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Introduction

This application note presents a sample program that sends and receives text data between Ethernet and RCAN
networks using a combination of the Ethernet related modules (EtherC and E-DMAC) and the controller area network
module (RCAN-ET) included in the SH7216.

Target Device

SH7216
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SH7216 Group Protocol Conversion Between Ethernet and RCAN Sample Program

1. Introduction

1.1 Specifications

This sample program transfers text data between PCs using the Ethernet related modules (EtherC and E-DMAC) and

the controller area network (RCAN-ET) included in the SH7216.

It uses two communication terminals (host PC A and host PC B) that provide Telnet applications to perform the

following operations.

1. Ethernet to RCAN text data transfer

Text datainput to the Telnet application is converted from the TCP/IP protocol to RCAN communication data by

Ethernet/RCAN conversion software on the SH7216 and transmitted over RCAN.
2. RCAN to Ethernet text data transfer

Text datareceived over RCAN is converted from RCAN communication datato TCP/IP protocol data by

Ethernet/RCAN conversion software on the SH7216 and output by the Telnet application.

Figure 1 shows the system structure for this application note.

% Telnet application Telnet application
[Ethernet/RCAN conversion software]
Ether cable Ether cable
RCAN connector
Ether
connector Twisted pair cable Ether
/ connector
¢§.d
RCAN connector
SH7216 evaluation board
(ROK572167C001BR)
Figure 1 System Structure
1.2 Functions Used
o Interrupt controller (INTC)
o Ethernet controller (EtherC)
o Ethernet controller direct memory access controller (E-DMAC)
e Compare match timer (CMT)
e Control areanetwork (RCAN-ET)
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SH7216 Group Protocol Conversion Between Ethernet and RCAN Sample Program

1.3 Applicable Conditions

Microcontroller:

Operating frequencies:

Integrated development environment:

C compiler:

Compiler options:

SH7216

Internal clock: 200 MHz

Bus clock: 50 MHz

Peripheral clock: 50 MHz

Renesas Electronics High-performance Embedded Workshop, Ver. 4.08.00.011

Renesas Electronics SuperH RISC engine Family
C/C++ Compiler Package, Ver. 9.03, Release 02

Other than the options specified in the include file in the High-Performance
Embedded Workshop, the default options are used.

(-cpu=sh2afpu -pic=1 include="$(WORK SPDIR)\C_Source\
common”,"$(WORKSPDIR)\ C_Source\ether","$(WORK SPDIR)\C_Source\rca
n","$(WORK SPDIR)\C_Source\uip\appsitel netd" " $(WORK SPDIR)\C_Source\
uipVlib","$(WORKSPDIR)\C_Source\uip\uip”,"$(WORK SPDIR)\C_Source\uip\
unix","$(WORK SPDIR)\C_Source\user-app" -object="$(CONFIGDIR)\
$(FILELEAF).obj" -gbr=auto —chgincpath -errorpath -global_volatile=0
-opt_range=all -infinite_loop=0 -del_vacant_loop=0 -struct_alloc=1 -nologo)

1.4 Related Application Notes

o HB8S/2472 and SH7216 ulP TCP/IP Protocol Stack Demonstration (Rev. 2.00)

e SH7216 Group RCAN-ET User Program Maode Flash Programming Example

e SH7216 Group Ethernet User Program Mode Flash Programming Example Application Note
e SH7216 Group Ethernet/USB Protocol Conversion Operation Example

RO1AN0562EJ0110 Rev.1.10
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2. Operating Environment

This section describes the operating environment necessary to run this SH7216 sample program.

2.1 Hardware Environment
The following hardware environment is required to use this sample program.

e Two SH7216 CPU boards

e One RCAN connection twisted pair cable

e Two Ethernet cables (cross cables)

e Two Telnet terminal host PCs (OS. Windows XP or Windows Vista)

2.2 Evaluation Board Environment Settings

1. SH7216 sample program execution mode settings
Set the SH7216 CPU boards to single chip mode with the SW5 mode switches before applying power. (Seetable 1.)

Tablel SW5 Mode Switch Settings

Switch Single Chip Mode Function

SW5-1 On Internal flash memory write/erase protect

SW5-2 Off MD1 pin state

SW5-3 Off MDO pin state

SW5-4 On Ethernet functions enabled
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2.3 PC Environment Settings
This section describes the environment settings for host PC A and host PC B used as Telnet communication terminals.

