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Definition

AHB

Advance High Performance

APB Advanced Peripheral Bus

API Application Programming Interface

AXI Advanced extensible Interface

CRC Cyclic Redundancy Check

FCS Frame Check Sequence

IEEE Institute of Electrical and Electronics Engineers
IP Internet Protocol

MAC Media Access Controller

SDK Software Development Kit

TSE Tri-Speed Ethernet

TSEMAC Tri-Speed Ethernet Media Access Controller
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Technical Note

1. Introduction

Tri-Speed Ethernet (TSE) IP core is a complex core containing all necessary logic and interfacing and clocking infrastructures
necessary to integrate an industry-standard Ethernet PHY with an internal processor efficiently with minimal overhead.

The TSE IP core supports the ability to transmit and receive data between standard interfaces such as APB, AHB-Lite or
AXl4-Lite, and an Ethernet network. The main function of the TSE IP is to ensure that the Media Access rules specified in the
802.3 IEEE standard are met while transmitting a frame of data over Ethernet. On the receiving side, the TSE extracts
different components of a frame and transfers them to higher applications through the AXl4-stream interface.

Refer to the Tri-Speed Ethernet IP User Guide (FPGA-IPUG-02084) for more details about the IP core.

1.1. Purpose

TSE and its SDK is a set of application programming interfaces (APls) that provide access to specific Lattice hardware and
software capabilities. This document is intended to act as a reference guide for developers by providing details of the C
language driver APIs and function call flows.

1.2. Audience

The intended audience for this document includes embedded system designers and embedded software developers using
CertusPro™-NX and Lattice Avant™ devices. The technical guide assumes readers have expertise in embedded systems and
FPGA technologies.

1.3. Driver Version
Driver version: 25.01.00.

1.4. Driver and IP Compatibility

Table 1.1. Driver and IP Version

Driver Version IP Version
25.01.00 2.0.0

Refer to the Tri-Speed Ethernet IP Release Notes (FPGA-RN-02036) for more information on the driver and IP versions.

Table 1.2. Quick Facts on Driver Test Environment

Hardware Device Tool Version

CertusPro-NX Versa Board Lattice Propel™ Builder 2025.1
Lattice Propel SDK 2025.1

Lattice Radiant™ software 2025.1
Radiant Programmer 2025.1

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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2. API Description

2.1.

Ethernet_init()

= LATTICE

This APl configures the TSEMAC to receive all address frames, sets the MAC address, enables operation at speeds of
10/100/1000 Mbps, and activates both the transmit (TX) and receive (RX) MAC.
unsigned char ethernet_init(tsemac_handle_t *handle)

In/Out

Parameter

Description

Returns

In

handle

The tsemac_handle_t structure contains the following

variables that need to be configured before passing it to

ethernet_init:

e speed_mode—This variable is used to set the speed
(10/100/1000 Mbps) for the TSE MAC.

e duplex_mode- Represents the Ethernet operation in
either half-duplex or full-duplex mode.

e adr—Represents the base address of TSEMAC.

e  mac_upper—Refers to the first four bytes of the MAC
address for the TSEMAC.

e  mac_lower—Refers to the last two bytes of the MAC
address for the TSEMAC.

0: failure
1: success

2.2.

Ethernet_set_mac_address()

This API sets the six-byte MAC address for a source or destination device for the TSEMAC.
unsigned char ethernet_set _mac_address(tsemac_handle_t *handle)

In/Out

Parameter

Description

Returns

In

handle

The tsemac_handle_t structure contains the following

variables that need to be configured before passing it to

ethernet_set_mac_address:

e adr—Represents the base address of the TSEMAC.

e mac_upper—Refers to the first four bytes of the MAC
address for the TSEMAC.

e mac_lower—Refers to the last two bytes of the MAC
address for the TSEMAC.

0: failure
1: success

2.3.

stores it in mac_upper and mac_lower.

Ethernet_get_mac_address()
This API reads the six-byte MAC address from MAC address word 0 and MAC address word 1 register of the TSEMAC, and

unsigned char ethernet_get_mac_address(tsemac_handle_t *handle)

ethernet_get_mac_address:
e adr—Represents the base address of the TSEMAC.

In/Out Parameter Description Returns
In/Out handle The tsemac_handle_t structure contains the following 0: failure
variables that need to be configured before passing it to 1: success
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2.4. Ethernet_set_multicast_address()

This API sets the 8-byte multicast address for multicast frame from the 64-bit hash table. The first four bytes of the 64-bit
hash table is stored into Multicast Table Word 0 register and the last four bytes of the 64-bit hash table is stored into
Multicast Table Word 1 register.

unsigned char ethernet_set_multicast_address(tsemac_handle_t *handle)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the following 0: failure
variables that need to be configured before passing it to 1: success

ethernet_set_multicast_address():

e adr—Represents the base address of the TSEMAC.

e multicast_upper—Refers to the first four bytes of the
multicast value for the TSEMAC.

e  multicast_lower— Refers to the last four bytes of the
multicast address for the TSEMAC.

