .

243

ARM DS-5 Debugger

| = RS e Select Perspective —— =r==m)

File Edit Source Refactor MNavigate Search Project Run Window Help

s R S s e A A A D S e PP TR Sl Quick Access
[ Project Bxpl... 5% | [+ Streamline.. = O [€ hwlib.c 52 = 8 o Outline 12
ER-Td if (status2z == ALT_E_SUCCESS) o DR o % 7
.
N ‘Ug”“‘"‘hg_g:’ printf("THFO: alt_bridge_init(ALT_BRIDGE_HIF) successful.\n"); E: St“j‘”l'hk .
» [§ att_bridge_manager.c } I alt_clock_manager.
» [4] alt_clock manager.c else A1 it fpga_managerh
> [2) ah_fpga_manager.c P alt_bridge managerh
Il > ([ Pwiibg printf("ERROR: alt_bridge_init(ALT_BRIDGE_H2F) failed; status = %d.\n". P socaljsocalh

status = ALT_E_ERROR; 21 socal/hpsh

socal/alt_fpgamgr.h
dgelvoid) : ALT_ST/

alt_bridge_manager.o
alt_clock_manager.o
alt_fpga_manager.o

}

if (status3 == ALT_E_SUCCESS)

2] altera-socipga-hosted.Id 2

[ CrosstriggerJaunch printf("INFO: ) ) 2F) successful.\n"); . .

) cebug-hoted s N il Viewer 1. Outline View

hulib.axf const uint32_t S 2010000 ) )

2 hwlib.axt.map const uint32_t ALT_LWFPGA_LED_OFFSET = Bx@0010840; (V| ew functions,

2 hwlib.zxf.objdump ) )

hulib.o // Attempt to read the system ID peripheral enums, C|asses’
Makefile uint32_t sysid = alt_read word(ALT_LWFPGA BASE + ALT_LWFPGA_SYSTD_OF

U_bmt_sp“mc printf("INFO: LWFPGA Slave => System ID Peripheral value = @xx.\n", structs etC.)

[2/ u-boot-spl.axf.ebjdump // Attempt to toggle the 4 LEDs
const uint32_t bits = 4;
printf("INFO: Toggling LEDs ...\n");

for (uint32_t i = @; i < (1 << bits); ++i)

u : { -
Projects T ———— 5 e ——

[21 Problems 57 ¢ ¥ =8

0 items

Description Resource Path Location Type

[€] /Crosstrigger/hwiib.c
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4 Debug Co.. 5
LM R R(Q-E
4 W Crosstrigger connected
4 # Cortew-A3_0 ¥1 stapped on breakpaint 5.3
et _bridge = 0x15C

Stack

W Cromtrigaer connected
Mo 08 Suppart

£ hwlib.c 17

const wintiz_t b
printf("INFO: Togg

ng LEDS ...\n");

uint32_t gray = (i 3> 1) * i;

alt_write_word(ALT_LWFPGA_BASE + ALT

for (uint32_t § = @ J ¢ bits; ++])

primtf("Xc", (gray & (1 <« (bits

o1t e te_mord(a

else

{

nminrl e Al heddee dnder

Debug Perspective

File Edit Source Refector Mavigate Sewch Project Run Window Help
- Sl i =B~ -

for (uints2 t i = @ i < (1 <¢ bits); ++i)

Source File
11 on
LWFPGA BASE + ALT LWFPGA LED _OFFSET, 8);

T_mRTRGE

i Regicters 17

= 70 prANtF{~INFO: Gray code(istuix) = Oxkx [~, (umsigned int)i, (unsigned int)gri

Nsere Volve |5izeaccess
A & (5 ahera_avalon_Aag_ut flag_uart_ivalon_jtag slave
¥ (= sitera_svalon_pio_button_pio_s1
Debu gger i 2> alera_svalon_pio_ dipw._pie_1
=i vakon_gic_ed_gic_st . .
Commands 4 % aktess_svalon_pio_led_pio_s1 DATA Reg|ster View
# @ altera_svalon_peo_led_peo_s1_DIRECTION . .
200 printf("INRC: Sey cod~ 4 % ahters_svalon_gio_led_pio_t] [RQ_MASK Including FPGA registers
— @ alters_svalon_pio_led_pin sl EDGE CAP
—— @ altera_svalon_pr_Jed_po_s1_SET_EIT 12 wo L
[ Submit @ altess_svalon_pio_Jed_pio_s1 CLEAR BITS 32 WO =
11 Desassembly ©1 ¥
B @ v <Netlnstructions 10
Address | Opeede | Disassembly
5:0RRINICE LDR -
5@ 20003 C 5TR .
o8 5 :8xBI000 308 L r@, Bixhic 3R
518D 2000304 T e, s0x2l
§:@x@I000308 LoR r1, (1], 0-0xc]
52000300 LO® r2,[r11,2-2x34]
LWFPGA_LED OFFSET, gray); 5:0xB2BB03ER Bl printf ;| Bx2BBCTTR
W 2pp Conscle 11 el

@ (Jum @7 2813 a7
ing 1R registers

IRV A W H

Application Console

successful.

MIEY faileds seabus s %A inT  (imeiees T
b

ay code(i=Bad) =» BxB [0000].
By code(isincl) =» i1 [e001].

Wiable Zenart Insert 12:2

value = Bxacd5138a.
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Debugger Configuration for Cross Trigger

« From DS-5 Debug Configurations
- Edit DTSL (Debug and Trace Services Layer) options, Cross Trigger Tab

& Diebug Confagurations
Create, manage, and run configurations
Creste, edit or choose a configuration to lsunch 8 DS-5 debugging sessi
L] E i Name Cross Trigaer Debug Conf

== Comnection i) Files £33 0)

+ Apphatice
+ Artach i Applicati
Postmaertem Debus
C/Ce s Remmate Appheatio
i D55 Debugger

£ Cross Trigger Debug €
@ Iron Pythan Run
& Iron Python unittest
5 Java Applet
1 Jave Appliation
Ju Wi
A7 Jythen run
A b

Selmet Largget
Select the manufactures, board

-

& Python Run
A Python umstest

T, Remote lavs Apphcation

Bare Metal Debug | Conrction]

< DTSL Configuration Editor

Debug and Trace Services Layer (DTSL) Configuration

Add, edit or choose a DTSL configuration for file : dtsl_config_script.py, class : USBBlaster_DtslScript

= 2 Name of configuration: default

nable FPGA -> HPS Cross Trigger
nable HPS -> FPGA Cross Trigger

Cross Trigger initialization

Assume Cross Triggers can be accessed

Cross Trigger . Trace Buffer| Cortex-A3 | STM | ETR | ETF

The Cross Trigger interface can only be accessed if the system clocks

have been initialized. If the Cross Trigger interface is accessed

prior to the clock initialization, then the target may lock up.

The folllowing option should only be set if you are sure that the system
clocks have been initizlized prior to DS-5 connecting to the target system.
The system clocks are typically set up by running the Altera preloader script

Filter matched 15 of 19 items.

n v
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Ensure user is aware system clocks

must be initialized prior to running the
debugger with Cross Trigger enabled

Apply Revert

[ OK J [ Cancel
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Software to FPGA Cross-Domain Debug

« Trigger from the software world to the FPGA world
- DS-5 running with cross trigger enabled

SOFTWARE TRIGGER

Zmain(int arge, char *argv([])] 75 Debug Co 22 r[\:,Project Ex}]ﬁRemoteSW Iad Streamlin} =0
ghoolean recval: E|hib"aﬁ&|%vgv|b'm?’-®-ﬁ?v
GErzor *error = NULL: @& Cross Trigger Debug Configuration connected
if (!games_runtime_init ("gnometris”)) * C_ortex:A‘J_O#lsloppedon DS P

return 1; = o1
= o2 nremaina I
Name |4 3 2 -1 0 1 2 3 2 : 8910
rst n HARDWARE TRIGGER!
err
# din a _007h 3 _000h X 0O0Th T 002h X
* iostat
con done ] Trigger in S
status n I - —
: 8 id e
SignalTa valic - .
g P data a ) Node: =
+ data b CIBAR X | @ mretance: -1 18Bh
@ Hard Processor System (HPS) trigger out
Pattern: [ € Either edge -

[ANO[SRYA\,
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FPGA to Software Cross-Domain Debug

« Trigger from the FPGA world to the software world
- DS-5 running and enable to wait for cross-trigger

N e Hardware Trigger =8 2]
Irgger. 210817 143810 01 B Sorl Conbgurabon: x

Sanche deptt: 16K v | Rad e | . |
T I O T

/| Hard Processor System (HP5) trigger in *din a OOTh D00k [ O 1
| Hard Processor System (HPS) event: |0 =]

Latency delay: 5 cydes

__OBdh 1 OE5h X i OBSh
L L
T Debug Co 22 ) Project Exw 48 Remote SW % Streamlin . —
W Ve % - G, .
Bl X% Q- > Execution stop
4 ‘ Cross Trigger Debug Configuration connected
or Cpeod sty
a 3t Cortex-A9_0 #1 stopped e
= alt_globaltmr_counter_get _low32+0x18 SW Trace Event e e
= toggle leds forever+ 030 ey He P15, 8000, £0, €0, 20, #S
— . ANDE £0, 20,83
= teat hridne+le14 o
/ OxB000000C or 0,80
080000010 nEg Loopl : OXBOOOODIC
T Trace triguec
Loap0
0x8000003C © asp £1,£1,01
0x80000040 AL DowbleR0 : OxS00000&C
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Test Your Knowledge

« True or False, users can alter the boot ROM code
— False

« What's the best way to resolve low-level driver issues?
a) Always blame the software engineer
b) Always blame the hardware engineer

c) Use FPGA-adaptive software debugging capabilities of the SoC to
efficiently find and solve the problem

249 © 2015 Altera Corporation—Confidential AE'ERA 4

Hardware Design Agenda

«
«
«
«
«
«
«
«

Conclusion

250 @ 2015 Altera Corporation—Confidential AE'ERA 4

A-MNL-HW-SOC-15-0-v2 125




Designing with an ARM-based System on a Chip

Golden Reference Design

« Complete system design with
Linux software support S I —
— Simple custom logic design in FPGA -
— All source code and Quartus Il / Qsys L ﬂ H
design files for reference _— =
— Include all compiled binaries- o 3 |
example can run on an Altera SoC [~ =
Development Kit to jumpstart | Ew
development
HPS [=ro] (== | rm:--»s ]

Master
Momory SYSID

Pl0 |———i
PIO —
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SoC Out-of-Box Reference Design Demo

*Webserver Portal

j e e Through webserver portal to
Remote login to e e e - SSH to Linux Console

board via IP — _FTP

address displayed e - Blinking LED

on board = - Echo text on LCD

Linux host with webserver running

ARM AZ ARM AG
neonFey | NeowFRy DORIS0RAM

L] .[ E-[k‘il ]H
i

asPi
PRI

UART
f{ ROM UART
5P
e M B4HE &P
CAN
— roar
sizslid =]
=1 DA
TIMERS

JTAG
Mastar

¥ LED
@ Push button

Cyclone V SoC DevKit

*Part of the software included with the Golden Hardware Reference Design
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SoC Development Boards

« Cyclone V SoC

« ArriaV SoC

« Arria 10 SoC

« DE1-SoC education board
« Arrow SOCKIit

« Macnica Helio Board

« EBV SoCrates

« and many others

253 @ 2015 Altera Corporation—Confidential

Follow-on Training

« Altera
— Developing Software for an ARM-based SoC

« Free Altera Online Trainings

— SoC Hardware Overview
« The Microprocessor Unit
« Interconnect and Memory
« System Management, Debug and GP Peripherals
« Flash Controllers and Interface Protocols

— SoC Hardware Design Flow

— SoC Software Design Flow

« Doulos SoC hardware and software training courses

« ARM training courses:
- ARM Cortex-A9 MPCore Software Development (3 days)

« ACG training courses
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Summary

You should now be able to
« Explain the pieces HPS in the SoC devices
« Use Qsys to instantiate and configure an HPS component

« Explain the similarities and differences with the Avalon and
AXI protocols

« Debug an SoC device using the System Console and
SignalTap Il logic analyser in conjunction with DS-5

« Explain the hardware handoff files for the software flow
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Many Ways to Learn

Videos

Virtual Classes
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Instructor-Led and
Virtual Training Curriculum

Each course is
0 0 Quartus® Il 1 day long
0 Software:
D Foundation
) Quartus Il o Ei)slswlzgaTmH Quartus Il
H o— Software: P Uiy Software:
ntroduction i
o i et 2o €
Verilog nalys Compilation yst
Introduction
. Foundation Classes
v v
I:I Advanced Follow-On Classes
o Advanced
Advanced Advanced Advanced Timing Timing I:I Specialized Classes
VHDL Verilog Qsys Closure Analysis
Possible Future Classes
|
' "7l Available as a Virtual Class
Introduction ' External Designing Designing ?)ertfi‘rjrzi';]:t?gr? ‘”I Recommended progression
to OpenCL™ 4! Optimizing with an ARM with the P! N
o Memory o with Stratix
for Altera OpenCL [ -based SoC Nios® Il 10 HyperFlex
FPGAs FPGA Processor yp
Architecture
+ T v
Building Building S Developing A Advanced .
Gigabit Gigabit Céiat:ggs?fl Software for SDoef‘tl:/I:r’:?gr Optimization Partial DSP Builder E\)/elgieon
Interfaces in Interfaces in Linl?s Usin an ARM®- the Nios Il with Stratix Reconfig- Advanced Frarnevgvork
28-nm Generation FPGAS 9 based SoC EOReeay 10 HyperFlex uration Blockset Worksho,
Devices 10 Devices FPGA Architecture P

http://www.altera.com/training
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Exercise 3

Debugging
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Thank You
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Designing with the ARM-Based SoC

Exercise Manual

Software Requirements:

Quartus® Il Software v15.0 with the Cyclone® V family installed
SoC Embedded Development Suite 15.0

Hardware Requirements:

Terasic® DE- SoC development kit

http://www.altera.com/customertraining/ILT/Designing with ARM SoC 15 0 v2.zip



http://www.altera.com/customertraining/ILT/Designing_with_ARM_SoC_15_0_v2.zip
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Exercise 1

Instantiate the HPS Component
In Qsys



Exercise Manual Designing with an ARM-Based SoC Lab 1

Objectives:

o Add a Hard Processor System (HPS) component to an existing Qsys System

e Configure the HPS interfaces and other parameters

As you proceed through the exercises, be sure to completely read the instructions for each step
and sub-step in this lab manual. Use the lines next to each step ( ) to keep track of your
progress or to check off completed steps in the exercises.

