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The Ethernet Driver is used as a low level driver for FM Family microcontrollers, such as FM3 and FM4 devices. It
can be used stand-alone or in conjunction with Cypress’s PDL (Peripheral Drivers Library).
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1 Introduction

The Ethernet Driver is used as a low level driver for FM Family microcontrollers, such as FM3 and FM4 devices. It
can be used stand-alone or in conjunction with Cypress’s PDL (Peripheral Drivers Library).

2 Ethernet Driver Structure

This Chapter Explains the Structure of the Ethernet Driver

2.1 Driver File System
The Ethernet driver consists of the following files in its emac directory:

emac.c Ethernet user API

emac.h Ethernet API header file

emac_user.h Ethernet driver user setting file

emac_user.c User provided callback function for specific PHY
EmacDescription.h More detailed changelog of Ethernet driver, documentation only
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2.2 Example Files (stand-alone version)
To give an example how to use the Ethernet driver, the software package also contains some files to operate the
evaluation board besides the main.c module.

Files in library directory =~ Hardware drivers

scheduler.c, Simple scheduler for cyclic functions

scheduler.h Scheduler header file

stacklessudp.c Function to create UDP packets without a full-featured TCP/IP stack to send data in a
local network for demo purposes.

stacklessudp.h UDP function header

tasks.c Tasks to be run by scheduler

tasks.h Task prototypes

2.3 Driver System
The following graphic illustrates the Ethernet driver for a single instance.

Figure 1. Resource Driver Structure Example
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2.4 Interrupt Flow

The following flow shows how interrupts are handled in the L3:

Figure 2. Interrupt and Callback Flow Diagram
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3 Using the Ethernet Driver

How to Set-Up the Ethernet Driver

3.1 User Settings in emac_user.h

The file emac_user.h allows the user to configure the Ethernet driver at compile time. Later configurations on runtime
can be done by the API configuration, which is described in chapter 4.2.

3.1.1 PDL integration
The Ethernet driver may be used with or without PDL (Peripheral Drivers Library) provided by Cypress. Because the
driver is configured using symbols such as PDL_ON and PDL_OFF, those symbols must be defined if the driver shall
be used stand-alone. This is done with the first option:

/**

KK AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR AR A A A A A A AR AR A A AN A A A A A A A A A A A A ARk k K

** \brief Should Cypress Peripheral Drivers Library be used or not
* %

** Possible definitions are 1 or 0
* %

** 0: Use driver stand-alone

** 1: Use driver together with PDL

* *
******************************************************************************/

#define EMAC USE_ PDL 0

3.1.2 Ethernet Instance Activation
If dual Ethernet is supported by the FM Family microcontroller, the instances can be activated individually by using
the PDL_ON symbol.

/**

KA AR AR A A A A A A A A A A A A A A A A AR A A A A AR AR A AR A A A AR AR A AR A AR AR A A A A AR AR A AR A Ak Ak A Ak kA A Ak k k%

** \brief User Defines for EMAC resource enable
* *

** Possible definitions are PDL ON and PDL OFF.
*******************************I**********:***********************************/
#define PDL PERIPHERAL ENABLE EMACO PDL_ON

#define PDL_PERIPHERAL_ENABLE_EMACI PDL_ON
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3.1.3

3.1.4

3.1.5

3.1.6

Ethernet Instance Interrupt Mode

If using Ethernet IRQ support, the instances should be activated by using the PDL ON symbol. In that case,
ETHER MACx IRQHandler () is called when interrupt causes occurred.

/**

KK AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR AR A A A A A A IR AR A I A AN A A A A A A A AR AR ARk k K

** \brief Activate IRQ support for Ethernet driver
* %

** Possible definitions are PDL ON and PDL OFF.
* %

******************************************************************************/

#define EMAC INTERRUPT MODE PDL OFF

Ethernet Instance Interrupt Levels
The interrupt level for each instance can be set individually.

/**

KK AR A AR A A R A A AR A A A A R A A A A A A A A AR A AR AR A AR AR A AR A AR AR A AR AR A AR AR A AR AR A AR A AR AR A AR ARk kK )

** \brief User Emac Interrupt level settings
* x

** Possible values are 0 (high priority) to 15 (low priority)
******************************************************************************/
#define PDL IRQ LEVEL EMACO 2

#define PDL_IRQ LEVEL EMACL 4

Buffer Location (EMACO as example)

The user can select whether to use driver internal buffers or provide pointers to own buffers. If set to PDL_ON buffers
are created in the driver's memory space.

/**

KK AR R AR A A R A A A A A A A AR A A A A A A A A A A A A A AR A A A AR A AR A AR AR A AR A A A AR AR A IR AR AR A AR A AR AR A ARk kK

** \brief EMACO User/Driver Buffer location

* %

** PDL ON: Driver buffer are used

** PDL OFF: User has to provide buffer memory
******************************************************************************/

#define EMACO BUFFERS IN DRIVERSPACE PDL_ON

Transmission/Reception Ring Size (EMACO as example)

Inbound and outbound Ethernet frames are stored in ring buffers. This definition determines the number of elements
the ring buffers encompass, for transmission and reception direction each.

