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Introduction

RHB850/F1KXx series provide Serial flash memory interface (SFMA) for external NOR or NAND serial flash memory.

This document provides a general introduction of serial flash memory type, SFMA configuration flow and sample

software.

Target Device

This document describes the SFMA sample software on RH850/F1KXx series.

Used device for sample application is RH850/F1KH-D8 R7F7017093AFP. Concept described in this document applies
to all member of RH850/F1KXx series which have SFMA.

Presence of SFMA in RH850/F1KXx series

Product name

RH850/F1KH-D8

RH850/F1KH-D8

RH850/F1KH-D8

176pin 233pin 324pin

Number of unit 1 1 1
Name SFMAnN(n=0) SFMAnN(n=0) SFMAnN(n=0)
Product name | RH850/F1KM-S4 | RH850/F1KM-S4 | RH850/F1KM-S4 | RH850/F1KM-S4 | RH850/F1KM-S4

100pin 144pin 176pin 233pin 272pin
Number of unit 0 1 1 1 1
Name SFMAnN(n=0) SFMAnN(n=0) SFMAnN(n=0) SFMAnN(n=0)
Product name | RH850/F1KM-S2 | RH850/F1KM-S2 | RH850/F1KM-S2

100pin 144pin 176pin
Number of unit 0 1 1
Name SFMAN(n=0) SFMAN(n=0)
Product name | RH850/F1KM-S1 | RH850/F1KM-S1 n | RH850/F1KM-S1 | RH850/F1KM-S1

48pin 64pi 80pin 100pin
Number of unit 0 0 0 0

Name

Disclaimer

Renesas Electronics does not warrant the information included in this document. You are fully responsible for
incorporation of these circuits, software, and information in the design of your equipment and system. Renesas
Electronics assumes no responsibility for any losses incurred by you or third parties arising from the use of these
circuits, software, or information.
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RH850/F1Kx Using Serial flash memory interface SFMA

1. Serial flash memory types

There two type of non-volatile serial flash memory — NOR and NAND. The names stand for different logic gate used in
the memory. Commercial NOR flash memory was first introduced by Intel in 1988. NAND flash was introduced by
Toshiba in 1989(source Wikipedia)

One of the main differences is capacity, NAND flash have higher density compare to NOR flash. The other difference is
access speed - NAND flash is faster than NOR flash. In both types NOR and NAND, memory is organized in sectors,
blocks and pages. Before write to those memories you need to erase the cell, the smallest part to write is sector, the
volume of it depends of producer how they make their product memory map. In both memory information is accessible
by byte, but write access is always by smallest part — sector, hence you can’t write only one byte of data, always need to
write the complete sector at byte level. Serial flash memories support SPI protocol.

In this document used serial flash memory is NOR, with smallest sector to write/erase of 4KB, organized in 16383
sectors of 4KB or 2047 Blocks of 32KB or 1023 block of 64 KB in total 512Mb or 64MB.

2. RHB850/F1Kx Serial Flash Memory Interface A

In RH850/F1Kx devices line are implemented serial flash memory interface A periphery. SFMA is part of H-Bus,
outputs control signal to external serial flash memory are connected to the SPI multi I/O bus space, thus enable direct
connection to external serial flash memory.

Module allows two type of access to external serial flash memory — SPI operating mode for read/write operation and
External Address space read operating mode only for read operation.

SFMA set in External Address space read operating mode, translate read operation from internal address space
(3000 00004 to 33FF FFFFH) to SPI bus sequence.

2.1 Overview

211 External Input/Output signals

SFMA module allow only one external serial flash memory to be connected to the device and is available only in Port11
in RH850/F1KXx series.

Table 1 External Input/Output Signals (RH850/F1KH-D8, RH850/F1KM-S4, RH850/F1KM-S2)

Unit signal name Description Alternative port Pin Signal
SFMAOQ

SPBCLK Clock output SFMAOQCLK

SPBSSL Slave select SFMAOSSL

SPBMO/SPBIOO | Master transmit data/Data 0 | SFMAOIOO
SPBMI/SPBIO1 Master input data/Datal |SFMAOIO1
SPBIO2 Data 2 SFMAOIO2
SPBIO3 Data 3 SFMAOIO3

21.2 Clock supply

Register access clock source are CPUCLK_L, CKSCLK_IPERI1

B¢ source clock is CKSCLK_IPERI1 — for SFMA bit rate generator, generated by division of Bd. Maximum bit rate
is 40MHz

