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Sensor to Image GmbH

« Company
- Founded 1989 and privately owned
- Team of 9 developers, 2 people in production and 3 in administration
- Company goal: development, production and service of OEM image processing hardware tool

- Full service from training — development - layout - software - sample production - redesign - series
production — support - repair is possible

- Production of 1000-2000 boards/year

* Development
- High speed and impedance controlled layout, ptich > 0.8 mm
- FPGA design tools experience with Altera, Xilinx, Lattice and MicroSemi tools
- FPGA simulation and verification with ModelSim 10.x

- Embedded C-Compilers for FPGA based 8051, Coldfire, MicroBlaze/NIOS, ARM in Zyng/Cyclone V SoC and
BLACKFIN running Linux

- Capability for writing PC drivers VC6 — VC2015

* Production
- Semiautomatic Pick & Place machine with manual BGA placement and part handling down to size 0402
- Vapor phase oven for ROHS conform soldering PCB size <= 30x30 cm
- Thermal box for testing systems up to 50x50x50 cm under operation from -40° C up to 90° C
- Mixed signal oscilloscopes with bandwidth of 5 GHz
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Certificated & Applications

« EN I1S09001:2008 and EN ISO 14001:2009 certified procedures since 1996
* CE Production to EN 61000-6-3:2007 and EN 61000-6-4:2007 standard

* Production to MIL-STD-810E 501.3, ...502.3, ... 514.4-All, ... 516.4 and VG95328, VG95373 and
VG96903

* Production to Marine standard EN 60945:2002
» Asia OEM application: inspection of copper in PCB production, >= 700 PCle line scanning systems
« German OEM application: AO printer & scanner electronics, >= 2000 CIS & USB3 IF boards

* American OEM application: 3D OEM camera, standard CMOS Sensor FPGA pre-processing and
embedded Linux, >= 1000 system

* And you are welcome to verify this by yourself by visiting us in Schongau
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Typical S2| FPGA system

« Machine Vision FPGA IP vendor

" o m— Memory Flash
Gie="
G@&ﬂ}?ﬁr@sﬁs i i

i

U55® FPGA

VISION
- FPGA's: CPU
- Altera

— Xilinx ﬁ
- Lattice

- MicroSemi

e CPU's: IF-Core
_ 8051 Sensor —» I —»  IF-PHY

- Mico8/32 |
- Nios Il

- MicroBlaze
- ARMAO9 (C5 SoC / Zynq)
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CPU's

« PB8051

« Altera Nios Il Gen2

« Xilinx MicroBlaze (9.5)
e Altera Cyclone V SoC
e Xilinx Zyng 7015

Anton Z6chbauer, 2016-07-13 CPUs in FPGAs, 6/36 th_l_



PB8051

e 8-bit 8031 classic micro controller
« Build as a code interpreter to

existing XILINX PicoBlaze or Sndsin —‘ -
KCPSM6 F'Eif' & Diee -nlp-.-r.[
-L a
« Not 1:1 compatible in code _~~|*—'~L_1r e i
execution timin . e I .-
) J o Block £.A3 }_" — S i
* 1:1 compatible to existing : | ;P DILRe
compiler, OS and 8051 tools S £ JREEY  Sersi o ——— —nico
e Can be run in different speeds o Sk e

¥
to simplify clocking g NI - B
AR ——

. L [ermal L% EOM D [T 0]
* Very small, 350 slices plus BRAM = . AT — BCM_Adden [15¢)
for code/data T
* No longer in maintenance and not
tested in VIVADO
Anton Zdchbauer, 2016-07-13 CPUs in FPGAs, 7/36 Ry SR

%to image



Altera Nios Il gen2

Figure 2-1: Nios Il Processor Core Block Diagram

32-bit RISC embedded soft processor

Little Endianness
Interconnect:

- Altera Avalon
- ARM AMBA AXI
Highly configurable
- Memory Management Unit
- Memory Protection Unit
2 Variants:
- Nios Il/f
- Nios ll/e

Mios Il Processor Core

izenenal Ti Coupled
[Esat fam Purpose - |mmmm emary
Bl ller Registers
& -
0Pl _resetrequest 5 L
Address Control Instruction .
a0 resettaken | GEneration Registers (ache Tightfy Coupled
_JTAG s “*— Instfuction Memory
e <—| Debug Module | Exception Regete
t Esgztgvairre 0 e s o a—— Instruction Bus
Ilmemal
ing[31..0] S
—_— Controdler Instrucion Memory
ec_port_dataj44.0) _| | Bierna R Management
gic port valid | | Controller Memory "
Interface HE -
= e
Data Bufter
Regions —p [ata Bus
Custom Custom - T@gm
5_|- : Instruction Arithmatic Data
ignas Logic Logic Unit Cache .
| Tightly Coupled
(== ailemuq
Key - -
jrad Optional
IWh'a{mll“u:lullr! ndule