231 Telnet Communication Terminal Host PC A
1. Install a general-purpose communication program such as TeraTerm or Hyper Terminal.
2. Set up the IP address and subnet as shown below.
IP address: 192.168.1.77
Subnet mask: 255.255.255.0
3. Set SW6-1inthe user DIP switch (SW6) to the ON position.

2.3.2 Telnet Communication Terminal Host PC B
1. Install a general-purpose communication program such as TeraTerm or Hyper Terminal.
2. Set up the IP address and subnet as shown below.
IP address: 192.168.1.78
Subnet mask: 255.255.255.0
3. Set SW6-1 in the user DIP switch (SW6) to the OFF position.

Note: If the IP address used for host PC A or host is changed, the defined data values in the sample program must also
be changed to values that allow communication with the change | P addresses. (See figure 2 in section 4.2.)
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3. Sample Program Operational Overview
This section describes the use of the sample program.

Before performing the following operations, verify that the SH7216 CPU board switches are set to single chip mode.
(See section 1.)

3.1 Usage Procedure
Perform the following connections and turn on the SH7216 CPU board power.

e Connect the E10A to SH7216 CPU board A and E10A to SH7216 CPU board B, respectively.

e Connect RCAN ports of the SH7216 CPU board A and B with the twisted pair cable.

e Connect Telnet communication terminal host PC A to SH7216 CPU board A and Telnet communication terminal

host PC B to SH7216 CPU board B with Ethernet cables, respectively.

e Set SW6-1inthe SH7216 CPU board user DIP switch (SW6) on the two SH7216 CPU boards as follows.
SH7216 CPU board A: ON
SH7216 CPU board B: OFF

e Turn on the power and start up the SH7216 CPU boards in the order board B and then board A.

(1) Start up the general-purpose communication software on host PC A and host PC B and set the | P addresses as
follows. Telnet is used as the application.
Host PC A: 192.168.1.75
Host PC B: 192.168.1.76

(2) Set the general -purpose communication software to CR for reception and CR+LF for transmission, and enable the
local echo function.

(3) If text entered on the host PC A Telnet terminal is echoed back on the host PC B Telnet terminal, then the text data
transfers from Ethernet to RCAN, from RCAN to RCAN, and from RCAN to Ethernet are operating correctly.
Similarly, text data entered at the host PC B Telnet terminal can be verified on the host PC A Telnet terminal.

For text files up to 256 bytes, data can be transferred by specifying the file name in the file selection dialog. A user
application must handle the control to send files larger than 256 bytes.

Note: While operation for files up to 256 bytes has been verified, this operation is not guaranteed.

3.2 Disconnecting and Reconnecting Cables

3.21 Disconnecting and Reconnecting Ethernet Cables

If an Ethernet cable is disconnected, the Telnet communication terminal on the host PC will exit automatically. Text
data entered at the Telnet terminal on the other host PC will be discarded in the program.

If the Ethernet cable is reconnected, perform the following operations on the host PC where the cable was reconnected.

1. Restart the general-purpose communication software on the host PC that was reconnected and perform the
operations in steps (1) and (2) in section 3.1. Then open the Telnet terminal.

After the above operations have been performed, text data transfer operations between host PC A and host PC B will be
possible again.
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4. Sample Program Specifications
This section presents the specifications of the SH7216 sample program used in this application note.

4.1 Functions

1.

Ethernet to RCAN text data transfer

Ethernet reception

— Ethernet datais received from the host PC using notification by interrupt.
— Dataiscopied to an RCAN transmit buffer.

RCAN to RCAN text data transfer

RCAN transmission

— The RCAN transmit buffer is polled to determine whether or not there is RCAN transmit data.
— If thereis data present in the RCAN transmit buffer, data is transmitted using a transmit mailbox.
RCAN reception

— Dataisreceived in areceive mailbox using notification by interrupt.

— Thedatais stored in an Ethernet transmit buffer.

RCAN to Ethernet text data transfer

Ethernet transmission

— The Ethernet transmit buffer is polled to determine whether or not there is Ethernet transmit data.

— If there is data present in the Ethernet transmit buffer, datais transmitted to the host PC using TCP/IP
communication.

Ethernet cable disconnection and reconnection

Disconnection and reconnection

— Disconnection is detected by interrupt and changes in the Ethernet link signal (link up/down) are reflected in the
link signal change flag.

— Thelink signal change flag is polled and whether or not there was an Ethernet link signal change, and whether
the state islink up or link down, is verified.

Link down state

— TheulP timer is stopped and the Ethernet device disabled.

— After the Ethernet device has been disabled, all RCAN receive data s discarded.

