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AGH AGENDA

Hybrid devices SoC = FPGA + HPS (MCU)
What possibilities does a hybrid hardware platform offer?
Power Configurations
FPGA and HPS Communications
Memory mapping
SD Card Image
HSP Peripherals
HPS Booting Process
DE10-Nano
. Cyclone V SoC — How to Get Started?
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11. HPS — C/C++ Program
12. FPGA - PWM Modulator
13. FPGA - Incremental Encoder Module

. FPGA + HPS — Data Exchange
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AGH Cyclone V SoC
FPGA + HPS

Cyclone V SoC FPGA devices offer a dual-core ARM Cortex-A9 MPCore processor
surrounded by peripherals and a hardened memory controller. The FPGA fabric is
connected to the hard processor system (HPS) through a high-speed internal bridges.
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AGH What possibilities does a hybrid hardware platform offer?

1. Ability to add peripheral modules to the existing HPS architecture — the
resources of the FPGA part of the system can be used to implement standard
peripheral modules (e.g., UART, SPI, I12C) in case there are insufficient modules in the
HPS part.

2. Ability to implement custom peripheral modules — the resources of the FPGA
part of the system can be used to implement dedicated (non-standard) peripheral
modules (implemented by the user using hardware description languages such as
VHDL/Verilog).

3. Ability to divide tasks between hardware and software —

tasks easily performed in hardware (FPGA): sensor/ADC communication, low-level
communication, fixed-point number computations, signal filtering, signal generation;
tasks easily performed in software (HPS): floating-point number computations,
calculations of complex mathematical models, communication through high-level
interfaces (e.g., Ethernet), algorithms requiring the use of large amounts of RAM for
data storage.
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AGH What possibilities does a hybrid hardware platform offer?

4. Ability to divide task stages between hardware and software — certain stages of a
given task can be performed in hardware (e.g., filtering the incoming signal), while

others can be performed in software (e.g., data computation and transmission via
Ethernet).

5. Ability to reconfigure the FPGA part of the system "on the fly" by the HPS — it is
possible to reconfigure the FPGA part of the SoC system by the HPS during

operation; this can be used to change or modify the tasks performed in the FPGA
part of the system.
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AGH Cyclone V SoC
Possible HPS and FPGA Power Configurations

The HPS and FPGA portions of the device have separate external power supplies and
are power on independently. You can power on the HPS without powering on the
FPGA side of the device. However, to power on the FPGA portion, the HPS must
already be on or powered on at the same time as the FPGA portion.

HPS Power FPGA Power

On On
On Off
Off Off

Therefore, it is possible to use the Cyclone V SoC in 4 different configurations:

» HPS & FPGA (parts operate independently of each other, perform independent tasks),
» HPS & FPGA (parts working together to accomplish tasks),

» FPGA-only (HPS supply is required),

» HPS-only.
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Cyclone V SoC
Communication between HPS and FPGA

Actuating, Sensing and Control Mechatronic Systems

Generally communication between HPS
and FPGA in Cyclone V SoC devices can be
accomplished in the following ways:

1)

2)

HPS-to-FPGA bridge

Unidirectional high performance
interface  from HPS to FPGA.
Transactions are usually conducted by
the processor or Direct Memory Access
(DMA) controllers present in HPS.
Bridge is used for accessing FPGA logic,
peripherals and memory.

HPS-to-FPGA Lightweight bridge
Bidirectional low performance
interface to the FPGA fabric. Usually
used by the processor to access control
and status registers of the components
implemented into FPGA.

www.agh.edu.pl

Cyclone V SoC
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AGH Cyclone V SoC
Communication between HPS and FPGA

Generally communication between HPS Cyeone L Sot

and FPGA in Cyclone V SoC devices can be FPGA

accomplished in the following ways: 32,64,128 bit AXI 32bit AXI

3) FPGA-to-HPS bridge FP(?A-to-Hﬁ'S;‘ HPS-to-FPGA | | Lightweight HPSto- | 11D G
Unidirectional high  performance T W LGRS L
interface  from FPGA to HPS odbit AX MPU: ARM Cortex A-9
peripherals and memory. Cached wes- || [ < il Bl
memory transactions are supported OCR (7 S 32k Data | 32kB Data
by adopting ARMs Accelerator — SZkBA::r"CtSCU?’ZkB -
Coherency Port (ACP). rom €T L3 Main switch | v