Anton Zdéchbauer, 2016-07-13

CPUs in FPGAs, 8/36

%to

R

image



Nios Il — System Design

-
% Qsys - cpu.qsys (UAFPGA-Kongress\Altera\c5-benchmark-niosii\cpu.qsys
File Edit System Generate View Tools Help
Trpcatsog &2 = 2| 3= System Contents 23} AddressMap 3% ‘ Interconnect Requirements £ | =]
. .
. Sys system integration tool et
4 |use  Connections MName Description Export Clock Base End RQ
L] = sys_pll Altera pLL dlk_som
4 locked Conduit sys_pll_locked
2 B nios INios T Processor [c]
([ ] a a O e Functions - data_master \Avalon Memory Mapped Master sys_pll_ou...
- c s instruction_master  |Avalon Memory Mapped Master [k
nterface Protocols - irq fInterrupt Receiver [cd 10 0 120 3L,
ow Power 7 debug_mem_slave ‘Avalon Memory Mapped Slave [kl 0x0005_0800 |0x0005_0E££
- - lemory Interfaces and Contr x custom_instruction_m... Custom Instruction Master
[ ] l I O l I I a I ‘ e n e ra I O l I O rocessors and Peripherals & onchip_ram (On-Chip Memory (RAM or ROM) [ck1]
sys Interconnect I s1 ‘Avalon Memary Mapped Slave sys_pll_ou...| 0x0002_0000 |0x0003_g££s
A TP C ;
. - ores - = jtag_uart JTAG UART [ck]
LI} ] + avalon_jtag_slave \Avalon Memory Mapped Slave sys_pll_ou... 0x0005_1040 |0x0005_1047
I g I irg Tnterrupt Sender [c] —p
Edit... = Add... = rs232_uart UART (RS-232 Serial Part) [ck]
s1 \Avalon Memory Mapped Slave isys_pll_ou... 0x0005_1020 |0x0005_103f
T.r o == bt external_connection  (Conduit rs232_uart
PY W on temgorer | < irg Interrupt Sender [ck] —i
upport of Avalon
] e ok som_rst si \avalon Memory Mapped Slave sys_pll_ou...| ©x0005_1000 |0x0005_101f
= cpc_tmr irq Interrupt Sender [chd —f
M B X I M B B M 15232 uart = epc_tmr \Avalon MM Slave EPC Bridge IRQ [clock]
l \ / \ I \ / \ / \ l \ I - sys_dk s0 ‘Avalon Memory Mapped Slave 'sys_pll_ou...| 0xDD04_DOOO |0:0004_£££F
] ] - -
-m= sys_pll_locked ol e Conduit epc_tmr
£k cb_sys_dk ~——< irq Interrupt Sender [dock] —f
- dk_5om
£k epc_tmr < i B
E Jtag_uart b fft |57 % Current filter: Hide Clocks and Resets
nios
40k onchip_ram e
- - - £k rs232_uart i— L ' L
« Hierarchical design flow v [
£ timer 0
| Cannections PO 2Info Messag |System: cou  Path: nios
cpu. I .
Nios II Processor
- - altera_nios2_gen2
 Automatic HDL generation e -
- Main ‘ Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Feamrasl B
Select an Implementation |
Nios IT Core: = njgs I1je
@ Nios II/f
Nios II/e Nios II/f
Summary |Resource-optimized 32-bit RISC Performance-optimized 32-bit RISC 1
Features |JTAG Debug ITAG Debug
Hardware Multiply/Divide
Instruction/Data Caches
Tightly-Coupled Masters
ECC RAM Protection
External Interrupt Controller
Shadow Register Sets
MPU L8
MMU
RAM Usage |2 + Options 2 + Options
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Nios || — SW Development

* Nios Il Embedded Design Suite

Nios Il Software Build Tools for

Eclipse
- Compilers
- Debuggers
- Device drivers
- Bare metal HAL
- Nios Il Command Shell
- System Console

« <design>.sopcinfo
-  BSP generation

e system.h

BSP target directory:

U:\FPGAKangress\Altera\c5-benchmark-niosilsoftware \dhrystone_bsp

= Nios II - dhrystone/src/dhry?la.c - Eclipse [E=REEE X
Eile Edit Source Refactor Mavigate Search Project NiosI Run Window Help
e |l @~ & G QA B e
Quick Access 4 | [ Nies1 ] %5 Nios I Debug
‘ [ Projec.. 52 = B [€] dhry21a.c 2 e = 8 Ses.. pEOuwl. 32 = B
BEGIN_IlmE = TMr_CNT__S(TmMrY_STarty)); -
= <’==':>| I /7 tmrl_start(); i Bl R e *l “
b 5 c5_bench -
» & ¢5_bench_bsp [cpi 0 stdioh g
<5 dhryst (Run_Index = 1; Run_Index <= Number_OFf_Runs; ++Run_Index) - il
« i dhiystone = - = - o dhryh
» 4%, Binaries =1 timerh
> [m) Inbc_ludes Proc_5(); @ Pir_Glob: Rec_Pointer
> & obj Proc_4(); ® MNex_Ptr_Glob: Rec_ P
P /="Ch 1 Glob == 'A’, Ch_2 Glob == '8°, Bool Glob == trus */ . b
Int_1 Loc = 2; - )
» & dhryh I & Bool Glob : Boolean
[ dhry2la.c = g 3
o strepy (Str_2_Loc, "DHRYSTONE PROGRAM, 2'ND STRING™); ® (Ch_1Glob: char
> 48 dhry2lb.c Enum_Loc = Ident 2; ® Ch_2Glob: char
> [ timer.c Bool Glob = ! Func 2 (Str 1 loc, Str 2 Loc); & Ard Glob:inl]
> [ timerh /* Bool_Glob == 1 :
. [& timers b.c while (Int_1_loc < Int_2_Loc) /* loop hody executed once */ @ A2 Glob:int[ll]
af 0 @ Reg_Define: char]
4 ﬁ dhrystone.eff - 5 % Int_1_loc - Int_2_Loc; ++ malloc(): char
[2) create-this-apy Loc == ; ++ Func_10: Enumeratiol
dhrystone.mag proc 7 (Int_1 Loc, Int 2 loc, &Int 3 _Loc): # REG
|2 dhrystone.objc /* Int 3 7 # REG
Makefile Int_1_Loc += 1; )
= } /% while =/ # Too Small Time
readme.txt /* Int_1 Loc == 3, Int 2 loc == 3, Int 3 Loc == 7 */ ® Begin_Time: double
c
b bcdhrystone_bw lep Proc_8 (Arr_1 Glob, Arr 2 Glob, Int 1 Loc, Int 3 Loc): & End Time: double
2 hello polr IntGlob == 5 */ 2 ® UserTime:double  ~
b 125 hello_bsp [cpu] |  Gla o 1 ' Pl — v
b 125 hello_small
< hello_small_bsp [¢ = =
b= ~ bep [g Problems =] Tasks | & Console 52 | Properties 2E-ri-=08 (|
. N
- 85P Editor - settings bsp = B
Fie Edit Tools Help
Software Packages | Drivers | Linker Saript | Enable File Target BSP Directory
SOPC Information file: ..\...\cpu.sopeinfo
CPUname:  nios
Operating system: ~ Altera HAL Version: |default v

=-Settings = || hal
” sys_clk_timer: none =

sys_clk_timer 1

i tmestamp_tmer | timestamp_timer: timer_0 =
stdin 1 stdin rs232_uart v |
stdout =
stderr stdout 15232_uart =
enable_small_c_library iy

I enable_gprof b stderr 15232_uart =
enable_reduced_device_drivers
enable_sim_optimize [] enable_small_c_library
linker

i enable_exception_stack [T enable_gprof

. ‘ 2] rpm;\r;\n stack size | . 32 enable_reduced_device_drivers

m

Information | problems | Processing|

(@ Loading drivers from ensemble report.
(@ Mapped module: "nios” to use the default driver version,

(@ setting hal.linker exception_stack_memory_region_name” set to "onchip_ram’,

1 [

, () Mapped module: “timer_0" to use the default driver version.
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Nios || — HW Platform

