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1 Introduction

Intel MAX10 User Flash Memory (UFM) offers a single 32-bit program (write) operation. This design
example demonstrates how to write the control register value through Avalon-MM control slave interface
and write data into flash. Make sure to erase the flash before you perform a write operation.

2 Hardware and Software Requirements

2.1 Hardware Requirements
This design requires the following hardware:

*  MAX10 FPGA Development Kit
* USB Blaster/Mini USB cable for programming the device

2.2 Software Requirements
This design requires the following software:

e Quartus Prime 17.1 Standard

3 Design Example Installation Files

File or Directory Name Description

top.v The top-level HDL file for this design
example
Write_read.v This file contains the state machine how to

write data into UFM and read back the
data from UFM after write to confirm the
write is successful

plil.v The PLL that generates the system clocks
for the top-level design

isspl.qsys The generated in-system source and
probe IP. The source of this IP is used to
select write operation or read operation

ufm1.gsys The generated on-chip flash IP core

top.sdc The .sdc constraints file for the top-level
design. Defines the top-level clocks in the
design and sets timing and false paths to
and from the top-level connections.

stp2.stp The .stp file provides the signals of the
control register and the flash
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4 Functional Description

This design example is targeting on MAX10 device. The UFM offers a single 32-bit program (write)
operation. This design example demonstrates how to write the control register value through Avalon-MM
control slave interface and write data into flash up to address #256. The UFM will perform an incrementing
burst read operation with burst count set to 8 after the write to confirm the write is successful.

A state machine has been defined to perform UFM write operation and read operation with the following
steps:

Disable write protection mode

Write data into address up to address#256

Check the status register to confirm if the write is successful

Enable the write protection mode after write is successful

Start incrementing burst read operation, burst count set to 8 to confirm the read data is from
previous write data.

6. Stop reading data if the address reached 256

akrwbdpE

5 Run the Design Example

5.1 Compiling the Design
1. Download the ufm_write_test.par from the design store
2. Launch the Quartus Prime software
3. Open the .par file from your working directory
4. In the Quartus Prime software, click Processing > Start Compilation

5.2 Running the Design on Hardware
1. Inthe Quartus Prime software, click Tools > Programmer
2. Inthe Programmer window, click on the Hardware Setup. A Hardware Setup dialog box will be
opened
Select USB Blaster under Currently selected hardware. Click on close.
In the Programmer window, click Add File. Select the .pof file from your working directory
5. Check the Erase checkbox, then click Start to erase the flash before performing write operation

Pow

& Programmer - Ci/release/write_test/ufm_write_test_project/top - top - [top.cdf]* - O X |
File Edit View Processing Tools Window Help [
& Hardware Setup... SB-Blasterll [USB-1 Mode: JTAG v Progress: | 100% (Successful) I
["] Enable real-time ISP to allow background programming when available
" Start File Device hecksun Jsercode ‘rogram Jerify  Blank- Examine Security Erase ISP IPS File EKP File
onfigur Check Bit LAMI
output_files/to... 10M50DAF... OBEBB... 00577.. C v
(e CFMO C I~
uto Det =
uoDetel | | yrm C %

™ Add File.

Figure 1: Quartus Prime Programmer — Erasing the flash
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6. Check the Program/Configure checkbox, then click Start to start programming.

>

Mode:

i Hardware Setup...| |USB-Blaster!l [USB-1]

[ Enable real-time ISP to allow background programming when available

JTAG -

Progress: 100% [Successful)

File Device Checksum Usercode Program, Veri Blank- Examine
W pare gram/ fy
Configure Check
fh stap J-{Users/laikumle/On._. 10MSODAF484ES 08D462BC  DD42CECO O O
]
B9 Auto Detect cro o0
UFM O O
Delete
i add File...
< >
i Change File...
& save File
® . 4d Device ETTITITIT
H =
ToI H H
hyp — b H
H H
i Down e "
TOMSODAF4B4ES
TDO
4

Figure 2: Quartus Prime Programmer — Programming the flash

7. Inthe Quartus Prime software, click Tools > Signal Tap Logic Analyzer

©

In the Quartus Prime software, click Tools > In-System Sources and Probes Editor

9. Inthe Signal Tap Logic Analyzer window, at the SOF Manager section, browse the .sof file
from your working directly and click the program device button to program the sof file

10.
11.
12.
13.
14.

« File Edit View Processing Tools Window Help

L [2] |Ready to acquire 0 -

Event log

Instance Manager: X & m
Probe read interval
Currentinterval: 0 samples per secand Maximum size: 8 -

(®) Automatic [ save data to eventlog

ol In-System Sources and Probes Editor - Ci/ufm_write_test_release/ufm_writeonly - ufm_writeonly - [Spf1.spf] - O

In the Signal Tap Logic Analyzer window, Click Processing > Autorun Analysis

In the In-System Sources and Probes Editor window, click Processing > Read Source Data
Click on the Data for source[1] to change the value for 0 to 1 to enable write operation

After a while, change back the source[1] value to 0 to disable write operation

Click on the Data for source[0] to change the value for 0 to 1 to enable read operation

x|
°!
JTAG Chain Configuration: JTAG ready *
Hardware: USB-Blasterll [USB-1] - Setup...
Device: @7: TOMS0DAL|ES)10ME = Scan Chain