4) FPGA-to-HPS SDRAM interface [ L2cache512k8 |
Bidirectional high performance S > . 7
interface from FPGA to HPS SDRAM {i v < SDRAM Controller Subsystem
controller. FPGA master has access to E < PZ?;E‘:;I
the processor’s RAM. Synchronization T Switch cOEmler
of data read/write between the FPGA
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Cyclone V SoC
FPGA to SDRAM data transfer

AGH
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FPGA
" Lightweigh " Direct ] .
:[H"i:,d;:“}:{upi : ;:G‘\vag;ggrs /D _ FPGA to SDRAM data transfer:
MPU Subsystem
(CPUO"CPUO] > FPGA-SDRAM - FPGA Master
L3 interconnect > ACP |-» L2 Cache | wes directly interacts with SDRAM
]
. . controller.
SDRAM
{ controller ]‘_
- » FPGA-L3-SDRAM - FPGA Master
Data path Bus width | 1N ) araon interacts with SDRAM controller
roughput | frequency
32 bits | 5.05 Gbps | 120 MHz via L3 interconnect.
FPGA-L3-SDRAM 64 bits 10.10 Gbps 120 MHz
128 bits 10.52 Gbps 65 MHz
32 bits | 6.90 Gbps i > FPGA-L3-ACP-SDRAM - FPGA
FPGA-LI-ACE-SDRAM | 64 bits | 864 Gbps | 120 MHz Master interacts with SDRAM
128 bits | 11.26 Gbhps | 90 MHz ] i
2 oie | 7.52 Gops controller via L3 interconnect and
FPGA.SDRAM 64 bits 14.64 Gbps - AC P
128 bits 17.68 Gbps 80 MHz
256 bits 20.08 Gbps 45 MHz
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AGH Cyclone V SoC
Memory Map
FPGA F2H MPU FPGA
Master to SDRAM
- 960MB available SR P 4GB
for all FPGA slaves H2F_LW
Slaves
- MPU cannot N
dir‘ectly access full — P EASaves » H2Z2F FPGA Slaves
1GByte of FPGA - 3GB
SDRAM
- Not allocatable by
kernel
"""" 2GB
"""" 1GB

SDRAM

0GB
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AGH Cyclone V SoC
SD Card Image
Location File Name Desciption
socfpga.dtb Device Tree Blob
Unused soc_system.rbf FPGA configuration file
. u-boot.scr U-Boot script:
Partition 3 .
Type=A2 (raw) Partition 1 configures FPGA and
pattion? (FAT32) loads kemel
Type=83 (EXT Linux) zlmage Compressed Linux
Partition 1 kernel image file
=B (FA ind " ‘ : . :
Type78 (FATS2 Windows) Partition 2 Various Linux root file system
" U-boot Environment Settings ( EXT3 )
% Mﬂm;m] Partition 3 n/a Preloader image(s)
(A2 raw) n/a U-Boot image

N\
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AGH Cyclone V SoC
HSP Peripherals

Possibilities of using HPS peripheral systems :
* HSP Peripherals (e.g.: UART, SPI) + dedicated HPS pins;
* HPS Peripherals + any FPGA pins;
* HPS pins as GPIO;
* FPGA pins controlled by HPS (LOANIO).
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Cyclone V SoC
HSP Peripherals Mux Table

