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1.  General Description

The RTL9047AA / RTL9044AA / RTL9044AB / RTL9043AA SDK contains general APIs that users can
use to perform configuration.

The RTL9047AA / RTL9044AA / RTL9044AB / RTL9043AA SDKs are fully interchangeable. Through
the rest of this document we use ‘RTL904Xxx’ to refer to the four products

Section 2, page 3 describes the organization of the RTL904Xxx SDK
Section 3, page 4 is a porting guide to porting SDK on a new platform

Section 4, page 7 is an introduction to function modules in the SDK

Table 1. Product List

Product Name Package Description
RTL9047AA BGA, 217 ball count Full interface with the same package size.
For systems that require one GMII, or two
SGMII ports.
Contains:

4*100BASE-T1 PHY: Poit index 0~3
1*C0: 100BASE-T1 and SGMII
1*EO0: FE PHY, SGMII, and
RGMII/MII/RMII

1*E1: GMII/RGMII/MII/RMII

RTL9044AA BGA, 217 ball count Contains: “
1*100BASE-T1 PHY: Port index 0
1*C0: 100BASE-T1 and SGMII
1*E0: FE PHY, SGMII, and
RGMII/MII/RMII

4 i 1*E1: GMII/RGMII/MII/RMII
RTL9044AB ‘ BGA, 217 ball count Contains:

2*100BASE-T1 PHY: Port index 0~1
1*C0: 100BASE-T1 and SGMII
1*E0: FE PHY, SGMII, and
RGMII/MIT/RMII

RTL9043AA BGA, 217 ball count Contains:

2*100BASE-T1 PHY: Port index 0~1
1*E0: FE PHY, SGMII and

| RGMIUMII/RMII

Single-Chip Automotive Ethernet Switch Controller with 1 Track ID: JATR-8275-15 Rev. 0.79
100BASE-T1 Transceiver
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1.1. Port Index Definition

The physical ports of the RTL904Xxx are referred to as Port0 to Port7. The MAC Circuits for each port
are referred to as MACO to MACT7 respectively. The external interfaces and connection for all the
RTL904Xxx ports are listed as follows:

Table 2. Port Index

Port Index Interface Note
0 100BASE-T1 PHY Short name is PO
1 100BASE-T1 PHY Short name is P1
2 100BASE-T1 PHY Short name is P2
3 100BASE-T1 PHY Short name is P3
4 100BASE-T1 PHY and Combo port 0. Configurable. 100BASE-T1 PHY and
SGMII SGMII are individual pins. These two interfaces share the

saine MAC layer. This port may connect to a CPU or
cascade switch.
Short name is CO.

5 FE PHY, External port 0. Configurable. FE PHY, SGMII and
SGMII, and RGMII/MII/RMII are individual pins. RGMII, RMII, and
RGMII/MII/RMIT (share pin) MII share pins. This port may connect to a CPU or cascade
switch.

These thiree 1nterfaces share the saine MAC layer.
Short name is EO.

6 GMII/RGMII/MII/RMII (share pin) External port 1. Configurable. GMII/RGMII/MII/RMII are |
shared pins. This port may connect to a CPU or cascade
switch.

B Short name is E1.
7 Internal 8051 This port connects to the internal CPU(8051). Short name
N N is P7. N
Single-Chip Automotive Ethernet Switch Controller with 2 Track ID: JATR-8275-15 Rev. 0.79
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2. SDK Structure

Realtek provides an RTK layer to abstract the functions between different chips. The main header files
should be included in your program. They are:

rtk_api ext.h: RTK Function Prototype
rtk_error.h: RTK error list
rtk_api.h: RTK Data structure

The other files are:
SDK/src/asicdrv

This is a low-level asic driver, which should not be used directly. These functions will be called by RTK
APIs that are implemented in rtk_api.c, to provide an casier, more uniform way of use.

SDK/src/asicdrv/basic

This is a low-level asic driver to access RTL904Xxx registers.