2.5. Ethernet_get_multicast_address()

This APl reads the eight-byte multicast address from Multicast Table Word 0 and Multicast Table Word 1 register of the
TSEMAC, and stores it in multicast_upper and multicast_lower.

unsigned char ethernet_get _multicast_address(tsemac_handle_t *handle)

In/Out Parameter Description Returns
In/Out handle The tsemac_handle_t structure contains the following 0: failure
variables that need to be configured before passing it to 1: success

ethernet_get_mac_address:
e adr—Represents the base address of the TSEMAC.

2.6. Ethernet_set_speed()

This API sets the bit for the control register to configure the TSEMAC speed and duplex mode.
unsigned char ethernet_set speed(tsemac_handle t *handle)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the following 0: failure
variables that need to be configured before passing it to 1: success

ethernet_get_multicast_address():

e adr—Represents the base address of the TSEMAC.

e speed_mode—Refers to the speed that needs to be
configured for the TSEMAC.

e  duplex_mode — Specifies whether the duplex mode is
set to half duplex or full duplex.
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2.7.

Ethernet_enable_tx_mac()
This APl enable TX MAC to transmit frames.

unsigned char ethernet_enable_tx_mac(tsemac_handle_t *handle)

= LATTICE

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. This 1: success
variable must be configured before it is passed to
ethernet_enable_tx_mac().
2.8. Ethernet_enable_rx_mac()
This APl enable RX MAC to transmit frames.
unsigned char ethernet_enable rx_mac(tsemac_handle_t *handle)
In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. This 1: success
variable must be configured before passing it to
ethernet_enable_rx_mac().
2.9. Ethernet_enable_tx_rx_mac()
This APl enable TX MAC and RX MAC to transmit and receive frames.
unsigned char ethernet_enable_tx_rx_mac(tsemac_handle_t *handle)
In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. This 1: success
variable must be configured before passing it to
ethernet_enable_tx_rx_mac().
2.10. Ethernet_disable_tx_mac()
This APl disable TX MAC to transmit frames.
unsigned char ethernet_disable tx mac(tsemac_handle t *handle)
In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_disable_tx_mac().
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2.11. Ethernet_disable_rx_mac()

This API disable RX MAC to receive frames.

unsigned char ethernet_disable_rx_mac(tsemac_handle_t *handle)

aLATTICE

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success
This variable must be configured before passing it to
ethernet_disable_rx_mac().
2.12. Ethernet_disable_tx_rx_mac()
This API disable TX MAC and RX MAC to transmit and receive frames.
unsigned char ethernet_disable tx_rx_mac(tsemac_handle_t *handle)
In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_disable_tx_rx_mac().

2.13. Ethernet_enable_mac_interrupt()
This APl enables the MAC interrupt, allowing configuration of 8 available interrupts related to TX and RX FIFO status.
unsigned char ethernet_enable mac_interrupt(tsemac_handle_t *handle, unsigned int

interrupts_enable)

In/Out Parameter Description Returns

In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success
This variable must be configured before passing it to
ethernet_enable_mac_interrupt().

In interrupts_enable Represents the bit position to enable certain interrupts.

2.14. Ethernet_disable_mac_interrupt()
This APl disables the MAC interrupt and the configuration of 8 available interrupts related to TX and RX FIFO status.
unsigned char ethernet_disable _mac_interrupt(tsemac_handle_t *handle, unsigned int

interrupts_disable)

In/Out Parameter Description Returns

In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success
This variable must be configured before passing it to
ethernet_disable_mac_interrupt().

In interrupts_disable Represents the bit position to disable certain interrupts.
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2.15. Ethernet_get_mac_interrupt_status()

This API retrieves the MAC interrupt status.
unsigned char ethernet_get _mac_interrupt_status(tsemac_handle_t *handle, unsigned int
*interrupt_status)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_get_mac_interrupt_status().

Out interrupt_status Represents a specific interrupt that has been triggered.

2.16. Ethernet_clear_mac_interrupt_status()

This API clears the MAC interrupt status, which in turn pulls down the interrupt line.
unsigned char ethernet_clear_mac_interrupt_status(tsemac_handle_t *handle, unsigned int
interrupt_status)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_clear_mac_interrupt_status().

In interrupt_status Represents a specific interrupt that needs to be cleared.

2.17. Ethernet_set_tx_almost_full_threshold()

This API sets the transmit (TX) almost full threshold for the Ethernet MAC.
unsigned char ethernet_set tx_almost_ full threshold(tsemac_handle_t *handle, unsigned int
tx_fifo_afull threshold)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_set_tx_almost_full_threshold().

In tx_fifo_afull_threshold Represents the almost full threshold value for TX FIFO. Any
value over this threshold triggers an interrupt.
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2.18. Ethernet_set_tx_almost_empty_threshold()

This API sets the transmit (TX) almost empty threshold for the Ethernet MAC.
unsigned char ethernet_set_tx_almost_empty_threshold(tsemac_handle_ t *handle, unsigned int
tx_fifo_aempty threshold)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_set_tx_almost_full_threshold().

In tx_fifo_aempty_threshold | Represents the almost empty threshold value for TX FIFO.
Any value over below this threshold triggers an interrupt.

2.19. Ethernet_set_rx_almost_full_threshold

This API sets the receive (RX) almost full threshold for the Ethernet MAC.
unsigned char ethernet_set_rx_almost_full threshold(tsemac_handle_t *handle, unsigned int
rx_fifo_afull threshold)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_set_rx_almost_full_threshold().