Link up state

— The ulP timer, Ethernet driver, and ul P (TCP/IP protocol stack) areinitialized.

— After Telnet connection, the Ethernet device is enabled.

— After the Ethernet has been enabled, Ethernet/RCAN data transfers are enabled.
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4.2 SH7216 Sample Program

This sample SH7216 program consist of the main process, a TCP/IP protocol stack, an Ethernet driver, atimer driver,
and an RCAN driver.

This sample program uses 192.168.1.75 and 192.168.1.76 as fixed Telnet connection | P addresses.

Note: If these |P addressesis changed, the defined data (ipAddrDatal and ipAddrData?) values in the sample program
(shown in figure 2) must also be changed.

(main.c)

/* network data for Ethernet */

static struct uip_eth_addr mac_addr ;

I* target Nol */

static struct uip_eth_addr mac_addrl = {0x00,0x01,0x02,0x03,0x04,0x05} ;
static uchar8_t ipAddrDatal[4] = {192,168,1,75} ;

[* target No2 *

static struct uip_eth_addr mac_addr2 = {0x00,0x01,0x02,0x03,0x04,0x06} ;
static uchar8_t ipAddrData2[4] = {192,168,1,76} ;

static uchar8_t netMaskData[4] = {255,255,255,0} ;

Figure 2 IP Address Definitions

Figure 3 shows the structure of this SH7216 sample program. The arrows in the figure show the direction of control.

SH7216 sample program

Main process

v

TCP/IP protocol stack
(ulP)

A
Ethernet driver Timer driver RCAN driver

SH7216

EtherC E-DMAC CMT RCAN-ET

Figure 3 SH7216 Sample Program Structure
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4.2.1 Main Process
The main process uses polling to perform the following processing.

e Checking the RCAN connection

e Checking to detect changesin the link signal to insertion/removal of the Ethernet cable.
e Checking for Ethernet frame reception

e Checking for ulP timer timeouts

e Checking for Ethernet data reception

Table 2 lists the flags used for poling control, data send/receive control, and device detection control.

Table 2 Control Flags

No. Flag Description

1 EtherDevEnableFlag Indicates the presence/absence of an Ethernet device

2 EtherinEnableFlag Controls Ethernet reception

3 EtherLinkChgFlag Indicates whether or not the link signal changed and the link up/link down

information when the link signal is present

RcanDevEnableFlag Indicates the enabled/disabled state of the RCAN device

EtherOutEnableFlag Controls the transfer of text data from RCAN to Ethernet

RcanOutEnableFlag Controls the transfer of text data from Ethernet to RCAN

~N|lojo| b~

targetSw Indicates the state of the user DIP switch (SW6-1)

The Telnet | P address and the RCAN send/receive mailboxes (MBO to MB3) are controlled by the on/off state of the
user DIP switch (SW6-1) aslisted in table 3.

Table 3 User DIP Switch (SW6-1) On/Off Specifications

SW6-1
No. Item On Off Description
1 IP address 192.168.1.75 192.168.1.76 Telnet connection IP address
2 Mailbox 0 1D 0x100 0x101 Control command reception
3 Mailbox 1 ID 0x101 0x100 Control command transmission
4 Mailbox 2 1D 0x120 0x121 Data reception
5 Mailbox 3 ID 0x121 0x120 Data transmission

Note: This SH7216 sample program determines the on/off state of the user DIP switch and sets the Telnet
connection UP address and RCAN send/receive mailbox IDs accordingly.

Table 4 lists the control commands used for RCAN transmission and reception.

Table 4 RCAN Transmission and Reception Control Commands

No. Command Value Description

1 ACK 0x06 Data receive acknowledge command

2 NAK 0x15 Data receive negative acknowledge command

3 Start 0x12 RCAN start request command

4 Reply 0x14 RCAN start response command

5 X-ON 0x11 Software flow control (transmit start request)

6 X-OFF 0x13 Software flow control (transmit stop request)
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Figures 4 to 8 show the flowcharts for the main process.

Check RCAN connection
RcanOpen()

‘ See figure 34.

Initialize timer
timer_init()

Set timer
timer_set()

A 4

|
| - See figure 13.

Open Ethernet driver
R_Ether_Open()

Did Ethernet driver
open succeed?

Yes Functions of the form uip_xxx() are
TCP/IP protocol stack (ulP) functions.

Initialize ulP
uip_init()

Set up ulP operating environment
MAC address
IP address
Subnet mask

\ Functions of this form are TCP/IP protocol
stack (ulP) Telnet control functions.