213 Reset sources
All reset sources (ISORES)

214 Interrupt sources
e SFMA do not support any interrupt

RO2ANOO46EE0100 Rev.0100 Page 3 of 13
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215 Registers
SFMA module have 18 register separated in four type with base address 1004 00004

1. Common control registers — for setting bit rate, SSL delay and communication transfer bus dimension
2. Data read control registers — for setting up an External Address space read operating mode
3. SPI mode registers — for setting up a SPI operating mode
4. Common status register
2.1.6 Block diagram

Internal bus B

T T T T T T T T T T -

i | Bus interface ‘ |

! :

i U ﬂ :

! Control register i

| Tran;un:fgrdaia Read cache B FREEEEEEEEEERE EE

! S EREEEHEEEEEEEHEEEIR

| 28/2122(22/2223/3/3 %2432 | |

I 2 oA - \

| 3/515/2 (5131321251515 5%(815.2) | |

, I

: 0 |

. 4 Module data bus > !

. I

| 1 y 0|

| Transmit data Receive data T smsion] Baud rate !

H hift regist hift redist ransmission audra I

! SR ‘E) H g reception control generator -«

i | Data port control | i

! |

(R e e ]

SPEMO/SPBIO0 4———
SPEMI/SPBIOT +
SPBIO2 «
SPBIO3 «
SPESSL «4
SPBCLK +
Figure 1 SFMA block diagram
2.1.7 Bit rate calculation
Bit rate for SFMA module is calculated of SPBR[7:0] and BRDV[1:0] set in register SFMAnSPBCR.
: B¢
Bit rate = [MHZ]

(2 * SPBR[7;()] % 2BRDV[1:0])

B¢ = CKSCLK_IPERI1
SPBR][7:0] is prohibited to be 0, before SFMA start SPI operation SPBR[7:0] need to be changed to non-zero value
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2.2 Operation modes

221 System configuration
SFMA module support 3 type of SPI bus data size — 1bit, 2bit and 4bit

Ths LSl Serial flash memory
SPBSSL CS#
SPBCLK SCK
SPBMO/SPBICO SINo0
SPBMI/SPBIO1 SONO1
SPBIO2 W02
SPBIO3 HOLD#103

Note: Figure shows 4bit data size bus.
Recommendation is to attach external flash memory always like 4bit data size. SPBIO2,SPBIO3 can
be configured durigng negation and idle period, when use 1bit or 2bit data size bus,to be on state
which corespond with external memory demands for hold, word tansfer or hw write protection.
Notes: 1. Common used pin in independent of data bus size are SPBSSL,SPBCLK
2. 1bit size — used pin are SPBMO and SPBMI
3. 2bit size — used pin are SPBIO0 and SPBIO1
4. 4bit size — used pin are SPBIOO, SPBIO1, SPBIO2, SPBIO3

Figure 2 SFMA system configuration

222 SPI operation mode

SFMA SPI operation mode support 1bit, 2bit, and 4bit data size bus. Can transfer 8bit or 16bit command, 24bit or 32bit
address as well as option bytes — 1byte, 2byte, 3byte or 4 bytes. SFMA SPI read operation can be perform only in 8bit,
16bit or 32bit — all other states are forbidden.

o Ifitis needed to transfer only command to external flash memory it is important to set SPIDE[3:0] in
SFMANSMENR to 0000, no matter if SPIRE=0 in SFMAnSMCR. Some serial flash memory accept command only
when SSL pin goes high at the end of the command send ends. To be able SFMA to fulfil this demand, above
suggestion should be kept.

e When use 2bit or 4bit data size bus — it is forbidden Read and Write operation to be set in SFMAnSMCR at the
same time

o External serial flash support auto increment address during Read and Write operation for faster access, once first
address is send it is automatically increment when read or write access is issued — in this case SSL signal should be
kept low during all operation and goes high after operation is completed — this is controlled by SSLKP bit in
SFMANSMCR

o In 2bit or 4bit data size some serial flash needs dummy cycle after address transfer to be send — bus size of dummy
cycle is controlled by DMDBJ1:0] in SFMAnSMDMCR register the number of dummy cycle are controlled by
DMCYC[2:0] in SFMANSMDMCR register. Enable or disable transfer of dummy cycles is controlled by DME bit
in SFMANSMENR register. SFMA support from 1 to 8 cycles.

RO2ANO046EE0100 Rev.0100 Page 5 of 13
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2.2.3 SPl initial setting flow

[ SP| setup start ]

Check TEND bit
in SFMARCMMNSR

TEMD=1
data transfer finished

set PORT11 pins to

alterantive function
SFMA |, no input

buffer, strong drive

TEMD=0
data frenfer is in progress

Set commaon SFMA registers for SPI operation

SFMANCMMNCR - set SPI mode, SPI mode 0 or 3, SFMA pins
SFMANSPBCR - set bit rate transfer

SFMANRSSLDR - set SSL delay

SFMANSMENR - set SPI bus size, for commnad, address etc.

