Digital Logic Design Flow with Quartus
Design with FPGA

Configuration




Outline

m  In-System programming
. JTAG
= Non-volatile FPGAs
O User Flash Memory
O Configuration Flash Memory
m  Quartus Prime Programmer
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m FPGA Programming

m  FPGA programming information must be stored somewhere to program device

at power on

m  Use external EEPROM, CPLD, or CPU to program

m  Two programming methods

O Active: FPGA controls programming sequence automatically at power on
O Passive: Intelligent host (typically CPU) controls programming
m  Also programmable through JTAG connection

Configuration

Name
scheme
active AS
PS
passive FPP
JTAG
CvP

Interface

serial
serial
serial
parallel
serial

serial

External memory/
configuration device

EPCS/EPCQ device

MAX CPLD or uP with flash
download cable

MAX CPLD or uP with flash
download cable

external PCle host

Width of data

lor4d

1

1

8,16, 32

1,248

Configuration
time

moderate

moderate

moderate
fast
slow

fastest

source: Intel® MAX® 10 FPGA Configuration User Guide, https://www.intel.com/content/www/us/en/docs/programmable/683865/current/fpga-configuration-overview.html



JTAG

m  Established by the Joint Test Action Group (commonly used name for IEEE Std. 1149.1)

In-System Programming

m  Developed to provide a simple method, called boundary scan, for testing devices
m  Used as a convenient way of configuring programmable devices in-system
|

TDI (Test Data In), TDO (Test Data Out), TMS (Test Mode Select), TCK (Test Clock)

Resistor value can vary from
1kQ to 10kQ. Perfrom signal

......integrity analysis to select

resistor value for your setup.

Vccio Bank 10r 18

Vecio Bank 8 Veclo Bank 8 Vecio Bank8
10kQ 210k 2 10k0 10k 210kQ S10k0 10kQ 210kQ 210k
MAX 10 MAX 10 MAX 10
nSTATUS nSTATUS nSTATUS
CONF_DONE CONF_DONE CONF_DONE
nCONFIG nCONFIG nCONFIG
Download Cable
UTAGMode) ' Vgci0 Bank 1 0r 18
10-Pin Male Header IT- I D0 oo e — DI DO eee—» 1Dl 0 [ * * >
@i2@ ™S TCk ™S TCK ™S TCK
@340 r T 7'y T 2
@56 @ — ee e cee ceoe
@78@ RPN oo cee
= 910 @ 1

F[ 10pF)

The diodes and capacitors must be placed as close as possible to the Intel MAX 10 device. For effective voltage clamping, Intel recommends using the
Schottky diode, which has a relatively lower forward diode voltage than the switching and Zener diodes. See Preventing Voltage Overshoot.

Setup for JTAG Multi-Device Configuration

source: Intel® MAX® 10 FPGA Configuration User Guide, https://www.intel.com/content/www/us/en/docs/programmable/683865/current/fpga-configuration-overview.html



ﬁ]fr’ In-System Programming

JTAG Configuration Intel MAX 10 Device
Configuration Data ~ p CRAM
.50
Internal JTAG Configuration and Internal Configuration
=== Configuration for Intel MAX 10 Devices

Mﬂ Configuration

0 ™ Flash Memory

JTAG InfSystenﬁ Programming

.sof (SRAM Object File)
Used to configure FPGAs directly from Quartus Prime through download cable
Always generated by default during a full compilation by the Assembler
.pof (Programming Object File)
Used to program CPLDs and configuration devices
Jjam/.jbc
ASCII file used by processors and test equipment to program devices via JTAG

source: Intel® MAX® 10 FPGA Configuration User Guide, https://www.intel.com/content/www/us/en/docs/programmable/683865/current/fpga-configuration-overview.html



@ Non-Volatile FPGAs

n MAX Il, MAX V, and MAX10 families
m  Full-featured FPGA capabilities plus
O User Flash Memory (UFM)
O Configuration Flash Memory (CFM)
m Instant on
m Low-cost
Features Capacity
Endurance Counts to at least 10,000 program/erase cycles