|* Peripherals Mux Table

RGMIID. TX_CLK [ciaile 8 COARICN
RGMI0_TXDO GPIOg1 LOARICO
RGMIID_TXD1 GPIO0Z LOANICOZ
RGMII0_TXD2 GPICO3 LOANICO3
RGMIIO_TXD3 GPIC04 LOANICOS
RGMI0_RXDO GRIOUE LOARICOS
RGMID_MDIO |12C2.50A (Set) GFIOUE LOANICHE
RGMI0_MDC (i2C2.5CL (Set0) GRICUT LOANIOOT
RGMII_RX_CTL | ) GFIO0E LOANICOS
RGMIO_TX_CTL GPIO0S LOANICOS
RGMIIO_RX_CLK GRICTD LCOANICAD
RGMII0_RXD1 GRIGT LOANICT
RGMID_RXD2 PRI LOANIDIZ
RGMIID_RXD3 GPIOT2 LOANICHS.
NAND_ALE [ eti)] EMAC1.TX CLK (5et0) NAND ALE {Set0} GRIOT4 LOANIOTE
HAND_CE BSERE0SEHII EMACT.TXDO (Set0) NAND.CE (Set0) GPIOIE LOANIONS
MAND_CLE | ISEROTSETIN EMAC1.TXD1 (SetD) NAND.CLE {Set0) GFPIGIE LOANICTE
NAND_RE USROS EMAC1.TXD2 (Setd [NAND RE (Set0) GPIOIT LOARIOIT
NAND_RB USETOESEI EMAC1.TXD3 (Set0) NAND.RB (Set0) GPIO1E LOANIONE
NAND_DQO EMACT.RXDO (Setd) NAND.DQO (SatD) GRIDTS. LOANIOTS
HAND_DQ1 |ZC3/SDA (SetD) " EMAC1.MDIO [Set0) NAND.DQ1 (Set0) GO0 LOANIOZ0-
HAND_DQZ 12C3.SCL (Setl) 'EMAC1.MOC (Setd) NAND.CQ2 (Setd) GPIDZ1 LOANIOZ
MAC1.RX_CTL (SetD [NAND.DQ3 (Set0) GPIoZZ LOANIOZZ

FMAC1.TX_CTL (Set0) NAND DQ4 (SetD) GFIOZE LOANICZS

FMAC1.RX CLK [Set0) NAND. DQS5 (S2t0) GPIoZ4 LOANIDZ4

EMAC1.RXD1 (Setd) NAND.DQS (Setd) GFIOZ5 LOANIOZS

'E"Am RXDZ (Set0) [NAND. DQ7 (Set0) GPIDZE" LOANIOZE

f)ise0) [ EMAC1.RXD3 (Set0) NAND. WP [Set0) GPI0Z7T LOANIOZT

|GSPISST{Setd) | |NANDWE [Setl) GFIgZ8. COBNIC2E

| GPIOZS. LOANICES

GRICI0 LOANICE0

| GRIOZ LOANIC3T

| | GRIo22" LOANIORZ

QS5PI_SS0 | GPI033 LOANIORZ3
QSPI_CLK | GFIDZ4 LOANIOZ4
QsPI_ss1 | GPID35 LOANID2S

WL 2
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AGH Cyclone V SoC
HPS Booting Process

_ Reset exception address
BOOTROM is mapped

to reset address

BOOTROM

Harcoded by Altera into device
Read Boot source from BSEL pins
Setup minimal configuration to read flash
Load Preloader from Flash or execute from FPGA
Jumps to Preloader

Preloader: U-boot SPL

Read u-boot.ser from SDcard
Load Linux
Run Kernel

LINUX kernel

LINUX Kernel
Filesystem mount
Linux init process




Actuating, Sensing and Control Mechatronic Systems

AGH DE10-Nano
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AGH DE10 -Nano
Il FPGA & FPGAt_
] HPS on Igura_ ion
B System Mode Switch 5,50 GPIO(FPGA)  LTC 2x7 Header

Arduino Header

5V DC
Power Jack

HDMI-TX
Controller

Cyclone V
SoC FPGA
SCSEBAGU23I7NDK

Clock Generator

USB Blaster Il
(USB Mini-B)
MAX I

Slide Switch x4
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AGH DE10 - Nano

FPGA
Configuration
Model Switch

UART to USB
Confroller

HPS DDR3 x2

G-Sensor

HDMI-TX = WARM_RST
Controller 317

HPS User Bution

Clock Generator
EPCS64 <

HPS_RST

e n ' : HPS User LED
Wwiichn X

JTAG

Lo USB PHY

Button x2
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AGH DE10 - Nano

FPGA Device

» Intel Cyclone® V SE 5CSEBA6U23I17 device (110K LEs)

» Serial configuration device — EPCS64 (revision B2 or later)
» USB-Blaster Il onboard for programming; JTAG Mode

» HDMI TX, compatible with DVI 1.0 and HDCP v1.4

» 2 push-buttons

» 4 slide switches

» 8 green user LEDs

» Three 50MHz clock sources from the clock generator

» Two 40-pin expansion headers

» One Arduino expansion header (Uno R3 compatibility), can
be connected with Arduino shields

