LLRF Using SoC FPGA’s in a
Multiple Development Tool Environment

P. Varghese, B. Chase, E. Cullerton
FNAL, AD-LLRF Group

2= Fermilab

P. Varghese,10-01-13



Introduction

=\What is in a SOC FPGA — Architecture and Available
Devices from Altera and Xilinx

*Design and Development Tools for FPGA , ARM Hard
Processor core and NIOS Soft Processor core

»Altera Cyclone V SoCKit

*_LRF system Design Example on the SoCKit
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SOC FPGA

Single- or Dual-Core Processor

HPS 110
Hard Processor System (HPS)
ARM Cortex-A9

L1 Cache (x2) @ (x2)
L2 Cache GPIO 12C
(x2)

JTAG 64Kbyte Timers SPI CAN
Debug/Trace RAM (x11) (x2) (x2)
NANDFlash QSPI Flash SD/SDIO/ DMA UART
Hard Memory (1)(2) Controller MMC @ (x2)
Controller®
Shared Multiport DDR HPSto FPGA to FPGA
Transceivers® TSD RATM Coniroller; FTA H;S Configluration
Hard PCle*
*Optional Configuration " Integrated DMA ¥ Integrated ECC
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Development Tools and Devices

Altera Xilinx
Quartus 11 ISE
QSYS VIVADO

Nios EDS (soft processor core)
DS-5 (ARM hard processor core)
DSP Builder (Altera Simulink

SDK Embedded Software Tools

BlockSet) System Generator
Cyclone V SoC, ArriaV SoC ZYNQ-7000
460K LE, 20 Mb Onchip RAM 444K LE, 24 Mb Onchip RAM

LLRF 2013
Low-Level Radio Fm‘r.!uen:iWorksl‘n
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SoC System Architecture

Processor Hard Processor System (HPS)
— Dual-core ARM°® Cortex™-A9 MP Core™ processor
ARM_Cortex-AB ARM_Cortex-AB USE OTG Ethernet
— 4,000 MIPS (up to 800 MHz per core) NEUN/IFPU NEUN/'FPU (x2) © (x2)
L1 Cache L1 Cache
— NEON coprocessor with double-precision FPU
— Rich set of embedded peripherals L2 Cache GPIO ()';‘:)
— 32-KB/32-KB L1 caches per core @
— 512-KB shared L2 cache E=RlEla=h 64-KB Dg.i.‘;/ Sel Ean 8
Control RAM Trace (1) (x4) (x2)
Multiport SDRAM controller e e Tmes || owa || user
1) (2} w X 8 Channels] X,
— Up to 533-MHz DDR3 and LPDDR2* o
_ Up to 400-MHz DDR2 Shared Multiport DDR HPS to FPGA anI;F-iA
SDRAM Controller @ FPGA to HPS ':i;g““ra
— Integrated ECC support n
& T T —
— Cache coherency between ARM & FPGA IP A U f V4
+28nm process .
. . . . * 8-input ALMs a
High-bandwidth on-chip interfaces « Variable-precision DSP >
& P FPGA « M10K me':nory and 640-bit 8
— > 125-Gbps HPS-to-FPGA interface MLABs 2
— > 125-Gbps FPGA-to-SDRAM interface 51:
_ 3
Hard Multiport DDR SDRAM Hard “ 3-,5-,6-,
Controller (2 PCle and 10-Gbps
Transceivers .

LLRF 2013

Low-Level Radio Frequency Workshop_ |
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FPGA — HPS Connections

FPGA HPS
(AXI, 32 /64 /128 bit) FPGA-to-HPS bridge (L3 Interconnect)
(AXI, 32 /64 /128 bit) < HPS-to-FPGA bridge
(AXI 32-bit) < Lightweight HPS-to-FPGA bridge
FPGA-to-HPS SDRAM (Up to six ports, 32 /64 /128 / 256 bit)
FPGA clocks and resets 4 HPS clocks and resets
(FPGA JTAG) < HPS-to-FPGA JTAG (Scan Manager)
(HPS trace datato FPGA) A TPIU trace
(FPGA trace events to HPS trace)) ¢ FPGA System Trace Macrocell (STM)
(FPGA triggers to/from HPS) HPS Cross-trigger
(4 channels) ¢ DMA peripheral interface
: : < > :
(FPGA config, boot and GPIO signals) FPGA manager interface
(MPU interrupts from FPGA) MPU Interrupts (64)
<
(MPU status to FPGA) MPU standby, wake and events
‘ e - LT —
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Arrow’s SoCkit Development Board