File: & releasefoutput files/ufm_writeonly.sof .. |

) Manual . -
‘Write source data- Continuously - i
Index Instance ID Status Sources:2 Probes: 0 Name
®o Notrunni.. 2 0
(£l 0
Index Type Alias Name Data 8 -7 ] ] (i 3 -2 1 0
5[1..0] = source[1..0] 1
51 - source[1] o
SO0 - source[0] 1

Figure 3: Sources from In-system Sources and Probes editor
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15. Burst count is set to 1 during write operation. Figure 4 shows the signals from Signal Tap during

write operation.

log: Trig @ 2019/04/08 14:2757 (0071 6 elap:

sed)

Alias Name

18,

ufm:onchip_flash_0javmm_csr_addr

ufm 1:onchip_flash_0|avmm_

csr_read

- ufm :onchip_flash_0]avmi

m_csr_readdata[31..0] 3FFFFEFER FFFEFFa0h FFFFFFa2h FEFFFF80h

fm:onchip_flash_oavm

m_csr_writedata[31..0] FEFEFEFED

#m1:onchip_flash_ojavm

m_data_addr{16.0] 00000h 000010 00002h 00003h 000040

1-onchip_flash_0javmm_

data_burstcount[3..0] 1h

“.onchip_flash_0Javmm_data_writedata[31.0]

00000001h 00000004h

fm:enchip_flash_oavm

m_data_readdata[31..0] FFEFFEFFD

ritewrite_read|csr_writedata[31..0]

FFFEFFFFh

ritewrite_read|csr_readdata[31..0]

3FFFFFFER FFFEFFaoh FFFFFFa2h FFFFFFg0h

ritewrite_read|data_writedata[31..0]

00000001h h h 000000040

ritewrite_read|data_addr{16.0]

00000h 00001h 00002h 00003h 00004h

ritewrite_read|readvalid_

counter[3..0] oh

ritewrite_read|burstcount[3..0]

1h

ritewrite_read|addr_counter{31.0]

00000001h 00000004h

ufm 1:onchip_flash_0|avmm_

csr_write

ufm1:onchip_flash_0javmm_

e

data write

pli1:altplljlocked

ufm 1:onchip_flash_0|avmm_

data_readdatavalid

ufm 1:onchip_flash_0javmm_

data waitrequest

ufm:onchip_flash_0javmm_

data_read

writeowrite_read|csr_write

writewrite_read|csr_read

writewrite_read|csr_addr

writewrite_read|en_write

writewrite_read|data_write

writewrite_read|en_read

writewrite_read|data_read

writewrite_readjwaitrequest

writewrite_read|readvalid

o o [ [

write read:write readISTATE.STATE RESET

<

Figure 4: data_writedata and data_addr signals from Signal Tap during write operation

16.

Burst count is set to 8 during incrementing burst read operation. Read operation will stop after

address reach 256. data_readdata value is the data that was write into the flash IP core previously

as shown in the

Figure 5.

Name TT

128 alf 640, 104

.conchip flash Olavmm csr addr

T:onchip flash Olavmm csr readl
..onchip flash Olavmm csr write

h Olavmm csr readdata[31.0]
# .. Olavmm esr wril 31.0]

FEFEFFACH

lash OJavmm data addr[16..0] __0000DR |

..0lavmm data burstcount[3..0] ___0h

# ..0lavmm _data writedata[31..0]

..onchip flash OJavmm data write
plitzaliplilocked i
..lash Olavmm data readdatavalid 1 |
.. flash Olavmm data wai

..;onchip flash Olavmm data read

Il |

# ... Olavmm data readdata[31.0] 0
write:write read]csr write

FFFFFEEED

writerwrite read]csr read i

write:write read]csr addr

“ .write read|csr writedata[31..0]

..write_read|csr ddata[31..0]

EEEEFEBCH

writewrite readlen write

write:write read|data write

..rite read|data writedata[31..0]

write read|data addr[16.0] __ 0000

ol

wr ite readlen read

write:write read|data read
# ..e read|readvalid counter[3..0] f 0Oh

# write:write read|burstcount]3..0] Oh

..write_read|addr counter[31..0]

writewrite read|waitrequest

write:write read|readvalid ol
..write_read|STATE.STATE RESET

ML A M AL AL LA AL AL A Al it e

.read|STATE.STATE DISABLE WP _

..te read|STATESTATE WR DATA

..ad|STATE.STATE WR WAITREQ

.-ead|STATESTATE CHK STATUS _

write read|STATESTATE EN WP

..ite_read|STATESTATE RD DATA

| T T T T T T T T T N T T T T VT T T T T BN

..ead|STATESTATE RD WAITREQ
= TATE RD WAIT RDVALID HIGH L}
..|ISTATESTATE RD WAIT FINISHA _:
..& read|STATESTATE INC ADDR

S Y S N U S N N T —— | L L1 L1 L L1
hrnr-nnnnmnmnnnnnnmnrnnnnhnnnrnnnnnnnnmnmn 000000
N TS N T T T T T T T |

reset n il

Figure 5: data_readdata and data_addr signals from Signal Tap during read operation
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6 Revision History
Revision ‘ Description

1.0 Initial Release
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