Data retention (after 10,000
program/erase cycles)

20 years at 852C
10vyears at 100 °C

Maximum operating frequency

Serial interface
10MO02, 10M04, 10M08, 10M16, 10M25:
10M40, 10M50:

Parallel interface
10M02: 7.25 MHz
10M02, 10M04, 10M08, 10M16, 10M25, 10M40, 10M50: 16.00 MHz

7.25 MHz
4.81 MHz

Data length

Stores data of up to 32 bits length in parallel

source https://www.intel.com/content/www/us/en/docs/programmable/683180/18-0/user-flash-memory-overview.html




NO“'VOIati Ie FPGAS Internal Flash memory

m  Two internal flash regions

O Configuration Flash Memory (CFM)
Single or dual image
Compressed or uncompressed image Config Flash

— I

|\|\H\\\\\\\|\ﬁ

O User Flash Memory (UFM)
Code space I
RAM initialization
Data storage
General scratch page

. # of Total UFM
m Page Size (Kb)|Pages / Sector Size (Kb)

S R
= =

1omo4 | 16 8 1 128
[ 1omos | 16 8 2 256
[ 1om16 | 32 4 2 256
1oM25 | 32 4 2 256
[ 10mM40 | 64 4 2 512
[ 10m50 | 64 4 2 512 CLESLEL L EE

fce: https://www.intel.com/content/www/us/en/docs/programmable/683180/18-0/user-flash-memory-overview.html




Non-Volatile FPGAs

In certain configuration modes, CFM can be used as UFM
[ Using CFM sectors as UFM

Suppor(t:)ed Configuration CEM2 m CEMO
Modes
Single uncompressed image

with RAM preload

Single compressed image
with RAM preload

Uncompressed Image (W/RAM preload)
Compressed Image (W/RAM preload)

Dual Boot Compressed Image 2 Compressed Image 1 On-Chip Flash Intel FPGA IP

Single uncompressed image onchip_flash_0
without RAM preload Uncompressed Image Se
Single compressed image clk

without RAM preload sajgrssea s s lock "

nreset

Note 1: Except for 10M02 devices

reset_n

data
gvmm_clata_addr[16..0
\rrnm_data_read
avmm_clata_writedata
\rmrn_data_wr'rte

address

read
ritedata
rite

[ User Flash Memory Block | gymm_data_readdata caddata
. \rrnm_data_wai‘trequest trequest
O Used only through an Avalon Memory Maped slave interface |gymm_data_readdatavaid | 0
using On-Chip Flash IP core i G0 L0 | R
. . LS
0O Combination of soft and hard IPs svmm._csr_addr e

\rmm_csr_read
\rrnrn csr_writedata[31..0]
\rrnrn_csr_wr'rte
lgvmm_csr_readdata[31.0]

read
ritedata
rite

eaddata

attera_onchip

urce: https://www.intel.com/content/www/us/en/docs/programmable/683180/18-0/user-flash-memory-overview.html




1P Parameter Editor - user flash 1.gsys* (DAsemestn\Quartus\lab3multi\use

File Edit System Generate View Jools Help
7 N v I t'l F PG A Ty— o o (o< [AOR
- = | 455 slock symbol 5% | -]
on-Volatile S e — = |
ow signals
On-Chip Flash Intel FPGA IP