USB-Blaster I Uart ‘;‘iegg“‘
Based on: S5 l itk l . Audio
Cyclone V SoC FPGA 071G 10/100/1000 e
\ LA A B B J '
e (5 FPGADDR3 [ i 'F7
Power ON/ OFF ﬂ 4 ook 4 Pl A : QSPI1Gb
LTC : il o & b
Expansion : ‘ . ‘ Altera 2 HSMC Type
Connector IIIII
FPGA Config
OSPI 256 Mb
Bitmap
Display
CLKSEL &
BOOTSEI
Jumpers '
- Warm HPS Buttons FPGA Switches & —
reset LEDs
Cold HPS Switches & FPGA Buttons
reset LEDs

LLRF 2013
“ F . I I Lowlevel Radio frequency Workshop
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SoCKit Peripherals

Si5338 87831-1420

LTC Connector
to SPVI12C Devices
7'y lv
x2 J' GSENSOR
v v yClk2Ck3
12C CIk0 Clk1 —
emp i
S - SPI Master 1
HSMC Connector o TSE " Ethernet
ASI-122953-01 T PHY 10/100/1000
heron DORAL SORAM Cyclone V SoC & USB 2.0 OTG
x 32 1024MB “ 5T F31
n e F896 Micron DDR3L SDRAM
pAc [$59 * 5CSXFC6D6F31C8-N x321024 MB
Micin | | UART to ‘
] Audio
<> FPGA USB
Line Out [ i CODEC [ o USB
Line In RRX [« x1
x1| x4| x4 x4 x6 A
A4
Flash
QSPI
256Mb
System LED x8
Reset ¥ vy t 1 T 1 Reset
> L\ +‘x \L‘u Ol Te Ton
ﬁ ﬁ ﬁ i ﬁ Slide Switch x8

DO s
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LLRF Hardware and Software

End User
Operator
Machine Physicist

1 LLRF Engineer
Ethernet PA/SA Console Applications
“GUI" interface
- TCLK Parameter Pages
1(':0 Loclal - -] MDAT
onsole
c 40 n | ®. 25 | @ | e DSP Cik {MHz) Acnet/MOOC/AN
(o}
R \% .
N | Controller — PowerPC based microController State Control Readbacks
T E D D 0 X Ref. Mem - Reflective Memory/Optical Link
F. D X M | DSR1 - 8 Ch. Digital Signal Reciever
R S| s VSV D F F 1 detector for Beam to RF phase, Radial Position Front-End Software
DSR2 - 8 Ch. Digital Signal Reciever
0 M R R H S R C 0 U detector for cavity 1, 2 RF FO/FB signals MILLRF
L E 1 2 0 c SWH — 2-channel 4-inpul RF Switch
L DDS - Direct Digital Synthesizer — RF ref.
E M D and RF output to cavities 1 and 2 Software Hardware
o XFR - transfer synchronization module Shared
R MFC - multi-channel field control Librari Shared
for fast tuners loEliizs Libraries
TCLK ———» > 10100 — Input/Output module
i VXI UCD - Universal Clack Detector
14g | 149|100 100 | 100 LP Update (kHz)
LINK | UCD | DDS | XFR | DSR
VME | VXI SHARC DSP
- - Optical link between LLRF front-ends 5576 | UCD Software
reflective memory card § § 5 X 5
<+———» 25 MBps data link between Modules D F S
S R R
Detectors and
Actuators

To RRLLRF --f——
TCLK :

To TVLLRF

LLRF 2013

Low-Level Radio frequency Workshop
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MFC VXI Card