SFMANSMDMCR - sef SPI bus size for dummy cycles

[ SPI setup finish ]

Figure 3 SPI initial setting flow
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224 External Address Space Read Mode

SFMA External Address Space Read mode support 1bit, 2bit, and 4bit data size bus. Can transfer 8bit or 16bit
command, 24bit or 32bit address as well as option bytes — 1byte, 2byte, 3byte or 4 bytes.

In this mode external serial flash memory are connected to the SPI multi 1/0 bus space. With other words read
access issued to internal address (3000 00004 to 33FF FFFFy) will be transform to SPI bus sequence. Since this
space is only 64MB, only part of external serial flash can be accessed. To extend up to 4GB address space SFMA
module have SFMANDREAR — Data Read Extended Address Setting Register, where upper 6bits of 32bit serial
flash address can be stored.

In 2bit or 4bit data size some serial flash needs dummy cycle after address transfer to be send — bus size of dummy
cycle is controlled by DMDBJ[1:0] in SFMAnDRDMCR register the number of dummy cycle are controlled by
DMCYC[2:0] in SFMANDRDMCR register. Enable or disable transfer is controlled by DME bit in SFMANDRENR
register. SFMA support from 1 to 8 cycles.

In normal External Address Space Read operation — read can be issued by byte, word or double word depends of the
internal address space access issued.

External Address Space Read mode support also burst read — in this mode read operation is always 64bit. This mode
can use built-in read cache with size of 64bits and 16 entries.

RO2ANO046EE0100 Rev.0100 Page 7 of 13
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2.25 External address space initial setting flow

External Address
Space setup start

TEMD=0
data trsnfer is in progress

Check TEND bit
in SFMANCMMNSR

TEND=1
data transfer finished

set PORT11 pins to

alterantive function
SFMA , no input

buffer, strong drive

Set common SFMA registers for External address space read operation

SFMANCMMNCR - set External Address space mode, SFI mode O or 3, SFMA pins
SFMANSFBCR - set bit rate transfer

SFMANSSLDR - set SSL delay

SFMANDREMNR - set SPI bus size, for commnad, address etc.

SFMANDEDMCR - set SPI bus size for dummy cycles

SFMANDRCR - set normal read or burs read mode, set cache size

External Address
Space finish

Figure 4 External address space initial setting flow
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3. Software and hardware tools

This section contains information what tools and hardware development platform are used to implement SFMA samples
software
3.1 Software development tools

o Compiler used for sample SFMA software is GHS v2020.1.5 for RH850/F1Kx series
Debug probe — Renesas E2 emulator

3.2 Hardware development tools

e Main board - Y-RH850-X2X-MB-T1-V, the last version of this document can be obtained from the following web
location: Y-RH850-X2X-MB-T1-V1 Documents

e PiggyBack board - Y-RH850-F1X-176PIN-PB-T1-V4 with mounted device RH850/F1KH-D8 R7F7017093AFP,
the latest document can be obtained from the following web location: Y-RH850-F1X-176PIN-PB-T1-V4
Documents

e Peripheral module eMMC/SFMA - RH850-EMMC-SFMA-EXT-BRD. The extension board includes one eMMC IC
(swisshit SFEM4096B1EA1, 4GB NAND flash) and one serial flash NOR IC (Macronix MX25L51245GMISFMA,
512Mbit). Schematic and description of connection are described in Y-RH850-X2X-MB-T1-V user manual section
4.9 eMMC/SFMA module.

3.2.1 Setup hardware tools
This section describes how to connect main board, piggy board, and peripheral module

o Peripheral module eMMC/SFMA by default have main bord connection to CN2, PiggyBack board - Y-RH850-F1X-
176PIN-PB-T1-V4 do not have Port11 connection to CN2, to use SFMA interface additional 7 pin header 2,54mm
pitch should be added (Eigure 5 yellow ellipse). Jumper JP2 (Eigure 5 red ellipse) should be applied to power
supply serial flash IC.

e Connection between target device RH850/F1KH-D8 R7F7017093A on piggy board and serial flash IC should be
done by wire (Figure 6). Please refer to Table 2

B C)