Initialize Telnet demon
telnetd_init()

Figure 4 Main Process Flowcharts (1/5)
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)

timer_init()

Set timer
timer_set()

Open Ethernet driver
R_Ether_Open()

No - ;
Did Ethernet driver

open succeed?

Initialize ulP
uip_init()

Initialize Telnet demon
telnetd_init()

‘A

Did Ethernet link No
signal change?
See figure 34.
N
Ether link up? °
Initialize timer Stop the timer

timer_stop()

Disable Ethernet device

See figure 13.

"

Clear Ethernet link signal change flag

‘A

See figure 35.

Figure 5 Main Process Flowcharts (2/5)
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See figure 14.

No
» 3

Receive Ethernet frame
R_Ether_Read()

Is there a reception?
uip_len >0

No
Has a TCP packet arrived?
) No
Has a ARP packet arrived?
uip_arp_ipin()
uip_arp_arpin()
uip_input()
. No
No Is there transmit data?

Is there transmit data?
uip_len >0

uip_len >0

Yes
Yes

Transmit a frame
uip_arp_out() R_Ether_Write()

Transmit a frame
R_Ether_Write()

See figure 15.

hl

©

Figure 6 Main Process Flowcharts (3/5)
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periodic_timer
Periodic timer timeout?

Ethernet device enabled?

Reset the time
timer_reset()

i <UIP_CONNS?

Yes

uip_periodic(i)

Yes

uip_arp_out()

Transmit a frame
R_Ether_Write()

‘A

No
No
No
arp_timer
Periodic timer timeout?
No

"

i ++

Reset the time
timer_reset()

uip_arp_timer()

P

4

- See figure 15.

Figure 7 Main Process Flowcharts (4/5)
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Is RCAN transmission
enabled and is there Ethernet
receive data?

No

See figure 18.

Handle RCAN transmission
ActRcanOut()

‘A
«

No
Ethernet device disabled?

See figure 11.

Perform dummy read of
RCAN receive data
ActEtherOut()

Figure 8 Main Process Flowcharts (5/5)
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4.2.2 TCP/IP Protocol Stack
This application note uses ul P 1.0, which is open-source software, as the TCP/IP protocol stack.

The ulP program is a TCP/IP protocol stack that was developed by Adam Dunkels of SICS for 8 and 16-bit
microcontrollers.

This application note uses Telnet as a TCP/IP application running on ul P.
Note: SICS: Swedish I nstitute of Computer Science

Figures 9 and 10 show the flowcharts for the Telnet application.

telnetd_appcall

Is uip_flags
UIP_CONNECTED?

Initialize connection information

‘ ‘ shell_start() ‘ ‘

Set the Ethernet device to enabled
SET_ETHER_DEV_ENABLE

‘A
«

Is the Telnet state
STATE_CLOSE?

Set the Telnet state to
STATE_NORMAL

uip_close()

P

O

Figure 9 Telnet Application (telnetd_appcal) Flowchart (1/2)
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Is uip_flags either UIP_CLOSE,
UIP_ABORT, or UIP_TIMEDOUT?

closed()

Set the Ethernet device to disabled
SET_ETHER_DEV_DISABLE

>

Is uip_flags No
UIP_ACKDATA?

Yes

acked()

Is uip_flags No
UIP_NEWDATA?

Yes

newdata()

>

Is uip_flags either UIP_REXMIT, No
UIP_NEWDATA, UIP_ACKDATA,
UIP_CONNECTED, or UIP_POLL?

Yes

Output RCAN receive data as Ethernet
transmit buffer
ActEtherOut()

senddata()

hl

return

See figure 11.

Figure 10 Telnet Application (telnetd_appcal) Flowchart (2/2)
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4.2.3 Ethernet Driver

The Ethernet driver provides the Ethernet frame send/receive functionality that uses the SH7216 Ethernet controller
(EtherC) and Ethernet controller direct memory access controller (E-DMAC).

The SH7216 provides a dedicated DMAC (E-DMAC) for use by the Ethernet controller so that Ethernet frames can be
transmitted and received efficiently. The E-EDMAC can be controlled easily using descriptors generated in memory.

Table5 lists the Ethernet driver related functions.