« MPRESSION Beryll — Cyclone V GX Baseboard
- FPGA: 5CGXFC4C6F27C7N
* 50K logic elements
« 18,868 ALM blocks
* 6 x3.125 Gbps transceiver
« 70 DSP blocks
«  Memory (Kb): 2,500 M10K; 295 MLAB
 Benchmark Design
- Logic utilization (in ALMs): 1,476 / 18,860 (8%)
- Total RAM blocks: 128 / 250
* Nios Il of Benchmark Design
- Logic utilization (in ALMs): 842
- Total RAM blocks: 8
- f _max: 128 MHz
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Xilinx MicroBlaze

e 32-bit RISC embedded soft processor
i Blg/LIttIe Endlanness Instruction-side Data-side

bus interface bus interface

o Interconnect' Memory Management Unit (MWL)
. 11l = ]
M_AXI_IC I UTLE A b WN_AX_DC
M_ACE_IC <'_ Im : = nd M_ACE DC
— Ao =2
- PLB/LMB 5 T 9 1t 3
m Pr [ ALU m
- AXI Cuﬁ?er: = ] :
Specal [+ Shift
« Highly configurable il el = | s
- Branch Multipfier g T
. ™_AKI_IP T < M_AGDP
- Memory Management Unit 1 = T Divider v
. . . FPU
- Floating-Point Unit Bus - s
Instruction ] P
ILME < DLMB_ -
- . :> il :> Instruction {} }
Decode {_,d: MO_AXIS..
1 Register Fi M15_AXIS
i 6 Varlan'[S ::> EBEZIS;EP:EQE SO_AXIS.
Table A-4:  Device Utilization - Artix-7 FPGAs (XCTA200T thg676-3) " J:LS].E AXIS
Device Resources Cotional MicroBiaze feature |
Configuration
L Frs i Figure 2-1: MicroBlaze Core Block Diagram
Minimum Area 643 214 234
Maximum Performance 3879 3064 154
Maximum Frequency 906 545 234
Linux with MU 3653 3218 142
Low-end Linux with MMU 3108 2582 153
Typical 2070 1777 150
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MicroBlaze — System Design

y i - U/FP a7 - Vivado 20154

Fle Edit Flon Tools Window Layout View Help

EX ICCET IR 2 AL 4 - L P & 2N write_bitstream Complete
Flow Navigator < | | Block Design - cu x|
[ =] Design — O x [ Address Editor  x | 5= Diagram  x. ow %

* Vivado IP Integrator e 7| 2

3 Project sett External Interfaces
045 Add Sources| Interface Connections
Ports.

RAR

icretiase 0 Jocsl_memary

@ Language Te Nets Y
o £F 17 Catalog axi_epc 0
axi_fimer_ -
axi_uartite

|4 IPIntegrator |
4% Create Block
5% Open Block [

e Supports intelligent auto- | ==

4 Simulation

connection | | I

= &b Sou..”, i Des... [ & Sign.. | 8 Board

dk_wiz_1 (Clocking Wizard:5.2)
22 Debug Module (MDM)!
laze_0 (MiroBlaze:9. 5)
microblaze_0_axi_periph
microblaze_0_local_memory
rst_chk_wiz_1_100M (Proc

- _: Micro3laze

e radaa(0 31 T P sty
e gy p_ax EEE ik
e _meserngual L v sk

ot_mesemnual

Ig——
R

o 0 ] e e e 2

sor System R{

BHQLSGBEHLLHD =

4 RIL Analysis
| 5 Elaboration Boccpmperi = o o w1
l R oo
r ) Elan = &k = . i o b - s
. . > . ' an
£F Re-customizere . W W T Fo\w b o e e —— [y g%
FPTR————
B [
MicroBlaze (9.5) ' microblaze_0 =
i cpu
[ffid Documentation [ TP Location [ Advanced
1P symbol” Resources Component Name |cpu_micrebiaze_0_0
= General | Exception | Cache | MMU | Debug | Interrupt &Reset | PVR | Buses
operties | IP
Frequency Instruc
nstructions
f——— P Recustomize 1P )
I Performance (] Eriable Barrel Shifter net commonant inarance hlnck —— ¥ilin com-in-avi of|
MicroBlaze (9.5) ' v
(=R B D Enable Fioating Point Unit NONE  ~ Tel command here
1 Documentation [ IP Location ¥ Advanced
Enable Integer Multipier | NONE A nsole Messages | [ Log | % Reports | 3» Design Runs
10007 — IPSymbol Resources Companent Name | cpu_microblaze_0_0
[ Enable Integer Divider M -
0.0 — Frequency Welcome to MicroBlaze Configuration Wizard =
[] Enable Additional Machine Status Register Instructions I . Avea
8.0 N perfornance Mi r@’ g
[] Enable Pattern Comparator i Resource Estimates ’ c aze
no—7 Usage Information
£ o0 Enable Reversed Load/Store and Swap Instructions 1000 o sttt configuration
z E canbe found in the tootp
z - " Enable reversed load/store and sn
§ soo— @ —————— [ Enable Additional Stream Instructions shr, sw, swapb, and swaph. The r 0 @ Tomocify the confiuration, cickon the extbution, cick on t top o diecty i
o . N ¥ diick dlose the dialog.
00 read or write data with opposite e 80.0 1
Optimization instructions allow swapping bytes 00— 000000 e 1
o instructions are mainly useful to it B
' [] Select implementation to optimize area {with lower instruction throughput) with big-endian network access o U Select Configuration | Current Settings. - =
2001+— £ osor— 3
- & General Settings The settings currently being used. Either defined when the project|
] Enable Branch Target Cache oo Wsimom Parformance | 925 Created, by a previous invokation of thi dialog, or by drectly
10.0 I Select mplemefHoxinum Frequency chang)
. . Branch Target Cache Size [ DEFAULT  ~ ool NN Lo i
00 l Enable MicroBi ow-end Linux with MU _
0.0 Zm [Typical
Elne= i 7] Use Instruction and Data Caches
Enable Fault Tolerance Support 00 . . (] Enable Exceptons
Resource Usage 00 I
7] Use Memory Management.
BRAM: DSP48E] Resource Usage [ Enable Discrete Ports L
0 0 J [
a7 = o i BRAM:  DSP4BE] L -
o
ad Page 10f4
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MicroBlaze — SW Development

« XSDK (Xilinx Software Development Kit)

- COmpl IerS B C/C++ - dhrystone/src/dh

Xilinx SDK.