> One 10-pin Analog input expansion header (shared with L

Arduino Analog input)
» A/D converter, 4-pin SPl interface with FPGA

www.agh.edu.pl
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HPS (Hard Processor System)

» 800MHz Dual-core ARM Cortex-A9 processor
» 1GB DDR3 SDRAM (32-bit data bus)

» 1 Gigabit Ethernet PHY with RJ45 connector
» USB OTG Port, USB Micro-AB connector

» Micro SD card socket

» Accelerometer (12C interface + interrupt)

» UART to USB, USB Mini-B connector

» Warm reset button and cold reset button

» One user button and one user LED

» LTC 2x7 expansion header

—=F

-------------
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AGH Cyclone V SoC — How to Get Started?

1. Prepare an SD card with a Linux image

1.1 Download Linux from https://www.intel.com/content/www/us/en/developer/topic-
technology/fpga-academic/materials-sd-card-images.html

yocto

PROIJECT

1.2a Write the image to the SD card (Windows):

[-""' Win32 Disk Imager

Image File

3] [:d] = |

Copy | ] MDS Hash:

Progress I
| I
Mersion: 0.9 Cancel Fead Whirike

Write data in Trage File’ to 'Device
— —

1.2b Write the image to the SD card (Linux):
> sudo dd if=PATH_TO_IMAGE_FILE of=PATH_TO_SDCARD DEVICE

&
H®)
-
4
p)
@)
S
o,

www.agh.edu.pl
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Cyclone V SoC — How to Get Started?

2. Use a terminal (e.g., PuUTTY) to communicate with the HPS via the UART serial
interface (Virtual COM port)

&P COM4 - PuTTY - O x
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AG Cyclone V SoC — How to Get Started?

3. Set a static (or dynamic) IP address
> sudo nano /etc/network/interfaces

2P COM4 - PUTTY - O X

GNU nano 2.2.6 File: interfaces A

[ Read 17 lines ]
3 s i 7 Py
s " A ~ A A o

4. Set a password in the terminal
> passwd

5. Connect to the HPS via SSH using the Ethernet interface

R\
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HPS Part — A program in C/C++
(the HPS only or the HPS independently of the FPGA)

1. Launch SoC EDS Command Shell as a terminal on the PC

implicit declaration of function ‘usleep’ [-Wimplicit-function-declaration]
ng: implicit declaration of function 'close’ [-Wimplicit-function-declaration]

-Wall main.o -o hps_dc

ntinue
the list s y y /known_hosts).

10e% 10KB 211.5

2. Write and compile the program using Makefile
> make

3. Transfer the program to the HPS using SCP
> scp PROG_NAME USER_NAME@IP_ADDRESS:/PATH_TO_COPY

eg.:
> scp hps_soft root@192.168.10.123:/home/root
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AGH HPS Part — Peripheral Systems
(the HPS only or the HPS independently of the FPGA)

The HPS section can be treated as an independent microprocessor system
(microcontroller). It can operate under the control of an operating system
(e.g., Linux) in either console or graphical (GUI) mode. The peripheral
systems present in the HPS section. Peripheral systems present in the HPS
section:

 Ethernet Media Access Controller,

« NAND Flash Controller,

e Quad SPI Flash Controller,

 SD/MMC Controller,

e USB Controller (x2),

* SPI Controller (x4),

e UART Controller (x2),

e |2C Controller (x4),

e CAN Controller (x2),

* GPIO Ports.

www.agh.edu.pl
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AGH FPGA Part — Hardware module: PWM Modulator
(FPGA only or FPGA independently of HPS)

PWM Modulator Hardware Architecture:

> duty[15.0] >

PWM comparatar
cnt[15..0]
clk
> clk cnt_val[16]
clk psc[15..0] reset_n
> clk cnt_val[16] > reset_n
reset n psc_overflow |
> reset_n »| inc
CONST
PSC_MAX COUNTER
COUNTER Prescaler overflow 0...CNT_MAX
0...PSC_MAX comparator
PWM counter
Prescaler counter

www.agh.edu.pl
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AGH FPGA Part — Hardware module declaration
(FPGA only or FPGA independently of HPS)