In rx_fifo_afull_threshold Represents the almost full threshold value for RX FIFO. Any
value over this threshold triggers an interrupt.

2.20. Ethernet_set_rx_almost_empty_threshold()

This API sets the RX (receive) FIFO almost empty threshold for the Ethernet MAC.
unsigned char ethernet_set _rx_almost_empty threshold(tsemac_handle t *handle, unsigned int
rx_fifo_aempty threshold)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
ethernet_set_rx_almost_full_threshold().

In rx_fifo_aempty_threshold | Represents the almost empty threshold value for RX FIFO.
Any value below this threshold triggers an interrupt.
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2.21. Ethernet_tx_rx_control_reg_set()

This APl reads the transmit and receive status register of the TSEMAC.
unsigned char ethernet_tx_rx_control_reg set(tsemac_handle_t *handle, unsigned int
tx_rx_control_settings)

aLATTICE

In/Out Parameter Description Returns

In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success
This variable must be configured before passing it to
ethernet_tx_rx_control_reg_set().

In tx_rx_control_settings Represents the bit position that the control register sets.

2.22. Ethernet_mode_reg read()

This APl reads the TSEMAC mode register.

unsigned char ethernet_mode reg read(tsemac_handle_t *handle, unsigned int *mode_reg)

In/Out Parameter Description Returns

In handle The tsemac_handle_t structure contains the adr variable, Return the value of the
which represents the base address of the TSEMAC. mode register.
This variable must be configured before passing it to
ethernet_mode_reg_read().

Out mode_reg Represents the value of mode register.

2.23. Ethernet_tx_rx_status_reg_read()

This APl reads the Ethernet transmit or receive status register.
unsigned char ethernet_tx_rx_ status_reg read(tsemac_handle_t *handle, unsigned int

*tx_rx_status)

In/Out

Parameter

Description

Returns

In

handle

The tsemac_handle_t structure contains the adr variable,
which represents the base address of the TSEMAC.

This variable must be configured before passing it to
ethernet_tx_rx_control_reg_set().

Out

tx_rx_status

Represents the value of the transmit and receive status
register.

0: failure
1: success

2.24. Gmii_management_read()

This APl reads data from the GMII management interface.
unsigned char gmii_management_read(tsemac_handle_t *handle, unsigned char phy addr, unsigned
char reg_addr, unsigned int *gmii_data)

This variable must be configured before passing it to

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success
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In/Out Parameter Description Returns

gmii_management_read().

In phy_addr Represents the PHY address.
In reg_addr Represents the register address.
Out gmii_data Represents the read value from specific PHY address and

register address.

2.25. Gmii_management_write()

This APl writes data to the GMIl management interface.
unsigned char gmii_management_write(tsemac_handle_t *handle, unsigned char phy_addr, unsigned
char reg_addr, unsigned int gmii_data)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
gmii_management_read().

In phy_addr Represents the PHY address.
In reg_addr Represents the register address.
In gmii_data Represents the write value to specific PHY address and

register address.

2.26. Get_gmii_status()

This API checks the status of the GMII management interface to determine whether it is busy or idle.
unsigned char get_gmii_status(tsemac_handle_t *handle, unsigned char *is_gmii_idle)

In/Out Parameter Description Returns
In handle The tsemac_handle_t structure contains the adr variable, 0: failure
which represents the base address of the TSEMAC. 1: success

This variable must be configured before passing it to
get_gmii_status().

Out is_gmii_idle Represents the GMII interface status. Return 1 for idle,
return O for busy.

2.27. Ethernet_get_statistic_counter

This API retrieves the value of a specific statistic counter register by adding the statistic counter register offset to the base
address. The offset can be found in the Ethernet_reg_name_str(Offset) section. Additionally, the return value of the
statistic counter register is in a 64-bit format.

static unsigned long long ethernet_get statstic_counter(unsigned int base_addr, unsigned int
offset)

In/Out Parameter Description Returns

In base_addr Base address of the TSEMAC. 64 bits value of statistic
counter value.

In offset Represents the offset of the statistic counter register.
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2.28. Ethernet_print_statistic_counter()

This API call ethernet_get_statistic_counter API to retrieve the value of a specific statistic counter register by adding the
statistic counter register offset to the base address. It then prints out the value in 16 hexadecimal format along with the

corresponding statistic counter name.

= LATTICE

static void ethernet_print_statistic_counter(unsigned int base_addr, unsigned int offset)

In/Out Parameter Description Returns
In base_addr Base address of the TSEMAC. None
In offset Represents the offset of the statistic counter register.

2.29. Ethernet_print_all_statistics_counters()

This API displays the values of all statistics counters registers in 16 hexadecimal format, accompanied by their
corresponding names.

static void ethernet_print_all statistics_counters(unsigned int base_addr)

In/Out

Parameter

Description

Returns

In

base_addr

Base address of the TSEMAC.