/**

KAk kA hk kA Ak kA kA Ak Ak hhkhk kA hk kA hhkhhk Ak hhkhk kA hkhk Ak hhkhhkhkhkhhkhk kA hkhk Ak hhkrhkhkhkhhkhkhk A hkhkrhkkhkrkkkxkhxkx*

*

** \brief EMACO Transmission/Reception Ring size

Ak kA hk kA Ak kA Ak Ak Ak hhkhk kA hk kA hhkhhk Ak hhkhk kA hkhk Ak hhkhhkhkhkhhkhk kA hkk Ak hhkrhkhkhkhhkhkhkdAhkkrhkhkrkhkkkxkhkxkx*

*/
#define EMACO TX RING SIZE 2
#define EMACO RX RING SIZE 4
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3.1.7 Transmission/Reception Buffer Size (EMACO as example)
The size of each transmission and reception buffer can be set here. This definition determines the maximum size of
an Ethernet frame that can be handled. Note that it must be a multiple of 4 and the default value should be suitable
for most applications.

/**

A Ak kA hhk Ak Ak kA hkhk Ak kA hkh kA hhk Ak kA hkhkrhkhkhkh bk hkhk Ak hkhkhkhkrhkhkhkhhkhkhkrhhkrhhkrhkhkhkhhkhkhkrhkkhkhkrxkhkxkkx

** \brief EMACO Transmission/Reception Buffer size

* %

** Only used if EMACO BUFFERS IN DRIVERSPACE == PDL_ON

** Must be multiple of 4, 13 Bit value, page 159
******************‘k*‘k*‘k*‘k*‘k*‘k*‘k*********************‘k*************************/
#define EMACO TX BUF_SIZE 1536

#define EMACO RX BUF_SIZE 1536

3.1.8 Buffer Settings for EMAC1
The buffer location and Tx/Rx ring and buffer sizes can also be adjusted by defines for EMACL.

3.1.9 Starter kit setting

For convenience when using a Fujitsu/Spansion/Cypress starter kit, it can be defined here. The correct, board
dependent PHY address is selected automatically then.

/**

KK A AR AR A A R AR A A A A A R A AR A A A A A A AR A AR AR A AR AR A AR A AR AR A AR AR A AR AR A AR AR A AR A AR AR A AR A ARk Kk

** \brief Support for Cypress starter kits

* x

** Activate board specific settings by defining exactly one of these symbols:
* *

** SK FM3 176PMC ETHERNET from Fujitsu Semiconductor Europe:

** STARTERKIT SK FM3 176PMC_ETHERNET

* Kk

** If version 1.0 is used, please use additionally:

** SK_FM3 176PMC_ETHERNET BOARDVERSIONL10

* %

** FSSDC-9B618-EVB from Fujitsu Semiconductor Limited Asia:

** STARTERKIT FSSDC9B618EVB

* %
********k*k**********k*k**************k*k**********k*k********************************/

#define STARTERKIT SK FM3 176PMC_ETHERNET
//#define SK_FM3 176PMC_ETHERNET BOARDVERSION10
//#define STARTERKIT FSSDCYB618EVB

//#define STARTERKIT SK FM4 216 ETHERNET
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3.1.10 Addresses of external PHYs

Every MII/RMII compliant Ethernet PHY has a hardware address that usually can be set using pull-up or pull-down
resistors. This hard-wired address of the used external PHYs for each instance can be adjusted as follows. This
setting varies according to the used board.

Please note that EMAC1_PHY_ADDRESS must be defined even though the microcontroller contains only a single
Ethernet MAC. The value must exist but has no effect in this case.

/**

Ak Ak hkhkhhkh kA hhkhkhhkrhhkhkhkhkhhkhkhhkhhhkrhkhkhkh bk h kA hhkhkhhkrhkhkhhhkhhkrhkrkhhkrkhkhkhhkhkkhkrhkrxhkhkxkhkkxxkx

** \brief Addresses of the used external PHYs
******************************************************************************/
#define EMACO_ PHY ADDRESS 0

#define EMAC1 PHY ADDRESS 1

3.1.11 EMACO and EMAC1 MAC Address

The MAC address or hardware address can be set for each instance. Please note that since driver version 1.4 this
definition is only for convenience in the demo and the actual address configuration is performed at runtime.

/**

Ak Ak kA hhk Ak Ak kA hkhk Ak kA Ak h Ak hk Ak kA hkhkrhkhkhkh bk hk kA hhkhkhkhkrhkhkhkhhkhhkrhhkhkhhkrhkhkhkhhkhkhkrhkkhkhkxkhkxkkx

** \brief EMACO MAC address
******************************************************************************/
#define EMACO MAC ADDRESSO 0x00

#define EMACOiMAciADDRESSl 0x01

#define EMACO MAC ADDRESS2 0x01

#define EMACOiMAciADDRESS3 0x66

#define EMACO MAC ADDRESS4 0x73

#define EMACOiMAciADDRESSS 0x42

/**

hhkrhhkhkhhkhhkhkhhkhkhhkrhkhkhkh bk h kA hhkhhhkrhkhkhh bk hhkdhhkhhhkrhkhkhkhhkhhkrhhkrhhkrhkhkhkhhkhkhkrhkrhkxkxkkx

** \brief EMACl1l MAC address
******************************************************************************/

#define EMAC1 MAC_ADDRESSO 0x00

#define EMAC1 MAC ADDRESS1 0x01

#define EMAC1 MAC_ADDRESS2 0x01

#define EMAC1 MAC ADDRESS3 0x66

#define EMAC1 MAC_ADDRESS4 0x73

#define EMAC1 MAC ADDRESS5 0x38
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3.1.12 Multicast address
The so-called Multicast address can be set for instance.