J -
1 v
1 X
8 8 8| apc 8 Altera Cyclone Il FPGA Al D[0-31}
12 bi ] _ tera Max Il FPGA s |
4dBm IR 55 Mz | Lo EP2CT0F672C8 B ‘ VXl Interface  [———AI0-311
LP 100 MHz P Configuration B
DS | | code | <—| 31.24 MHz
L fLeec . % 4 XTAL Osc. é
ADC —
v }{ 8 E%; 8 12 bit & > K
4 dBm 63 MHz [ LVDS " Block Diagram P
o
e R Schematic DataSheet L
I A LVPECL © J_ A
Q
8 8 g| apc | 8 ol ADDRESS N
4dBm RSP 2o > £l e A E
65 MHz | LvDS Schematic 1 c€ DATA:
Ds | 2| CONTROL:
A Lveect Schematic 3 - 1
FLASH
2oc | 8 R LASH SHARC AD21369
4 dBm ﬁ;ZMb: + »| Schematic 2 400 MHz .
Z »
S gDs < Serial Interface A A P
I A LVPECL o7 1]2]3T4 ]
Y L
A A A A i
4.—.—> ADC | 14 [ |1 soraM | Schematic % < L
LP 100 MHz 101:;'; a SDRAM M € et c
= 64 MB 5 Serial Poris | DataShee
DS 5 > ?' [DFisPT | 20(_) Mb/s A
T Start Trigger ~ ~LYDS TTLCMOS 200 MbJs Serial Data (LVCMOS) & 4 & A ?_‘f/rg'vg’s” L
AUX Trigger TTL/CMOS [ - >
>
2 DAC 2 600 Mb/s Serial Data (LVDS) U
3E 7 14bit 7 S
To Modulator | 260 MHz . Y, \ M\ [ ]
2| bpac DS 2 100 Mb/s Serial Data (LVCMOS) SDRAM 2.5 Vd —
14bit | g A y;
260MHz | "< ! Cyclone 1.2 Vd —
Spare | Tt 1 12b ADC 1.8 Vd —|
AUX CLK 42 SHARC 1.3Vvd —
) 1Vep cMOoS FPGAs 3.3 Vd —
Har-link N VXI Buffer 3.3 Vf — 50V
LVDS FPGA SP1 (600 Mb/s) Mise. 50Vd—  Power |~
Har-link N ) L .
00 Mb/s Serial Dat
LVDS FPGA SP2 (600 Mb/s) 1 s Serial Data Distribution
Har-link — Serial Data Signals CLK DIST. 3.3 Va —|
LVCMOS DSP SP (100 Mbls) - Data Signals 14b ADC 5.0 Va —|
AD9510 [ Address Signals Harting 125 ADCs 1.8 Va —
SMA p-| Clock | 2 LVDS Control Signals Mini-coax E Harting
0-10 dBm LO Input Dist. —— : Connector Har-link
S —— Clock Signals Schematic
—— Power T
LLRF 2013
“ ™ Radio frequency Workshop
P. Varghese,10-01-13 ,
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LLRF System Example

| | HsMc connector
[ DAC |«
LP Notch Cavity
D "
Con(:fvglr‘]ter Filter Filter Simulator Up
Converter
ADC - =~ | N S -z e == -5
< o —~Z g Controller e gl == S
ADC/DAC > DpAQ - A
Daughter Card T steam X
L —
L L - v | i i :
NCO Filter DMA SetPoint Controller FeedFwd Filter Cav Sim NCO
Tables Params Controller Table Params Table Params Params Tables
PC
Labview
Console
Qsys Interconnect System (Avalon/AXI Bus)
Gigbit
Ethernet
A
CYCLONE V
HPS A SoC FPGA
SDRAM ~ ~———————> Dual Core
Controller ARM A9
Processor
1 ,\
HPS
SDRAM
Gigbit q
’J’jthemet SOC K't
A
LLRF 2013
n . Lowd Level Radio frequency Workshop,

e
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FPGA Design Flow

Creat rtus Il Perform Functional
reate Q_ua w Create Qsys Project -—_—> : .
Project (from Quartus Il I Simulation
(Select SoC Device) I *
¢ ! Instantiate Qsys Syst
Add/Configure 3 nstantiate Qsys System
HPS IP in Quartus Project
Add IP to Qsys Run Analysis &
System Elaboration
AddiGustomiP.to Create 1/0 Assignments
Qsys System (DDR,HPS Bank VCC)
l Compile Quartus Il
Interconnect Project
Compgnents ‘ |
! ! —
Generate Qsys HW Verification SW Handoff
System

LLRF 2013
Low:Level Radio frequency Workshoy
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QSYS System Interconnect Tool

File Edit System View Tools Help

Component Library |

[ New Component...
My_IP_Cores
reg16_component
reg32_component
regd_component

[+-Other
El-System
- @ 50C_System

Library
@ Config-Bypass App Example
[+-Bridges
[+-Bridges and Adapters
[=]-Clock and Reset
Clock Source
Reset Controller
[+-Configuration & Programming
-DSP
[=-Embedded Processors
@ Bitswap
Custom Instruction Interconnect

Custom Instruction Slave Translator
Floating Point Hardware
o Hard Processor System
@ MNios Il Processor
[#-Interface Protocols
[=-Memories and Memory Controllers
External Memory Interfaces
On-Chip
[#-Merlin Components
[=-Microcontroller Peripherals

o Altera Avalon Mutex
[+-Peripherals
[-PLL
[+-Qsys Interconnect
[
£

- Verification
t-Window Bridge

Custom Instruction Master Translator

m

<0 M4 p M ElX+

System Contents | Address Mapl Clock Settings | Project Seﬂingsl Instance Parameters | System Inspecturl HOL Example | Generation

Use

C.