If you have any questions or problems, please ask the instructor for assistance.

AIJE%A ® 4 Copyright © 2015 Altera Corporation
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Step 1: Set Up an Embedded Hardware Design Project
1. Find the lab materials on your training computer by navigating in the windows explorer to

10.

11.

the C:\altera_trn\Designing_with_ARM_SoC directory. This directory will be referred to
throughout these exercises as the project folder.

If there are already existing subdirectories in the project directory, delete them before
continuing. This will ensure you are starting fresh with clean files and not files created from
a previous class. There should be nothing in the directory other than the self-extracting zip
file.

Double-click on the file Designing_with_ ARM_SoC_15 0 v2.exe

Select Unzip to extract its contents to the Designing_with_ARM_SoC folder.
Click Close when complete.

Change directory into the <project_folder>\Labs directory.

In this folder, you will find the Quartus Il project that you will use today.
Start the Quartus Il version 15.0 Software from the windows start menu

Open the soc_system.gpf by selecting File -> Open Project from the menu bar and then

selecting the <project_folder>\Labs\soc_system.qgpf file.
Be sure to use File -> Open Project and not File -> Open.

Click Open.
Next, you will start building your system by instantiating the HPS component.

From the Quartus Il Tools menu, choose Qsys

This opens Qsys system integration tool which is required to design with the Hard Processor
System, we will talk more about the advantages of using this tool later in the presentation.
The Qsys tool is used to generate the HDL file for the system which will then be compiled.

Double-click the soc_system.gsys file when prompted to open.

In the interest of speeding your creation of the system along, the Qsys system already
contains several components and a Clock Source component. If you were to create your own

Qsys system from scratch, only the Clock Source component would be present at first.

AIJE%A ® 5 Copyright © 2015 Altera Corporation
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Step 2: Add Hard Processor System (HPS) Component

The HPS component consists of the dual ARM® Cortex™- A9 processor with various

Lab 1

peripherals that can be enabled for use in the system. The block diagram below shows the

system, divided up into HPS and FPGA portions. The items in the upper HPS portion will be

configured now.

There are multiple tabs used to configure the HPS component. These tabs are FPGA

interfaces, Peripheral Pin Multiplexing, HPS Clocks, and SDRAM. Each of these tabs will

be looked at in sequence to configure them.

AR A ARNM AQ
MEOMFPU MNEOMFPU DDR/SDRAM
1% D$ || I$ D%

TMC/Trace QSPI
USEOTG GPIO
USB OTG C

Ethernet I?C
Ethernet UART
SDIMMC ROk UART
NAND flash SPI
RAM B4KEB SR
CAMN
FPGA mngr
CAMN
Dihd A,
TIMERS
H P S | HPS W FRGA | | hPSw RO | | FPGARHPS |
ot |aten oy

FPGA

A-MNL-HW-SoC-EX-15-0-v2
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PIO
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1. In the Search box under the IP Catalog tab, type “processor”.

™ 1p catalog E@\ - ™
[ , processor b4 \II
P_roiect
- New Component...
Li_hrarv

—|-Processors and Peripherals
=}-Embedded Processors
. le® MiosII {Classic) Processor
: ‘@ Nios II Processor
{----Hard Processor Components
i---H._ard Processor Systems

e Arria W/Cydone ¥ Hard Processor System

The search feature is very useful when locating components in the library.
2. Double-click Arria V/Cyclone V Hard Processor System.

By double clicking, we are creating an instance of the IP into our current system. This also
opens the HPS component dialog box allowing us to customize the component.

We will be discussing every one of the options in the presentation later.

3. Onthe FPGA Interfaces tab, disable the MPU standby and event signal, which should be
enabled by default.

These are internal signals that indicate if the microprocessor is in standby mode and can
wake up the CPU. We are disabling these because our design does not have any logic in

the FPGA fabric that can take advantage of these features.
Note: It may take up to 2 seconds for the GUI to respond to your selections.
4. Ensure that the general purpose signals are disabled (default).

These are signals which produce a pair of 32-bit unidirectional general purpose interfaces

between the FPGA and HPS. For this exercise, these signals are not needed
5. Enable System Trace Macrocell hardware events
This allows custom hardware to inject trace events to the HPS trace bus
6. Inthe AXI Bridges section, ensure that the FPGA-to-HPS interface width is set to 64-bit.

Enabling the FPGA to HPS interface allows masters within the FPGA to access to HPS

peripherals. 64-bits is the width of the interface to the hardware logic.

AIJE%A ® 7 Copyright © 2015 Altera Corporation
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7. Set the HPS-to-FPGA interface width to 128-hit

Enabling the HPS to FPGA interfaces allows the HPS master to access the FPGA
peripherals. Setting it to a wider width allows the interface to run on a slower clock but

maintaining throughput.

8. Ensure that the lightweight HPS-to -FPGA interface width is set to 32-bit.

Unlike the regular HPS to FPGA bridge which is tuned for throughput, the lightweight HPS-
to-FPGA bridge is tune for latency. Using two HPS to FPGA bridges allows us to

differentiate traffic type to increase performance. Control and status type of access can now

use the lightweight bridge while data transfers will be assigned to the regular high
throughput HPS to FPGA Bridge.

The settings should now look like this:

-

A& Arria V/Cyclone V Hard Processor System - hps_0

-

Mogatore’ altera_hps

Arria V/Cyclone V Hard Processor System

4

|" Block Diagram f
[] Show signals

FPGA Interfaces | peripheral Pins | HPS Clocks | SDRAM |

- General

hp

h_stm_hw_everts .
== "= onduit

h_sdram0_clock
= = lock

h_sdram0_data !
= = EL]

2f_axi_clock Inck

h_axi_clock
lock
h_axi_slave .
= = E]

21 lw_axi_clock

lock

D'Enable MPU standby and event signals

["] Enable general purpose signals
[] Enable Debug APE interface
nable System Trace Macrocell hardware events
|| Enable FPGA Cross Trigger Interface
[] Enable FPGA Trace Port Interface Unit
Enable FPGA Trace Port Alternate FPGA Interface
[T] Enable boot from fpga signals
[] Enable HLGPI Interface

|~ AT Bridges
FPGA-to-HPS interface width:

64t v

HPS-to-FPGA interface width: 128-hit »

Lightweight HPS-to-FPGA interface widthy | 3o bt » |

Scrolling down the FPGA interface tab, there are still more options available to set. There
are the FPGA-to-HPS SDRAM interface settings, Reset settings and DMA Peripheral

Request settings.

A-MNL-HW-SoC-EX-15-0-v2
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10.

11.

12.

13.

Scroll down the FPGA interface window until you see the FPGA-to-HPS SDRAM

Interface and select the f2h_sdramO interfaces in the window.

The FPGA-to-HPS SDRAM interface allow FPGA masters to directly read/write from the
HPS SDRAM. If you don’t need cache coherency support this is the fastest way to access the
SDRAM. If you do need cache coherency then you can use the FPGA-to-HPS Bridge through
the Accelerator Coherency Port to access the SDRAM.

Click the “~*“button to remove the interface since we won’t be using it.

|' FPGA-to-HPS SDRAM Interface

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

Type Wicth
- -

2B

In the Resets section enable the three FPGA-to-HPS reset requests while ensure HPS-to-

FPGA cold reset and warm reset handshake are disabled.
Our FPGA components will be able to reset the HPS.

Scroll down to the DMA Peripheral Request section and verify that all rows indicate “No”

under the Enabled column.

Enabling the DMA peripheral request would allow soft logic in the FPGA fabric to
communicate with the DMA controller in the HPS through one of the eight request IDs. Our

design does not use this capability.
Scroll down to the Interrupts section and enable the FPGA-to-HPS interrupts option.

This will provide 64 bits of interrupts for the FPGA components to send interrupts to the

Generic Interrupt Controller in the HPS.

m ® 9 Copyright © 2015 Altera Corporation

A-MNL-HW-SoC-EX-15-0-v2



Exercise Manual

Designing with an ARM-Based SoC Lab 1

e Arria V/Cyclone V Hard Processor System - hps_0
“ Arria V/Cyclone V Hard Processor System
Mogators' altera_hps
4 e
|~ Block Diagram n [~ Resets
[] Show signals [] Enable HPS-to-FPGA cold reset output
[ Enable HPS warm reset handshake signals
hps_D Bnable FPGA-to-HPS debug reset request
h_cold_reset_req esct conduit memar Bhable FPGA-to-HPS warm reset request
h_debug_reset_reqg eset reset h2f_resgh Bhable FPGA-to-HPS cold reset request
h_warm_reset_req et axi h2f_axi_master |' DMA Peripheral Reg
h_stm_hw_events anduit i h2f_Iw_axi_master Peripheral Request ID Enahled
2f_axi_clock ok 0 Mo P
h_axi_clock ock 1 o
i 2 No =
h_axi_slave i 3 Mo
2f_lw_axi_clock ok 4 lo
L1 5 No -
h_irgQd irterrupt
. - Interru
h_ireyl intermupt X
nable - nterrup
Enable FPGA-to-HPS Inte =
attera_hps = HPS-to-FPGA
[] Enable CAM interrupts
Step 3: Configure HPS Peripherals (MAC, NAND, QSPI, SDIO, USB)

Under the Peripheral Pins tab, there are options to enable the HPS peripherals.  There are

more peripherals than there are available 10s to support them, so choices will have to be made

regarding which HPS component uses which pins. To accommodate this there may be multiple

1/0 sets that we can use for each component.

By hovering with a mouse over each interface in the Peripheral Pins tab (EMAC1 mode in the

example below), a list of the signals used in that interface pops up.

A-MNL-HW-SoC-EX-15-0-v2
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AL Arria V/Cyclone V Hard Processor System - hps_0

T T amm— —

Mogators’ altera_hps

“ Arria V/Cyclone V Hard Processor System

[~ Block Diagram

[] Show signals

FPGA Interfaces | Peripheral

Pins | HPS Clocks | SDRAM |

[~ Ethernet Media Access Controller

hps O
220 anduit conduit
2f_axi_clock ok reset
h_axi_clock .
lock axi
h_axi_slave . .
= = AEl EL]
2f_lw_axi_clock
= ="= lock
ih—quu intermupt
h_irgl interrupt

EMALCO pin:
EMACO mode:
EMAC1 pin:
EMAC1 mode:

_Unused v:
NA v
HPSIfO5etD v
RGMII -]

EMACI1 mode (EMACL_Mode):

h2f

4| 1

[* NAND Flash Controller

MAND pin:
MAMD mode:

[~ Quad SPI Flash Contro

(Q5PI pin:
Q5P mode:

[~ SD/MMC Controller

SDIO pin:
SDIO mode:

[* USB Controllers

USBOD pin:
LSBO PHY interface mode:
USE1 pin:
USB1 PHY interface mode:

[~ SPI Controllers

SPIMO pin:
SPIMO mode:

1|

Signal Membership Per Mode Usage Of
RGMII | RGMII with I2C3
MDC X
MDIO X
RXD0 X X
RXD1 X X
RXD2 X X
RXD3 X X
RX CLK| X X
RX_CTL X X
TXDO X X
TXD1 X X
TXD2 X X
D3 X X
TX CLK X X
™ CTL X X

Select the Peripheral Pins tab.

This tab allows us to enable HPS components as well as to choose which one of the 10s are

assigned to those enabled components.

Under the Ethernet Media Access Controller section, set EMACL1 pin to HPS 1/0O Set 0
and ensure the EMACL1 mode is set to RGMII.

We have now enabled Ethernet MAC 1 using the MDIO PHY management interface.

Under the QSPI Flash Controller section, set QSPI pin to HPS 1/0 Set 0.

A-MNL-HW-SoC-EX-15-0-v2
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Ensure the QSPI mode is set to 1 SS (slave select) for use with 1 device.
In the SDMMC/SDIO Controller section, set SDIO pin to HPS 1/O Set 0.
Set the SDIO mode to 4-bit data.

Under the USB Controllers section, set USB1 pin multiplexing to HPS 1/0 Set 0, and
ensure that the USB1 PHY interface mode is set to SDR with PHY clock output mode.