/**
R I I S e S i S S S S I S e S S S S S e S S I S S S S S S I S b S S S S I S S S b S S S A S S S b b b S b e b b e b b S S i 4
** \brief Multicast address
******************************************************************************/
#define MULTICAST ADDRESSO 0x00
#define MULTICAST ADDRESS1 0x00
#define MULTICAST ADDRESS2 0x00
#define MULTICAST ADDRESS3 0x00
#define MULTICAST ADDRESS4 0x00
#define MULTICAST ADDRESS5 0x00

3.1.13 External PHY reset pins

The external PHY must be reset by the microcontroller using GPIO pins. This setting defines which port pin controls
the PHY’s reset input line. Please provide an address pointer to the GPIO bit-band alias address, which is defined in
the device’s header file.

The following definition shows an example of how to do this. Here Port Pin P45 is used for PHYO and P44 for PHY1.

/**

A Ak kA kA Ak Ak kA hk kA Ak kA kA Ak kA hk kA hkhkhhkhkhkhhkhk kA hhk Ak hkhkhhkhkhkhhkhkhkrhhkrkhkhkrhkhkhkhhkhkhkrhkkhkkhkxkhkxkkx

** \brief External PHY reset pins

* %

** Use GPIO addresses of the bit-band alias definitions of the device header

** file.
******************************************************************************/
#define EMACO PHY RESET PIN ((uint32 t*) &bFM3 GPIO PDOR4 P5)

#define EMAC1 PHY RESET PIN ((uint32 t*) &bFM3 GPIO PDOR4 P4)

3.1.14 PLL Clocking Mode

Ethernet capable microcontrollers have an output for 25 and 50 MHz that can be activated here. Please check with
your PHY manufacturer’'s datasheet whether jitter and frequency tolerances allow this setting.

/**

KA AR AR A A A A A A A A A A A A A A A A AR A A A A AR AR A AR A A A AR A AR AR A AR AR A AR A AR AR A A A AR A Ak kA A kA A Ak kK%

** \brief PLL for External PHY

* %

** PDL ON: PLL is used for PHY clock

** PDL OFF: PLL is not used for PHY clock
******************************************************************************/

#define EMAC ECOUT PDL OFF

3.1.15 PHY Management Bus Settings
Every MII/RMII has a management bus. To determine, which EMAC instance uses which management bus to the
external PHY connected, the following definitions are used. This can be useful if both PHYs shall be connected to the
same management bus.
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/**

Ak hkhkh kA hkhhkhhkhhh kA hkhhkhkhkhhkhk kA bk hhkhkhkhhkhkhk Ak hkhkhk bk hkhkhk kA hkhkhkhkhkhkhkhkhkrhkhkhkhkhkhhkkhkhkrhkhkkhkhhhkhkkxx
** \brief Management Bus Definition
******************************************************************************/
#define EMACO MANAGEMENTBUS EMACO

#define EMAC1 MANAGEMENTBUS EMAC1

3.1.16 RMII PHY Interface Usage

The PHY interface can be set to RMII by using PDL_ON for the following definition. Otherwise (PDL_OFF), Ml is
used. Please note that RMII is necessary in order to use both Ethernet interfaces simultaneously.

/**
Akhkkhkkhkhkhkkhkhkhkhkhhkhkhkhhhkhkhhkhhkhhkhrhhkhhhkhhkhhkhrhhkhhhhhkhhkhbhhkhkhhkhhkhhkhrhkhkhhhkhhkhhkhrhkhkkhkhkhkrhkkhkhkhhkh*k
** \brief RMII PHY interface usage

******************************************************************************/

#define EMAC PHYINTERFACE RMII PDL ON

3.1.17 Buffer Fragmentation

If PDL_ON is used for EMAC_BUFFERS NOT FRAGMENTED the driver assumes, that all buffers are not fragmented.
This option must be set to PDL._ON.

/**

R R b I S I R i S I S I S b I S S b b R b S S b I S S b S b b b b R b S S b S b b b S b b S b I b S b S b S b b S b S Sb 2
** \brief EMAC Buffer fragmentation

* %

** All buffers are large enough to contain a whole Ethernet frame (MTU size)
******************************************************************************/

#define EMAC BUFFERS NOT FRAGMENTED PDL_ ON
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3.1.18 Checksum Insertion Control
The following controls can be used:

0: Checksum insertion disabled

1: Only IP header checksum calculation and insertion are enabled

2: IP header checksum and payload checksum and insertion are enabled,
but pseudo-header checksum is not calculated in hardware

3: IP header checksum and payload checksum and insertion are enabled,
and pseudo-header checksum is not calculated in hardware

/**

* %

R -
* k-
R -
* %

R -

* %

KK AR A A A A A AR A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A AR AR A A A A AR AR A A AR AN A A A A A A A AR AR A Ak kKK

** \brief CIC (Checksum Insertion Control)

** These bits control the checksum calculation and insertion. Bit encodings
** are as shown below.

Checksum Insertion Disabled.