File Edit Source Refactor Navigate Search Project XilinxTools Run  Window Help
— Debugger CrlRcle-i-acRBREE N E G0 ® A
B -5l vto oo A Quick Access I =
. . B Project.. 52| = O [ [Bdhyh | [ dhyle | [ dhry2c 52 = B |5 outline 32| 4 Search| @ MakeTarget] = 0
- Device drivers By 7| o ST e 7ogrnd P SRR e
b Bc al_top_hw_platforn #include "dhry.h" o dhryh
> 1% al-bench E # REG
- - > @ al-bench_bsp #ifndef REG ® Int_Glob: int
— Libraries 2 e ety | o Gt
i > 45 Binaries /™ REG becomes defined as empty */ @ Proc 6(Enumerstion, Enumeration”)
! Includ /* i.e. no register variables */ o Proc 7(0ne Fifty, One. Fift, One.Fifty")
> @) Includes vendif @ Proc_7(One Fifty, One Fifty, One_Fifty
> = Release 4@  Proc 8(Arr_1_Dim, Arr_2_Dim, int, int)
- XM D COnSO e 4 5= s extern int Int_Glob; ® Func_l{Capital_Letter, Capital_Letter) : Enumeratic
b kg dhryl.c extern char Ch_1_6lob; 4® Func_2(Str_30, Str_30) : Boolean
b _@ dhry_2.c @ Func_3(Enumeratien) : Boclean
H > 8] dhryh & =Proc_6 (Enum_Val_Par, Enum_Ref Par)
e <Qesian> B platorm.co TS (e et
. > [€ platform.c /* exscuted once
b _@ timer.c /* Enum_Val Par Ident_3, Enum_Ref_Par becomes Ident_2 */
> [0 timer.h .
- i @ il configh Enumeration Enum_Val_Par;
- HW platform generation B seeretion wEna e par
&) Iscriptd 1
README.bxt *Enum_Ref_Par = Enum_Val_Par;
> (i dhrystone_bsp @& if (! Func_3 (Enum Val Par))
» & hello /* then, not executed */
 Xparameters
. i switch (Enum_val_Par)
|| { - S
< I | » ‘ v ol n ] »
| arget ... " Problems | ¥ Tasks onsole roperties erminal o onsole =
£ Target.. 32| = O | El Prabl Tasks | & Console 52 | E Prope & spK T I| [E] SDK Log | [3 XMD Consol |
| £ 2 LB EHB =R B
» (= Hardware Server CDT Build Console [dhrystone]
+ = Linux TCF Agent 1 Cing: MicroBlaze Print Size’ -
nvoking: MicroBlaze Print Size
» & QEMUTciGdbClien | | o o dhrystone.elf  |tee "dhrystone.elf.size”
text data bss dec hex filename
27233 292 15523 43848 2828 dhrystone.elf -
4 . ] » 4 m »
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MicroBlaze — Platform

« Xilinx AC701

-  FPGA: Artix-7 XC7A200T-2FBG676C
« 215,360 logic cells
269,200 FFs
* 740 DSP slices
« Block RAM (Kb): 12,140

 Benchmark Design

- Logic utilization:
 LUTs: 1,888/ 134,600 (1.40%)
 FFs: 1,736/ 269,200 (0.64%)

- BRAM: 32/ 365

» Microblaze of Benchmark Design
- LUTs: 1118
- FFs: 926
- f _max: 137 MHz

Artix-7 XC7A200T- SD Card

2FBG676C FPGA
XAD:!
PMB: SFP a C Interface Connector
t
Connegtor BB knsoior Transcsiver SMAs FPGA PROG
(1x GTP ta 4x SMAs) SMA User Push-Buttons

FPGA Configuration
Mode Switch

Quad-SPI Flash Memory

USB-to-UART
Bridge Connector [ ~——— 12V Power
USB-ITAG

Connector

SMA User
Clock Input

10/100/1000 Mbps bt

Tri-Speed Ethernet PHY

User DIP Switch

| User Rotary Switch DDR3 SODIMM - 1GB
PCIl Express SMA GTP (tocated under LCD) (socketed and shielded)
Edge Gonnector Reference LCD Character Display
(4-lane) Clock Input

Anton Zoéchbauer, 2016-07-13
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Cyclone V SoC

28 nm Low Power (28LP) process

Hard Processor System (HPS)

- 32 bit dual-core ARM® Cortex™-A9
MPCore

- HPS-FPGA Bridge (Avalon, AXI3)
- |/O peripherals

FPGA Fabric

- Dynamical & partial reconfiguration
Hard-IPs (DSP, PCle, Memory Controller)
Complex logic block
10 Kb Block RAM with ECC
rocketboards.org

- RefDesigns, tutorial, ...

Configuration Lightweight .
Controller  FPGA-to-HPS  HPS-to-FPGA  HPS-to-FPGA FPGA Fabric FPGA-to-HPS SDRAM
A A A
> FPGA HPS
Manager
Y Yy
Debug MPU Subsystem
Access Port ARM Cortex-A9 MPCore
ETR (PUO U1
(Trace) ARM Cortex-A9 ARM Cortex-A9 :
SO with NEON/FPU, with NEON/FPU, Multport
Controller 32 KB Instruction Cache, | 32 KB Instruction Cache, DDR SDRAM
32 KB Data Cache, and | 32 KB Data Cache, and (untpller
Ethernet o Memory Management | Memory Management with
MAC(2x) Unit Unit Optional ECC
USB Level 3 |
016 (24) Interconnect
NAND Flash ' '
Controller 4_‘ Level 2 Cache (512 KB) }—:
DMA
- ST™M
Controller 1B
Boot ROM
| 64KB
" | On-Chip RAM

(UART, Timer, I*C, Watchdog Timer, GPI0, SPI, Clock Manager, Reset Manager, Scan Manager, System Manager, and Quad

Peripherals

SPI Flash Controller)
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Altera SoC Boot Flow

« Boot flow of typical operating system

OS
(Linux)

—P Application

Bootloader
Reset =9 BootROM = Preloader —p (U-boot)

« Boot flow of bare metal application
Reset —» BOOtROM —Pp Preloader —p Care Metal
Application
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Cyclone V SoC Design Flow

~uQsYys

ACDS

use/update
L 3

Hardwarea
Design

Yocto Recipes
From Git Tree

Custo ource
Code

: ¥
‘%)