FPGA Interfaces | Peripheral Pins | HPS Clocks | sDRAM |

[~ Ethernet Media Access Controller

EMACD pin: [ -

EMACO mode: NjA

EMAC1 pin: HPS I/O SetD

EMAC1 mode: REMII -
[~ NAND Flash Controller

MAND pin: :Unused -

MAND mode: N/A

|~ Quad SPI Flash Controller

QSPI pin: HPS 1/O Set0 w |
QSPI mode: 155
[~ SD/MMLC Controller

SDIO pin: HPS IO SetD v
SDIO mode: 4bit Data |

[~ USB Controllers
LISBO pin: Unused |
USBO PHY interface mode: yja

USB1 pin: HPS 10 SetD v
USB1 PHY interface mode: | sDR with PHY dock output mode

Under the SPI Controllers section, set SPIM1 pin to HPS 1/O Set 0.
Set the SPIM1 mode to Single Slave Select.
Under the UART Controllers section, set UARTO pin to HPS 1/0O Set 0.

Set the UARTO mode to No Flow Control.

m ® 12 Copyright © 2015 Altera Corporation
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14.

15.

16.

Exercise Manual

Designing with an ARM-Based SoC

|~ SPI Controllers

SPIMO pin: Unused |
SPIMO mode: NJA | |
SPIM1 pin: HPSI/OSet0 + |
SPIM1 mode: Single Slave Select
SPISO pin: Unused -
SPIS0 mode: N/A - | |
SPIS1 pin: Unused |
SPIS1 mode: N/A | |
|~ UART Controllers
UARTD pin: HPSI/OSet0 + |
UARTO mode: Mo Flow Control
UART1 pin: Unused =
JART 1 mode: MiA ' .

Under the 12C Controllers section, set 12C0 pins to HPS 1/0 Set 0.

Ensure that the 12C0 mode is set to 12C.

Set 12C1 pins to HPS 1/O Set 0.

Ensure that the 12C1 mode is set to 12C.

Ensure CAN Controllers and the Trace Port Interface unit are all Unused

A-MNL-HW-SoC-EX-15-0-v2
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|~ 12C Controllers

12C0 pin: HPS1/O5et0 v
12C0 mode: I2C |
12C1 pin: HPS1jOSet0
12C1 mode: 190 - |
[2C2 pin: Unused -
12C2 mode: N/A |
[2C3 pin: Unused =
12C3 mode: NjA w |

|~ can Controllers

CAND pin: Unused -
CAND mode: NjA w |
CAN1 pin: Unused -
CAN1 mode: N/A - |

|* Trace Port Interface Unit
TRACE pin: Unused |
TRACE mode: N/A - |

Check the messages window in the HPS component configuration window and verify that

there are NO errors regarding conflicts.
If there are errors, they would appear at in the message window. Here’s an example

@ Error: hps_0: Refer to the Peripherals Mux Table for more details. The selected
peripherals 'TEMACL1' and "NAND" are conflicting.

Two interfaces cannot share the same pins. The peripherals mux table at the bottom shows if

there are pins with invalid assignments, such as having multiple interfaces. (The bold

outlines shown in the screen shot below indicate which signals are in use.)

= Peripherals Mux Table

PinName mux_select 1 mux_select_2 mux_select_3

If an error similar to the one above appears, check the peripherals mux table to find out

which interfaces are in conflict and correct them.

Only one signal per row should have a bold outline in the peripherals mux table as follows:

Am ® 14 Copyright © 2015 Altera Corporation
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~ Peripherals Mux Table

PinMame
HAND_ALE

mux_select_1 mux_select_2

QSFI.SS3 (Set1)(Setl) MACA.TX_CLK (Set0)

mux_select_3
NANDLALE (Set0)

|manD_cE

MACA.TXD0 (Setd)

NAND.CE (Set0)

HAND_CLE

NAND.CLE (Setd)

[HaHD_RE

TX02 (Set0)

NAND.RE (Sei0)

HAND_RB

| ISED e EMAC1.TXD3 (Set0)

NAND.RE (Setl)

18.  In the Peripherals mux table, find GP109 under the GP10 column (5™ column of the table).

Since this particular pin RGMII0_TX_CTL is not being used by another component, we’re

able to configure it as a General Purpose IO.

19.  Enable GPIOOQ9 by clicking the GP1009 button.

[ Peripherals Mux Table

PinMName
RGMIID_RX_CTL

mux_gelect_1 mux_select 2 mux_select 3

* GPIO

RGMIND_TX_CTL

1 23 no- FE—|

RGMIID_RX_CLK

20.  Repeat the above 2 steps for these additional GPIO pins:

GPI10O35

GP1040

GP1048

GPIO53

GP1054

GPIO61

Step 3: Configure HPS Clocks

EMACD RX_CTL (S2t0)
EMACD TX_CTL (Setd)
EMACD RX_CLK (Setd) [

GEIOA0

)|

On the HPS Clocks tab the specific clock sources and frequencies are specified. Remember from the

presentation that these properties are all managed by the Clock Manager Component. When you make

the selections on this tab the information is used to generate the 2™ stage bootloader software which

executes these selections.

A-MNL-HW-SoC-EX-15-0-v2
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3. Ensure EOSC1 and EOSC2 clock frequencies are set to 25Mhz and all FPGA-to-HPS

References clocks are disabled.

| FPGA Interfaces | Peripheral Pins | HPS Clocks | spRam |

Input Clocks | Qutput Clocks

[ External Clock Sources

EOQSC1 dock frequency: 25.0 MHz
EOQSC2 dock frequency: 25.0 MHz

[* FPGA-to-HPS PLL Reference Clocks
[7] Enable FPGA-to-HPS SDRAM PLL reference dock

[ Enable FPGA-to-HPS peripheral PLL reference dock
FPGA-to-HPS SDRAM PLL reference dock frequency:  |p.g MHz
FPGA-to-HPS peripheral PLL reference dock frequency: |p.g MHz

In this design we will not be sourcing any clocks from the FPGA fabric nor sending any
clocks to the FPGA fabric.

4.  Click on the Output Clocks Tab.

5. Ensure reference is set to EOSCL1 clock and clock sources are set as the screen capture.

| FPGA Interfaces | Peripheral Pins | HPS Clocks | sDRAM|

Output Clocks
|~ Clock Sources

Peripheral PLL reference dock source: EQSC1 dack =
SDMMC dock source: Peripheral NAND SDMMC dlock -
MAND dock source: Peripheral MAND SDMMC dock

QSPI dock source: Main QSPI dock -
L4MP cock source: Peripheral base dock -

L4 5P dock source: Peripheral base dock

6. Disable “Use default MPU clock frequency”

7.  Instead set the MPU clock frequency to 800 MHz

|~ Main PLL Qutput Clocks - Desired Frequencies
Default MPU docdk frequency: q975.0 MHz

[] Use default MPU dock frequency
MPU dock frequency: a00.0 MHz

i 0.0 ~ | MHz
L3 5P dock frequency: 100.0 +  MHz

Am ® 16 Copyright © 2015 Altera Corporation
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Configure SDRAM

Under the SDRAM tab, there are options to set the SDRAM parameters for the DDR3 on the board.

Lab 1

There are four tabs for the SDRAM configuration, PHY Settings, Memory Parameters, Memory Timing,

and Board Settings.

The settings need to match the datasheet of the Micron DDR3 device on the board. In the interest of time,

you will use a preset rather than change all the settings manually. The preset for that configuration

stores all of the relevant settings. You can always create your own preset by clicking the New... button

then save the preset with a custom name.

Click the SDRAM tab in the HPS component wizard.

Ensure the Preset window is visible. If not, the window is hidden to the right of the wizard.

Make the window visible by dragging the right border of the dialog box to the left.

| FPGA Interfaces | Peripheral Pins | HPS Clocks | SORAM |

SDRAM Protocol: |ppR3

PHY Settings | Memory Parameters | Memory Timing | Board Settings

|~ Clocks

Memory dock frequency:

300.0

Arhicwed meamnre Fnrk fremnenre lann s

MHz

[] Use specified frequency instead of calculated frequency

Select the DE1 SoC SDRAM preset in the presets window.

| FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM |

SDRAM Protocol: |ppR3

-

PHY Settings | Memory Parameters I Memory Timing I Board Settings

|~ Clocks

Memory dock frequency:

400.0

MHz

[7] Use specified frequency instead of calculated frequency

Achieved memory dock frequency: \400.0 MHz

PLL reference dock frequency: 75.0 MHz
|* Advanced PHY Settings

Supply Voltage: 1L5VDDR3 = |

1/0 standard: SSTL-15

m

4
Presets

o

Pr_l:uject

""" # ELPIDA EDI1108BASE-3C

""" # ELPIDA ED]5308BASE-3C

""" # JEDEC DDR.2-1066 256MB X8
""" # JEDEC DDR.2-1066 512MB X8
""" # JEDEC DDR.2-400 256MB X8
""" # JEDEC DDR.2-400 512MB X8
----- # JEDEC DDR.2-533 256MB X&
----- # JEDEC DDR.2-533 512MB X&
----- # JEDEC DDR.2-667 256MB X&
----- # JEDEC DDR.2-667 512MB X&
----- & JEDEC DDR.2-800 256MB X&

Click Apply. You should see DE1 SoC SDRAM preset appear in bold

When a preset is in bold, it signifies all of the settings in the preset have been applied.

A-MNL-HW-SoC-EX-15-0-v2
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4.  Click the PHY Settings tab and verify that the circled settings match the following.

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

SDRAM Protoce): |ppR3

-

PHY Settings §Memory Parameters I Memory Timing | Board 5ettings|

[~ Clocks
Memory dodk frequency: 400.0 MHz

[] Use specified frequency instead of calculated frequency

Achieved memory dock frequency: |400.0 MHz

PLL reference dock frequency: 25.0 MHz
[~ Advanced PHY Settings

Supply Voltage: L5VDDR3 =

10 standard: SETL-15

5. Click the Memory Parameters and verify that the circled settings match the following.

| FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM |

SDRAM Protocol: |ppR3

-

PHY Settingsl Memary Parameters | Memary Timing | Board Settings

Apply memory parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.

Memory vender: Micron o |
Memory format: Discrete Device
Memory device speed grade: 200.0 - | MHz
Total interface width: 32 .
Mumber of DQS groups: 4

Mumber of chip selectfdepth expansion: |1 . |

Mumber of docks: g 1

Row address width: 15 .

Columnn address width: 10
Bank-address width: 3

Enable DM pins

DQ5# Enable

6.  Scroll down to the Memory Initialization Options section and verify that ODT Rtt

nominal value is set to RZQ/6.

Am ® 18 Copyright © 2015 Altera Corporation
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|"' Memory Initialization Options

Mirror Addressing: 1 per chip select: |
Address and command parity

Mode Register 0

Burst Length: Burst chop 4 or & (on the fly) - |
Read Burst Type: Sequential

DLL precharge power down: DLL off .

Memory CAS latency setting: 7 .

Mode Register 1

Output drive strength setting: RZQE
ODT Rtt nominal value: RZQ/s -

Mode Register 2

Auto selfrefresh method: Manual -
Selfrefresh temperature: Mormal = |
Memoary write CAS latency setting: 7 - .

Dynamic OOT (Rtt WR) value: Dynamic ODT off

Lab 1

Click on the Memory Timing tab and verify that the circled settings match the following

screen shot.

(These values are found on the data sheet for the Micron part. If further knowledge on these

is required, please attend our instructor led External Memory Interfaces course or one of our

free Memory Interface online trainings where we will discuss in detail how to implement a

successful modern high speed memory controller.
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DDR.3

IS (base):
tiH (base):
D5 (base):
tDH (base):
tD0Sq:
t0H:
tD0SCK:
DOSS:
tO5H:
tD5H:
tDs55:
HIMIT:
tMRD:
tRAS:
tRCD:

tRP:
tREFI:
tRFC:
tWR.:
HWTR:
AW
tRRD:
tRTF:

Click the Board Settings tab and verify that “Use Altera’s default settings” is selected

190
140
30
65
125
0.338
255
0.25

ps
ps
ps
ps
ps
cycles
ps
cydes
cycles
cycles
cyces
us
cydes
ns
ne
ns
us
ns
ne
cydes
ns
ns

ns

| FPGA Interfaces | Peripheral Pins | HPS Clocks | SDRAM |

SDR.AM Protocol;

| PHY Settings I Memory Parameters | Memary Timing | Board Setﬁngs|

Apply timing parameters from the manufacturer data sheet
Apply device presets from the preset list on the right.

Lab 1

under both the Setup and Hold Derating section and the Channel Signal Integrity section.

Scroll down to the Board Skew section and verify that the board skews are set as follows:
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|~ Board Skews

PCE traces can have skews between them that can cause timing margins to be reduced. Furthermore
skews between different ranks can further reduce the timing margin in multi-rank topologies.

[ Restore default values ]

Maximurn CK delay to DIMM/device: 0.03
Maximurn DS delay to DIMM/device: 0.02
Minirmum delay difference between CK and DQS: 0.06
Maximum delay difference between CK and DQS: 0.12
Maximurn skew within DQS group: 0.01
Maximurmn skew between DQS groups: 0.06
Average delay difference between DQ and DQS: 0.05
Maximum skew within address and command bus: 0.02

Average delay difference between address and command and CK: |5.01

ns

ns

ns

ns

ns

ns

ns

ns

ns

Lab 1

Click Finish in the HPS configuration window to accept the configuration settings and close

the window.