Only IP header checksum calculation and insertion are enabled.

IP header checksum and payload checksum calculation and insertion are
enabled, but pseudo-header checksum is not calculated in hardware.

IP Header checksum and payload checksum calculation and insertion are
enabled, and pseudo-header checksum is calculated in hardware.

******************************************************************************/

#define EMAC COE MODE 3

WwWWw.Ccypress.com
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3.1.19 ICMP Checksum Bug Work-Around

If PDL_ON is used for EMAC ENABLE ICMP CHECKSUM BUG WORKAROUND, the driver will overwrite the checksum
field of a ping reply (ICMP echo reply) header with zeros. This option can be useful if EMAC_COE_MODE is set to 3 and
you observe checksum errors while using the ping command toward the embedded system.

/**

KK AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A KRR AR A A A A A A A AR A I A AR A A A A A A AR A AR A ARk K

** \brief Activate work-around for bug in uIP and LwIP TCP/IP stacks

* %

** For the Checksum Offload Engine to work correctly, the checksum fields in
** the IP header, as well as in the TCP, UDP or ICMP header must be 0.

* *

** LwIP up to the recent stable 1.4.0 version, and current uIP have an option
** to disable software checksum calculation for IP, UDP and TCP.

** A similar option ICMP was (apparently by accident) omitted.

* *

** If EMAC ENABLE ICMP CHECKSUM BUG WORKAROUND is set to PDL ON,

** every frame to be sent will be checked if it is an ICMP echo reply

** and if so, its checksum field cleared.

* *

** This slows down every packet transmission and should be fixed in the

** original code. This is a known bug and is expected to be fixed

** in future releases of LwIP.

* *

** For other TCP/IP stacks, this work-around is usually not necessary

** and should be disabled.

* Kk

** Cypress tries to retain third-party software in software examples in its
** original state as far as possible in order to retain compatibility to the

** maximum possible extend.
* *

******************************************************************************/

#define EMAC ENABLE ICMP CHECKSUM BUG WORKAROUND  PDL ON

3.1.20 Multicast Address Filter

If PDL._ON is used for EMAC MULTICAST FILTER the driver assumes, the user can filter receiving frame in multicast
address.

/**

Ak rhhkhkhhkhhkhkhhkhkhhkrhkhkhkhhkhhkhhhkhkhhkrhkhkhkh bk h kA hhkrkhhkrhkhkhhhkhhkrhkrhhkrkhkhkhkhhkhkhkrhkhkrhkxkxxkx

** \brief Activate multicast filtering
* %
** PDL ON: Multicast filtering is used

** PDL OFF: Multicast filtering is not used
* %

******************************************************************************/

#define EMAC MULTICAST FILTER PDL_OFF
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3.1.21

3.1.22

PHY auto-negotiation callback function name

In IEEE 802.3 standard, there is defined a way to start the auto-negotiation process but not how to handle the result.
Therefore a specific callback function like this must be provided for every specific used PHY type. The name of this

PHY specific callback function must be given here.

/**

Ak hhhk kA kA hkhkhkhhkhk kA kA hkhkhkhkhkhkhk Ak hkhk ko hkhkhkhkhk Ak hkhk ko hkhkhkhkhk Ak hkhkhkhkhkhkhkhkrhkhkhkhkhkhhkkhkhkrhhkkhkhkhhhkk*x*x
** \brief Select callback function to read out autonegotiation result from PHY
* %

** Provided as a reference are callback functions for PHYs that are assembled
** on eval boards SK-FM3-176PMC-ETHERNET and SK-FM4-216-ETHERNET

******************************************************************************/

#define EMAC AUTONEG FUNCTION EmacUser AutoNegotiatePhy SMSC LAN8710A CB

PHY auto-negotiation callback function definition

The callback definition must be implemented in file emac_user.c. There are two functions provided as a reference,

matching the PHYs that are used on Cypress’s eval boards:
EmacUser_AutoNegotiatePhy SMSC_LAN8710A_CB() for SK-FM3-176PMC-ETHERNET and
EmacUser_AutoNegotiatePhy _Micrel_KSz8091_CB() for SK-FM4-216-ETHERNET

#if (EMAC_AUTONEG FUNCTION == EmacUser AutoNegotiatePhy Micrel KSz8091 CB)
en _emac_ link mode t EmacUser AutoNegotiatePhy Micrel KSZ8091 CB(volatile
FM ETHERNET MAC TypeDef* pstcEmac)

{

en_emac link mode t enLinkMode = EMAC LinkModeAutonegotiation;
uintl6 t uléPhyRegVal = 0;

// According to data sheet, three LSB bits of register Ox1E indicate
// auto-negotiation result