Table 5 Ethernet Driver Functions

No. Function Description

1 ActEtherOut RCAN receive buffer to Ethernet transmission processing
2 ActEtherin Ethernet to RCAN transmit buffer storage

3 R_Ether_Open EtherC, E-DMAC, and PHY initialization

4 R_Ether_Read Ethernet frame reception

5 R_Ether_Write Ethernet frame transmission

6 lan_isr EtherC and E-DMAC interrupt handling

Note: Functions of the form R_xxx_xxx are Ethernet driver public functions.
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Figures 11 to 16 show the flowcharts for these functions.

ActEtherOut

count=0

Is there data in the ETHER_SEND
ring buffer?

Yes

Acquire data (1 byte) from the
ETHER_SEND ring buffer and save
it in a buffer

Update ETHER_SEND ring
buffer pointer

Telnet buffer size exceeded?
Count > TELNETD_CONF_LINELEN?

Store null character as buffer
terminator

No
Ethernet device enabled?

Output the Telnet buffer
shell_output()

count=0

No

Is there data in the Telnet buffer?
count > 0?

Store null character as buffer
terminator

Ethernet device enabled?

Output the Telnet buffer
shell_output()

‘A

No

RCAN reception disabled?

Calculate ETHER_SEND ring buffer
remaining capacity (blankCnt)

Is there capacity remaining?
blankCnt > RCAN_MB_MAX_DATA_L

Set RCAN reception to enabled
SET_ETHER_OUT_ENABLE

hl

Transmit RCAN control command
IRCAN_XON_CMDI
ActRcanCtrlSend()

return

- See figure 19.

Figure 11 ActEtherOut() Flowchart
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ActEtherin

No

RCAN device enabled?

Store Ethernet receive data
(1 byte) in the RCAN_ET_SEND
ring buffer

Calculate RCAN_ET_SEND ring
buffer remaining capacity
(blankCnt)

blankCnt < RCAN_MB_MAX_DATA L

No capacity remaining? No

Discard 1 byte of Ethernet
receive data

Disable Ethernet reception
SET_ETHER_IN_DISABLE

‘ d

&

return

Figure 12 ActEtherin() Flowchart

R_Ether_Open

Reset the E-DMAC switch
lan_reg_reset()

Initialize transmission and
reception descriptors
lan_desc_create()

Perform automatic negotiation
phy_autonego()

Perform automatic No

negotiation?

Yes

Set E-DMAC and Ethernet
controller registers
lan_reg_set()

< return(R_ETHER_OK) >

y
Gturn(R_ETHER_ERRo@

Figure 13 R_Ether_Open() Flowchart
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R_Ether_Read

Has no receive
interrupt occurred?

c_recv<0
No

Disable E-DMAC receive

interrupts

Update receive interrupt counter

--C_recv

Clear E-DMAC receive interrupt

disabled state

Have no receive frame errors

occurred?

Copy receive data buffer and
set receive data length

‘A

Yes

No

C’eturn(receive data Iength)>

Clear the receive frame status

|«

Enable reception descriptor

RACT =1

Is the receive request bit off?

RR: 0

Set the receive request bit on

RR=1

‘A

|«

Update the reception descriptor

pointer

<return(receive data Iength)>

Figure 14 R_Ether_Read() Flowchart
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R_Ether_Write

Transmission in progress?
TACT: 1

Set the transmit flag on
f_send =1

Set up a transmission descriptor

Enable transmission
TACT =1

>

Ll

Yes

Has transmission completed?
f_send: 0

Wait for 1 ms

Transmission in progress? No

TACT: 1

»

A

Update the transmission
descriptor pointer

Has 400 ms elapsed?

Ceturn(R_ETHER_ERRORD < return(R_ETHER_OK) >

Figure 15 R_Ether_Write() Flowchart
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Read E-DMAC status register and clear
the status

Has transmission completed?

Set the transmit flag off
f send=0

‘A
hl

Frame reception?

Update receive interrupt counter
C_recv++

‘A
hl

EtherC interrupt?

Read EtherC status register and
clear the status

‘A
hl

I ) No
Link signal detected?

Set Ethernet link signal changed flag
toon

Read PHY block status register

Is LNKSTA pin state bit on? No

LMON

Set the Ethernet link signal change flag Set the Ethernet link signal change
to the link down state flag to the link up state

return

Figure 16 lan_isr() Flowchart
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4.2.4 RCAN Driver

The RCAN driver is agroup of functions that provide mailbox transfer processing using the SH7216 control area

network (RCAN-ET) module.
Table 6 liststhe RCAN driver functions.