There will be errors in the Qsys system as we haven’t made any of the necessary connection

to the HPS yet, we will resolve those in exercise 2.

Exercise Summary
e Added an HPS component to a Qsys System

e Configured an HPS component

END OF EXERCISE 1
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Exercise 2

Complete the HPS Qsys System



Exercise Manual Designing with an ARM-Based SoC Lab 2

Objectives:
e Connect the HPS instantiation with the FPGA system in Qsys

¢ Instantiate additional FPGA components in Qsys

e Generate the Qsys system

Our completed system will include the following components:
Hard Processor System On-chip memory Clock Source
JTAG to Avalon® Master Bridge (To Master HPS Components)
JTAG to Avalon Master Bridge (To Master FPGA Components)
Interrupt Capture Module System ID peripheral JTAG UART
Parallel 10s for DIP switch, push buttons, and LEDs

You will be building the following system:

JTAG to Clock
Avalon Bridge s
ource
(hps only)
JTAG to
Interrupt Input Input S Avalon ITAG
Capture D PIO PIO PO Bridge UART
p Switches Buttons Leds 9
(fpga only)

This system will have a processor and a number of embedded peripherals, including
interrupt capturer, P1Os, and JTAG bridges. It also has a sysid register used to identify the
system built. The specific components you will be adding are colored dark in the diagram
above. Note that we’ve already instantiated the HPS component in the previous lab.

Throughout this lab, as we add components, reordering components in the Qsys system view
can make verification easier. The screenshots provided will often be organized to make the

connections more obvious, but components do not have to be ordered that way.
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Step 1: Connect the HPS Component
1.  Back in the Qsys System Contents window, find the row associated with the HPS

component we just added, it should be at the bottom and named hps_0

2.  Export the h2f_reset Reset Output port by double clicking in the Export column and
accepting the default name, hps_0_h2f_reset by pressing the enter key.

By exporting we’re making the signal available outside of the Qsys system. This way we can
connect the signal to pin or to other non-Qsys FPGA logic.

3. Export the f2h_cold_reset_req Reset input port by double clicking in the Export column
and accepting the default name, hps_0_f2h_cold_reset_req by pressing the enter key.

4.  Export the f2h_debug_reset_req Reset input port by double clicking in the Export column
and accepting the default name, hps_0_f2h_debug_reset_req by pressing the enter key.

5. Export the f2h_warm_reset_req Reset input port by double clicking in the Export column

and accepting the default name, hps_0_f2h_warm_reset_req by pressing the enter key.

6. Export the f2h_stm_hw_events conduit port by double clicking in the Export column and

accepting the default name, hps_0_stm_hw_events by pressing the enter key.

7. Rename the exported name of the hps_io conduit port of the HPS component by selecting

hps_io in the Export column and typing hps_0_hps _io.

8.  Verify that the memory conduit port is exported and named memory. If it is not, export that
interface with the name memory.

These exported connections can be seen below. It needs to appear Exactly as shown.

W B hps_0 Arria VCydone V Hard Processor System
o f2h_cold_reset_reg Reset Input hps_0_f2h_cold_reset_reqg
o f2h_debug_reset_req |Reset Input hps_0_f2h_debug_reset_req
C— f2h_warm_reset_req  |Reset Input hps_0_f2h_warm_reset_req
fws f2h_stm_hw_events Conduit hps_0_f2h_stm_hw_events
< memary Conduit mMemory
fas hps_io Conduit hps_0_hps_io
H h2f_reset Reset Qutput hps_0_h2f_reset

9.  Connect the Clock Input interface, h2f_axi_clock, on the HPS by choosing clk_0 in the

drop-down menu in the Clock column of the HPS instance.

Aum ® 25 Copyright © 2015 Altera Corporation
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= Dg hps_0 Arria V{Cydone V Hard Processor System

C— f2h_cold_reset_req Reset Input hps_0_f2h_cold_reset_req

C— f2h_debug_reset req |ResetInput hps_0_f2h_debug_reset_req

C— f2h_warm_reset_req  |Reset Input hps_0_f2h_warm_reset_req

< f2h_stm_hw_events Conduit hps_0_f2h_stm_hw_events

A memory Conduit memory

CH hps_io Conduit hps_0_hps_io

H h2f_reset Reset Output hps_0_h2f_reset

1-- h2f_axi_clock Double-click to export [

h2f_axi_master AXI Master dk_0
f2h_axi_dock Clock Input unconnected

There are many ways to connect the clock. You could have also right clicked on the interface

or used the connections panel.

10.  Connect the Clock Input interface, f2h_axi_clock, on the HPS by choosing clk_0 in the
drop-down menu in the Clock column of the HPS instance.

11.  Connect the Clock Input interface, h2f_Iw_axi_clock, on the HPS by choosing clk_0 in the

drop-down menu in the Clock column of the HPS instance.

The clocks on the HPS should be connected as shown in the following picture.

I T e

C— f2h cold _reset_req Reset Input hps_0_f2h_cold_reset_req

C— f2h_debug_reset_req |ResetInput hps_0_f2h_debug_reset_req

C— f2h_warm_reset_req  |Reset Input hps_0_f2h_warm_reset_req

- f2h_stm_hw_events Conduit hps_0_f2h_stm_hw_events

- memory Conduit memory

A hps_io Conduit hps_0_hps_io

H h2f_reset Reset Output hps_0_h2f_reset
h2f_axi_dock Clock Input clk_0
h2f_axi_master AXI Master [h2f_axi_dock]
f2h_axi_dock Clock Input clk_0
f2h_axi_slave AXI Slave [f2h_axi_clock]
h2f_lw_axi_cock Clock Input clk_0

h2f_lw_axi_master AXI Master [h2f_Iw_axi_dock]

All errors should be resolved now, there are still some warnings which we will resolve soon.

Step 2:  Adding Additional Systemm Components

1.  Double-clock the Clock Source component (named clk_0) and ensure that the Clock

Frequency is set to 50 MHz to match the oscillator on the development board.

We’re using the clock source component to bring a clock into the Qsys system and we’ve
already connected it to the FPGA side of the HPS bridges.

2. Ensure that clock frequency is known is checked.
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soc_system = clk_0

Clock Source

clock_source

[~ Parameters
Clock frequency: 50000000 Hz

Clock freguency is known
Reset synchronous edges: 'Nurle

-

Close the Clock Source Parameters window

Erase “processor” from the Search box under the 1P Catalog tab. If that’s still there.
Now we’re going to add components by browsing in the library.

Add a System ID Peripheral to the Qsys system:

a. Double-click the System ID Peripheral in the Basic Functions > Simulation;Debug
and Verification > Debug and Performance folder in the Qsys IP Catalog pick-list

window to open up its configuration window.
b. Enter Oxacd51302 as the 32 bit system ID.
c. Click Finish to add the component to the Qsys system.

The System ID peripheral component contain registers for the ID as well as the Qsys
generation timestamp, it can be used to identify the current system programmed in the
FPGA.

For more information on this component and others, please consult the Embedded

Peripheral IP User Guide found on www.altera.com
Connect the System ID component to the Qsys system.

a. Connect the clk input port of the System ID Peripheral to clk_0 by selecting it in the

clock column drop down menu.

b. Rename the System ID component by clicking on its name in the Name column and
typing sysid_gsys.

c. Connect the System ID as shown below using the right click menu or connections panel
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Component | Port Component Port
sysid_qsys control_slave | To | hps 0 h2f_Iw_axi_master
sysid_qsys control_slave fpga_only_master | master
s s e e | v _rrny 11—
feh_axi_dock Clock I Export as: sysid_gsys_control_slave Connections: sysid_gsys.control_slave 4
f2h_axd_slave AXL Siaf fpga_only_master.master
haf Iw_axi_dock Clock T1 R P Fiiter ,
pr— h2f_lw_axi_master AXI Ma Lav QUi oV pvesier .
f2h_irqd Interry] ¥ hps_0.h2f_lw_axi_master G Edit. Ctrl+E
f2h_irg1 Interruf hps_only_master.master aF Add...
E sysid_gsys System I Peripheral & Rename Ctrl+R
&3 el Duplicate Ctrl+D
reset Reset Input
— control_slave Avalon Memory Mapped Slave 7 X Remove
1 . - 1 Details L4

Notice we’re connecting the System ID slave interface to the HPS to FPGA lightweight

bridge as accesses to the System ID component is consider a Control/Status access.

d. Set the base address for the System ID Peripheral by double-clicking the address for the
System ID peripheral in the Base address column and typing 0x0001_0000.

e. Click the lock icon next to the base address to lock it.

By locking the address, we won’t allow Qsys to assign any other address to this

component when we tell Qsys to automatically assign base addresses.

|| HE System ID Peripheral
dk Clock Input clk_0
reset Reset Input [clk]
+ ] Avalon Memory Map. .. [clk] & 0x0001_0000

control_slave

Move the HPS component to the top of the Qsys system by selecting the hps_0 component

and clicking the “move to top” button, = on the Qsys tool bar to the left of the System

Contents window.

When we move the component in the System Contents window, we’re not altering any

connections, only the appearance of the system.

Move the System ID component right below the hps_only_master component as shown in

the following screen shot.
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Your systems should resemble the following: (This diagram shows components already added to

the system minimized for simplicity)

Add the On-Chip RAM component:

E||a Eg System: soc_system Path: sysid_gsys
4 Use  Connections MName Description Export Clock Base End
”@ B hps_o \Arria V/Cydone V H...
b 4 C— f2h_cold_reset_req Reset Input hps_0_f2h_cold_reset_req
L:,_'J C— f2h_debug_reset_req [Reset Input hps_0_f2h_debug_reset_req
C— f2h_warm_reset_req  [Reset Input hps_0_f2h_warm_reset_req
= £ f2h_stm_hw_events IConduit hps_0_f2h_stm_hw_events
a Sa s memory (Conduit memory
7 Sa s hps_io IConduit hps_0_hps_io
= < h2f_reset Reset Qutput hps_0_h2f_reset
h2f_axi_dock Clock Input clk_0
h2f_axi_master \AXI Master [h2f_axi_dock]
f2h_axi_dock Clock Input clk_0
f2h_axi_slave \AXI Slave [f2h_axi_dock] 0x0000_0000 Oxffff fEEf
h2f_Iw_axi_dock Clock Input clk_0
— h2f_lw_axi_master \AXT Master [h2f_Iw_axi_...
f2h_irg0 Interrupt Receiver IRQ O
f2h_irgl Interrupt Receiver IRQ O
DQ hps_only_master |JTAG to Avalon Mas... clk_0
.-. System ID Peripheral
dk Clock Input clk_0
reset Reset Input [dk]
control_slave \Avalon Memary Map... [dk] & 0x0001_0000 0x0001_0007
dipsw_pio PIO (Parallel 1j0) clk_0 & 0x0001_0080 0x0001_008%F
button_pio PIO (Parallel 1/0) clk_0 & 0x0001_00cO 0x0001 00cf
jtag_uart JTAG UART clk_0 & 0x0002_0000 0x0002_0007
0] fpga_onky_master |JTAG to Avalon Mas. .. ck_0
= clk_o Clock Source
C— dk_in Clock Input clk exported
C— dk_in_reset Reset Input reset
— dk (Clock Output ck_o
— dk_reset Reset Qutput

a. Double click the On-Chip Memory (RAM or ROM) component from the IP Catalog in

the Basic Functions > On Chip Memory folder to open the configuration window.

b. Set the Data width to 64 bits.

c. Set the Total memory size to 65536 bytes.

d. Ensure Dual-Port Access is disabled.

e. Ensure Initialize memory content is Enabled.

f. Click Finish.
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The on-chip ram component can utilize the memory blocks in the FPGA

a.

/AVO[S RYA\ . 20

Lab 2

A On-Chip Merory (RAM or ROM) - onchip_mermory2_0

R On-Chip Memory (RAM or ROM)

Megaters’ altera_avalon_onchip_memory2

|~ Block Diagram | :

[ Memory type

[ Show signals

Type: RAM (Writable)
onchip_memaory2 0 BBt nees ]
Single dock operation
L clock Read During Write Mode: DONT_CARE
Eavalon Block type: AUTO v

eset] reset

attera_awvalon_onchip_memory2 I- Size
Data width: 64 -
Total memory size: 65536] - bytes

Minimize memary block usage {may impact Tmax)

|~ Read latency
Slave 51 Latency: 1|
Slave s2 Latency: 1

|~ ROM/RAM Memory Protection

Reset Request: Enabled |

|~ ECC Parameter

Extend the data width to support ECC bits: |pisabled - |

[~ Memory initialization

Initizlize memaory content

[] Enable non-default initialization file

User created initialization file: onchip_mem. hex

[] Enable In-System Memory Content Editor feature
Instance ID: NOME

10.  Connect the On-chip RAM component to the Qsys system:

Verify that the On-Chip memory component is named onchip_memory2_0.

If not, click the name and change it.

Connect the clk1 port of the On-chip RAM to clk_0 by selecting clk_0 in the Clock

column drop down menu.

Connect the On-Chip memory slave port s1 as shown below:

A-MNL-HW-SoC-EX-15-0-v2

Type the filename (e.qg: my_ram.hex) or select the hex file using the file browser button.