Preloader
Generator

P
e

o T -
L € /

Device Tree
Generator

= H

yocto -

PROJECT

Bitbake

¥

%

Kemel
"-.._________..-‘

L J

Root Filesystem [~

ARM DS-5 AE

R
Custom Drivers,
Applications

System Integration
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Design

Cyclone V SoC — System

i U\Z Parameters &3 l
System: soc_system Path: hps_0

Arria V/Cyclone V Hard Processor System

altera_hps

° I .
O 0 IS . Q u a rt u S y Q SyS FPGA Interfaces | peripheral Pins | HPS Clocks | SDRAM|
|~ General
[] Enable MPU standby and event signals
[] Enable general purpose signals
[] Enable Debug APE interface
Enable System Trace Macrocell hardware events
[] Enable FPGA Cross Trigger Interface 3
[] Enable FPGA Trace Port Interface Unit
r ———————
& Quys - soc_systemqsys” (UAFPGA-Kongress\Altera\ew_soc_devkit ghrd\soc_system.qsys) pra— — =K = Enable FPGA Trace Port Alternate FPGA Interface
File Edit System Generate View Tools Help [ Enable boot from fpga sigral
able boot from fpga signals
| M'1PCatalog _ = O|| I3 system Contents 23} AddressMap i | Interconnect Requirements  ©% - o |:|
I Enable HLGPT Interface
L berdpro x = ||« | M system:soc_system Path: hps_0
k 4 Use  Comnections Name Description Export Clock Base [~ AXa Bridy
New Companent... L= B sysid_asys [System 10 Peripheral - FPGA-to-HPS interface width: cabit <
X ck (Clock Input clk_0 .
s and PE”EHE;:'S 5] reset Reset Input ek HPS-to-FPGA interface width: 54bit -
rocessor Systems J
control_slave [Avalon Memory Mapped Slave k] ox0i ) ) ) . 1
= = e VH — 2 = Lightweight HPS-to-FPGA interface width: |30hit o
a et arin e o L !
= f2h_cold_reset req  |[ResetInput hps_o_fzh_cold_reset _r... T
M v = foh_debug_reset_req |Reset Input hps_0_f2h_debug_reset... |~ FPGA-to-HPS SDRAM Interface
= O~ foh_werm resetreq  [Resetlnput hps_0_f2h_warm_reset... ) e
ol Fasmbw events  lconduit hps_0_f2h_stm_hw_ev... Click the '+ and '~ buttons to add and remove FPGA-to-HPS SDRAM ports,
<1 memory (Conduit 7 -
o heslo lcondut Name Type Width
T h2freset Reset Output f2h_sdram0 Avalon-MM Bidirectional o | -
« il » f2h_sdram0_dlock (Clock Input clk_o
f2h_sdram0_data |Avalon Memory Mapped Slave [f2h_sdram... 0x01
Edit.. haf_axi_cock (Clock Tnput clk_0
h2f_axi_master |AXT Master [h2f _axi_do...
T m Devic == f2h_axi_clock (Cloc] hps_0.h2f_axi_clock iclk_0
f2h_axi_slave 02 g Clock Input [clock_sink15.1] [f2h_axi_do... [ oxon
=& B hzf in_sxi_cock (Clock|  Associated clock: None (asynchronous) clk_o
= dipsw_pio_external_connecti
> enctr L] h2f bn_sx_master  |AXI Master Tha2f_tw_axi...
~W= hps_0_f2h_cold_reset_req f2h_rqd [Interrupt Receiver
= hps_0_foh_debug_reset_req f2h_ira1 [Interrupt Receiver
»= hps_0_fah_stm_hw_events £ 0] hps_only_master |TTAG to Avalon Master Bridge [~ Resets
~W= hps_0_f2h_warm_reset_req ck (Clock Input clk_o En
L able HPS-to-FPGA cold reset output
- :Ds 0 :lﬁfeset —— dk_reset Reset Input 0 =
= hps 0_hps_o = e |Avalon Memory Mapped Master i :
-B= led_pio_external_connection :::te: et R:::t"m::t'? TERE [k [] Enable HPS warm reset handshake signals
»= memory = i
= reset 'V? - 1 I{] fooa_oniv_master |JTAG to Avalon Mas‘her Bridoe - Enable FPGA-to-HPS debug reset request
- LC
£ button_pio e fft 7 T Current filter: Enable FPGA-to-HPS warm reset request
= ck 0 m
A dipsw_sio [T e | Enable FPGA-to-HPS cold reset request
£k epc_tmr
B f2sdram_only_master Type Path Message __ §
0] foga_only_master =@ | 1nfo Messages [-DHAT
Fritone ol - . -
L ] ' < [ v [ Interrupts
0 Errars, 0 Warmings Enable FPGA-to-HPS Interrupts
&
[ HPS-to-FPGA
1 [ 0 3
_—
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Cyclone V SoC — Preloader

Handoff
Folder

Preloader
Image

Preloader Generator
)

Preloader Config
Source Files

make

e Embedded Command Shell

. S
 Preloader Generation UserOptions | 1) -partoiSoCEDS | U-BaatSource
- BSP-Editor

= BSP Editor - settings.bsp

File Edit Tools Help

iMain || software Packages | Drivers | Linker 5cri|:|t| Enable File Generation | Target BSP Directory

SOPC Information file:

CPU name;
Operating system: U-Boot SPL Preloader (Cydone V/Arria ... Version: |default v:
BSP target directory: .\
[=-Settings
h l.boot
B Cormmon | =
E-spl [C] BOOT_FROM_QSPI
PRELOADER_TGZ
.CROSS COMPILE BOOT_FROM_SDMMC
&-boot [7] BOOT_FROM_NAND

----- BOOT_FROM_QSPI
..... BOOT_FROM_SDMMC [ BOOT_FROM_RAM
""" BOOT_FROM_NAND QSPI_NEXT_BOOT_IMAGE: 0x60000
----- BOOT_FROM_RAM
----- QSPI_NEXT_BOOT_IMAGE SDMMC_NEXT_BOOT_IMAGE: 0x40000
----- SDMMC_MEXT_BOOT_IMAGE
----- NAMD_NEXT_BOOT_IMAGE MNAND_MEXT_BOOT_IMAGE: 0xc0000
----- FAT_SUPPORT
----- FAT_BOOT_PARTITION FAT_SUPPORT
----- FAT_LOAD_PAYLOAD_MAME FAT_BOOT_PARTITION: 1

F-Advanced

FAT_LOAD_PAYLOAD_MAME: dhry21a-mkimage.bin
< T | »