Table 6 RCAN Driver Functions

No. Function Description

1 RcanOpen RCAN initial connection processing

2 ActRcanOut RCAN transmission processing

3 ActRcanCtrlSend RCAN control command transmission processing
4 ActRcanCtrIRecv RCAN control command reception processing
5 ActRcanRecv RCAN reception processing

6 R_CAN_Initial* RCAN initialization

7 R_CAN_SetBitrate* RCAN communication speed settings

8 R_CAN_SetMask* RCAN mailbox mask settings

9 R_CAN_EnablePort* RCAN port enable settings

10 R_CAN_SetTxStdld RCAN transmit mailbox ID setting

11 R_CAN_SetTxStdData* RCAN transmission processing

12 R_CAN_CheckTxStdData* RCAN transmission checking

13 R_CAN_CheckTxComplete RCAN transmit compete checking

14 R_CAN_SetRxStdData* RCAN receive mailbox ID setting

15 INT_RCANETO _RMO1 0O RCAN interrupt handling

16  CanConfiginterrupts RCAN interrupt setup

Note: The R_xxx_xxx marked with an asterisk are RCAN driver public functions.

Figures 17 to 33 show the flowcharts for these functions.

Is user DIP switch SW6-1 on?

No

See figure 19.
Transmit RCAN control commands
(RCAN_START_CMD)
ActRcanCtrlSend()

L‘A

RCAN device enabled?
RcanDevEnableFlag: TRUE

Yes

Figure 17 RcanOpen() Flowchart

RO1ANO562EJ0110 Rev.1.10
May 18, 2011 XENESAS

Page 23 of 40




SH7216 Group Protocol Conversion Between Ethernet and RCAN Sample Program

RCAN device enabled?
RcanDevEnableFlag: TRUE

No

- See figure 30.

Check for RCAN transmission
completed

R_CAN_CheckTxComplete() No

Is there RCAN transmit data?

Transmit complete check
OK? Discard Ethernet receive data and
update RCAN_ET_SEND ring buffer

read pointer

Check RCAN transmission
R_CAN_CheckTxStdData()

Calculated the transmit byte count
(sendDataCnt)

See figure 29.

Is there transmit data?
sendDataCnt > 0

Set RCAN transmit information

| . See figure 28.
Perform an RCAN transmission
(data)
R_CAN_SetTxStdData()

‘ - See figure 29.

Check RCAN transmission
R_CAN_CheckTxStdData()

Disable RCAN transmission
SET_RCAN_OUT_DISABLE

‘A
hl

return

Figure 18 ActRcanOut() Flowchart
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ActRcanCtrlSend

Set up RCAN transmit information
id: rcanMB1_sendID
dic: 1
dataPtr: ctriCmdBuf

RCAN transmission (control commands)
R_CAN_SetTxStdData()

Check RCAN transmission
R_CAN_CheckTxStdData()

No

Transmission check OK?

Yes

return

See figure 28.

See figure 29.

Figure 19 ActRcanCtrISend() Flowchart
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ActRcanCtrIRecv

Convert mailbox number to mailbox bits

(mbx_nr — mbx_bit)

Extract mailbox reception information

MB_ID: id
Data length: dic

Extract control command

Branch on control command

ctriCmdBuf[0]

RCAN_START_CMD

Transmit RCAN control command

(RCAN_REPLY_CMD)
ActRcanCtrISend()

RCAN_REPLY_CMD

RCAN device disabled?
RcanDevEnableFlag: FALSE

Enable RCAN device
SET_RCAN_DEV_ENABLE
\

Enable RCAN transmission
SET_RCAN_OUT_ENABLE

. See figure 19.

RCAN_ACK_CMD

RCAN device disabled?
RcanDevEnableFlag: FALSE

Enable RCAN device
SET_RCAN_DEV_ENABLE
\

Enable RCAN transmission
SET_RCAN_OUT_ENABLE

Enable RCAN transmission
SET_RCAN_OUT_ENABLE

RCAN_NAK_CMD

A 4

O

9

Figure 20 ActRcanCtrIRecv() Flowchart (1/2)
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) ()

RCAN_XOFF_CMD

Update RCAN_ET_SEND ring
buffer pointer
ModifyRcanBufPtr()

Disable RCAN transmission
SET_RCAN_OUT_DISABLE

\

Transmit RCAN control command
(RCAN_NAK_CMD)
ActRcanCtrISend()

| >

Was there an overwrite
or overrun?

Clear the corresponding bits
(UMSRO0)

>
«

return

See figure 19.