Memory will be initialized from soc_system_onchip_memory2_0.hex
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Component Port Component Port
onchip_memory2 0 | sl To | hps O h2f_axi_master
onchip_memory2 0 | sl fpga_only _master | master

e.

Notice we’re connecting the on-chip RAM to the high throughput HPS to FPGA bridge as

this connection is used for data movement.

Ensure the base address for the On-Chip memory is set to 0x0000_0000. If not, double-
click the address for the On-Chip Memory in the address column and type 0x0000_0000.

Click the lock icon next to the base address to lock it.

Move the On-Chip RAM memory component so that it is located just below the HPS

component.

...- = onchip_memory2 0 COn-Chip Memory (R...
»— dk1 Clock Input clk_0
— g1 Avalon Memaory Map. .. [clke1] & 0x0000_0000 0x0000_£££F
resetl Reset Input [clk1]

Add Interrupt Capture Module:

a.

b.

C.

Double click the Interrupt Capture Module component from Project -> Other folder

to open the configuration window for our custom component.
This component is in the Project folder as this is a custom component.
Verify the NUM_INTR is set to 32

Click Finish.

The Interrupt Capture Module captures the interrupts coming in and makes the information

available on a memory mapped interface.

Connect the Interrupt Capture Module to the Qsys system:

Connect the clk port of the Interrupt Capturer to clk_0

Connect the avalon_slave_0 interface on the Interrupt Capturer component to the

master port of the fpga_only_master component.

Set and lock the base address for the Interrupt Capture Module to 0x0003_0000
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Add the LED Parallel IO Component

Designing with an ARM-Based SoC

Lab 2

a. Inthe IP Catalog, find Processors and Peripherals - Peripherals - P10 and double

click it to instantiate it.
b. Set the Width to 10
c. Set direction to Output
d. Set Output Port Reset Value to OxF

e. Click Finish

Rename the component led_pio by single click on the name or using the right click menu

Connect the led_pio

a. Setthe led pio clk input to clk_0

b. Connect the led_pio sl slave port to fpga_only_master.master

c. Connect the led_pio sl slave port to hps_0.h2f_Iw_axi_master

d. Set the address of the led_pio s1 port to 0x10040 and lock it

e. Export the external_connection Conduit interface as the default

led_pio_external_connection

Move the led_pio component to be just below button_pio

PIO (Parallel I/0)

L] i
dk
reset
51

> external_connection

Clock Input
Reset Input

Avalon Memory Map...

Conduit

[clk] & 0x0001_0040

led_pio_external_connection

Ensure these components clocks are connected as described below:

A-MNL-HW-SoC-EX-15-0-v2

hps_only_master | clk_0
jtag_uart clk_0
button_pio clk 0
dipsw_pio clk_ 0
led_pio clk 0
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Connect the remaining components as shown:

Lab 2

Component

Port

hps_only_master

master

jtag_uart avalon_jtag_slave
button_pio sl
dipsw_pio sl
led_pio sl

To

Component | Port

hps_0 f2h_axi_ slave

hps 0 h2f Ilw_axi_ master
hps 0 h2f lw_axi_master
hps_0 h2f Ilw_axi_master
hps 0 h2f lw_axi_master

Connect all the reset interfaces in the design by selecting Create Global Reset Network

from the System menu.

This will connect OR together all of the reset outputs in the Qsys system and connect them to

all reset inputs in the Qsys system

Auto-assign the base addresses for all the components so that there are no overlapping

addresses by selecting Assign Base Addresses in the System menu.

This should have no effect in our case since we’ve manually assigned and locked all

addresses.
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Establish IRO Priorities
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Lab 2

In the IRQ Column (You’ll need to scroll to the right), connect the IRQ line on the jtag_uart

component to the HPS f2h_irq0 and Interrupt Capturer in the IRQ column.

Doing this allows the components to interrupt processor 0 in the HPS as well as sending a

signal to the interrupt capturer custom component so FPGA Only Master has access to the

information.

The IRQ assignments should match the screen shot below. Ensure the jtag_uart gets priority

O(highest priority).

= | || B system: soc_system  Path: jtag_uart.irg

Use  Connections

POeoRYo

!!!!!!I FEEEEEE
§

Name
B hps_0
f2h_cold_reset_req
f2h_debug_reset_reg
f2h_warm_reset_req
f2h_stm_hw_events
memory
hps_io
h2f_reset
h2f_axi_dock
h2f_axi_master
f2h_axi_dock
f2h_axi_slave
h2f_lw_axi_dock
h2f lw_axi_master
f2h_irgd
f2h_irgl
onchip_memory2_0
IS hps_only_master
sysid_qgsys_0
dipsw_pio
button_pio
led_pio
Bl jtag_uart
dk
reset
avalon_jtag_slave

I fpga_only_master
ck_0
hps_warm_reset_pio
hps_cold_reset_pio
hps_debug_reset_pio
Bl intr_capturer_0

dock

reset_sink

avalon_slave_0

interrupt_receiver

Description

Arria VfCyclone V H...
Reset Input

Reset Input

Reset Input

Conduit

Conduit

Conduit

Reset Qutput

Clock Input

AXI Master

Clock Input

AXI Slave

Clock Input

AXI Master

Interrupt Receiver
Interrupt Receiver
On-Chip Memary (R...
ITAG to Avalon Mas...
System ID Peripheral
arl Switch PIO

[Karl Button PIO

PIO (Parallel I/C)
JTAG UART

Clock Input

Reset Input

Avalon Memary Map. ..
Interrupt Sender
ITAG to Avalon Mas...
Clock Source
P10 (Parallel I/C)
PIO (Parallel I/C)
PIO (Parallel IjO)
Interrupt Capture M...
Clock Input
Reset Input
Avalon Memory Map. ..

Interrupt Receiver

hps_0_f2h_cold_reset_req
hps_0_f2h_debug_reset_req
hps_0_f2h_warm_reset_req
hps_0_f2h_stm_hw_events

hps_0_hps_io
hps_0_h2f _reset

Double-dlick te export

Clock

clk_0
[h2f_axi_dodk]
clk_0
[F2h_axi_clock]
ck_0
[h2f Iw_axi_...

clk_0
clk_0
clk_0
clk_0
clk_0
clk_0

clk_0
[ck]
[ck]

clk_0

clk_0
clk_0
clk_0

clk_0
[clock]
[clock]

[clock]

Base

0:x0000_0000

& 0x0000_0000

@ 0x0001_o0o0
& 0x0001_0D020
@ 0x0001_00e0
@ 0x0001 0040

& 0x0002_0000

@ 0x0001_0020
@ 0x0001_0010
@ 0x0001_o030

@ 0x0003_0000

IRCG 0
IRQ 0

I2¢ 0

End

Oxffff fff:

0x0000_£££:

0x0001_000
0x0001_008
0x0001_00e
0x0001_004

0x0002_000

0x0001_002
0x0001_001
0x0001_003

0x0003_000

IRQ

IRG 31—
IRQ 31

IRG 31
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Verify Your System

Verify that you connections are correct by checking against the following table:

Your Qsys System Contents page should now be connected as shown in the following table.

The order of the components doesn’t matter, just their connectivity. Ensure the

led_pio_external_connection, dipsw_pio_external_connection and

button_pio_external_connection conduits are exported and named properly to ensure

correct mapping in the Quartus Il software.

It’s easiest to verify by right click on these ports and choose Connections.

Component Port Connections
clk_in exported as clk
clk_in_reset exported as reset
clk 0
clk All Components
clk_reset All Components except the hpsO exported ones
i . conduit_in Exported as dipsw_pio_conduit_in
dipsw_pio - - - -
conduit_out Exported as dipsw_pio_conduit_out
. conduit_in Export as button_pio_conduit_in
button_pio - - -
conduit_out Exported as button_pio_conduit_out
led_pio external_connection exported as led_pio_external_connection
h2f _axi_master onchip_memory2_0.s1
jtag_uart.avalon_jtag_slave
sysid_gsys.control_slave
HPS h2f lw_axi_master button_pio.sl
dipsw_pio.sl
led_pio.sl
f2h_axi_slave hps_only_master.master
jtag_uart.avalon_jtag_slave
intr_capture_0.avalon_slave_0
sysid_gsys.control_slave
fpga_only_master | master button_pio.sl

led_pio.sl

dipsw_pio.sl

onchip_memory2_0.s1

hps_debug_reset pio.sl

hps_cold_reset_pio.sl

hps_warm_reset_pio.sl
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Ensure the Device Family tab exists, if not enable it from the Qsys view menu.

Verify that the Device Family and Device and other project settings match the screen shot.

Qsys should have pulled this information from your Quartus Il .gsf file. (If it has not done

S0, please consult your instructor.)

Hierarchy &% | & Device Family

)

- Device Setti

Device family: |cydaone v -

Device: SCSEMASF31CE

5

The Device Family tab communicate to Qsys which device you’re generating the system for.

In the Message box, ensure there are no more remaining errors and warnings. If so, you must

fix them before proceeding.

A-MNL-HW-SoC-EX-15-0-v2
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Step 5: Generate the Qsys System

Save your Qsys system by selecting Save from the File menu.

Click the Generate HDL... option under the Generate menu.

Generate| View Tools Help

i Generate HDL...
| Generate Testbench System...
HDL Example...

Exarnple Designs r

TN TT

Uncheck Create block symbol file in the Generate dialog box if it’s checked.

Lab 2

-
A Generation

|~ Synthesis

Synthesis files are used to compile the system in a Quartus II project.
Create HDL design files for synthesis: |yerilog |

[] Create timing and resource estimates for third-party EDA synthesis toals.
[] Ereate block symbol file {.bsf

|~ simulation

The simulation model contains generated HOL files for the simulator, and may indude simulation-only features.

Create simulation model: (Nome |
Allow mixeddanguage simulation

Enable this if your simulator supports mixedJdanguage simulation.

|" Oukput Direcktory

Path: C:/altera_trn/Designing_with_ARM_SoC/Labs /soc_system

)

Leave everything else to their defaults and press the Generate button.

This will take a few minutes.

Qsys will now create the parameterized hardware system. Qsys can generate either VHDL or

Verilog model of the system although we’re using Verilog today.
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After the Qsys software has finished generating the system, close Qsys and return to the

Quartus Il software.

Lab 2

Click OK if you see a window telling you you’ve created an IP Variation in the .qsys file.

From the Project menu select Add/Remove Files in Project.

Browse to the <project_folder>/Lab/soc_system/synthesis folder by pressing the ™=

button next to the File Name field in the Quartus 11 Settings page.

Select the soc_system.qip file.

The .qip file is an index file created by Qsys to configure the Quartus Il project with HPS pin

outs and also loads the variety of source files needed to compile the Qsys system without

having to add them all individually.

Select File
@-u-v| , « Labs » soc_system P synthesis » - | +5 | | Search synthesis
Organize = New folder = ~» [ I@I
A Favorites MName Date modified Type
Bl Desktop submodules 6/30,/2014 9:08 PM File folder
4 Downloads [ || soc_system.gip l 6/30/2014 9:08 PM  QIP File
. Personal Documi| _ || soc_system.v 6/30/2014 9:07 PM  V File
=l RecentPlaces |
J Shared Documer’
- Libraries -
3 Documents
J'- Music
| Pictures
B videns | 9 | il | k
File name: soc_system.qip ~ | Design Files (*.tdf vhd *vhdi * ~|
[ Open |v] l Cancel l
Click Open.

In the Quartus Il Settings page click Add to actually add the file to the project.

If you forget to do this, the file will not actually be part of the project.
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= Settings - soc_system EI@
General Files
Files
Libraries Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
4 JP Settings
IP Catalog Search Locations File name: B Add
Design Templates
4 (Operating Settings and Conditions bl - Library  Design Entry/Synthesis T
voltage | |} isec system[synthesis/soc_system.gip =Mone
Temperature g <Maone>
4 Compilation Process Settings ipfedge_detect/altera_edge_detector.v Verilog HOL File <Mone>
Incremental Compilation soc_system_timing.sdc Synopsys Design Constraints File <Maone > Up
4 EDA Tool Settings ghrd_top.w Verilog HDL File <Mone >
Design Entry/Synthesis stpl.stp SignalTap II Logic Analyzer File <Mone>
Simulation =
Formal Verification

Note: The soc_system_timing.sdc file used for timing analysis purposes and few other

verilog source files has already been added for you.

Click OK to close the Settings page.

Step 6: Run the Pin Assignments Script and Compile the Design

Signals entering or exiting the FPGA device need to be assigned physical locations and other pin
properties on the device 1/0. Since the HPS is a hard core IP, pin assignments, other than
SDRAM memory pins, do not need to be specified. The pin assignments were made when the

HPS was instantiated, i.e. when the peripheral 10 muxing options was set.

In the following steps, you will source a Tcl script created by the Qsys tool to set up a number of
1/0 assignments for the SDRAM device. A synthesized netlist is required in order to run this
script.

Synthesize the design by selecting Processing > Start > Start Analysis & Synthesis.
Click OK when synthesis is complete.

This may take 5 minutes. Make sure there weren’t any errors. Ignore any warnings.
Select Tools > Tcl Scripts...

Select the hps_sdram_p0_pin_assignments.tcl file as seen below in the soc_system >

synthesis > submodules folder.