// Read out auto-negotiation result from PHY

ule6PhyRegVal = Ethphy Read(pstcEmac, O0x1E);

ul6PhyRegVal &= 0x7;

switch (ul6PhyRegVal)
{
case (1) :
enLinkMode = EMAC_LinkModeHalfDuplexlOM;
break;
case (2) :
enLinkMode = EMAC LinkModeHalfDuplex100M;
break;
case (5) :
enLinkMode = EMAC LinkModeFullDuplex1O0M;
break;
case (6) :
enLinkMode = EMAC LinkModeFullDuplex100M;
break;
default:
//printf ("Autonegotiation error!");
// Setting 100M full duplex, as it is a common setting
enLinkMode = EMAC LinkModeFullDuplex100M;
break;
}
return enLinkMode;

}
#endif // (EMAC_AUTONEG FUNCTION == EmacUser AutoNegotiatePhy Micrel KSz8091 CB)
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3.2 Extra Settings in emac.c

The user can use various functions by adding following sample code.

3.2.1 Filter setting for Multicast MAC address
If adding following sample code in Emac Autonegotiate (), the user can receive a frame which is filtered in

multicast address. In this case, the MAC filters the value that masked bit0-bit7 of multicast address.

pstcEmac->MAR1H

pstcEmac->MAR1L

pstcEmac->MAR1H

(uint32 t) (((au8GenericMulticast([5])
| ( (au8GenericMulticast([4])

) ;

(uint32 t) (((au8GenericMulticast([3

(( 1)
| ((au8GenericMulticast[2])
| ( (au8GenericMulticast([1])
| ((au8GenericMulticast[0])

(uint32 t)0x20000000;

pstcEmac->MARIH |= (uint32 t)0x80000000;

<<
<<

<<
<<
<<
<<

8)
0)

24)

16)
8)
0))7
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Usage Examples
This section explains the usage of the FM Family Ethernet driver by concrete example.

How to set up an Ethernet interface

If the user wants to use both EMACO and EMAC1, initialize them as follows. This setting must be done after the

initialization of board pins. If necessary, set callback functions beforehand.

// Define configuration structure
stc_emac_config t stcEmacConfig;

// Initialize configuration structure with zeros
PDL_ZERO_STRUCT(stcEmacConfig);

// Board pins setting for using Ethernet
ConfigureEthernetPins () ;

// Callback functions setting for EMACO
stcEmacConfig.pfnRxCallback = EMACORxCallbackFunc;
stcEmacConfig.pfnTxCallback = EMACOTxCallbackFunc;

// Set MAC address for EMACO (You can provide your own method here)
stcEmacConfig.au8MacAddress[0] = EMACO MAC ADDRESSO;
stcEmacConfig.au8MacAddress[1l] = EMACO MAC ADDRESSI1;
stcEmacConfig.au8MacAddress|[2] EMACO MAC ADDRESS2;
stcEmacConfig.au8MacAddress[3] EMACO MAC ADDRESS3;

[

[

stcEmacConfig.au8MacAddress[4] = EMACO MAC ADDRESS4;
stcEmacConfig.au8MacAddress[5] = EMACO MAC ADDRESS5;

// Ethernet MAC 0 initialization
Emac Init (&EMACO, &stcEmacConfig);
Emac_Autonegotiate (&EMACO) ;

// Define Ethernet MAC 1 Configuration

PDL_ ZERO_ STRUCT (stcEmacConfig); // Reuse config structure but reinitialize it
stcEmacConfig.au8MacAddress[0] EMAC1 MAC ADDRESSO;
stcEmacConfig.au8MacAddress([1] EMAC1 MAC ADDRESS1;
stcEmacConfig.au8MacAddress[2] EMAC1 MAC ADDRESS2;
stcEmacConfig.au8MacAddress[3] EMAC1 MAC ADDRESS3;
[
[

stcEmacConfig.au8MacAddress[4] = EMAC1 MAC ADDRESS4;
stcEmacConfig.au8MacAddress[5] = EMAC1 MAC ADDRESSS5;

// callback functions setting for EMACI
stcEmacConfig.pfnRxCallback = EMAC1RxCallbackFunc;
stcEmacConfig.pfnTxCallback = EMAC1TxCallbackFunc;

// Ethernet MAC 1 initialization
Emac_Init (&EMAC1, &stcEmacConfig);
Emac Autonegotiate (&EMACI) ;

It is recommended to call Emac_Autonegotiate () regularly to establish the Ethernet link and react to changed

connection states. If the link already exists, calling this function does no harm.
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3.3.2 How to Send a Frame
The user can transmit a frame by calling Emac_TxFrame () after initialization. This function has three parameters;
1* a pointer, which selects the EMAC (0 or 1)
2" the address of the buffer to be sent, and
3" the number of bytes to be sent by this function.