None
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3. Function Call Flow Diagrams

3.1. Ethernet_init()

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

SUCCESS

ethernet_disable_tx_rx_mac(handle) !=

Configure the max packet
Configure the IPG time
Configure the TX and RX MAC

ethernet_set_speed(handle) = SUCCESS

ethernet_set_mac_address
(handle) = SUCCESS

ethernet_enable_tx_rx_mac

(handle) '= SUCCESS

return SUCCESS

A 4

Yes

A 4

return F

AILURE

End

A

Figure 3.1. ethernet_init()

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-TN-02341-1.2

18


http://www.latticesemi.com/legal

Tri-Speed Ethernet Driver APl Reference .I:LATTICE

Technical Note

3.2. Ethernet_set_mac_address()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Set the mac_addrO with the value from
mac_upper

Set the mac_addrl with the value from
mac_lower

A A 4

return SUCCESS return FAILURE

Figure 3.2. ethernet_set_mac_address()

3.3. Ethernet_get_mac_address()

Start

“

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

) 4
Set the mac_upper with the value from the
mac_addrO0 register
Set the mac_lower with the value from the
mac_addrl register

\ 4 \ 4
return SUCCESS return FAILURE
\ 4

End <

<

Figure 3.3. ethernet_get_mac_address()

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-TN-02341-1.2 19


http://www.latticesemi.com/legal

Tri-Speed Ethernet Driver APl Reference
Technical Note

= LATTICE

3.4. Ethernet_set_multicast_address()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A

Set the multi_castO register with the
calculated LSB CRC value (32 bits) for
MAC address filtering.

Set the multi_cast1 register with the
calculated MSB CRC value (32 bits) for
MAC address filtering.

4

A 4

return SUCCESS

return FAILURE

4

End

<&
hl

Figure 3.4. ethernet_set_multicast_address()

3.5. Ethernet_get_multicast_address()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A 4

Set the multicast_upper variable with the
value from the multicast_castO register.
Set the multicast_lower variable with the
value from the multicast_cast1 register.

A 4

return SUCCESS

return FAILURE

A 4

End <

<

Figure 3.5. ethernet_get_multicast_address()
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3.6. Ethernet_set_speed()

Yes
thandle

Yes
handle->speed_mode == SPEED_1_GBPS && handle-
>duplex_mode == DUPLEX_MODE_HALF

switch(handle->speed_mode)

Yes
A tsemac->mode_reg &= (~GBIT_EN);
case SPEED_100_MBPS: tsemac->mode_reg |[= RMII_100M_EN;
No
Ye tsemac->mode_reg &= (~GBIT_EN);
case SPEED_10_MBPS: tsemac->mode_reg &=
(~RMII_100M_EN);
No

tsemac->mode_reg |= GBIT_EN;
tsemac->mode_reg &=
(~RMII_100M_EN);

Case SPEED_1_GBPS:

default:

End Switch

A

A

switch(handle->duplex_mode)

Yes

case DUPLEX_MODE_HALF:

No

tsemac->tx_rx_ctrl |=
HALF_DUPLEX_MODE;

Yes

Ccase DUPLEX_MODE_FULL: tsemac->tx rx ctrl &=

(~HALF_DUPLEX_MODE);

default:

End Switch

A

A 4

return SUCCESS

A 4

return FAILURE

End

A

Figure 3.6. ethernet_set_speed()
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3.7. Ethernet_enable_tx_mac()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Configure TSEMAC mode register to
enable TX MAC.

v

<

return SUCCESS

return FAILURE

Figure 3.7. ethernet_enable_tx_mac()

3.8. Ethernet_enable_rx_mac()

Start

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

h 4

Configure TSEMAC mode register to
enable RX MAC.

4

<

return SUCCESS

return FAILURE

v

End <

%

Figure 3.8. ethernet_enable_rx_mac()
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3.9. Ethernet_enable_tx_rx_mac()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A 4

Configure TSEMAC mode register to
enable TX and RX MAC.

JV v

return SUCCESS return FAILURE

h 4
End \4

Figure 3.9. ethernet_enable_tx_rx_mac()

3.10. Ethernet_disable_tx_mac()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Configure TSEMAC mode register to
disable TX MAC.

v ;

return SUCCESS return FAILURE

Figure 3.10. ethernet_disable_tx_mac()
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3.11. Ethernet_disable_rx_mac()

Start

&

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Configure TSEMAC mode register to
disable RX MAC.

v A 4
return SUCCESS return FAILURE
h 4

End
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Figure 3.11. ethernet_disable_rx_mac()

3.12. Ethernet_disable_tx_rx_mac()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A 4

Configure TSEMAC's mode register to
disable TX and RX MAC.

v A 4

return SUCCESS return FAILURE

A 4

End <

<

Figure 3.12. ethernet_disable_tx_rx_mac()
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3.13. Ethernet_enable_mac_interrupt()

Start

()
S ——

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A 4

Enable TSEMAC specific interrupt based
on the user preference.

v
return FAILURE

return SUCCESS

A 4

End <

Figure 3.13. ethernet_enable_mac_interrupt()

3.14. Ethernet_disable_mac_interrupt()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A 4

Disable TSEMAC specific interrupt based
on the user preference.

J A 4

return SUCCESS return FAILURE

A 4

End <

Figure 3.14. ethernet_disable_mac_interrupt()
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3.15. Ethernet_get_mac_interrupt_status()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

*interrupt_status is assigned with the value
of TSEMAC interrupt_status register.