/AVO[S RYA\ . 29
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&4 TCL Scripts (e

Libraries:
4 |/ Project & Open File
SoC_Labs_System_Console. td
> [ ddb
> [dip

4 | soc_system

m

4 | synthesis
4 | % submodules
hps_sdram_p0_parameters, tcl
hps_sdram_p0_pin_assignments. td
hps_sdram_p0_pin_map.td

Preview:

# (C) 2001-2015 Altera Corporation. All rights reserved. &
# Your use of Altera Corporation's design tools, logic functions and other

# software and tools, and its AMPP partner logic functions, and any output

# files any of the foregoing (induding device programming or simulation

# files), and any assodated documentation or information are expressly subject

# to the terms and conditions of the Altera Program License Subscription

# Agreement, Altera MegaCore Function License Agreement, or other applicable

# license agreement, induding, without limitation, that your use is for the

# sole purpose of programming logic devices manufactured by Altera and sold by -

Run ] [ Clase ] [ Help

5. Click Run.

This Tcl script creates 1/0 assignments for the DDR3 pins. If you like, open the Tcl scripts
and examine them. It takes approximately 30 seconds to run.

6.  After the Tcl script successfully executes, click OK.

7.  Close the Tcl scripts window.
8.  Start compilation in the Quartus Il software by selecting Processing > Start Compilation.
This compile takes approximately 10 minutes.

9.  When compilation completes, click OK.
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Step 7:

Using Windows Explorer, navigate to <project_folder>\Labs

The soc_system.sof file generated will be used in later labs to program the FPGA.

Examine Output Files

Designing with an ARM-Based SoC

Using Windows Explorer, navigate to the software handoff file directory:

<project_folder>\Labs\hps_isw_handoff\soc_system_hps_0

Here you’ll find the handoff files generated by the tools that software will need.

-
Matre

| alt_types.h

|#] ernifuxml

|#] hps.aml

L id

ﬂ sdram_io.h

€] sequencer.c

ﬂ sequencerh

ﬂ sequencer_autoh

g sequencer_auto_ac_init.c
=i} sequencer_auto_inst_init.c
ﬂ sequencer_defines.h

|| soc_systerm_hps_0.hiof
] systernh

ﬂ telept.c

| telept.h

Exercise Summary

e Instantiated additional components and connect them to the HPS

e Generated the Qsys System

e Examined the output files generated by the process
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Date modified

4782013 3:56 PM
47852013 3:56 PM
4/3/2013 356 PM
4852013 256 PM
4782013 3:56 PM
4/3/2013 356 PM
4852013 256 PM
4782013 3:56 PM
47852013 3:56 PM
4/3/2013 356 PM
4782013 256 PM
4782013 3:56 PR
4£8/2013 3156 P
4782013 256 PM
4782013 3:56 PM

41

Type

C/C++ Header
¥ML Document
¥ML Docurment
File

CfC++ Header
C Source
C/C++ Header
C/C++ Header
C Zource

C Source
C/C++ Header
HIOF File
CAC++ Header
C Source
CSC++ Header
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Exercise 3A

Exercise the FPGA
Using the System Console Tool
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Objectives:

e Program the board using System Console
e Use System Console to verify JTAG signal integrity, system clock and reset functionality
e Perform simple master read and write operations from System Console (switches and LED P10)

e See that status of switches button and LEDs using the Dashboard

Introduction:

An ARM processor located inside the SoC behaves the same as any other ARM processor. From the

FPGA designer’s point of view, FPGA is independent of the processor.

This lab is intended to prove that your IP (in this case the LED and switch P10 IP) is connected correctly

and responds to Avalon™ bus transactions.

In this exercise, you will use the System Console to control the system. You can communicate with the
Avalon slave interface from System Console and act as the master to the system through the JTAG- to-
Avalon Master Bridge (FPGA) that is part of your system. This block is shaded on the bottom row of the
diagram below. You will then use the System Console to check the system reset and clock signals. After
that, you will perform simple master reads and writes from the System Console. Finally, you will use the

Dashboard GUI to control the system from the System Console.

While the HPS core has been instantiated in the Qsys system, it’s not running because we haven’t

provided any software.

. JTAG to
Qur=elily Avalon Bridge ClagF
Memory (HPS) Source
Input Input Output JTAG to
'g;er{:f: SysID PIO PIO PIO Avalon Bridge f;ég
p Switches Buttons Leds (FPGA)
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Step 1: Connect the Development Board
1.  Take the DE-1 development board out of the box and connect the power supply

2. Connect the USB to Ethernet dongle into the laptop. No ethernet cable is needed since this is
only used for the ARM DS-5 tool licensing.

3. Connect the USB cable between the host PC and the USB-Blaster™ Il port on the board.

4. The MSEL DIP switches on the back of the board should already be set as the following.
Verify the settings.

SW10 (MSELO..4) ON-OFF-ON-OFF-ON-OFF (ON is 0)

5. If the the Micro SD card is inserted in the slot J11 then remove it.

6.  Turn on the development board using the power switch.

Step 2: Launch System Console and Program the FPGA
System Console is a tool that allows low level access to the memory mapped peripherals in
the system over JTAG. We will be using this tool to perform low level board bring up and

testing.
1. Inthe Quartus Il software, make sure the soc_system project is open.
2. Inthe Qsys tool, open the soc_system.qsys file if it’s not already open
We will use this to verify the addresses.

3. Launch the System Console tool by selecting System Console from the Qsys or Quartus

Tools menu.

4.  Verify that System Console can see the connections in the JTAG chain in the System

Console System Explorer window.

If you don’t see the connections and device shown in the picture below, go to the System
Console Tools menu, and select Refresh Connections. If this still doesn’t work, let the

instructor know.
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.

B System Console - Toolkits
File Tools Help

System Explorer o
i = .'II
= F connections
E} ; DE-SoC on localhost (USB-1)
. # SOCVHPS@1
. . SCSE(BAS|MAS)|SCSTFDSDS|..@2
- ¢ DE-50C direct (682fb2c 1bb&0&000 1)
=~ | devices
=+ |8 5CSE(BAS|MAS)|5CSTFDSDS]. . @2#USE-1#DE-SoC
= (ink)
L. ITAG

View the device services available by typing get_service_paths device in the Tcl Console.

System console will respond with a list of the paths to all of the devices found in the chain.

In our case we have only the one as shown below:

% get_service paths device

/devices/5CSE (BAS |MAS) | SCSTEDSDS | . . @24USB-14DE-50C
|

Program the board in the System Console tool using the following steps:
a. setd_path [get service_paths device]

This command sets the device service path to d_path so we can easily access it. “set” is a

Tcl command assigns values to a variable.
b. device_download_sof $d_path soc_system.sof

This command programs the device from the previous step with the soc_system.sof file.
The device service is unusual in that it doesn’t require being opened or closed before and

after use.

% set d_path [get_service paths device]
JSdevices/3CSE (BAS |MAS) | SCSTEDSDS | .  E24USB-14DE-S50C
% device_download sof 5d path soc system.sof

It is also possible to program the device by right clicking on the device, selecting

Program device submenu and selecting soc_system.sof

/AVO[S RYA\ . s
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Systern Explorer o

,j'?' connections

i G- EI =
EI . desig
- e Prograrm dewice ¥ soc_system.sof
| design_nstances

":l scripks

Link dewice to ¥

Confirm that System Console has programmed the FPGA and linked to the project by

verifying that the following message appears in the messages window.

(1) Auto linking SCSE(BAS|MAS) |SCSTFDSDS]. . @2#£USB-1£0E-50C to soc_system.sof

Expand the devices folder in the System Explorer window and then the subfolders to see all
of the components that have been connected to the JTAG to Avalon components in the Qsys
system and the now linked soc_system.sof file. Notice all of the compoenent names match
those we specified in Qsys, this is possible because we opened System Console from our open

Quartus project and all of the information is automatically transferred to the System Console

session.

If you do not see this, please consult your instructor.

System Explorer

T ||r

(= ,j_'?' connections

[+ |, DE-SoC on localhost (USB-1)

i o # S0CVHPS@L

i . 5CSE(BAS|MAS)|SCSTFDSDS]. . @2

J* DE-SoC direct (5&2fb2c 1bb&0&D001)

[l ) devices

= ,j_'?' SCSE(BAS|MAS) |SCSTFDSDS]. . @2#USB-1#DE-SoC (soc_system.sof inst0)
- i (hpath)

- f# sld_signaltap:auto_signaltap_0

=k | soc_system:ud

----- A fpoa_only_master
----- & hps_only_master

----- A jtag_uart

----- A onchip_memory2_0
----- M sysid_gsys_0

----- . hps_cold_reset_pio
----- . hps_warm_reset_pio
----- . hps_debug_reset_pio
..... # led_pio

----- A dipsw_pio

----- . button_pio

----- ¢ intr_capturer_0
-y hps_0

B Ly (ink)

[t (files)

[~ |, designs

H-- |, design_instances

----- 9 scripts
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Step 3: Verify Clock and Reset From the System Console Tool

1.  View the JTAG debug services available by typing get_service_paths jtag_debug in the Tcl
Console pane

System Console responds by listing the two possible devices available to perform jtag_debug
tasks. These are the JTAG to Avalon Bridges that were added and connected to the HPS
component (hps_only_master) and the rest of the FPGA components in the Qsys system
(fpga_only_master).

% get_service_paths jtag debug

fdevices/5C3E (BAS |MAS) | SCSTEDSDS | . . B24USE-14DE-50C/ (1ink) /JTAG/alt s1d fab sldfabric.no

fdevices/5CSE (BAS|MAS) | SCSTFDADS | . . E24USB-14DE-SoC/ (1ink) /JTAG/alt =1d fak sldfabric.node

/phy
2/phy 1

de 1/phy 0
2

2.  Create a variable that points to the fpga_only_master JTAG to Avalon bridge component by
typing set jd_path [lindex [get_service_paths jtag_debug] 0]

As we saw in the previous step there are two JTAG debug paths available, so we can access each one
independantly by creating a variable to point to them, as we did with the device service earlier. In
this case we will create a variable called jd_path to point to the fpga_only_master which was the first

in the list. For this JTAG debug purposes we can use either JTAG to Avalon master.

% set jd path [lindex [get serwvice paths jtag_debug] 0]
Jdewvices/3CSE (BAS |MAS) | SCSTEDSDS | . . B24USB-14DE-S0C/ (1ink) /JTAG/alt s1d fab sldfabric.node 1/phy 0

Y

3. Verify that the signal integrity of the JTAG chain by passing a test pattern through it and

making sure you get the same values back from the JTAG chain. Type:

jtag_debug_loop $jd_path [list 123456 7 8 9 10] in the System Console Tcl Console
window. This is a useful sanity check to make sure the JTAG chain is passing through the

bits expected and not corrupting them. This can be useful for large JTAG chains.

% jtag_debug loop $jd path [list 1 2 3 4 5 & 7 8 9 10]
0x01 0x02 0x03 O0x04 0x05 0x06 0x07 O0x08 0x09 0Ox0a

4.  Verify that the clock is toggling by entering the following commands in the System Console

Tcl Console window.
a. jtag_debug_sense_clock $jd_path
This command simply senses if the clock has ever toggled, returning a 1 if it has.

/AVO[S RYA\ . s
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b. jtag_debug sample_clock $jd_path

This command asynchronously samples the clock signals. You will likely have to run this

command several times to witness a change.

Note: Pressing the up arrow will bring up the previous System Console command and tab will
bring up a list of commands that can be entered. When tab completing the command, use the up

and down arrows to select the command and then press enter to make the selection.

jtag_debug sense_clock 3jd path

jtag debug sample clock 3jd path
jtag debug sample clock 3jd path
jtag debug sample clock 3jd path

jtag_debug sample_clock 53jd path

[, T e R B S

Verify that the reset signal has been released by typing jtag_debug_sample_reset $jd_path

command in the Tcl Console window to sample the current value of the reset signal.

The reset signal is active low so we should expect the result of the sampling to be 1 denoting
the reset is released. We could also issue a reset to all the components whose reset line is
connected to the JTAG to Avalon Master component in Qsys by typing

jtag_debug_reset system $jd_path

%t jtag_debug_sample_reset 5jd path
1
% jtag_debug_reset_system 3]d path
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Step 4: Perform Master Reads and Writes to Peripherals in the FPGA

View the Avalon master services available in the FPGA by entering the following command

get_service_paths master

This command returns all the possible masters on the JTAG chain. Notice that again the

paths available are the hps_only _master and fpga_only_master JTAG to Avalon bridges.

% get_service_paths master
/devices/SCSE (BAS |MAS) | SCSTEDSDST| . . R24USB-14DE-SoC/

fdevices/SCSE (BAS |MAS) | SCSTEDIDS| . . @24USB-14DE-SoC/

node 1/phy 0/fpga only master.master

=]
=
-

- 2/phy 1/hps only master.master

Create a variable that points to the fpga_only_master JTAG to Avalon bridge component by

typing set m_path [lindex [get_service_paths master ] 0]

This command sets a variable, m_path, to the master service path. We use the index 0 here because
you can see from the master services listed in the previous step that the FPGA only master is the first

one listed and therefore index 0.