Information | Problems | Processing

@ Searching for BSP components with category: driver_element

(@ searching for BSP components with category: software_package_element
(@ Added operating system companent "spl: 1.0%,
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Cyclone V SoC — SW Development

 ARM DS-5 Altera

Edition

- No system.h
Generate Qsys
headers instead

- Extra license
needed for
debugging

-
& C/C++ - Dhrystone/dhry2la.c - Eclipse Platform

[ESREEE )

File Edit Source Refactor Mavigate Search Project Run  Window Help
T SRR SAFEAIS R AR AEE A AR S A Rar B al RIS RNE NN SR S SRR S=hhs
Quick Access ﬁ
[ Project Explorer 53 = 8 [ dhry21a.c &2 dhry21b.c dhry.h timer.h tirer, b’ = 08 |gFo = |45 @M = 0
BEg ¥ /7 printf ("tmre_cnt = @x¥@BX\r\n", tmr@_cnt); L} SRE I
= cv_soc_bench Begin_Time = tmr_cnt_2_s(tmr@_start()); o dhry.h -
4 5 Dhrystone o timerh _
> [l Includes for (Run_Index = 1; Run_Index <= Number_Of_Runs; ++Run_Index) ® Pt Glob: Rec_Pointer
s (= Debug { & MNed_Ptr_Glob : Rec_Point
» [ gsys_headers @& Int_Glob:int
> [ Release Proc 5(); @® Bool_Glob: Boolean
Proc_4(); . .
dhry.h - @® Ch.l Glob:ch
> (B dhry /* Ch_1_Glob == 'A", Ch_2_Glob == 'B’, Bool_Glob == true */ E o e
> be] dhry2la.c Int_1_Loc = 2; = ® Ch_2Glob: char =
> €] dhry21b.c Int_2 Loc = 3; @®  Arr 1l Gleb: int[]
s @ timer.c strcpy (Str_2 Loc, "DHRYSTONE PROGRAM, 2'ND STRING™); & Arr_2_Glob: int[][]
> [h] timer.h Enum_Loc = Ident_2; ® Reg_Define: char[]
=1 . -
s @ tmp Boq%__glo? ;l.bFunc__2m(.Str‘___l__Loc_, Str_2 Lloc); £+ malloc) : char
= - /* Bool_Glob == 1 */ - . -
Z| cycloneV-dk-ram-maodifi while (Int 1 Loc < Int_2 Loc) /* loop body executed once */ +H  Func_1(): Enumeration
= dhry2la_c { # REG ||
|Z| dhry2la-mkimage.bin 1 Int_3 Loc = 5 * Int_1_Loc - Int_2 Locs # FREG
& dhry2la.axf 2 /* Int_3_Loc == 7 */ # Too_Small_Time
2| dhry2la.bin 3 Proc 7 (Int 1 Loc, Int 2 Loc, &Int 3 Loc): @ Begin_Time: float
=l . - _ :
4 f* Int_3 loc == 7 */ R
dhry2la.o 5 Int_l_LoE =1 @® End_Time: float
dhry21b.o 6 } /* while */ @ User_Time: float
| & Makefile 7 /* Int_1_Loc == 3, Int_2 Loc == 3, Int_3_Loc == 7 */ i @® Microseconds : float il
= 2 Drnar- 8 fAee 1 _G1ahk Are 2 Glahk T+ 1 1ar- Trn+ 2 loache = L2 . n ~ [
timer.o < m b oo ] p
Problems Tasks [E Console 532 Properties @@rﬁ;ﬁ :.%‘I.'"?E'FJ": [}
CDT Build Console [Dhrystone]
i:/altera/15.1/embedded/host_tools/mentor/gnu/arm/baremetal/bin/. . /lib/gcc/arm-altera-eabi/4.9.2/../../../. . /& =
i:/faltera/15.1/embedded/host_tools/mentor/gnu/arm/baremetal/bin/. . /lib/gcc/arm-altera-eabi/4.9.2/../../../. . /&l
i:/faltera/15.1/embedded/host_tools/mentor/gnu/arm/baremetal/bin/. . /lib/gcc/arm-altera-eabi/4.9.2/../../../. . /&l
"Finished building target: Dhrystone.axf’ |:|
4 [l | AR mn 2
@;
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Cyclone V SoC Platform

 Cyclone V SoC Development Board
-  FPGA: 5CSXFC6D6F31C6

« 110K logic elements

* 41,509 ALM blocks

 9x3.125 Gbps transceiver

112 DSP blocks

*  Memory (Kb): 5,570 M10K; 621 MLAB
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Xilinx Zynq

e 28 nm technology

 Processor System (PS)

- 32 hit dual-core ARM® Cortex™-A9
MPCore

- ARM AMBA AXI3 Interconnect
- |/O peripherals
- Memory interfaces

 Programmable Logic (PL)
- Dynamical & partial reconfiguration
- Complex logic block
- 36 Kb Block RAM
- 48 bit DSP

Processing System

Flash Gontrofler Muitiport DRAM Controller
NOR, HAMD, SRAM, Quad SP1 DDR3, DOR3L, DOR2

!

AMBA® Interconnect AMEA Interconnect

5Pl

i
{H

2

CAN NEON"DSPFPU Engine | MNEONDSPFPU Engine

i |
UART

Processor 1/0 Mux

GPlo

2x5010
with DMA

2x USE
with DMA

2x GigE
with DMA AMEA Interconnect Security

AES, SHA, RSA

General Purpose ACP  High Performance
AXI Parts AX] Ports

XADC :
2x ADC, Mux, Programmable Logic PEle Gen?