altera_onchip_flash Details

onchip_flash_0

On-chip flash usage scenario: ot e fce =T
Read burst mode: Incrementing e
[ Choose the On-Chip Flash IP from Quartus IP Catalog || ressustaun: .
Jreset_n
. . . ~ Configuration Mode
| Parametrize using IP parameter editor e e
Configuration Mode: Single Uncompressed Image ~ read
[ Generate HDL code
[~ Flash Memory wite
. . = vmm_data_readdata eaddata
[ | I nsta nt|ate | n user H D L Sector ID Access Mode Address Mapping Type ymm_data_waftrequest I
1 Read and write [0%00000 - Ox075FF UM JerceNE SRR A readdatavalid
i |0x08000 - OO UFM pgvmm,_data_burstcourt(8. 0] J, oo e
= Avalon rules must be manually followed 10000 -0 -
vmm_csr_acdr »
vmm_csr_read
gvmm_csr_wrttedatal31..0] tedata
IP Catalog @i + | - vimm_cst_write )
vmm_csr _readdata(31..0] readdata
« X| = 7 Clock Source \ e
Clock frequency: 50 MHz
* Library
. User is required to provide the clock frequency.
Basic Functions The on-chip flash megafunction will be run with 5000000.0 Hz dock frequency.
¥ Arithmetic
b Bridges and Adaptors Lo i i
b Clocks; PLLs and Resets (€ nitefze fiach content

(] Enable non-defauilt initialization file
User created hex or mif file:

» Configuration and Programming

r 1o
User created dat file for simulation:
b Miscellaneous altera_onchip_flash.dat

altera_onchip_fiash.hex

On Chip Memory “user_flash_1_onchip_flash_0.hex"

“user_flash_1_onchip_flash_0.dat" for simulation

IR - - - -

1 Your IP settings will be saved in a .gsys file.
i On-Chip Flash Intel FPGA IP l_>
R IO S A e T e T Create IP Variation -2
RAM: 2-PORT Entity name:  user_fiash_1] escage
ROM: 1-PORT
Save in folder: |D:\semestry\QuartusYab3mult
ROM: 2-PORT Generate HDL... | Firish
Shift register (RAM-based) Target Device
b simulation: _
simulation; Debug and Verification C— D »
» DSP
Device: 10MS0DAF434C6GES -
¥ Interface Protocols
~ Memory Interfaces and Controllers (&) Info: Your IP will be saved in Dt\semestry\Quartusab3multi/user_flash_1.gsys. . .
- fash Specify custom IP name and the session
# Generic QUAD SPI controller Il Intel FPGA IP will be saved as </p name>.qsys
b Memory Interfaces with UniPHY

source: https://www.intel.com/content/www/us/en/docs/programmable/683180/18-0/user-flash-memory-overview.html



@ Non-Volatile FPGAs

On-chip flash usage scenario:

Choose the On-Chip Flash IP from Quartus IP Catalog
Parametrize using IP parameter editor

Generate HDL code

Instantiate in user HDL

Avalon rules must be manually followed

"~ Save System Completed

4O A0

(@ Info: C:\intelfpga}23.1std\ip\altera\altera_components.ipx described 1982 plugins, 0
@ Info: C:fintelfpga/23.1std fip/**/* matched 108 files in 0,26 seconds

(@ Info: C:fintelfpga fip/** [* matched 0 files in 0,00 seconds

@ Info: Reading index C:\intelfpga\\23.1std\quartus\sopc_builder\builtin.ipx

(@ Info: C:\intelfpga}23.1std\quartus\sopc_builder\builtin.ipx described 87 plugins, 0 pal
@ Info: C:fintelfpga f23.1std fquartus/sopc_builder/** [+ matched 8 files in 0,01 seconds

@ Info: C:fintelfpga/23.1std /quartus/ Jlibrarian/factories/** [* matched O file:
@ Info: C:fintelfpga/23.1std /quartus/sopc_builder/bin/$IP_IPX_PATH matched 1 flesi
@ Info: C:\intelfpga\23.1std\quartus\sopc_builder\bin\root_components.ipx describe
@ Info: C:fintelfpga/23.1std fquartus/sopc_builder/bin froot_components.ipx matchec

@ Save System: completed successfully.

Close

| Create HDL design files for synthesis: [yHp| /

The simulation model contains generated HOL files for the simulator, and may indude simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the jp-sefup-simuEtion and
[p-make-simscrpt command-ine utilities to mmpcle all of the files needed for simulating all of the IP in your design.