% set m path [lindex [get_service paths master] 0]
Jdevices/5CSE (BAS |MAS) | SCSTFDSDS | . . @24USB-14#DE-50C/ (1ink) /JTAG/alt s1d fab sldfabric.node 1/phy 0/fpga only master.master

Claim the master service to allow exclusive access to the master device by typing

set ¢_path [claim_service master $m_path “”] in the Tcl console window.

% zet c_path [claim service master Sm path ""]

/channels/local/ likjfmaster_l
%

Change the state of the four FPGA LEDs using the master_write command as shown below:
a. master_write_32 $c_path 0x10040 0x3ff will turn on all the LEDs.

b. master_write_32 $c_path 0x10040 0x0 will turn off all the LEDs.

c. master_write_32 $c_path 0x10040 0xc will turn on LEDs 2 & 3.

d. master_write_32 $c_path 0x10040 Oxa will turn on LEDs 0 & 2.

Remember that the led_pio is located at address 0x10040 in the Qsys system and are ““on”

when driven with a “1’. Feel free to play with different values.

Because the led_pio component is 10 bits wide, if you used master_write_8 or

master_write_memory you’ll need to write to multiple words.
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5. Change the dip switch settings of the FPGA side of SW0-9 and read their value with the
master_read_32 command of the dip_sw_pio located at address 0x10080 using the
command master_read_32 $c_path 0x10080 1, you may also try out various different read
widths and see their effects.
% mastE;_reaE_SZ 5?_;5:: Ox10080 1
0x00000181
% master_read 16 $c path Ox10080 1
Ox01581
% master_read & 3c path 0x10080 1
Dx&l
Notice that read display size matches the command size.
6. Hold down one or more of the buttons and read the button_pio component at address
0x100CO0 with a master_read command, master_read_32 $c_path 0x100CO0 1
Note: These signal are active low. And feel free to try out different combinations.
%t master_read & 5c path 0x100C0 1
0x0b
% master_read 16 $c path 0x100C0 1
0x000c
%t master_read 32 5c path 0x100C0 1
0x0000000fF

Close the master service by typing close_service master $¢_path

1.

Step 5: Run the System from the System Console Dashboard GUI

From the Quartus Il software File menu, open SoC_HW _SysCon.tcl found in the project

directory and examine it.

You may need to change the file type to script files in the dialog box. The script contain the

dashboard commands that sets up the dashboard GUI and function calls that respond to

button pushes..

In the System Console tool, run the SoC_HW _SysCon.tcl by typing

source SoOC_HW_SysCon.tcl command in the Tcl console window

A-MNL-HW-SoC-EX-15-0-v2
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Note: Remember that Tcl is case sensitive. You can also run scripts from the File menu.

% source 3ol HW 3yaCon.tcl

3. Push the LED Toggle buttons on the Dashboard and confirm that the corresponding FPGA

LED changes state on the development board.

Everytime you press the buttons, the script sends a write command to the LED PI1O register
and also updates the display in System Console.

SolC System Console Lab

Board or System Console Control

Use Board Buttons and Switches -

LEDs and LED toggle contral

Lo Jle )z e )lsa)la)la])la])iad(o]
° © ° ° ° ° ° ° ° °

4. Flip some of the 10 switches, and push the update button. Verify that the corresponding
Switch Setting LED changes on the dashboard window.

Everytime UPDATE is pressed, the script performs a master read on the switch P10

component and updates the display.

Slide Switches

This script has many more features if you’re curious what it does, please ask the instructor
_____ 5. Exit System Console
Exercise Summary
o Performed low level verification of the jtag chain and programmed the FPGA
o Performed low level verification of the system clock and reset signals
e Performed master read and write commands using the System Console
e Ran the system hardware from the Dashboard GUI and observed the results

END OF EXERCISE 3A
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Exercise 3B

Debugging Hardware and
Software Using

SignalTap Il Logic Analyzer
and ARM DS-5 Development
Studio
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Obijectives:
e Use the DS-5 tool to write from the HPS to the LED PIO and cause the SignalTap™ Il logic

analyzer to trigger on that transaction

e Use a break point in the software running on the HPS to trigger the SignalTap Il logic

analyzer in the FPGA

Introduction

In lab 3A, we demonstrated that instantiating an HPS component in a Qsys system has no effect
on the normal debug process of an FPGA design. The HPS component had no effect on the
system because the there was no software running and the bridges to/from the FPGA weren’t

enabled.

In order to prove the connectivity between the FPGA design and the HPS component, this lab
will show you how to access the HPS from the FPGA design a number of different ways. The
HPS to FPGA bridge connectivity will be proven by initiating a register write to the LED PIO
device located in the FPGA and triggering on that transaction using the SignalTap II logic
analyzer. The SignalTap Il logic analyzer can also be triggered from a break point in software
on the HPS.
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Step 1: Launch the Software Project

We need to initiate the bridges on the HPS component and the easiest ways to do that is to
use the DS-5 tool to load the preloader software onto the HPS component and get the HPS

component to initialize the bridges for us.

If you powered off your board, reprogram the FPGA with the Quartus Il programmer tool
using the .sof file from the project directory.

In the Windows Explorer, navigate to the C:\altera\15.0\embedded\ directory and double-
click the file Embedded_Command_Shell.bat to run it.

This is a Cygwin shell that allows you to perform many SoC related tasks.
Type jtagconfig at the command prompt to scan and see the devices on the JTAG chain.

This will ensure the HPS and the FPGA can be seen in the JTAG chain.

Jtagconf ig

DE—So0C [USB-11]

4BABA477? SOCUHPS

B2D128DD LCEECBAS IMAS > /SCSTFDSDS .. . .

% eclipse

5

Open the Eclipse for DS-5 software by typing eclipse& in the Embedded Command Shell.
Launching DS-5 from the shell bring in various SoC related settings.

When the Workspace Launcher window appears, CAREFULLY select the workspace as
C:\altera_trn\Designing_with_ ARM_SoC (Not Software)

/AVO[S RYA) .
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' ™
= Workspace Launcher ﬁ

Select a workspace

Eclipse Platform stores your projects in a folder called a workspace.
Choose a workspace felder to use for this session,

- l Browse... |

[7] Use this as the default and do not ask again

I | ok | Cancel |

Make sure you’re using the Designing_with_ARM_SoC workspace and NOT

Developing_Software_For_ARM_SoC
Click the OK button to accept the workspace.
Make sure the Crosstrigger project is loaded into the workspace

Look over the software if you wish, in the Crosstrigger project, the main source code is
located in hwlib.c (open that by double clicking on it within the Crosstrigger Project)

This is a very simple program, and most of the action is performed with in the test_bridge
function where it will first initialize the FPGA to HPS, the HPS to FPGA, and the lightweight
HPS to FPGA bridges. Then the software will run a gray code pattern on the LEDs by
writing across the lightweight HPS to FPGA bridge to the LED P1O component.

Compile the program by right clicking the Crosstrigger project and choose Build Project

Iy Project.. 2% | [ Streamli.. = O
- <‘}==:> - printf(
a4 |jz= Crosstrigger }
+ Lg| alt_bridg Mew 4
+ | aht_clock Go Into (
> \g| alt_fpga)
» i) hwlib.c Open in New Window
[} alt_bridg c
@ alt_clocl °= opy
@ alt_fpgal [ Paste |
=| altera-sq 3¢ Delete
= Crosstrig Move...
I_—l dEb.UQ_P Rename...
5 hwlib.ax
=] hwlib.ax pug  Import.. i
=l hwlib.ax  » Export..
[& hwlib.o

Makefile Build Project
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Verify that the project has been successfully compiled by looking in the Console window.

Make sure the build finished without any errors and that the hwlib.axf executable linkable

file is generated correctly. Don’t worry about any errors in the Problems pane or the source

code, these errors are caused by the Eclipse GUI indexer not having a chance to run on all

the files that’s copied into the directory during build..

[2 Problems = Tasks Bl Console 52 | ] Properties & ‘ 0 @b
CDT Build Console [Crosstrigger]

17:45:37 **** Build of configuration Default for project Crosstrigger ****
make all

w2 B~ -ri~= 0O

-

arm-altera-eabi-gcc -g -08 -mfloat-abi=soft -march=armv7-a -mtune=cortex-a% -mcpu=cortex-a9 -Wall -Werror -Wstrict-prototypes -std=c99 -fdata-sections -ffunct
cp -f C:/altera/15.8/embedded/ip/altera/hps/altera_hps/hwlib/src/hwmgr/soc_cv_av/alt_fpga_manager.c alt_fpga_manager.c
arm-altera-eabi-gcc -g -0@ -mfloat-abi=soft -march=armv7-a -mtune=cortex-a% -mcpu=cortex-a® -Wall -Werror -Wstrict-prototypes -std=c99 -fdata-sections -ffunct
cp -f C:/altera/15.8/embedded/ip/altera/hps/altera_hps/hwlib/src/hwmgr/soc_cv_av/alt_bridge manager.c alt_bridge_manager.c
arm-altera-eabi-gcc -g -08 -mfloat-abi=soft -march=armv7-a -mtune=cortex-a9 -mcpu=cortex-a9 -Wall -Werror -Wstrict-prototypes -std=c99 -fdata-sections -ffunct|_
cp -f C:/altera/15.@/embedded/ip/altera/hps/altera_hps/hwlib/src/hwmgr/soc_cv_av/alt_clock_manager.c alt_clock_manager.c 3
arm-altera-eabi-gcc -g -08 -mfloat-abi=soft -march=armv7-a -mtune=cortex-a% -mcpu=cortex-a® -Wall -Werror -Wstrict-prototypes -std=c99 -fdata-sections -ffunct
arm-altera-esbi-g++ -Taltera-socfpga-hosted.ld hwlib.o alt_fpgs manager.c alt bridge manager.c alt_clock manager.c -o hwlib.axf
arm-altera-eabi-objdump -d hwlib.axf > hwlib.axf.objdump
arm-altera-eabi-nm hwlib.axf > hwlib.axf.map
17:45:48 Build Finished (took 3s5.218ms) _
From the Run menu select Debug Configurations...
& C/C++ - Eclipse Platform
File Edit Source Refactor Mavigate Search Project Window Help
o 3 z. N &= k- Cet LX Tkl Ak
B B - o B e e | Set Next Statement Ctrl+Alt+R
|
g S : @, Run Ctrl+F11
{5 Project Ex... 22 | |a] Streamlin.. & O
I — %5, Debug F11
g
4 == Crosstrigger | Fun History b
. |g| alt_bridge_manager.c Run As »
- [ alt_clock_manager.c ; .
'7' = % g Run Configurations...
. Lg] alt_fpga_manager.c
. g HWLIB.C Debug History .
| alt_bridge_manager.c Debug As »
lad alt_clock_manager.o : -
= Debug Configurations...
|od alt_fpga_manager.o
| altera-socfpga-hosted.|d Toggle Breakpoint Ctrl+Shift+B
Crosstrigger.launch - 2.

The debug configuration is a way to create a launcher script that specifies a variety of setup

scripts to speed up the connecting to the HPS and performing basic debug functions.

Make sure the Crosstrigger configuration launcher script is selected in the list on the left and

the Connection tab is selected.

In the Select target window, choose Debug Cortex-A9 0 under Altera = Cyclone V SoC

(Dual Core) - Bare Meta Debug (see diagram below)
This specification allows us to run software on the ARM processor on the board.

For Target Connection, choose USB-Blaster from the pulldown menu
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This step tells the configuration which debug cable to use. In addition to the ARM debug
tools such as DSTREAM, DS5 also recognizes Altera’s USB-Blaster as a valid JTAG debug

cable to gain access to the Cortex A9 CPU.

For Connection -> Bare Metal Debug, click Browse..., and select DE-SoC on localhost

This steps looks for the valid components across the USB-Blaster 11 download cable.

% Debug Configurations

Create, manage, and run configurations

= Y

7 BS *' B 5 ¥ Name: Crosstrigger

type filter text <= Connection . [{ar} Files| %% Debugger| %2 05 Awareness| 09+ Arguments | B Environment
[©] C/C++ Application

[&] C/C++ Attach to Application - " 5 Coperct Ay z - :
C/C++ Postmortern Deb elect the manufacturer, beard, project type and debug operation to use. Currently selected:
o) . T osimonem Uebuggey Altera / Cyclone V 5oC (Dual Core) / Bare Metal Debug / Debug Cortex-A9_0

) jcation
a &% DS-5 Debugger
| #4 Crosstrigger
3" Tron Python Run a Altera

&' Iron Python unittest > Arrial0 50C

= Java Applet . Arria V SoC
31 Java Application 4 Cyclone V 5oC (Dual Core)

Ju JUnit 4 Bare Metal Debug

a Jython run Debug Cortex-A9_0
& Jython unittest ol < Sl
= Launch Group Nehun Cortex-A%? SMP

m PyDev Django

25, PyDev Google App Run Target Connection USB-Blaster

Select target

é’ Python unittest
E Remote Java Application D5-5 Debugger will connect to an Altera USB-Blaster to debug a bare metal application.

rConnections

Bare Metal Debug | Connection DE-50C on localhost [USB-1]:DE-SoC USB-1

.

Filter matched 19 of 19 items

I/‘_)‘I

gy

eF Python Run hm; Uptions | Edit... | onfigure USB-Blaster trace or other target options. Using "default” configuration options

Browse...

I

Apply

I

Revert

Debug

)

Close

Click the Edit button to modify the DSTL Options.

On the DSTL Configuration Editor window, click the Cross Trigger tab.