Figure 21 ActRcanCtrIRecv() Flowchart (2/2)
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Convert mailbox number to mailbox bits
(mbx_nr — mbx_bit)

Extract mailbox reception information
MB_ID: id
Data length: dic

Extract RCAN receive data and store in
ETHER_SEND ring buffer

Was there an overwrite
or overrun?

Clear the corresponding bits
(UMSRO)

‘A
“

Determine ETHER_SEND ring buffer
remaining capacity (blankCnt)

No remaining capacity?
blankCnt < RCAN_MB_MAX_DATA L

No

See figure 19.
Disable RCAN reception

SET_ETHER_OUT_DISABLE ~ Seefigure 19.

‘ Transmit RCAN control command

Transmit RCAN control command (RCAN_ACK_CMD)
(RCAN_XOFF_CMD) ActRcanCtriSend()
ActRcanCtrISend()

>
«

return

Figure 22 ActRcanRecv() Flowchart
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R_CAN_Initial

Set standby control register 6
(RCAN-ET operation)
STB.CR6.BIT._RCAN: 0

Set the master control register
(ID reordering)
MCR: 0x8000

Set the master control register
(Reset)
MCR: 0x0001

»|
»

Reset state transition wait
Reset state reached?

RESET_HALT_MODE_CHECK

Set the master control register
(ID reordering)
MCR: W_MCR15_ON

Initialize mailboxes
(MBO to MB15)

\ - See figure 25.

Set RCAN mailbox mask
R_CAN_SetMask()

Set up RCAN interrupts
CanConfigInterrupts()

Set RCAN communication speed
R_CAN_SetBitrate()

Set the master control register
(Clear reset request)
MCR&W_RESET_REQ_CLR

»

Reset state clear wait
Reset state cleared?

See figure 26.

Enable RCAN ports
R_CAN_EnablePort()

return

‘ See figure 33.

‘ See figure 24.

Figure 23 R_CAN_Initial() Flowchart
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R_CAN_SetBitrate

Set bit configuration registers 0 and 1
Bit rate: 1 Mbps
BCR1: 0xF700
BCRO: 0x0000

¢

Figure 24 R_CAN_SetBitrate() Flowchart

R_CAN_SetMask

Initialize local acceptance filter mask
register (LAFM)
MBO to MB15

return

Figure 25 R_CAN_SetMask() Flowchart

R_CAN_EnablePort

Set port A control register L1
PACRL1.BIT.PAOMD: 0x05
(CRxO0: input (RCAN-ET))

Set the port A I/O register
PAIORL.BIT.BO: 0

Set port A control register L1
PACRL1.BIT.PATMD: 0x05
(CRx0: output (RCAN-ET))

Set the port A I/O register
PAIORL.BIT.BO: 1

return

Figure 26 R_CAN_EnablePort() Flowchart
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R_CAN_SetTxStdId

Set the master control register
(Halt request)
MCR|W_HALT_REQ

»l

Halt state transition wait
Halt state reached?

RESET_HALT_MODE_CHECK

\

Set the corresponding transmit mailbox
information
CTRLO.BIT.STDID: sid
CTRL1.BIT.MBC: 0

Set the master control register
(Halt clear)
MCR&W_HALT_REQ_CLR

>

g

Halt state clear wait
Halt state cleared?

‘ RESET_HALT_MODE_CHECK ‘

return

Figure 27 R_CAN_SetTxStdld() Flowchart
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R_CAN_SetTxStdData

Convert mailbox number to mailbox bits
(mbx_n — mbx_bit)
\
Set mailbox transmit information
CTRLO.BIT.STDID: id
CTRL1.BIT.DLC: dlc
\
Set mailbox transmit data and update
RCAN_ET_SEND ring buffer read
pointer

Clear transmit acknowledge register 0
(TXACKO)

Set transmit wait registers 0 and 1
(TXPR10)
TXPR10|mbx_bit

Figure 28 R_CAN_SetTxStdData() Flowchart

G_CAN_CheckaStd DateD

result: CAN_EMPTY

Convert mailbox number to
mailbox bits
(mbx_nr — mbx_bit)

Is corresponding No
mailbox transmit ACK bit on?

(TXACKO)

result: CAN_DATA

Clear corresponding mailbox
transmit ACK bit
(TXACKO)

‘A
«

return(result)

Figure 29 R_CAN_CheckTxStdData() Flowchart
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6_0AN_CheckaComple§

result: CAN_DATA

I
Convert mailbox number to
mailbox bits
(mbx_nr — mbx_bit)

Is corresponding mailbox
bit in transmit wait register off?
(TXPR1, TXPRO)

result: CAN_EMPTY

‘A
hl

return(result)

Figure 30 R_CAN_CheckTxComplete() Flowchart
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R_CAN_SetRxStdData

Convert mailbox number to mailbox bits
(mbx_nr — mbx_bit)

Set the master control register
(Halt request)
MCR|W_HALT_REQ

No

Halt state transition wait
Halt state reached?