The buffer must contain the protocol headers and payload beforehand. The following example sets up
(TxBufferUDPFill()) and transmits (Emac_TxFrame()) a UDP frame.

uint8 t ua8EthBuf[1500];
uint8 t ua8Payload[] = "Hello World!”;

// creating an Ethernet frame with IP and UDP header
TxBufferUDPFill (ua8EthBuf, ua8Payload, sizeof (ua8Payload));
ua8EthBuf[42 + sizeof (ua8Payload) - 3] = (u8NumberOfCalls + '0');

// transmit the frame
Emac TxFrame (§EMACO, ua8EthBuf, 42 + sizeof (ua8Payload));

3.3.3 How to Receive a Frame

If interrupt mode is activated, the user can receive a frame by using memcpy() after -calling
Emac RxFrame GetBufPtr (). Afterwards, It is necessary to set next descriptor by calling
Emac RxFrame ReleaseBuf ().

If interrupt mode is not activated, the user can receive a frame by calling Emac_Rx ().

#if (EMACilNTERRUPTiMODE == PDLioN)
u8pbuffer =(uint8 t *) Emac RxFrame GetBufPtr (pstcEmac);
if (NULL != u8pbuffer)

{
memcpy ( (uint8 t*)p->payload, buffer, p->len);
}
Emac RxFrame ReleaseBuf (pstcEmac) ;
#else

p->len = Emac RxFrame (pstcEmac,p->payload) ;
#endif
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3.3.4 Interrupt Operation

For using interrupt mode, the user must set EMAC_INTERRUPT_MODE to PDL._ON.

#define EMAC INTERRUPT MODE

PDL_ON

Please add a necessary interrupt in Emac_InitIrqg/(). By the default setting the abnormal interrupt is not admitted.

pstcEmac->stcIER.NIE
pstcEmac->stcIER.RIE
pstcEmac->stcIER.TIE

1;
1g

1g

When an interrupt occurs,

EmacIrgHandler ()

is called. Please change the following code in

Emac IrgHandler () as needed. By the default code, in the case of transmission or reception completion, a

callback function is called.

{

}
}
if (pstcEmac->stcSR.TI
{

{

}

if (pstcEmac->stcSR.RI != 0)
{
pstcEmac->stcSR.RI = 1;
if (pstcEmacInternData->pfnRxCallback != NULL)

pstcEmacInternData->pfnRxCallback() ;

0)

pstcEmac->stcSR.TI = 1;
if (pstcEmacInternData-

pstcEmacInternData->pfnTxCallback() ;

>pfnTxCallback != NULL)
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4 Ethernet Driver Configuration and Data Types

The Data Structure of the Ethernet Instance Configuration

4.1 Preface

Besides the static compiler definitions the user can configure dynamically an Ethernet instance by using an individual
configuration. The data contents of this configuration are used by the initialization function to set the hardware and
internal data. Afterwards this configuration is no longer needed.

4.2 Configuration Structure

The following data is used for the Ethernet driver’s configuration structure stc_emac _config t.

Type Field Possible Values Description
If enabled, interface will
boolean_t bPromiscuousMode PDL_ON, PDL_OFF receive all frames, including
those not addressed to it
Function pointer to user’s
func_ptr_t pfnRxCallback ) reception callback function
func_ptr_t pfnTxCallback - Functhn ponnter to user's .
transmission callback function
func_ptr_t pfnErrorCallback - Function pointer to users
error callback function
. Ethernet Hardware Address,
uint8_t array au8MacAddress[6] - also known as MAC Address

4.3 Link Status enumerated Type

The Ethernet driver uses an own enumerated type for the link status. It is defined in en_emac link t as follows:

Enumerator

Description

EMAC_LinkStatusLinkDown

No connection established

EMAC_LinkStatusLinkUp

Connection established, ready for data exchange,
MAC has been configured

EMAC_LinkStatusAutonegotiationlnProgress

Auto-negotiation started and in progress

EMAC_LinkStatusAutonegotiationSuccessful

Auto-negotiation agreement with remote nodes
completed

EMAC_LinkStatusAutonegotiationNotSupported

Remote node does not support auto-negotiation

EMAC_LinkStatusinvalidParameter

One or more user configuration illegal

EMAC_LinkStatusUnknownError

In indeterminable error occurred

4.4 Link Mode enumerated Type

Also the link mode is defined as an enumerated type with the name en_emac_link mode t. Its content is:

Enumerator Description
EMAC_LinkModeHalfDuplex10M Half-Duplex Mode 10 MBit/s
EMAC_LinkModeFullDuplex10M Full-Duplex Mode 10 MBit/s
EMAC_LinkModeHalfDuplex100M Half-Duplex Mode 100 MBit/s
EMAC_LinkModeFullDuplex100M Full-Duplex Mode 100 MBit/s
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5.1.2

Ethernet Driver API

Detailed Description of the Ethernet driver APl and example code

Ethernet MAC functions

This chapter explains the user API functions of the Ethernet driver in detail.

Emac_Init()

This function initializes and Ethernet instance. pstcEmac must be either (FM_ETHERNET MAC TypeDef*) &EMACO
or (FM_ETHERNET MAC TypeDef*)&EMACl. pstcConfig is just the address to the user configuration, e.g.