Name

=

hps_0
anchip_memory2_0
master_secure
sysid_gsys

led_pio

dipsw_pio

button_pio

jtag_uart
master_non_sec
intr_capturer_0

clk_0

nios2_gsys
onchip_memory2
timer

pll_gsys

key

daq_sgdma
dagq_desc_mem
Down_Converter_Thl_Cos1
Down_Converter_Thl_Sin1
Up_Converter_Thl_Cos1
Up_Converter_Thl_Sin1
Set_Point_Thl_I
Set_Point_Tbl_Q
Feed_Fwd_Tbl_|
Feed_Fwd_Thi_Q
Int_Gain

Prop_Gain

Int_Pole

HtchA_D2

HtchA_NO

HtchA_N1

HtchB_D2

HtchB_NO

HichB_N1
Cav_Sim_Num_Coef
Cav_Sim_Den_Coef

B

HEHNEHEHEEEEA

Description

Hard Processor System
On-Chip Memary (RAM or ROM)
TAG to Avalon Master Bridge:
System ID Peripheral

PIC (Parallel V)

PIO (Parallel V)

PIC (Paraliel VO

JTAG UART

TAG to Avalon Master Bridge
Interrupt Capture Module

Clock Source

Nios Il Processor

On-Chip Memory (RAM or ROM)
Interval Timer

Altera PLL

PIC (Parallel V)
Scatter-Gather DMA Controller
On-Chip Memory (RAM or ROM)
On-Chip Memary (RAM or ROM)
On-Chip Memory (RAM or ROM)
On-Chip Memary (RAM or ROM)
On-Chip Memory (RAM or ROM)
On-Chip Memory (RAM or ROM)
On-Chip Memory (RAM or ROM)
On-Chip Memory (RAM or ROM)
On-Chip Memory (RAM or ROM)
reg32_component
reg18_component
reg32_component
reg18_component
reg16_component
reg18_component
reg16_component
reg16_component
reg16_component
reg32_component
reg32_component

Export

Clock

multiple
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0

clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
multiple
multiple
multiple
multiple
multiple
multipfe
multiple
multipfe
clk_0
elk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0
clk_0

Base

0x0000_0000
0x0000_0000

0x0001_0000
0x0001_0040
0x0001_0080
0x0001_00e0
0x0002_0000

0x0003_0000

0:x0001_4800
0x0006&_0000
0x0001_5=a40

0x0001_5a&0
0x0001_ 5200
0x0001_5600
multiple
multiple
multiple
multiple
multipls
multiple
multipls
multiple
0x0001_5aTc
0x0001_Sa8e
0x0001_5a78
0x0001_ Sa8=a
0x0001_5a88
0x0001_ 5286
0x0001_5a84
0x0001_5a82
0x0001_5a80
0:x0001_5a74
20001_5a70

End

Oxffff £Eff
0x0000_ ££££

0x0001_0007
0x0001_004£
0x0001_008fF
0x0001_00ef
0x0002_0007

0x0003_0007

0x0001_4££F
0x0007_££fff
0x0001_5a5f

0x0001_Sa&f
0x0001_Sa3f
0x0001_S7£E
multiple
multiple
multiple
multiple
multiple
multiple
multiple
multiple
0x0001_Sa7f
0x0001_5a8d4
0x0001_5a7b
0x0001_SaBkb
0x0001_5a83
0x0001_ 5287
0x0001_5a85
0x0001_5a82
0x0001_Sa8l
0x0001_5a77
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Interconnect Detall

System Contents | Address Map | Clock Seﬂingsl Project Seﬂingsl Instance Parametersl System Ins-pecturl HDL Examplel Generatiunl

Connections

< M 4PN ElX+

Name
B hps_0
memory
hps_io
h2f_reset
h2f_axi_clock
h2f_axi_master
f2h_axi_clock
f2h_axi_slave
h2f_lw_axi_clock
h2f_Iw_axi_master
B onchip_memory2_0
clk1
=1
reset!
E master_secure
clk
clk_rezet
master
master_reset
B sysid_gsys
clk
reset
control_slave
B led_pio
clk
reset
a1
external_connection
B dipsw_pio
clk
reset
a1
external_connection
B button_pio
clk
reset
a1
external_connection

Description
Hard Processor System
Conduit
Conduit
Reset Output
Clock Input
AXI Master
Clock Input
AX] Slave
Clock Input
AX] Master
On-Chip Memory (RAK or ROM)
Cleck Input
Avalon Memory Mapped Slave
Reset Input
JTAG to Avalon Master Bridge
Clock Input
Reset Input
Avalon Memory Mapped Master
Reset Output
System ID Peripheral
Clock Input
Reset Input
Avalon Memory Mapped Slave
PIC (Parallel WO}
Clock Input
Reset Input
Avalon Memery Mapped Slave
Conduit
PIC (Parallel WO}
Cleck Input
Reset Input
Avalon Memery Mapped Slave
Conduit
PIC (Parallel WO}
Clock Input
Reset Input
Avalon Memery Mapped Slave
Conduit

Export

memaory
hps_0_hps_io
hps_0_h2f_reset

led_pio_external_connection

dipsw_pio_external_conne...

button_pio_external_conne...