<

4
return SUCCESS return FAILURE

Figure 3.15. ethernet_get_mac_interrupt_status()

3.16. Ethernet_clear_mac_interrupt_status()

Start

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

h 4

Clear interrupts in TSEMAC based on user
preference.

! ,

return SUCCESS return FAILURE

v

End <

Figure 3.16. ethernet_clear_mac_interrupt_status()
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3.17. Ethernet_set_tx_almost_full_threshold()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Configure the TX FIFO almost full

threshold register based on user
preference.

y A

return SUCCESS return FAILURE

Figure 3.17. ethernet_set_tx_almost_full_threshold()

3.18. Ethernet_set_tx_almost_empty_threshold()

Start

5

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v
Configure the TX FIFO almost empty
threshold register based on user
preference.

A 4

return SUCCESS return FAILURE

A 4

End <

Figure 3.18. ethernet_set_tx_almost_empty_threshold()
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3.19. Ethernet_set_rx_almost_full_threshold()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

h 4

Configure the RX FIFO almost full

threshold register based on user
preference.

v

A

return SUCCESS

return FAILURE

Figure 3.19. ethernet_set_rx_almost_full_threshold()

3.20. Ethernet_set_rx_almost_empty_threshold()

Start
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No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v
Configure the RX FIFO almost empty
threshold register based on user
preference.

4

return SUCCESS

return FAILURE

A 4

End
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Figure 3.20. ethernet_set_rx_almost_empty_threshold()
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3.21. Ethernet_tx_rx_control_reg_set()

Yes

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

Configure the TX and RX capabilities
based on user preference.

v v

return SUCCESS return FAILURE

A 4

End

P
l

Figure 3.21. ethernet_tx_rx_control_reg_set()

3.22. Ethernet_tx_rx_status_reg_read()

Start

h 4

Casts the value of handle -> adr to a pointer of
type tsemac_reg_type_t

A 4

Return the transmit and receive status register
value

\ 4

End

Figure 3.22. ethernet_tx_rx_status_reg_read()
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3.23. Ethernet_mode_reg_read()

No

casts the value of handle-=adr to a pointer
of type tsemac_reg_type_t

*mode_reg is assigned with the value in
the TSEMAC mode register.

! v

return SUCCESS return FAILURE

End

Figure 3.23. ethernet_mode_reg_read()

3.24. get_gmii_status()

Start

5

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

v

*is_gmii_idle is assigned with the bit value

in the TSEMAC GMII management control
register.

A 4

return SUCCESS return FAILURE

A 4

End <

<

Figure 3.24. get_gmii_status

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-TN-02341-1.2 30


http://www.latticesemi.com/legal

Tri-Speed Ethernet Driver APl Reference .I:LATTICE

Technical Note

3.25. gmii_management_read()

Yes

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

A

Assign the GMII management control
register with preconstructed PHY address
and reg address.

Wait for GMII interface is idle.

Then *gmii_data is assigned with the value
from TSEMAC GMIl management data
register.

v A 4

return SUCCESS return FAILURE

v

End <

Figure 3.25. gmii_management_read()
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3.26. gmii_management_write()

No

casts the value of handle->adr to a pointer
of type tsemac_reg_type_t

user pre

Assign the GMII management data with

ference.

Assign the GMII management control
register with preconstructed PHY address
and reg address.
Wait until GMII interface is idle.

A

4

return SUCCESS

A

End <

4

A 4
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return F

AILURE

<

Figure 3.26. gmii_management_write()

3.27. Ethernet_get_statistic_counte

r()

Start

A

Y

Casts the value of handle -> adr to a pointer of
type tsemac_reg_type_t

A

Y

Read the LSB value statistic counter register in
offset N.
Read the MSB value from statistic counter
register in offset N+4.
Return the combined LSB value and MSB value.

End

Figure 3.27. ethernet_get_statistic_counter()
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3.28. Ethernet_print_statistic_counter()

Start

v

Casts the value of handle -> adr to a pointer of
type tsemac_reg_type_t

\ 4
Get the statistic register value by calling
ethernet_get_statistic_counter() function.
Print the statistic register value along with
statistic register name.

End

Figure 3.28. ethernet_print_statistic_counter()

3.29. Ethernet_print_all_statistic_counters()

Start
A

Casts the value of handle -> adr to a pointer of
type tsemac_reg_type_t

\ 4
Calling ethernet_print_statistic_counter()
function in loop by passing the offset from
TX_STAT_UNICST up to the offset for
RX_STAT_FRM_9217 16383

End

Figure 3.29. ethernet_print_all_statistic_counters()
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4. API Data Structures

4.1. tsemac_reg_type_t
This structure assigns offsets for the TSEMAC register.

volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile
volatile

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

mode_reg;
tx_rx_ctrl;
max_packet_size;
ipg;

mac_addre;
mac_addril;
tx_rx_status;
vlan_tag;
gmii_mgmt_ctrl;
gmii_mgmt_data;
multi_casto;
multi_castil;
pause_opcode;
tx_fifo_afull;
tx_fifo_aempty;
rx_fifo_afull;
rx_fifo_aempty;

interrupt_status;
interrupt_enable;

//©0x0000

//0x0010

//0x0020

//0x0030

//0x0040

//0x0048
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4.2. tsemac_handle_t

This structure is used to declare different types of parameters used for the TSEMAC API. The following table shows the
available parameters and description.