Y-RHB50-EMAC_SFMA-EXT-BRD
0016613 16_VO1
5 o

5

u el
2R 1\1. 3
o

298

Figure 5 Peripheral module eMMC/SFMA - RH850-EMMC-SFMA-EXT-BRD
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Figure 6 Wire connection piggy board to peripheral module eMMC/SFMA

Table 2 Connection table between piggy board and peripheral module eMMC/SFMA

SFMA signal Alternative Device | F1x-176pin PiggyBack board eMMC/SFMA
name port Pin Signal port device RH850/F1x-176pin extension module
Portll pin CN8 CN3
SPBCLK SFMAOCLK Portll_7 167 CN8_35 CN3_5
SPBSSL SFMAOSSL Portll_6 166 CN8_34 CN3_6
SPBMO/SPBIO0O SFMAOIOO0 Portll_5 165 CN8_33 CN3_4
SPBMI/SPBIO1 SFMAOIO1 Portll_4 164 CN8_32 CN3_3
SPBIO2 SFMAOQIO2 Portll_3 163 CN8_31 CN3_2
SPBIO3 SFMAOIO3 Portll_2 162 CN8_30 CN3_1
R0O2ANO046EE0100 Rev.0100 Page 10 of 13
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4. Sample SFMA software
This section describes SFMA sample software

e Location of SFMA driver - {Project folder}\peripherals\sfma
Contain 2 file — sfma.c and sfma.h

4.1 Functions description in sfma.c

void R_SFMA_Delnit(void); - put SFMA module register in reset state

r_Error_t R_SFMA_Init(uint32_t mode, uint32_t bus_size); - Set SFMA module to SPI or Address space mode,

1bit, 2bit or 4bit

e uint32_tR_SFMA_ExecCmd(uint8_t cmd, uint16_t response); - send command via SFMA to external flash
memory, return readed value if desired.

e void R_SFMA_SectorErase4B(uint32_t address); - execute sector erase sequence: WREN( write enable commnad)
then Erase command

e void R_SFMA_ReadSPI14B(uint32_t readAddress,uint32_t byteNum,char_t * readBuff); - read desire bytes from
given address in external flash memory and store it in pointed buffer

o void R_SFMA_WriteSPI4B(uint32_t writeAddress,uint32_t byteNum,char_t * writeBuff); - execute write

sequence .Sector Erase ->WREN -> write desire bytes to external flash to given address from pointed buffer

R0O2ANO046EE0100 Rev.0100 Page 11 of 13
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4.2 Sample SFMA Software Block Schema

SFMA sample SW
start

.

'get VCOOUT=480MHz; Mr=2; Nr=60; PFLLOUT=80MHz N
set CPLLOOUT -= CPU Clock =240Mhz

set CKSCLE_IPERIM=PLLCLK=80MHz

set OSTMO to 1ms period

Etart OSTMO y

.

s )

prepare demao write buffer: WriteBuffer[256] = {1,2.3.. 258}
put SFMA module registers in reset state - E_SFMA_Delnit();

SPI1 mode QuadsSPI
W
Ser SFMA to SPI mode 1bit; Ser SFMA to 5Pl mode 1bit;
Send SW reset cnd sequnece, Send SW reset cmd sequnece;
Set external serial flash to 4B address; Set external serial flash to 4B address;
Check external serial flash registers; Set external serial flash to Quad mode;
Write to external zerial flash prepared Ser SFMA to SPI mode 4bit;
wirte bufer; Check external serial flash registers;
Read external serial flash to confirm Write to external serial flash prepared
corect writing. wirte buffer;
Fead external serial flash to confirm
corect writing;
Ser SFMA to SPI mode 1bit;

b g

Put SFMA module registers in reset state
Set SFMA to External address space 1bit;
Read internal address space(3000 0000y to

33FF FEFFg ). SFMA will transfer the read
operation to SPI sequence to exteranl flash

Mmemory

Main loop ]

Figure 7 Sample SW block schema
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as
well as any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with
an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
LSI, an associated shoot-through current flows internally, and malfunctions occur due to the
false recognition of the pin state as an input signal become possible. Unused pins should be
handled as described under Handling of Unused Pins in the manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of
pins are not guaranteed from the moment when power is supplied until the reset process is
completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power reaches
the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSl is not guaranteed if they are accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock signal
has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock
signal. Moreover, when switching to a clock signal produced with an external resonator (or by
an external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm
that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group
but having a different part number may differ in terms of the internal memory capacity, layout
pattern, and other factors, which can affect the ranges of electrical characteristics, such as
characteristic values, operating margins, immunity to noise, and amount of radiated noise.
When changing to a product with a different part number, implement a system-evaluation test
for the given product.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the use
of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10.

S)

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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