Clock

clk_0

[h2f_axi clock]
clk_0

[fZh_axi clock]
clk_0

[h2f lw_axi clock]

clk_0
k1]
lelkt]

clk_0

[clk)

clk_0
[clk]
[clk]

clk_0
[chk]
[l

clk_0
[
el

clk_0
[chk]
Il

|| ] F.-.I. =/ jtag_uart JTAG UART
' | | clk Cleck Input clk_0
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FPGA Pro;ect for Example De5|gn

14 BIT ADC

DATA STREAM CAVITY SMULATOR
DERIVED CLOCKS 'QSYS Top Level

Parameter Reg, Table Outputs

2= Fermilab
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FPGA Project for 8-Cavity CM

14:E"T ADC CONTROLLER PARAMETERS

rereren)

SET POINT - FEEDFORWARD TABLES

=

DATA ACQUISITION

i

LLRF 2013

Low-Level Radio frequency Workshop,
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Hardware/Software Design Flow

Pre-Loader
Settings Handoff
Directory files

N\

(\4 __ Preloader
& Generator Preloader
3 .
Debugger
2e ——— — DeviceTree _
Generator Device Tree
’ For a0
Linux A
O

LLRF 2013
Low-Level Radio Frequency Workshop,
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Boot ROM

|

Boot Loader
Boot Loader //f

HPS Boot Stages

Boot ROM code \

* Hardened by Altera into device.

« Scans boot select pins to determine clocks/boot source
- NAND, QSPI, SD/MMC, FPGA or On-chip RAM

« Sets up PLL’s if selected by clock pins

« Configure minimal set of HPS I/O pins to read flash

« Performs CRC checking & loads ISW into On-Chip RAM/

PreLoader (Initial Software) \
* Altera Reference code + generated system . ¢ & . h files
* Runs from On-Chip memory

» Configures scan manager with pin configuration data

* Initializes and calibrates SDRAM

* Loads Boot Loader code into SDRAM

L « Altera provides U-Boot as a reference example

)
™

« Application/ OS specific

Application

-
Operating System

AN

* Linux, VxWorks, OSE, etc
* Device drivers and BSP
* Root FileSystem

AN

User Application
« IDE and Debug
* FPGA configuration

SW/FW
Developer’s

efforts

2= Fermilab
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Device Tree

e A Data Structure for describing hardware
 Enables Device Drivers to be linked to Linux kernel at run-time

— No Linux kernel recompile required

— Drivers loaded dynamically after loading Device Tree @ e
. . Booticader (U-Boot) image **
— Device Tree embedded in FPGA memory
Preloader Image 3
— Correct drivers are always loaded Prcatr g2
Preloader Image 1
iswinfo . Preloader image 0
L hps_Scsx120f.qsys Device Device Tree Source B Unused
| hps_5¢sx120f.50pcinfo Tree > - nile Linazx e system
=] hps_Scsx120f_svd.anl (FPGA POF/SOF files, user data
@ hps_cycloneV_5csx120f.qpf Generator o@b_ e
& hps_cycloneV_S5csx120f.qsf IOQ), Lhused
| hps_cycloneV_5csx120f.sof ,‘Qoo Operating System (Linux uimage)
& | quartus.ini /06 Devioe Tree Bob (Linux)
(FPGA POFSOF fiks, user data
can be stored in FAT fesystem)
Altera SoC EDS Space due o inder s
Directory Board/User Info Boctonter U8,
Master Boot Record (MBR)

Raw Partiton EXT2 partition (Linux)
Custom Partition A2 FAT partition

SD/MMC

LLRF 2013
Low-Level Radio frequency Workshop
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Debug Interfaces