TZE N T EE N IS YIS

1 1ibrary ieee;

2 use ieee.std logic_1164.all;

3

4

5 Eentity FullAddervhdl 1is

6 B port(

¥ A, B, Cin : 1in std_lagic;

8 ; sum, Cout : out std_logic

s :
10 end entity;
i i |
e
13 p@architecture FullAddervhdl of FullAddervhdl is
14
15 -- Signals declaration
16 signal 51, 52,53 © st . Yogic o= “0";
e
18 HEbegin
19
20 s1 <= A xor R;
o | s2 <= A and B;
22 53 <= 51 and Cin;
23 sum <= Cin xor s1;
24 Cout <= s2 or s3;
25
26 = -- Example of AND4
2F -- 5100 <= s101 and s102 and s103 and s104;
28 -
29 H -- Example of OR4

30 ~— 5100 <= 5101 or 5102 or 5103 or s5104;
3N

32 ‘tend architecture;

33

www.agh.edu.p
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AGH FPGA Part — ,,process” i ,when” in VHDL language
(FPGA only or FPGA independently of HPS)

»process” construction used to implement the counter
(sequential circuit):

process(clk, reset_n)
begin
if(reset_n = '0')then
cnt <= 16d"0";
elsif rising_edge(clk) then
if(cnt < CNT_MAX)then
cnt <= cnt + 16d"1";
else
cnt <= 16d"0";
end 1T;
end 1f;
end process;

reset_n

CNT_FPGA:inst

=]

1'h0 ciN  LessThanO
A[15.0] ouT

cntout[15..0]

16h3e7 Bl 5"‘& ent~[15.0] ent[15..0]
Thocin  Addo 16'h0 0
A[15..0] OUT[15..0] 1
16'h1 B[15.0]

clk

,when” construction used to implement
comparator (combinational circuit):

agh <= '"1" when(a > b) else

www.agh.edu.p
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0" b[15..0] A[15..0] ouT
a[15..0] B[15..0]
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AGH FPGA Part — Hardware Module: Incremental Encoder
(FPGA only or FPGA independently of HPS)

Incremental Encoder — enables the Encoder with 2-channel AB interface:
determination of relative position (with
respect to the initial position after power-
up). It is most commonly used with a Ehannelps
quadrature interface, either 2-channel or Channel B
3-channel. +Displacement
Channel B
Possible output types: —Displacement
* Push-Pull — a digital signal in the (most
forgr;:: Iy;:)oT"TeLciZarnia:;axzs an external Encoder with 3-channel Encoder with 3-channel
Pull-up resistor; ABZ interface ABZ interface
« Differential — requires an external (Output types: PP/OC): (Differential output):
voltage standard converter from RS422 to
TTL/LVTTL. o — L = —
| A

www.agh.edu.pl
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AGH

Analog
Channel A Sine

Channel B Cosine

Thresholded
Channel A

Channel B

www.agh.edu.p

FPGA Part — Hardware Module: Incremental Encoder
(FPGA only or FPGA independently of HPS)

Encoder with 2-channel AB interface:

N

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3
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AGH FPGA Part — Hardware Module: Incremental Encoder
(FPGA only or FPGA independently of HPS)

Hardware Architecture of the Incremental Encoder Module:

clk
—»{ck cnt_val[32] enco_pos [31 ..D]<
reset_n
- reset n
inc_pos .
_decpos |
2B > a8b 2 curQuadr1..0 COUNTER
- - D2] Q2] (=i (1.0 .* curQuadr|2] inc 32-bit signed
clk
—»ck r——) revQuadr]2
reset_n ° 2
e o Current position counter
DFF :
[1.0] COMB
y

‘—) curQuadr]2] dec ——
2 D2) Q) prevQuadr[1..0] é ) revQuadi?]

—> ck
reset_n

reset n COMB
DFF
[1..0]

www.agh.edu.pl
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AGH FPGA + HPS — Platform Designer
(Utilization of FPGA and HPS Parts for performing a common task)

Platform Designer — a tool for configuring the architecture of the HPS part of the system.