Table 4.1. tsemac_handle_t Parameters

Parameter Description

e  Part of the tsemac_handle_t structure.

e  Used for setting the speed for the TSEMAC.

e  Part of the tsemac_handle_t structure.

e  Used for setting the half duplex or full duplex mode for the TSEMAC.

speed_mode

duplex_mode

e  Part of the tsemac_handle_t structure.

e  Represents the base address of the TSEMAC.

e  Part of the tsemac_handle_t structure.

e  Represents the length of the Ethernet packet that is transmitted to the TSEMAC.

adr

frame_length

e  Part of the tsemac_handle_t structure.

mac_upper e  Represents the variable setting to obtain the first four bytes of the MAC address for
the TSEMAC.
e  Part of the tsemac_handle_t structure.
mac_lower e  Represents the variable setting to obtain the last two bytes of the MAC address for
the TSEMAC.
e  Part of the tsemac_handle_t structure.
multicast_upper e  Represents the variable setting to obtain the first four bytes of the 64-bit hash for
the TSEMAC.
e  Part of the tsemac_handle_t structure.
multicast_lower e  Represents the variable setting to obtain the last four bytes of the 64-bit hash for
the TSEMAC.

e  Part of the tsemac_handle_t structure.

tx_rx_ctrl_var . . . . .
e  Represents the transmit and receive control register configuration for the TSEMAC.
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5. API Variables

The following table shows the variables and their description.

Table 5.1. Variable Description

Variable Description

. Used in the TSEMAC API.
handle ] . . .

e Astructure variable that consists of different variables.
status Returns success or failure from the API.
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6. API Macros

6.1. Success and Failure

t#tdefine SUCCESS
#define FAILURE
6.2. IPGTime
#tdefine IPG_TIME

6.3. Maximum Packet Size
#define MAX_PACKET_SIZE

12

1500

= LATTICE

The MAX_PACKET_SIZE is user dependent. You can set this API for the TSEMAC as per requirement. A frame that transmits
more than the maximum packet size is known as a long frame.

6.4. TSE MAC Speed Mode

#define SPEED_10_MBPS
#define SPEED_100_MBPS
#define SPEED_1_GBPS

6.5. TSE MAC Duplex Mode
ttdefine DUPLEX_MODE_HALF
ttdefine DUPLEX_MODE_FULL

6.6. Mode Register Macros

#define RMII_100M_EN
#define TX_EN
#define RX_EN
#define FC_EN
#define GBIT_EN

6.7. Transmit and Receive Control Register Macros

#define RCV_SHORT_FRAMES
#define RCV_BROADCAST
#define DROP_CONTROL
#define HALF_DUPLEX_MODE
#define RCV_MULTICAST
#define RCV_PAUSE_FRAME
#define TX_DISCARD_FCS
#define RCV_DISCARD_FCS
#define RCV_ALL_ADDR_FRAME

N

(1U <<
(1U <<
(1U <<
(1U <<
(U <«

(1U

(1U
(1U
(1U
(1U
(1U
(1U
(1U

4)
3)
2)
1)
0)

<< 8)
(U << 7)

<<
<<
<<
<<
<<
<<
<<

6)
5)
4)
3)
2)
1)
0)
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6.8. Transmit and Receive Status Register Macros

#define RX_MAC_IDLE (1U << 10)
#define TAGGED_FRAME (1U << 9)
#define BROADCAST_FRAME (1U << 8)
#define MULTICAST CAST (1U << 7)
#define IPG_SHRINK (1U << 6)
#define SHORT_FRAME (1U << 5)
#define LONG_FRAME (1U << 4)
#define FRAME_ERROR (1U << 3)
#define CRC_ERROR (1U << 2)
#define PAUSE_FRAME (1U << 1)
#define Tx_MAC_IDLE (1U << 0)

6.9. GMII Management Register Access Control Register Macros

#define CMD_FINISHED (1UL << 14)
#define RW_PHYREG_POS 13
#define R_PHYREG_POS 0
#define W_PHYREG_POS 1
#define REG_START_POS 0
#define PHY_START_POS 8
#define MAX_REG_ADDR 31
#define MAX_PHY_ADDR 31

6.10. Interrupt Status Register Macros

#define TX_OVERFLOW_INT (1U << 7)
#define TX_FULL_INT (1U << 6)
#define TX_AFULL_INT (1U << 5)
#define TX_AEMPTY_INT (1U << 4)
#define RX_UNDERFLOW_INT (1U << 3)
#define RX_EMPTY_INT (1U << 2)
#define RX_AEMPTY_INT (1U << 1)
#define RX_AFULL_INT (1U << 0)

6.11. Interrupt Enable Register Macros

#define TX_OVERFLOW_EN (1U << 7)
#define TX_FULL_EN (1U << 6)
#define TX_AFULL_EN (1U << 5)
#define TX_AEMPTY_EN (1U << 4)
#define RX_UNDERFLOW_EN (1U << 3)
#define RX_EMPTY_EN (1U << 2)
#define RX_AEMPTY_EN (1U << 1)