Click Enable HPS -> FPGA Cross Trigger to enable it.

Click Assume Cross Triggers can be accessed to enable it.

/AVO[S RYA\ . »
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= DTSL Configuration Editor &J

Debug and Trace Services Layer (DTSL) Configuration
Add, edit or choose a DTSL configuration for file : dis|_config_script.py, class : USBBlaster_DtsIScript

¥ = Marne of configuration:  default

Cross Trigger . Trace Buffer| Cortex-A9 | STM | ETR| ETF
[T] Enable FRGA -» HPS Cross Trigger
l [¥] Enable HPS - » FPGA Cross Trigger l

Cross Trigger initizlization

The Cross Trigger interface can only be accessed if the systern clocks
have been initialized. If the Cross Trigger interface is accessed

priorto the clock initialization, then the target may lock up,

The folllowing option should anly be set if wou are sure that the system
clocks have been initialized prior to DS-5 connecting to the target system.

The systern clocks are typically set up by running the Altera preloader script
[¥] Assurne Cross Triggers can be accessed

Apply Rewvert

) .

This setting is required in order to enable the cross-triggering from the HPS component to
the FPGA domain. This causes a trigger to the FGPA in the event of a break in the software

code running on the HPS.

Press OK to close the DSTL Configuration Editor window.

Click Debug to start the debug process

Click Yes if prompted to switch to the debug perspective.

The start-up process will take a second and it will stop at main (line 111 of file hwlib.c)

If you encounter errors, please see the troubleshoot guide at the end of this document.

(€] hwlib.c &

B9

nt main(int argc, char** argv)

// Verify power is on

if (alt fpga state get() == AL EPGA _STATE POWER. OFF)

printf{"ERROR: FPGA Monitor reports FPGA is powered off.\n"):

Press the play button, ¥, in the DS-5 for Eclipse GUI to continue running code until it stops

at a breakpoint on line 51. This breakpoint has already been set for you.

Bl 2o e
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If you look at the the App Console located in the lower right hand corner of the DS-5 for

Eclipse window you can see that the bridges between the HPS and the FPGA have been

initiated successfully. It is now possible to communicate between the HPS and the FPGA

using the Avalon bus.

INFO: alt _bridge init(ALT_BRIDGE_F2H) successful.
INFO: alt _bridge init(ALT_BRIDIE_H2F) successful.

INFO:

alt bridee init(ALT BRIDIE LWHZF) successtul.

In the Qsys tool, open it if it’s been closed, click on the f2h_axi_slave port of the hps_0

component to highlight it.

RoeePRl

— i

B hps_o
f2h_cold_reset_req
f2h_debug_reset_req
f2h_warm_reset_req
f2h_stm_hw_events
memary
hps_io
h2f_reset
h2f_axi_dock
h2f_axi_master
f2h_axi_dock
f2h_axi_slave
h2f_Iw_axi_dock
h2f_Iw_axi_master
f2h_irq0d
f2h_irgl

E onchip_memory2_0
dk1
s1
resetl

= EE hps_only_master

dk

ck_reset

master

master_reset

Arria V/Cydone V H...

Reset Input
Reset Input
Reset Input
Conduit
Conduit
Conduit
Reset Qutput
Clock Input
AXI Master
Clock Input

Clock Input
AXI Master
Interrupt Receiver
Interrupt Receiver

On-Chip Memory (R...

Clock Input

Avalon Memory Map...

Reset Input

JTAG to Avalon Mas...

Clock Input
Reset Input

Avalon Memory Map...

Reset Qutput

hps_0_f2h_cold_reset_req
hps_0_f2h_debug_reset_req
hps_0_f2h_warm_reset_req
hps_0_f2h_stm_hw_events
memory

hps_0_hps_io
hps_0_h2f_reset

Double-click to export

clk_0
[h2f_axi_dodd]
clk_0
[fzh_axi_dock]
clk_0
[h2f_lw_axi_...

clk_0
[ck1]
[ck1]
clk_0

[ck]

&' 0x0000_0000

& 0x0000_0000

You can see that the hps_only_master connects to the HPS component through the FPGA to

HPS bridge. This connection allows access the to the HPS registers from System Console
through the JTAG to Avalon Master Bridge.

Click on the h2f_axi_master and the h2f_lw_axi_master, these are the connections that will

allow the HPS to control FPGA component. In this lab, the softwrae will mostly exercise the

lightweight bridge to write to the LED PIO component.
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Step 2: Have HPS trigger a SignalTap Il logic analyzer capture of HW

state

Open the SignalTap Il logic analyzer file using the following steps

In the Quartus Il software, select File-> Open..

Select SignalTap Il Logic Analyzer Files (.stp) in the “Files of type:” drop down menu.
Select the stpl.stp file from the <project_folder>\Labs directory.

Click Open.

SignalTap Il is Altera’s Embedded Logic Analyzer used to debug FPGA logic in real time.

For more information, consult the Quartus 11 Handbook or view the free SignalTap Il online

training available at http://www.altera.com/training
Make sure the Setup tab is in the foreground to see how the triggers have been configured.

The SignalTap Il logic analyzer file taps signals of the Avalon Memory-Mapped interface
that is connected to the LED PIO block. The signal write_n rises when a transaction ends

and the SignalTap Il file is setup to trigger on that event.

The SignalTap Il logic analyzer also has the ability to trigger on an event from the HPS. The
“trigger in”” option in the SignalTap Il Signal Configuration window, is currently set to HPS
trigger out. Note that this input is currently set to ““don’t care”. That will change in a later

section about FPGA to HPS cross triggering.

SignalTap I Logic Analyzer - Ci/altera_trn/Designing_with_ARM_SoC/Labs/soc_system - soc_system - [stpl.stp] == | =]
:T) Search altera.com 'Q
el W ESR PG e
Instance Manager: "] Ready to acquire X | JTAG Chain Configuration: ITAG ready x
Instance Status Enabled LEs: 931 Memory;: 5868 A — [DE-SQC [use-1] v] [ B
,ﬂ auto_signaltap_0 Mot running 931 celle 5838 bits *

Device:  [@2: SCSE(BAS|MAS)/SCSTFDSDS).. (0x02D12000) ~] [ Scan chai

SOF Manager: C:/faltera_trn/Designing_with_ARM_SoC /Labsfsoc_system.sof

trigger: 2015/08/05 23:22:28 #1 Lock mode: | (= Allow trigger condition changes only = | | Signal Configuration: X
Node | Data Enable | Trigger Enable |Trigger Conditions ) - -
Trigger conditions:
Type A\ias| Name | 46 46 1|Z B = . )
.*) soc_systemuljsoc_system_led_pio:led_piojwrite_n f R
:gj +-soc_systemulisoc_system_led_pio:led_piojwritedata]31..0] o h Pin
g} +-soc_systemulisoc_system_led_pio:led_piojout_port[3..0] ¥ixh
§§ +-soc_system:ulisoc_system_led_pio:led_pioladdress[1..0] ¥h
.*) soc_systemuljsoc_system_led_pio:led_piojchipselect § -
ystem (HPS) trigger
Pattern: [ ZE Don't Care -
Trigger out -
] [ 3
| Al Datzl | &4 setup
ﬂ suto_signaltap_D

0% 00:00:00
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Ensure that the 5CS device is selected under the Device: drop down menu.
SignalTap works with logic in the FPGA and not the HPS component directly.

Set the lock mode of the SignalTap Il analyzer to “Allow trigger condition changes only”.

Lock mode: | (=) Allow trigger condition changes only -+ |

This option is in the middle of the window and will prevent us from making changes to the
setup that will require a Quartus recompile.

Arm the SignalTap Il logic analyzer by clicking the Run Analysis button .

In the DS-5 tool, go to the Registers tab and scroll to the bottom.

If you do not see a registers tab, you can enable it from the DS-5 Windows menu - Show
View =2 Registers

Expand the Peripherals folder and find the LED PIO

(= Variables ©g Breakp... | mo Registers 57 | ¥ Express... f() Functi.. = B

=

lcl.:.
‘?fb Linked: Crosstrigger =

Mame Yalue | 5ize |Access

[== altera_avalon_sysid_sysid_gsys_control_slave
[ altera_avalon_jtag_uart_jtag_uart_avalen_jtag_slave
[= altera_avalon_pic_button_pio_sl

(= altera avalon pio dipsw pio sl
| [ altera avalon pio led pio s1 l -

Expand the altera_avalon_led_pio_s1 register set by clicking on the “+” symbol next to it.

T F - FF

¥

Change the value of the DATA register to OXA by clicking in the VValue column, editing the

value and hitting enter.

The LEDR3 and LEDRL1 on the board should turn on and SignalTap 11 should trigger.
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(9= \fariables | ©a Breakpoi | m0 Registers &3 ¥ Expressio | f{) Function 8
¥
<'=1'=f> Linked: LabZb-Crosstrigger =
Marre Walue Size | A

e = 11 I A 1A oy LW ) (W ¥ e sy 6 ) - i

2x200aa22s 32 R,

CrEegeadad 22 Ry
axoooeopaa 32 R,
xeooeoeea 32 R,

=F = altera_avalon_pio_led_pio_s1

@ altera_avalan_pio_led_pio_s1_DATA,

@ altera_avalan_pio_led_pio_s1_DIRECTION
+ @ altera_avalon_pio_led_pio_s1 IRQ_MASK
+ @ altera_avalon_pio_led_pio_s1 EDGE_CAP

™

T

@ altera_avalon_pio_led_pio_s1 SET_BIT witite anly 32 My =
1 T b
Examine the waveform in the SignalTap Il logic analyzer Data tab
log: Trig @ 2015/08/06 09:26:30 (0:0:58.9 elapsed) #1
Type Alias| Name I': '|4 '|3 '|2 '|1 'II 2| 3|
.*> soc_systemulisoc_system_led_pio:led_piojwrite_n
§§ +-soc_systemulizec_system_led_pio:led_piojwritedata[31..0] 000000000 X 0000000AR
55} +-soc_systemuljsec_system_led_pio:led_picjout_port]3..0] 00Fh 00Ah
§§ +-soc_system:ulisoc_system_led_pio:led_piojaddress[1..0] Oh
.*) soc_systemulizoc_system_led_pio:led_piojchipselect
This shows the Avalon MM write transaction from the HPS to the LED PI1O in the FPGA.
11.  Minimize the led_pio_s1 register in the register view of the DS5 tools.
12.  Click the Setup tab in the SignalTap Il window .
13.  Change the Trigger Conditions on the write_n signal to be don’t care by right-clicking the
Trigger conditions column of the write_n signal.
trigger: 2015/08/05 23:22:28 #1 Lock mode: | =) Allow trigger condition changes only vJ
Node Data Enable | Trigger Enable |Trigger Conditions
Type | Alias | Name 45 46 1E Basic AND
_*_> soc_systemuljzoc_system led_pio:led_piojwrite_n §
14.  Inthe Signal Configuration pane of the setup tab, scroll down to just above the Trigger out

section change the HPS Trigger out to “Rising Edge” using the drop down menu.
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Trigger

Trigger flow contral: | Sequential

Trigger position: % Center trigger position -

Trigger conditions:

Trigger in

Hard Processor System (HPS) tr

[I's]
fu}
i

Pattern: lijsing Edge b
22 pon't Care
Trigger out | 0 Low

Pin:

T L 1s

K Either Edae

stano

Now instead of triggering on the write signal, SignalTap will trigger when the Cortex-A9
processor stops. Had we left the write_n trigger condition in, then we would’ve gotten a 2
staged trigger condition where the write must happen after the Processor break.

Arm SignalTap Il logic analyzer by pushing the Run Analysis button .

Press the play button in the DS-5 tool to continue to the next break point (line 70).

SignalTap should trigger

Bl 22 R

Examine the waveform in the Data tab in the SignalTap Il logic analyzer tool.

Notice all signals are stable at the trigger (Time 0), this is because this trigger was caused by

a software breakpoint and not any hardware trigger conditions.

Examine the LEDs on the board and write down state of each LED.

The value in SignalTap may not agree with the value shown in the System Console because at
the time of SignalTap capture, the LEDs wasn’t written to yet.

LEDR[9..0]
Arm SignalTap Il logic analyzer again.

Press the play button again in the DS-5 tool to repeat the loop and stop at the breakpoint
again. SignalTap tool should trigger again.

Examine the waveform again.
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Now SignalTap out_port should match the previous LED value

What is the state of the LEDs now on the Board?

Repeat Arming the SignalTap trigger and runinng the software a few more times to see more

gray code values.

Remove the breakpoint on line 70 by double clicking the left most column where the red dot

is indicating the breakpoint.
Press the play button to finish running the software.

You should see “RESULT: All tests successful in the App Console”

Disconnect the DS5 from the Target. By pressing % in debug controls.

5 Debug Control 3 | [ Project Explo

=i -

)| v [P % % | @ - Q-

R

| Disconnect from Target |

Exit from DS-5, Embedded Command Shell, Qsys, SignalTap I, and Quartus tools.

In this section, you were able to use the trigger output from the HPS as a trigger input to capture
exactly the transaction of interest in SignalTap Il logic analyzer.

Exercise Summary
e Triggered SignalTap Il analyzer from a transaction generated by the HPS using the DS-5 tool

e Triggered the SignalTap Il logic analyzer using a break point set in software.

END OF EXERCISE 3B
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