Yes

RESET_HALT_MODE_CHECK

Set the corresponding receive mailbox
information
CTRLO.BIT.STDID: sid
CTRL1.BIT.MBC: 0x02

Set the mailbox interrupt mask register
MBIMRO&~mbx_bit

Set the master control register
(Halt clear)
MCR&W_HALT_REQ_CLR

No

Halt state clear wait
Halt state cleared?

Yes

RESET_HALT_MODE_CHECK

return

Figure 31 R_CAN_SetRxStdData() Flowchart
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@T_RCANETO_RMOl_D

Read the data frame reception
complete register
(RXPRO)

Clear the data frame reception
complete interrupt (RXPRO)

Control command received?
(MBO)

Handle RCAN control command
reception
ActRcanCtrIRecv()

>
«

Data received?
(MB2)

See figure 22.

Handle RCAN reception
ActRcanRecv()

>
«

Update receive interrupt counter
nr_can_rm_irgs++

return

See figures 20 and 21.

Figure 32 INT_RCANETO_RMO01_0() Flowchart
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CanConfigInterrupts

Set the interrupt request register
(Clear reset, halt, and sleep states)
IRR: W_IRR0OO_ON

Set the interrupt mask register
(Enable RCAN reception)
IMR&W_IMRO1_UNMASKED

Set interrupt priority register 18
(RCAN interrupt priority level)
IPR18|0x0800

Set the mailbox interrupt mask register
(Enable interrupts MBO to MB15)
MBIMRO: 0x0000

return

Figure 33 CanConfiginterrupts() Flowchart
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425 Timer Driver

The timer driver isagroup of functions that provide periodic control processing using the SH7216 compare match timer

(CMT).

The timer driver is used as the ul P timer.

Table 7 lists the timer driver functions.

Table 7 Tmer Driver Functions

No. Function

Description

1 timer_init CMTO initialization and startup processing
2 timer_stop CMTO stop processing

3 clock_time CMTO counter value acquisition

4 int_cmtO _isr CMTO interrupt handling

Figures 34 to 37 show the flowcharts for these functions.

timer_init

Initialize CMTO

Start CMTO

Set up the CMTO interrupts

return

y

Figure 34 timer_init() Flowchart

timer_stop

U

Stop CMTO

Disable CMTO interrupts

return

'y

Figure 35 timer_stop() Flowchart
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C clock_time >
Cetu rn(timer_clock_ticksD

Figure 36 clock_time() Flowchart

Is the compare match flag 1?

Clear compare match flag (CMF)

hl

Update timer clock counter
timer_clock_ticks++

Figure 37 int_cmtO_isr() Flowchart

4.2.6 Section Settings
Table 8 lists information on the sections of the SH7216 sample program.

Table 8 SH7216 Sample Program Section Information

No. Address Section Name Description
1 0x00000000 DVECTTBL Vector table
2 0x00000400 P Program area
3 P_CH_CPG CPG setting program area
4 C Constant area
5 D Initialized data area
6 OxFFF80000 B Uninitialized data area
7 R Initialized data area (for RAM allocation)
8 0xFFF85000 R_CH_CPG CPG setting program area (for RAM allocation)
9 OxFFF88000 BETH_BUFF Ethernet buffer area
10 OxFFF8CO000 BETH_DESC Ethernet descriptor area
11  OxFFF8FCO00 S Stack area

Note: The item 7 and item 8 Ethernet driver areas must be aligned with 32-byte boundaries.
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5. Reference Documents

e Software Manual
SH2A/SH2A-FPU Software Manual (REJ09B0051)
(The latest version can be downloaded from the Renesas Electronics Web site.)

e Hardware Manual
SH7216 Group Hardware Manual (REJO9B0543)
(The latest version can be downloaded from the Renesas Electronics Web site.)

¢ UlP 1.0 Reference Manual
The ulP Embedded TCP/IP Stack: The ulP 1.0 Reference Manual (June 2006)
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Website and Support

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

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

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord 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.

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.

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 LSI is not guaranteed if they are accessed.

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.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.
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5. When exporting the 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
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redundancy, fire control and malfunction p ), for aging ion or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
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o
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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.
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