&stcEmacConfig.
Prototype
en result t Emac Init( volatile FM ETHERNET MAC TypeDef* pstcEmac,
stc_emac config t* pstcConfig
)
Parameter Name Description

[in] pstcEmac

Ethernet macro instance pointer

[in] pstcConfig

Ethernet configuration parameters

Return Values

Description

Ok

Channel initialized

ErrorinvalidParameter

If one of the following conditions is met:

pstcEmac == NULL
pstcEmacInternData == NULL
(invalid or disabled Ethernet unit)

Emac_Delnit()
This function de-initializes and Ethernet instance.

Prototype

en result t Emac DelInit( volatile FM ETHERNET MAC TypeDef* pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

Ok

Channel disabled

ErrorInvalidParameter

If the following condition is met:
pstcEmac == NULL

This function deinitializes Ethernet IRQs, puts EMAC into reset condition, and erases internal data.

Please note that MAC1 can only work if MACO is sourced with a clock signal. Therefore, Emac_Delnit(EMACO) will
put EMACO into reset state in any case, but turn off clock supply only if EMAC1 has been deactive. This can be done
either by calling Emac_Delnit(EMACL1) before or by never calling Emac_Init(EMAC1) before. Therefore, if you want to

deinitialize both Ethernet channels, call Emac_Delnit(EMACL1) first and Emac_Delnit(EMACO0) secondly.
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5.1.3 Emac_TxFrame()

This function is used to send an Ethernet frame.

Prototype
en _result t Emac TxFrame( volatile FM ETHERNET MAC TypeDef* pstcEmac,
uint8 t* pu8Buf,
uintlé6 t ulé6Len
)
Parameter Name Description

[in] pstcEmac

Ethernet macro instance pointer

[in] pu8Buf

Pointer to a byte array buffer to be sent

[in] ulé6Len

Length of the byte array buffer, number of bytes to be sent

Return Values

Description

Ok

Transmission done

ErrorInvalidParameter

If the following condition is met:
pstcEmac == NULL

5.1.4 Emac_GetRxFrameLength()

This function returns the length of a received frame.

Prototype

uintl6 t Emac GetRxFrameLength( volatile FM ETHERNET MAC TypeDef*

pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

uintl6 t

Length of the received frame or O if nothing was received or
pstcEmac == NULL
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5.1.5 Emac_RxFrame()

Copies a received Ethernet frame into a buffer provided by the user application.

Prototype

)

uintl6 t Emac RxFrame( volatile FM ETHERNET MAC TypeDef* pstcEmac,
uint8 t* pu8Buf

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

[in] pu8Buf

received Ethernet frame

Pointer to a byte array buffer that will be overwritten with contents of

Return Values

Description

uintle t

Length of the received frame or O if nothing was received or
pstcEmac == NULL

5.1.6 Emac_GetLinkStatus()

This function returns the recent link status. It uses the type en_emac_link status_t described in chapter 4.3.

Prototype

en _emac_ link status_t Emac GetLinkStatus( volatile

FM ETHERNET MAC TypeDef* pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

en_emac_ link status_t

Returns:

EMAC LinkStatusLinkDown

EMAC LinkStatusLinkUp

EMAC LinkStatusAutonegotiationInProgress
EMAC LinkStatusAutonegotiationSuccessful
EMAC LinkStatusAutonegotiationNotSupported
EMAC LinkStatusInvalidParameter

EMAC LinkStatusUnknownError

See also description in chapter 4.3.
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5.1.7 Emac_GetLinkMode()

This function returns the recent link mode. It uses the type en_emac_link mode t described in chapter 4.4.

Prototype

en _emac link mode t Emac GetLinkMode ( volatile FM ETHERNET MAC TypeDef*

pstcEmac )
Parameter Name Description
[in] pstcEmac Ethernet macro instance pointer
Return Values Description

en_emac link mode t

Returns:

EMAC LinkModeAutonegotiation
EMAC LinkModeHalfDuplex10M
EMAC LinkModeFullDuplex10M
EMAC LinkModeHalfDuplex100M
EMAC LinkModeFullDuplex100M

See also description in chapter 4.4.

5.1.8 Emac_SetLinkMode()

This function sets the link mode. It uses the type en_emac_link mode t described in chapter 4.4 as an argument

and return value

Prototype

en_emac_link mode t Emac SetLinkMode ( volatile FM ETHERNET MAC TypeDef*
pstcEmac,

en_emac link mode t enLinkMode

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

[in] enLinkMode

Desired link mode. See below at Return Values description for

enumerated value list.

Return Values

Description

en_emac_link mode t

Returns successful mode:

EMAC LinkModeAutonegotiation
EMAC LinkModeHalfDuplex10M
EMAC LinkModeFullDuplex10M
EMAC LinkModeHalfDuplex100M
EMAC LinkModeFullDuplex100M

See also description in chapter 4.4.
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5.1.9 Emac_Autonegotiate()

This function performs the auto-negotiation of the Ethernet macro. It should be called periodically.