Create simulation model: VHDL - |
|~ Output Directory
Path: D: fsemestry /Quartuslab3multijuser_flash_1

Generate Cancel

source: https://www.intel.com/content/www/us/en/docs/programmable/683180/18-0/user-flash-memory-overview.html

Parameter editor will add .qsys
file to the current project



m Quartus Prime Programmer

m By default, the Compiler's Assembler module generates the primary device
programming files at the end of full compilation
®  You can start the Assembler independently any time after design place and route
to generate primary device programming files:
.sof (SRAM Obiject File)
Used to configure FPGAs directly from Quartus Prime through download cable
.pof (Programming Object File)
A binary file that contains the data for programming non-volatile MAX® 10, MAX®
V, MAX® lI, or flash memory devices that can configure Intel FPGA devices
Jjam/.jbc
ASCII file used by processors and test equipment to program devices via JTAG

Tcl: quartus asm —--read settings files=on --write settings files=off multi f -c multi f

source: Intel® MAX® 10 FPGA Configuration User Guide, https://www.intel.com/content/www/us/en/docs/programmable/683865/current/fpga-configuration-overview.html

Tasks

Compilation
Task
B Edit Settings
B8 view Report
~ P Assembler (Generate programming files)
W Edit Settings
B8 view Report

» P Timing Analysis



Quartus Prime Programmer

H . L Convert Programming File - Dy/semestry/Quartus/lab3multi/multi f - multi f
m  Convert programming files GUI
File Tools Window e
Edit Wiew Project Assignments Processing Output programming file =
[ Hew... Ctrl+N |_ ___________________ i
Programming file type: | Programmer Gbject File [ pof "
 open Ctreo 0 gl g file typ: g ] (pof) i
Close Ctrl+F4 Options/Boot info... | Configuration device: EPCE16E :- Mode: Internal Configuration v 1
_________________ 4
New Project Wizard
. File name: output_file.pof
£ Open Project.. Cirle)
Save Project Advanced Remote/Local update difference file: MNOMNE
Close Praject
V| Create Memory Map File [Generate output_file.map)
Save Ctri+s
R Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)
e save Al Cirl+Shift+5 Create config data RPD (Generate output_file_auto.rpd)
Eile Properties
Input files to convert
Create /| Update v
Export.. File/Data area Properties Start Address Add Hex Data
e e e e e e e == Add Sof Page
[l Page Setup. 1 multi_f sof 10MSODAF484E5 1
Brnrer ™ B [ eesssssnssusiiusieiaieiie - Add Eile
0 print Ctrl+p

m Internal Configuration

O Uses a .pof file for internal configuration of the MAX 10 device’s Configuration

Flash Memory (CFM) and User Flash Memory (UFM) via a download cable
Quartus Prime Programmer

source: Intel® MAX® 10 FPGA Configuration User Guide, https://www.intel.com/content/www/us/en/docs/programmable/683865/current/fpga-configuration-overview.html



&) Quartus Prime Programmer

m  Programmer allows you to program and configure Intel® CPLD, FPGA, and configuration devices
m  Prior to programming or configuration:

O  Generate and specify the primary programming files

O  Setup the programming hardware

O  Set the configuration mode in the Programmer

A Programmer - Di/semestry/Quartus/lab3multi/multi_f - multi_f - [multi_f.cdf]*

File Edit View Processing Tools Window Help

_____________ ;

) File Device Checksum  Usercode  Program/ = Verify Blank-  Examine = Security = Erase Reac ISP IF
St e e e e e Configure_ Check Bit :cks CLAMP
fh si0p output_files/multi_f.pof 10M50DAF484ES 08BBDE7Z  0D25F262
M auto Detect
% Delete output files/multi_f.sof 10MSODAF484C6GES 0D29F262  0029F262
o pdd File
P Change File. ' U
HsaveFile ||| @ o —— -
- 1 rForresswnre -
Add Device. [
TDN
bup i E »
H
1 -
Thipown Mo
10MSODAF484ES " 10MS0DAF484ES
TR

source: https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-software/fpga-development-tools-support.html