Flash / QSPI / SD

SW tools
Host Machine

Ethernet }\II
Terminal/ J/ iy T
Linux Shell | USBto UART 7& J

Bottom side
SD

TAG via USB

J
JTAG

LLRF 2013
Low-Level Radio frequency Workshop

2= Fermilab

P. Varghese,10-01-13




DS-5 Debugger for ARM

File Edit Source Refactor Navigate Search Project Run Window Help
i & | : SRS G
| %% Debug Cont 22 Il History| ¥ Scripts kpoints | ¥4 Expressions | f() Functions &3
% Linked: Altera SoC FPGA v \
Bl X% Q2| > m & Linked: Altera SoC FPGA ~ Name 4 Start Address
| T Altera SoC FPGA = | wait . || © altera_gpio_get S$:0x7F000000 :‘
ol Sonnect * || continue B altera_gpio_set S:0x7F000038 | |
(& Active Threads Execution stopped at breakpoint 2: 5:@x7F200038 © altera_gpio_dir_in S:0x7FO00068
-] If'ky:“stom:edo"breabomt #2 (PID 481 w ir.vo)tg;ead gs(osaghgead(ld 479) © altera_gpio_dir_out S:0x7F00009C
"K local Irg save w;it ’ © altera_gpio_save_regs S:0x7FO000F0 ~
altera apic:s . 2
. Sy ~|||| continue S ) AT
S b " || Execution stopped at breakpoint 2: S:@x7F000038 TRy o v =
tore+0xCO In thread 3 (0S thread id 478) 0= Variables &2 8 g
3 S:@x7Feeee3s 85,0 { fr/ Linked: Altera SoC FPGA v
"alt. Name Value \ Type ;CounthizeiLocation
|| continue Al— . | s ype: IOUNE [ ZE | LOCALIOn||
—|| Execution stopped at breakpoint 2: S:@x7F000038 £||| & & Locals 1 variable - -
In thread 4 (0S thread id 481) 2 = @ flags 27 long unsigned int 32 SR3
. || s:ex7Feeee3s 85,8 { ~ || # (= File Statics (current)
= _<NRNNNETN e “n - viere= =
< - ) ) o J : # (= Globals 954 variables
W Altera SoC FPGA connected Command: Fress (CirleSpace) f i - < I ] ) J‘
(] gpio-altera.c £3 = O[3} Disassembly 52 7 2 0|Em(EefcEo(MAMTOeBc(prmrx ™ < 0O
@gpio: GPIO signal number. Al _'j; Linked: Altera SoC FPGA ~ & Y |
79 * @val: value be writte s ified si 1. - R T |
» el AR R SRR e fh & < @ v <Nextnstruction> 100 & Linked: Altera SoC FPGA ~ \
81 * This function writes the specified value in to the | Address | Opcode | Disassembly B o Name | Value |Size| Access| ‘
82 * GPIO device. S:0x7F000024 LORNE  r3,[r0,#0x58] | @ (5 sptimen -
5 M S:0x7Fe00028 LDR r3,[r3,%0] & &> sptimerd
g 84 static void altera_gpio_set(struct gpio_chip *gc, uns 5 $:0x7F00002C LSR r1,r3,r1 ol L P,
® 85 | $:0x7FE00030 AND ro,r1,#1 ) # (& stm
86 unsigned long flags; ‘=[= 5:9x7F000034 BX Lr 3 # (= sysmgr
87 struct of_mm_gpio_chip *mm_gc = to_of_mm_gpio_chi altera_gpio_set = # = uartd
88 struct altera_gpio_instance "chip = to_altera_gpi S$:0x7F000038 MRS ,-3:Apsg ; forme: & G vart
e S$:0x7F@0003C CPSID i ki
90 spin_lock_irqsave(&chip->gpio_lock, flags); S:0x7F000040 MOV ri2,%1 1 & us
9 B! s:exreseess e r2,%0 & G2 ushl
/* Write to shadow register and output */ = S:0x7F000043 LDR r2,[re,#0x54) == PIO_inst 0
if (val) . . S:0x7F00084C ORRNE  r1,r2,r12,LSL r. @ @ PIO_inst 0_DATA ©x0000000E 32 R/W
elsec"lp')EPm_State |= 1 << gpio; ggxxng s[l);EQ l';.l[‘l’éflgals-gll- r. @ @ PIO_inst_ 0_DIRECTION oxe0000000 32 R/W
. . :9x7F 0000 r2,[re,%ex s g
chip->gpio_state &= ~(1 << gpio); S:0x77000058 STR r1,[r0,20x54] QIR0 N 0. ROMESK]  6+00000000(8321R/W
_raw_writel(chip->gpio_state, mm_gc->regs + ALTE || s:ex7F00005C STR r1,[r2,40] # @ PIO_inst 0 EDGE.CAP  exeoaeoeee 32 R/W [Tl
: ; : 8 S:0x7F000060 MSR CPSR_c,r3 © PIO_inst 0_SET_BIT write only 32 WO [ ’
spin_unlock_irqrestore(&chip->gpic_lock, flags); = S:0x7FR0R064 BX tr @ PIO_inst 0_CLEAR_BITS write only 32 WO =
altera_gpio_dir_in # (= UART_inst 0 ’
8 $:0x7F000068 PUSH  {r4} +|| (= JTAG_UART inst.0 |
m ] il < | 10 | » #- (= SYSID_inst 0 v
o° | Witable Smartinsert | 86:25
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Nios EDS Debugger