Prototype

en_emac_link status_t Emac Autonegotiate( volatile

FM ETHERNET MAC TypeDef* pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

en _emac link status t

Returns:

EMAC LinkStatusLinkDown

EMAC LinkStatusLinkUp

EMAC LinkStatusAutonegotiationInProgress
EMAC LinkStatusAutonegotiationSuccessful
EMAC LinkStatusAutonegotiationNotSupported
EMAC LinkStatusInvalidParameter

EMAC LinkStatusUnknownError

See also description in chapter 4.3.
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5.1.10 Emac_SetDescToTxBuf()

This function is only available if the buffer locations are defined in Ethernet driver space by user
EMACO BUFFERS_IN DRIVERSPACE Of EMAC1 BUFFERS_ IN DRIVERSPACE.

via

Prototype

en result t Emac SetDescToTxBuf ( volatile FM ETHERNET MAC TypeDef*

pstcEmac,
uintl6 t ul6DescNumber,
uint8 t * pu8UserBuf,
uintl6 t ul6BufLength
Parameter Name Description

[in] pstcEmac

Ethernet macro instance pointer

[in] ul6DescNumber

DMA descriptor number

[in] pu8UserBuf

Pointer to a byte array buffer

[in] ulo6Buflength

Length of the byte array buffer

Return Values

Description

Ok

Descriptor set

ErrorInvalidParameter

If the following condition is met:
pstcEmac == NULL

5.1.11 Emac_SetDescToRxBuf()

This function is only available if the buffer locations are defined in Ethernet driver space by user via
EMACO BUFFERS IN DRIVERSPACE Oof EMAC1 BUFFERS IN DRIVERSPACE.

Prototype

en _result t Emac_SetDescToRxBuf ( volatile FM ETHERNET MAC TypeDef*

pstcEmac,
uintle t ulé6DescNumber,
uint8 t * pu8UserBuf,
uintle t ul6Buflength
Parameter Name Description
[in] pstcEmac Ethernet macro instance pointer
[in] uléDescNumber DMA descriptor number
[in] pu8UserBuf Pointer to a byte array buffer
[in] ulé6Buflength Length of the byte array buffer
Return Values Description

Ok

Descriptor set

ErrorInvalidParameter

If the following condition is met:
pstcEmac == NULL
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5.1.12 Emac_SetEcout()

This function allows the PLL clock to be used. If EMAC_ECOUT is set to PDL_ON, the E_COUT pin is configured as
output and USB/Ethernet Clock activated.

Prototype
en result t Emac SetEcout( void )
Parameter Name Description
void -
Return Values Description
Ok Completed

5.1.13 Emac_RxFrame_GetBufPtr()

This function returns a pointer to the buffer containing the received frame. It allows the usage of an optimized rx
routine to save copy operations. This function is only available if interrupt mode is enabled. (Please refer to chapter

3.3.3)

Prototype

void* Emac RxFrame GetBufPtr( volatile FM ETHERNET MAC TypeDef* pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

void *

pstcEmac == NULL

Pointer of the received frame buffer or 0 if nothing was received or

5.1.14 Emac_RxFrame_ReleaseBuf()

This function sets next descriptor. It can be used to release a buffer after its contents have been processed by an

optimized rx routine. This function is only available if interrupt mode is enabled. (Please refer capter3.3.3)

Prototype

void Emac_RxFrame ReleaseBuf( volatile FM ETHERNET MAC TypeDef* pstcEmac )

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

void
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5.2 Ethernet PHY functions
The Ethernet driver provides functions to reset a connected Ethernet PHY, to write data to it via MII/RMII’s station
management interface, and to read from it. Those functions can be regarded as internal and safely ignored however
because the functions beginning with Emac_ described in section 5.1 take care of them.

5.2.1 Ethphy_Read()
This function reads out a value from the PHY.

Prototype
uintl6 t Ethphy Read( volatile FM ETHERNET MAC TypeDef* pstcEmac,
uint8 t u8PhyReg

)

Parameter Name Description

[in] pstcEmac Ethernet macro instance pointer

[in] u8PhyReg Register address to be read out

Return Values Description

uintle t Value of designated register

5.2.2 Ethphy_Write()
This function writes a value into the PHY.

Prototype
en result t Ethphy Write( volatile FM ETHERNET MAC TypeDef* pstcEmac,
uint8 t u8PhyReqg,
uintl6 t uléval
)
Parameter Name Description
[in] pstcEmac Ethernet macro instance pointer
[in] u8PhyReg Register address to be overwritten
[in] ulé6val Value to be written into the PHY
Return Values Description
OK Value has been written into the PHY
ErrorInvalidParameter pstcEmac invalid
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5.2.3 Ethphy_Reset()
This function resets the PHY via the GPIO pin defined by EMACO_PHY_RESET_PIN or EMAC1_PHY_RESET_PIN

in emac_user.h.

Prototype

uintlé t

Ethphy Read( volatile FM ETHERNET MAC TypeDef* pstcEmac );

Parameter Name

Description

[in] pstcEmac

Ethernet macro instance pointer

Return Values

Description

OK

PHY reset sequence has been conducted

ErrorInvalidParameter

pstcEmac invalid

6 Additional Information

More information about Cypress’s Microcontrollers can be found on the Internet at

http://www.cypress.com/cypress-microcontrollers

The software examples related to this application note are:

mb9bfxxx_ethernet_driver

s6e2cc_et

hernet_driver
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