#define RX_AFULL_EN (1U << 0)
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6.12. Statistics Counters Registers Offset

#define
#define
#define
#define
#define
#define
#define
#define
#define
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ttdefine
ftdefine
ftdefine
ftdefine
ftdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine

TX_STAT_UNICST
TX_STAT_MULTCST
TX_STAT_BRDCST
TX_STAT_BADFCS
TX_STAT_JMBO
TX_STAT_UNDER_RUN
TX_STAT_PAUSE
TX_STAT_VLN_TG
TX_STAT_FRM_LNGTH
TX_STAT_DEFERRED_TRANS
TX_STAT_EXCESSIVE_DEFERRED_TRANS
TX_STAT_LATE_COL
TX_STAT_EXCESSIVE_COL
TX_STAT_NUM_EARLY_COL
TX_STAT_SHRT_FRM_DIS_FCS
TX_STAT_PTP1588_FRM
TX_STAT_FRM 64
TX_STAT_FRM_65_127
TX_STAT_FRM_128_255
TX_STAT_FRM_256_511
TX_STAT_FRM 512_1023
TX_STAT_FRM 1024 1518
TX_STAT_FRM_ 1519 2047
TX_STAT_FRM_2048_4095
TX_STAT_FRM_4096_9216
TX_STAT_FRM_9217_16383
RX_STAT_FRM_LNGTH
RX_STAT_VLN_TG
RX_STAT_PAUSE
RX_STAT_CTRL
RX_STAT_UNSP_OPCODE
RX_STAT_DRIBB_NIBB
RX_STAT_BRDCST
RX_STAT_MULTCST
RX_STAT_UNICST
RX_STAT_RCVD_OK
RX_STAT_LNGTH_ERR
RX_STAT_CRC_ERR
RX_STAT_PKT_IGNORE
RX_STAT_PREVIOUS_ CARRIER_EVENT
RX_STAT_PTP1588_FRM
RX_STAT_IPG_VIOL
RX_STAT_SHRT_FRM
RX_STAT_LNG_FRM
RX_STAT_FRM_UNDERSIZE
RX_STAT_FRM_FRAGMENTS
RX_STAT_FRM_JABBER
RX_STAT_FRM_64_GOOD_CRC
RX_STAT_FRM_1518 GOOD_CRC
RX_STAT_FRM_64

0x04C
0x054
0x05C
0x064
0x06C
o0x074
0x07C
0x084
0x08C
0x094
0x09C
Ox0A4
OX0AC
0x0B4
Ox0BC
oxec4
0x0CC
0xeD4
0xeDC
OXOE4
OXOEC
Ox0OF4
OXOFC
ox104
ox1eC
ox114
0x11C
ox124
0x12C
ox134
0x13C
0x144
0x14C
ox154
0x15C
ox164
0x16C
ox174
ox17C
0x184
0x18C
0x194
0x19C
Ox1A4
Ox1AC
ox1B4
Ox1BC
ox1C4
ox1CC
ox1D4
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#define
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine
t#tdefine

6.13. Ethernet_reg_name_str(Offset)

#tdefine ethernet_reg name_str(Offset)

RX_STAT_FRM_65_127
RX_STAT_FRM_128_255
RX_STAT_FRM_256_511
RX_STAT_FRM_512_1023
RX_STAT_FRM_1024 1518
RX_STAT_FRM_1519 2047
RX_STAT_FRM_2048_4095
RX_STAT_FRM_4096_9216
RX_STAT_FRM_9217_16383

0x1DC
Ox1E4
Ox1EC
Ox1F4
Ox1FC
0x204
0x20C
0x214
0x21C

= LATTICE

The ethernet_reg_name_str(Offset) macro retrieves the names of statistics counters registers as strings, taking the offset of

the statistics counters registers as input.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/Support/AnswerDatabase.
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Revision History

Revision 1.2, June 2025

Section Change Summary

All e  Renamed document title TSE MAC Driver API Reference to Tri-Speed Ethernet Driver APl Reference.
e Renamed Tri-Speed Ethernet MAC to Tri-Speed Ethernet.

Introduction e  Updated the Driver and IP Compatibility section.
e Renamed TSEMAC IP to TSE IP in this section.

API Description e Updated the following API description:

e  Ethernet_init() section.
e  Ethernet_get_mac_address() section.
e  Ethernet_get_multicast_address() section.
e  Ethernet_set_speed() section.
e  Ethernet_mode_reg_read() section.
e  Ethernet_tx_rx_status_reg_read() section.
e Added the following API description:
e  Ethernet_enable_tx_mac() section.
e  Ethernet_enable_rx_mac() section.
e  Ethernet_disable_tx_mac() section.
e  Ethernet_disable_rx_mac() section.
e  Ethernet_enable_mac_interrupt() section.
e  Ethernet_disable_mac_interrupt() section.
e  Ethernet_get_mac_interrupt_status() section.
e  Ethernet_clear_mac_interrupt_status() section.
e  Ethernet_set_tx_almost_full_threshold() section.
e  Ethernet_set_tx_almost_empty_threshold() section.
e  Ethernet_set_rx_almost_full_threshold section.
e  Ethernet_set_rx_almost_empty_threshold() section.
e  Ethernet_tx_rx_control_reg_set() section.
e  Gmii_management_read() section.
e  Gmii_management_write() section.
e  Get_gmii_status() section.