= Nios II Debug - SoCKit GHRD_DAQ/main.c - Eclipse - e B S
File Edit Source Refactor MNavigate Search Run  Project MiosI Window Help

i Gl $-0-%- ®s &> Be E-dl-werao- 5 (35 Nios I Debug ] (T 7
%5 Debug &1 % &1 O e 4 %| i# 7 ¥ = 8 |[t9= variables (00 Breakpoints (H'H Registers(ﬂ Memory &2 =08
M EoCKit_GHRD_DAQ Nios I Hardware configuration [Nios I Hardware] Ij [ || IHE| | Eg -7
&# Altera CDI GDE Debugger (9{7_5!13 5:48 PM) (SusE}ended) - . N = X & 00 - 00 <Hex> 2 & New Renderings..]
o® Thread [1] (Suspended: Signal 'SIGTRAP' received. Description: Trace/breakpoint trap.) =
= 4 _exit]) alt_exit.c:70 0x0006d608 % 00 | address @ - 3 4-7 B-8 4
= 3 exitl) exit.c:67 0:0006d250 LRGN @7FEATRS B7F387F3 B7FBRB7FE I—I
= 2 alt_main() alt_main.c:156 0:0006a4a4 BEPERR1E BTFB87FS B7FBB7F2 B7F887F2
= 1 _start() crt0.5:437 0:000601fc 90000020 @7FOB7F9  @7F987F9  B7F997F9
I E"j <terminated, exit value: 0> nios2-download (9/25/13 5:49 PM) fREEERE3E  B7FIATFO @7FaB7ED @7FaB7ED |
p| nios2-download (9/25/13 5:49 PM) BEEOBE4D BTFSBTFA  O7FABTFA  BTFABTFA - |
I g nios2-elf-gdb (9/25/13 5:49 PM) < = : |
stem. main.c alt_exit.c o= Outline = 1
W systemh  [[cl maine £3 0 [0 ot exitc | = 8(2= outline 5 |
|  IOWR_32DIRECT(INT GAIN BASE, @, @x1234); - PRER Y o %~
TOWR_16DTRECT (PROP_GAIN_BASE, @, @x1234); - — |
TOWR_32DIRECT(INT POLE_BASE, @, @x1234); o terasic_includes:h -
IOWR_16DIRECT (NTCHA_D2 BASE, ®, @x91c9); = mem_verify.h
TOWR_16DIRECT (NTCHA_N@_BASE, @, ex774d); = altera_avalon_sgdma.h
I0WR_16DIRECT(NTCHA N1 _BASE, @, @x8de2); o altera_avalon_sgdma_descriptor.h L
TOWR_16DIRECT(NTCHB D2 BASE, @, @x91cd); R1  aktera avalon sqdma regsh g
IOWR_16DIRECT (NTCHB_N@_BASE, @, @x774d); h -avalon_sgdma_regs.
TOWR_16DIRECT (NTCHB_N1_BASE, @, 8x8de2); o sysfalt irg.h
TOWR_32DIRECT(CAV_SIM_NUM_COEF_BASE, @, @x1234); & system.h
IOWR_32DIRECT (CAV_SIM_DEN_COEF_BASE, @, 8x1234); =l altera_avalon_pic_regs.h
'/ Reset the sgdma troll |:| # STATUS_BIT_DONE
/4 Reset the g controller =
TOWR_32DIRECT(DAQ SGDMA BASE, 16, @x16088); #  STATUS BIT_FAIL
usleep(1680); # STATUS_BIT_SUCCESS
IOWR_32DIRECT (DAQ_SGDMA_BASE, 16, 8x1008a); #  Stream_DMA_descD
usleep(l@8a); ++  Stream_DMA_callback_function() : void
o - &y pulses_done: volatile int -
!l Nnan +ha ctroomina cratdar_cothar A candrallae
' 1 | b N 1 | 3
El Console E.Tasks mNiosHCOnsole &3 E =
||

SoCKit_GHRD_DAQ Mios II Hardware configuration - cable: CV SoCKit on localhost [USE-1] device ID: 1instance ID: 0 name: jtaguart_0
Humber of Pulses = 3

m| »