+= Platform Designer - soc_system.qgsys (E:\FPGA\MSWSiS\ProDE10Nano_SoC_GHRD_Q18.1\soc_system.qsys) = O *
Eile Edit System Generate View Tools Help
m | Address Map &2 | Interconnect Requirements & | -=-
& x @ W System: soc_system Path: ck_0
Project + Use Connections Name Description Export Clock Base End RQ Tags Opcode Mame
W wew component... ) = ok 0 \Clock Source -
: E:f: Ssgccfnor;”pgo'::;t x (=g clk_in Clock Tnput clk exported
i} System P (= clk_in_reset Reset Input reset
Library = T clic Clock Qutput clk_0
[-Basic Functions =, S E—— clk_reset Reset Output
[F-DSP =]u] hps_0 \Arria W/Cyclone V Hard Process...
[#-Interface Protocols bk < memory Conduit memory
EH-Low Power = o hps_io Conduit hps_0_hps_io
[+Memory Interfaces and Controllers <H h2f _reset Reset Output hps_0_h2f_reset
[#-Processors and Peripherals f2h_sdram0_clock Clock Input ck_o
E ;::grsw‘{:tr:tt:?gr:wliﬁents f2h_sdram0_data Avalon Memaory Mapped Slave [f2h_sdra... 0x0000_0000 OxfEff ffff
[ University Program h2f_lw_axi_clock Clock Input clk_0
h2f_lw_axi_master \AXI Master [h2f_lw_a...
f2h_irg0 Interrupt Receiver IRQ O IRQ 31
f2h_irgl Interrupt Receiver IRQ 0 IRQ 31
Bl master_0 JTAG to Avalon Master Bridge
clie Clock Input clk_0
clk_reset Reset Input
— o master \Avalon Memory Mapped Master [clk]
New... |  Edit.. & Add... master_reset Reset Output
B PWM_SOC_CMP_D PWM SOC Component
Device Family 5% = clock Clock Input iclk_0
reset Reset Input [clock]
_:_“‘Zlksys';ﬂ“ Isoo xystem.gays] avalon_slave_0 Avalon Memory Mapped Slave [clock] 0x0000_0010 0x0000_001F
=& hps_0_h2f_reset < ConduitExport Conduit pwm_sig [clock]
- hps:g:hpi io E ENCO_SOC_CMP_O ENCO SOC Component
> memory clock Clock Input clk_0
B= pwm_sig € reset Reset Input [clock]
quad avalon_slave_0 \Avalon Memory Mapped Slave [clock] 0x0000 0000 0x0000 000f b
-m= reset e b3
4F ENCO_S0C_CMP_0
£F PWM_SOC_CMP_0 4t % ¥ current filter:
g dclk
16 hps_0 5% Messages | oo
W master_0
0 Connections Type Path Message
=) 2 Info Messages
soc_system.hps_0|HFS Main PLL counter settings: n=0m = 63
soc_system.hps_0|HPS peripherial PLL counter settings: n =0 m = 39
< >
0 Errors, 0 Warnings | Generate HDL... Finish
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\

AGH FPGA + HPS — Avalon Memory Mapped Slave Interfaces
(Utilization of FPGA and HPS Parts for performing a common task)

Avalon-MMS - an interface that enables communication between the microprocessor core and
peripheral devices (e.g., UART, I12C, SPI). From the microprocessor side, communication involves
writing/reading data from a specific memory space (address space). From the hardware side (FPGA),
communication involves responding to write/read requests for a parameter at a defined address
using the Avalon bus.

|~ Read Waveforms |

cll | | | |_| |_
read £ %,

write
address A0 A
readdata X_oo X

|~ Write Waveforms

ok [ L[ L

read

write i \
address X M A
writedata ¥ X
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FPGA + HPS — Communication via the Avalon bus (VHDL)
(Utilization of FPGA and HPS Parts for performing a common task)

process(clk, reset_n)
begin
if(reset_n = '0")then
avsO_readdata <= (others => '0');
elsit rising_edge(clk) then
1f(avsO_write = '1')then
case avsO0_address 1is
when AVSO_ADDR_REGO => REGO <=
when AVSO_ADDR_REGL => REGl <=
when AVSO_ADDR_REGZ2 => REG2 <=

when others => null;
end case;
elsif(avsO_read = "1'")then
case avs0_address 1is
when AVSO_ADDR_REGO => avsO0_rea
when AVSO_ADDR_REG1 => avsO_rea
when AVSO_ADDR_REGZ? => avs(O_rea

when others => avsO_readdata <=
end case;
end 1T;
end 1f;
end process;