UWELTEIUS  (System Gates, DSP, RAM) Lol

Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Multi-Gigahit Transceivers
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Xilinx Zynq Boot Flow

Running a Standalone application Running Linux
Boot ROM | Boot ROM ‘
‘ Load & run FSBL (fsbl.elf) | ‘ Load & run FSBL (fsbl.elf} 1
! Il
Load bitstream (pl.bit)

[optional] [optional]

|l !
\

Load bitstream (pl.bit) ‘

. Load and run U-boot
Load and run Application (app.elf)

(u-boot.bin)

|

Load Linux Kernel

(zimage)
L

Load Device Tree (devicetree.dtb)

I

Load RAM Disk (ramdisk8M.image.gz)

I

Run Linux Kernel
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Xilinx Zyng Design Flow

Install Xilink Tools

System Design Application
Hardware Design * l l Development
Vivado IPI : Configure PS5

: Develop RTL/IP Fetch Sources: U-boot, Linux; RamDisk 20K BUe S Lompile

: Add/Integrate IP Application Code

: Generate Bitstream

: Export to SDK

Build Build Create *Create oy
U-boot | | Linux ||Rambisk ATF Application
Hardware handoff Code Binary
System Software
(hdf) U-boot |ulmage uRamDisk|ATF
Development
— Bitst
SDK/HSI: Create FSBL et 0
: Create DeviceTree L3BL 5DK/Bootgen: Create Boot Image
: *Create PMUFW  [EMUFW o
¢BEI'EI'T-EIN L 4
* For Zyng UltraScale+ MPSoC Booting and Running Linux
designs only Target Platform
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Zynqg System Generation

[ ; g - S
LF Recustonize P i S
IYNQ7 Processing System (5.5) '
.
« HW-Tools
. ) ) )
|| 1 Documentation #5 Presets ([ IP Location 43 Import ¥PS Settings
V- d Page MNavigator < | Zynqg Block Design Summary Report
|Va O |Zyr!q Block Design e
V0 Pedgherals
. PS-PL Configuration sPi0 Apphication Processor Unit (APU)
Ll
- Vivado IP Integrator — oo | R i
Peripheral If0 Pins Mo 1260 e
(15:0p 1201 ARM Cartex g ARM Eonax ha
| mIo Configuration CAND System Leval el ad
I CAMA Conial fegs =
: UART 0 b
1 Clack Configuration - AR L] aa
: MUK [els) *l GIC Sraop Controlunt I oo
DDR. Configuration IO} so0 [ — el
p'. 501 P l 512 K8 L2 Cache and Canalar | Pars
| i ; Uss0
SMC Timing Calculation
“ USE1 o] 2568
a— | e
Lzl s ENET 1 Cantal mpa‘;"’
Banki
— o 1
P gvrd-szOZ-[U‘IFPGA-Kungressﬂ(ﬂan/gvrd-n?ﬂz-mglgwd-z:'loz.xpr]-V'nmdul’_ [E=NEE ) L FLASH Memary T
Leligrap ol (53:16} Intertacas b— B
Fle Edt Flow Tools Window Layout View Help Q- Search commands
= Memary Inerfaces
=, 0o X DX S K LG Eoefultlayout e ® write_bitstream Complete <=l
Deve ! Progammank DOR2A LPODRZ
Flow Navigator < | | Block Design - qu X Logic o Memary Cantolier
o B x Diagram X [ Address Editor X 0w x
Q= i
I 3 e b
4 Project Man; DA Bync B EI |
Pu 3
@ Projec |51 Extemal Interfaces 2:— w0 ERrt I Processing System(PS)
&% Adds i Interface Connections E— =l
. 5 Ports w ) e = St ] =
Q tonau| | | & mets e . IR0 | High Pardarmamea |
fkpcat | | B oxmem nierco e oo o 32:)5" 32:;«‘3’ Crames ‘?E“;‘Q AXIAZ0/E M Shve XADC
g epc_0 (AX1 EPC: [l w0 e A e o381 Maziar Save SHA L
4 IP Integrato ) At Rl — i Pafz Pars
e | 0: [System Met: st_processing systern_0_125M_periphers _sresetn
[5% Open_ = |
&3 Gener, e T Programmable Logic(PL)
& ) L
4 simulation . Ly «,‘ J_:B?::éu o
5 smula st procesing systend 0 1254 . i | S
(M, runsi 4F processing_system7_0 @ P = a0 NN
& i sy
4 RIL anslyss Hame: rowssng_ || | 45 B i ) '
45 Babor Parent name: cpu -l Fracmsa SyeE e
I [* Openl £l = LD s )
i Properties | TP | -
4 Synthesis
4 s || T Console o x
P auns: 2| open_project: Time (s): cpu = 00:00:18 ; elapsed = 00:00:09 . Memory (¥B): peak = 898.695 ; gain = 223.813 -
2 | Flamen hA Adeaimn [T+ /FDRL Fnnmraaa /¥119ne fmrrdosn 0 rne/med—onT00 armafannreea 1 fhe fem fenn bl <
> [ Open: = v
pE| Trs @ Tel command here
‘ ["'d:f"mm - 5 Tel Console | © Messages | G Log | ) Reports | 3> Desion Runs
System Net: rst_processing_system7_0_125M_peripheral_aresetn
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Zynq SW Development

« Xilinx SDK

« HW Platform
« FSBL

» Application

B c/C++ - dhrystone/srcfdhry_Le - Xilinx SDK . (o] )
File Edit 5Socurce Refactor Mavigate Search Project Xilink Tools Run  Window Help
il [8-&-FECuDEED LA RACRACRS DA RAC g BUR N

H v Blvts o

| o

Quick Access

Ell-re)

|.—[\2| Project Explorer &2 = 8 || <9 dhry l.c &2 l [ dhry.h | [€] timer.c | [ xparameters.h ‘ e = 0 EE Ou... &8 Ma..| = O
' =) <:==,€>| ¥ v JEEEEEE R ‘E = laz B\ ‘Qs @ * =
Iy W—— [ ]
[ “ |"_ld:¢$ton.e| Begin_Time = tmr@_start(); :I d.hry.h ) |~
L1 Binaries tmrl_start(); B xil_config.h
I [ai Includes = timerh
| b (2 Release for (Run_Index = 1; Run_Index <= Number_ Of_Runs; ++Run_Index) @ Ptr_Glob: Rec_Pointe
4 = src { & Mext_Ptr_Glob : Fec_|
I » 12 dhry 1 broc_5(); ) ® IntGlob:int
3 B dhry_2.c Proc_4(); |i| & Bool_Glob: Boolean {
| b [B dhry.h J* ch_1_Glob == 'A', Ch_2_Glob == 'B', Bool_Glob == true */ @® Ch1_Glob: char |
I i [h] platform_config.h Int_1 Loc = 2 ® Ch2Glob:char |7
Ll b g platform.c I:t_Z_L?;: :J.L "DHRYSTONE PROGRAM, 2'ND STRING") ¢ ArlGlob:inl]
. strcpy r_2 Loc, , H i
b dd timer.c Enum_Loc = Ident 2; & Arr2 Glob:int(][] . I
I b [H] timerh Bool Glob = ! Func_2 (Str_ 1 loc, 5tr 2 lLoc); ++ Func10: Enumerati
1 K xil_config.h /* Bool Glob == 1 */ @ Reg:Boolean
I Elscript.ld while (Int 1 Loc < Int_2 Loc) /* loop body executed once */ # REG H
README bt 1 Reg: Boolean
Il ol dn b Int_3_Loc = 5 * Int_1_lac - Int_2_loc; y T J sl 11 LA
b c rystone_bsp /* Int_3_Loc == 7 */ # Toosmall Time
il fsbl Proc_7 (Int.1_Lec, Int 2 Loc, &Int 3 Loc): @® Begin_Time: long
[ @f;bl_bsp /¥ Int_3_Loc == 7 */ ® End.Time:long
| 3 g gvrd_hw_platform_0 Int_1_Loc += 1; @ User Time: long |
[> 'Jﬁz?-bench 3 ‘::: \I\Ihtli I"" — —_— i @® Microseconds: float
/ nt_1 Loc == 3, Int_2 loc == 3, Int_3_Loc == /
» [ 27-bench_bsp Proc_8 (Arr_1_Glab, Arr 2 Glob, Int_1 Loc, Int 3_loc): ®  Dhrystones Per Secc
I /* Int_Glob == 5 */ il @® Vax_Mips: float
< § - [ ] 2 F — =l
|
4 Target Connections &2 l:ﬁ 12 = 8 |5 pro.. |Z|Tasks[E Con... & l = Pro... | =2 SDK...| = g SDK Log IQ" Search &2 l el /2 T = 0