1

o* Writable Smart Insert 103:1
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Cross Domain Debugl

m Trigger from software to FPGA

K - o =0, r0, cO, c0, 5 : Rel
Toggle Breakpoint 0, HOx03 . Hal
- eak ‘ ’ SOFTWARE TRIGGER
L OR BREAKPOINT TRIGGER
Breakpoint Types L PR
DS-S Breakpoints 4 © Toggle Breakpoint
Default Breakpoint Type 4N Toggle Hardware Breakpoint
Add Bookmark... o _ _ | i2main(int arge, char rargv(])]
Add Task... - .
™ Toggle Trace Start | | 44 ghoolean recval:
v Show Quick Dff CrShiftHQ ¥y yoggle Trace Stop A | 1y o ror EOR T NOLLS
Show Annotation : -i: if ('games runtime init ("gnometris"))
v Show Line Numbers ERicoella r|gge & io return 1: -
Preferences... 20, #0x18 ; Standard
log: 2012/11/0210:23:06 #0
— - HARDWARE TRIGGER!
Type |Alias Hame 120 9
&) @ ..the_led_piopwritedata
) jothe_led_piojchipselect
< .._pioithe_led_piotwrite_n| |
KIS
Data Setup
Hierarchy Display: X |” Datalog Al x
=-E® standad 2] auto_signatap_0
= E#® std_2s60ES:inst
El# led_pioithe_led_pio
auto_signalap_0

u ]
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Cross Domain Debug 2

m Trigger from FPGA to software

1 SignalTap I Logic Analyzer = |8 B
[ trigger: 2012/08/17 14:38:10 #1 Lock mode: | =" Allow all changes - Signal Configuration: *
Node | Data Enable | Trigger Emhlel Storage Enablelsmraga anaIiNer] Trigger Cnnﬂiﬁona] . i .
Type|Allas — | = I = I = IB‘“‘ = I“MM = I Clock: q_sys:u0la_sys_ctl_0:ctl_0Jdk_dk E
:gj =) ... wickc5_hip_astdi_tssm ] ¥ [ Xxh W0th Data
S ..hip_astiol_tssmi4] ] ] [ B B Sample depth: RAM type: | Auto -
< ..._hip_astidl_tssm{3] ] = ¥ H ] [] Segmented: |2 & K sample segments v
< .._hip_astdl tssmi2) | (] 5] [Ei = = )
Stor; qualifier:
N ...._hip_astal_tssm{1] 7] ] & = B =
< ..._hip_astal_tssm{0] [F] ] . - == Conditional =
¥ Trace 53 LG SO A PIN G-~ F
<&, Linked: Panda:Cortex-49_0 ~
Trace | Properties | Ranges | [ New Trace View
Doubler0 [EEITESEN
Setp NG9 Maximurn Instruction h
toopd L 4165% Set Maximurm Instruction Dept
IMain | 4.65%
Index From Start
v Index From End -
Index Address Opcode )
@ Debug st Find Trigger Packet
SW TRACE TRIGGER! setup -
= il P Refresh
o] 0x80000004 MRC i
0x80000008 ANDS . ¥ Freeze Data
Main
0xB8000000C MP r0,#0
0xB80000010 BEQ Loop0 : 0Ox8000003C
T Trace trigger
LoopO
0xB000003C Z ADD ri, ri,#1
0OxB0000040 BL DoubleRO ; Ox8000006C
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Console Output

SOC_DAQ interfacei

File Edit Operate

Tools

Window Help

9/26/2013

1Data

I |
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I 0 0 I T | 0 |
800 1000 1200 1400 1600 1800 2000 2200
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 plot0 BN

Plots [

o

Remote Host

192168.212

e

Time

I e | Amplitude

8]

Time
| Time A PEI 5] e A P
Local Port  max bytes/read Start Command

o s

start

Plot N
Plot2 NG
LCEN ]
Plots [N
Plots IR
Plotc PN
piot7 N

m

PC

gt
Errer
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T T i
r: Fier . w
1 - - — . 3
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t
neo Py
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]
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Soors ey
o) ek,
[}
w5
soRan
w .
e SoC Kit

!
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SUMMARY

=S0C FPGA'’s offer the performance of application class processors
with high bandwidth connections to the FPGA.

=A set of high level design and debugging tools provide
the opportunity to develop complex systems with reduced
development time and easier troubleshooting.

=Regardless of the choice of crate standard SoC FPGA’s should help
reduce system costs as there is less of a need for a CPU card.

»Board designs without external processors should simplify
architecture while offering higher performance

Thank You !
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