Function Call Flow e  Updated the following flow diagrams:

Diagrams e  Figure 3.1. ethernet_init().
e  Figure 3.2. ethernet_set_mac_address().
e  Figure 3.3. ethernet_get_mac_address().
e  Figure 3.4. ethernet_set_multicast_address().
e  Figure 3.5. ethernet_get_multicast_address().
e  Figure 3.6. ethernet_set_speed().
e  Figure 3.9. ethernet_enable_tx_rx_mac().
e  Figure 3.12. ethernet_disable_tx_rx_mac().
e  Figure 3.21. ethernet_tx_rx_control_reg_set().
e  Figure 3.23. ethernet_mode_reg_read().

e  Added the following flow diagrams:
e  Figure 3.7. ethernet_enable_tx_mac().
e  Figure 3.8. ethernet_enable_rx_mac().
e  Figure 3.10. ethernet_disable_tx_mac().
e  Figure 3.11. ethernet_disable_rx_mac().
e  Figure 3.13. ethernet_enable_mac_interrupt().
e  Figure 3.14. ethernet_disable_mac_interrupt().
e  Figure 3.15. ethernet_get_mac_interrupt_status().
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e  Figure 3.16. ethernet_clear_mac_interrupt_status().

e  Figure 3.17. ethernet_set_tx_almost_full_threshold().

e  Figure 3.18. ethernet_set_tx_almost_empty_threshold().
e  Figure 3.19. ethernet_set_rx_almost_full_threshold().

e  Figure 3.20. ethernet_set_rx_almost_empty_threshold().
e  Figure 3.24. get_gmii_status.

e  Figure 3.25. gmii_management_read().

e  Figure 3.26. gmii_management_write().

API Data Structures e  Removed the following parameters from Table 4.1. tsemac_handle_t Parameters:
e  enable_tx_mac.
e  enable_rx_mac.

e Added the duplex mode parameter to Table 4.1. tsemac_handle_t Parameters.

API Macros e  Added the following sections:
e  TSE MAC Speed Mode section.
e  TSE MAC Duplex Mode section.
e  Mode Register Macros section.
e  Transmit and Receive Status Register Macros section.
. GMII Management Register Access Control Register Macros section.
e Interrupt Status Register Macros section.
e Interrupt Enable Register Macros section.
e  Updated the Transmit and Receive Control Register Macros section.

References Added the following reference:
Tri-Speed Ethernet IP Release Notes (FPGA-RN-02036).

Revision 1.1, July 2024

Section Change Summary

Abbreviations in This Added the FCS abbreviation.
Document

Introduction e  Updated the Audience section.

e  Updated the Driver Version section.
e  Updated Table 1.1. Driver and IP Version and Table 1.2. Quick Facts on Driver Test Environment in
the Driver and IP Compatibility section.

API Description e  Updated the following subsections:
e Ethernet_init() section.
e  Ethernet_packet_handle() section.
e  Ethernet_set_mac_address() section.
e  Ethernet_get_mac_address() section.
e  Ethernet_set_multicast_address() section.
e  Ethernet_get_multicast_address() section.
e  Ethernet_tx_rx_status_reg_read() section.
e  Ethernet_mode_reg_read() section.
e  Ethernet_tx_rx_control_reg_set() section.
e  Ethernet_set_speed() section.

e  Added the following new subsections:
e  Ethernet_enable_tx_rx_mac() section.
e  Ethernet_disable_tx_rx_mac() section.
e  Ethernet_get_statistic_counter section.
e  Ethernet_print_statistic_counter() section.
e  Ethernet_print_all_statistics_counters() section.

Function Call Flow e  Updated the following figures:

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Section

Change Summary

Diagrams

e  Figure 3.1. ethernet_init().
e  Figure 3.2. ethernet_packet_handle().
e  Figure 3.3. ethernet_set_mac_address().
e  Figure 3.4. ethernet_get_mac_address().
e  Figure 3.5. ethernet_set_multicast_address().
e  Figure 3.6. ethernet_get_multicast_address().
e  Figure 3.7. ethernet_set_speed().
e  Added the following new figures:
e  Figure 3.8. ethernet_enable_tx_rx_mac().
e  Figure 3.9. ethernet_disable_tx_rx_mac().
e  Figure 3.13. ethernet_get_statistic_counter().
e  Figure 3.14. ethernet_print_statistic_counter().

e  Figure 3.15. ethernet_print_all_statistic_counters().

API Data Structures

e  Updated the tsemac_reg_type_t section.
e  Updated Table 4.1. tsemac_handle_t Parameters.

APl Enum e  Updated the Speed_mode_set section.
. Removed the statistics_counter_reg section.
API Macros . Removed the following sections:

e  Frame Length section.

e  Shift Value section.

e Index Value section.
e  Updated the Maximum Packet size section.
e  Added the following sections:

e  Statistics Counters Registers Offset.

e  Ethernet_reg_name_str(Offset).
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