[» = Hardware Server
> = Linux TCF Agent
[ = QEMU TcfGdbClient

L E B &R B

CDT Build Console [z7-bench]

=5 dhrystone

14:46:32 Build Finished (toock 928ms)

1 =

Mo search results available, Start a search from the search dialog...
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Xilinx Zyng Platform

« Xilinx ZC702

-  FPGA: Zyng-7000 XC7Z020-1CLG484C AP SoC
« 85K logic cells
« 53,200 LUTs
» 220 DSP slices
« Block RAM (Mb): 4.9
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Cyclone V Soc / Xilinx Zyng

Figure 1. High-Level Comparison of Zyng and Altera SoC Architectures

. Xilinx Zyng Altera SoC
* ngh le\_/el Processor System (P3) Hard Processor System (HPS)
comparison Hardened DOR Memory Contraller Hardened DR Memary Contraller
ARM ARM ARM ARM
Cortex-h9 | Corter-A9 pﬂ?;ﬁ?i Corte-9 | Corter-A9 Processor
Baralkl PE’[ipthHIE
NOR Flash
DOR Memary! SE— DDR Memaory/ —
FPGA FPGA 136 kB FPGA FPGA 6418
Interface Interface Ll Interface Interface e —
Programmable Logic (PL)
Soft DOR Memaory Controlber(s) i
e Boot modes 1to 3 DDR Hard Memory Controller(s) + ECC
Figure 3. Zynq and Altera SoC Boot and Configuration Modes
Xilinx Zynq Altera SoC
(Pl Boats, Configures FPGA * (P Boots, Configures FPGA
= (onfigure FPGA, CPU Boots thru FPGA
————  |ndependent FPGA Configuration, (P Boot
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Benchmarks

 Sieve of Eratosthenes
« Dhrystone
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Sieve of Eratosthenes

« Simple algorithm finding prime numbers up to a given integer

e List of all number from 2, 3, 4, ... to max value N

« |terative marking as “not prime” of multiples of each prime

RN 0] EREN B

HEE @ EEE e

HEEEE 6
: Bl - B s e [l e [
= Eill - HE - SHE
HE-EE- -
H-BEEEEN- -0
= Bl H- - EHE
HE - EE- e -
H-EEEE- - -
LR | RN KN
» i EEE - - 5l
o i 102 [l s [ 1ov on oo [
2 s aae [ R o 6 oo

Prime numbers

2

11
23
a1
54
73

3

13
29
43
61

5
17
3l
47
67

7

19
37
53
71
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Sieve benchmark results 1/2

2,000 608.00

100 2,000 692.00 us
100 2,000 309.00 us
925 2,000 158.00 us
2,000 6.40
‘ZyngBM 666 15,000 26.26 us
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Sieve benchmark results 2/2

CPU frequency[MHZ] N duration time unit
Nios Il gen2 100 20,000 Out of memory
MicroBlaze 100 20,000 2.47 ms
Cyclone V SoC BM 925 200,000 16.89 ms
Cyclone V SoC 925 200,000 6.00 ms
Linux
Zynq BM 666 200,000 0.33 ms
Zyng Linux 666 200,000 8.00 ms
CPU frequency[MHZ] N duration time unit
Cyclone V Soc BM 925 2,000,000 177.59 ms
Cyclone V Soc 925 2,000,000 68.00 ms
Linux
Zyng BM 666 2,000,000 3.70 ms
Zyng Linux 666 2,000,000 95.00 ms
Anton Zdchbauer, 2016-07-13 CPUs in FPGAs, 33/36 oot
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Dhrystone 2.1

« 1984 by Reinhold Weicker, Siemens AG

- First revision in Ada and Pascal
- Now C version mainly used

« Synthetic performance benchmark
- Easy-to-use
- General-purpose (“integer”)
- 12 different subroutines:
« Pointer and array access operations
* Simple arithmetic and logic operations

« If statements and string operations

* Result: DMIPS(/MHZz)

— Dhrystone Million Instructions Per Second
- 1 DMIPS = 1757 Dhrystones /s
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Dhrystone benchmark results

CPU frequency Dhrystone  Dhrystones / DMIPS / DMIPS /
[MHZz] run [us] second second MHz
Nios Il gen2 100 10.660 93,808 53.4 0.533
MicroBlaze 100 9.430 106,044 60.4 0.603
Zynq BM 666 0.324 3,086,419 1,756.6 2.637
Cyclone V 925 8.320 120,180 68.4 0.073
SoC BM
Zyng Linux 666 0,482 2,075,980 1181,5 1,774
Cyclone V 925 0.347 2,884,616 1,641.8 1.775
SoC Linux
Intel Core i3- 3,400 0.035 28,193,634 16,046.5 4.585
4130
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Thanks for your interest and time!

Sensor to Image GmbH
Lechtorstrasse 20
D 86956 Schongau

Website: www.sensor-to-image.de
Email: email@sensor-to-image.de

Tel.: +49 8861 2369 0
Fax : +49 8861 2369 69
EU-VAT-ID : DE-812693714
Register Court ID Munich: HRB125437
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