WIWW.3 gh El:“.l [_'

avsO_writedata;
avs0_writedata;
avsO_writedata;

ddata <= REGO;
ddata <= REGI;
ddata <= REG2Z;

(others => '0');
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AGH FPGA + HPS — Hardware module with an Avalon-MMS interface
(Utilization of FPGA and HPS Parts for performing a common task)

s Component Editor - PWM_SOC_CMP_hw.tcl* * ‘

File Templates Beta View

Component Type &2 | Block Symbol #% | Files = | Parameters & | Signals & Interfaces | o gl
» About Signals
A =il
"
Name Mame: avalon_slave_0 Documentation
»= ConduitExport it
-a pwmout [1] s Type: Avalon Memory Mapped Slave
A02 SFLE Associated Clock: |clock v
o= avs0_address [2] agdress Agsociated Reset: |reset -
= avsD_read [1] resd
=1 avsl_readdata [32] readdars Assignmeants: Edit...
- avel_write [1] wrie
D= avsD_writedata [32] wriradars
m=clhock Cool ot WORDS
. D_“!dtk_.,[.._l::l_, N avalon_stave 0 Associated clock: dock
@~ reset_n [1] reset avalon_slave 0| Associated reset: resat
¢ inherss g ::::“D o addrass Bits per symbol: a
vs0_raaddata]31 0] m::u.ﬂa Burstcount units: WORDS  ~
vall_wmit : :
e T I s Explicit address span: 00000000000000000000
‘&U——ﬂ—]—' willedata
null |* Timing
Setup: a
Read wait: o
Write wait: 0
Hold: il
Timing units: Cydes w
[ Pipefined Transters
Read latency: 1
Maimum pending read transactions: |
Maximum pending write tfransactions:
[ Burst on burst boundaries only
[ ] Linewrap bursts
v

(Wessages " | - o

@ Info: No errors or wamnings.

Help 4 Prev Hext b Einish...
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AGH FPGA + HPS — Communication between the MCU system and the periph. sys. (C/C++)
(Utilization of FPGA and HPS Parts for performing a common task)

I
// Lightweight HPS-to-FPGA Bridge

F F
P

#define LWH2F REG BASE OxFF20000@ // LW H2F Bridge Base Address
#define LWH2F_REG_SPAN 0x00200000 // LW H2F Bridge Span

// HPS COMPONENTS BASE ADDRESSES

#define ENCOSOC_BASE 0x00000000 // ENCO_SOC_CMP Address
#define PWMSOC_BASE 0x00000010 // PWM_SOC_CMP Address

// ENCO PARAMETERS ADDRESSES
#define ENCOSOC_CR_ADDR ox1
#define ENCOSOC_CURPOS_ADDR ox2

// PWM PARAMETERS ADDRESSES

#define PWMSOC_PSCMAX_ADDR axl
#define PWMSOC_CNTMAX_ ADDR ax2
#define PWMSOC_DUTY_ADDR @x3

fd = open("/dev/mem", O_RDWR|O_SYNC);

lwh2f_base = mmap(NULL, LWH2F_REG_SPAN, PROT_READ|PROT_WRITE, MAP_SHARED, fd, LWH2F_REG_BASE);

// Component addresses
lwh2f_enco = lwh2f_base + ENCOSOC_BASE;
lwh2f_pwm = lwh2f_base + PWMSOC_BASE;

// Enco parameters
ENCO_CR = ((uint32_t *)1lwh2f_enco) + ENCOSOC_CR_ADDR;
ENCO_CurrentPosition = ((int32_t *)1lwh2f_enco) + ENCOSOC_CURPOS_ADDR;

// PWM parameters

PWM_PSCMax = ((uint32_t *)lwh2f_pwm) + PWMSOC_PSCMAX_ADDR;
PWM_CNTMax = ((uint32_t *)1lwh2f_pwm) + PWMSOC_CNTMAX_ADDR;
PWM_Duty = ((uint32_t *)lwh2f_pwm) + PWMSOC_DUTY_ADDR;

AFRANAT S ET
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