SDK/sre/rtk_i2c.c

This is an 12C sample code used where some functions are customer-implemented when porting to a new
hardware platform.

rtk_mdec.c

This is an MDC/MDIO sample code used where some functions are customer-implemented when porting
to a new hardware platform.

itk _spi.c

This is an SPI sample code used where some functions are customer-implemented when porting to a new
hardware platform.

Single-Chip Automotive Ethernet Switch Controller with 3 Track ID: JATR-8275-15 Rev. 0.79
100BASE-T1 Transceiver
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3. Porting Issues

3.1. Environment Setting

In order to compile the SDK successfully, put the following directories into the development path:

‘include’, ‘include/asicdrv’ and ‘include/asicdrv/basic’.

3.2. Register Access Interface Porting

An external CPU can access registers of the RTL9040 via [2C, MDC/MDI, and SPI interfaces, which is
decided by strapping setting. In order to port to new platforms successfully, the low-level GPIO signal
function should be rewritten. Users should follow the steps in the following sections to provide correct
GPIO control function.

3.3. 12C Interface Porting

The 12C interface includes SDA/SCL. This is a serial management interface; SCK transmits the clock
signal and SDA transmits the data signal. Refer to the RTL904Xxx Series DataSheet for more
information about protocol and timing characteristics.

The sample code is at src/rtk_i2c.c. The sample code uses two GPIO pins to emulate SIDA/SCL signals.
RTL9040 I2C READ & RTLY040 [2C_WRITE is used to read/write the registers. In code below we
use the RTL9040 as our sample model.

First, choose two GPIO pins. Specify one as SCL, the other as SDA;

The code body embraced by the macro SAMPLE CODE should be rewritien when porting to a new
platform.

The APIs needing rewritten are:
RTLS040 I2C init();
gpio_sda mode_set();
_SCL_SDA_set();
_SCL _set();
_SDA_get();
_SCL_wait_half CLK();

Function RTLY040 12C init() is used to initialize the GPIOs that arc used as a 12C interface. Usually this
function only configures GPIOs in the master IC to output mode. gpio sda mode set() is used to
configure GPIO SDA to input or output mode.

Functions SCL _SDA set(), SCL set() and SDA get() are used to get/set data on SDA/SCL GPIO
lines. SCL SDA set() is used to output SCL. and SDA signals together, and is used when writing
addresses or data to the RTL9040. SCL set() is used to output SCL signal alone, this API will be used to
output SCL signal when read data from RTL9040. SDA_get() is used to read the data at SDA.

Single-Chip Automotive Ethernet Switch Controller with 4 Track ID: JATR-8275-15 Rev. 0.79
100BASE-T1 Transceiver
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Function SCL wait_half CLK(), a very common function, is used to add some hold time to keep the
SCL & SDA signals stable. Note that different interfaces require different delay cycles (see the
RTL904Xxx_Series DataSheet for more information).

3.4. MDC/MDIO Interface Porting

The MDC/MDIO(SMI) interface includes MDC/MDIO. It is a serial management interface. MDC
transmits the clock signal and MDIO transmits the data signal (same as I2C). Refer to the
RTL904Xxx Series DataSheet for more information about protocol and timing characteristics.

The sample code is at src/rtk mdc.c. The sample code uses two GPIO pins to emulate MDC/MDIO
signals. RTL9040 SMI READ & RTL9040 SMI WRITE is used to read/write the registers of the
RTL9040.

First, choose two GPIO pins and specify one as MDC, the other as MDIO;

Second, the code body embraced by macro SAMPLE CODE should be rewritten when porting on new
platform.

The APIs needing rewritten are:
RTL9040 MDCMDIO init();
_gpio_mdio_mode_set();
~MDC MDIO _set{);

_MDC set();
_MDIO_get();
_MDC wait_half CLK();

Function RTL9040 MDCMDICO 1nit() is used to initiahze the GPIOs that are used as the
MDC/MDIO(SMI) interface. Normally this function only configures GPIOs in the master IC to output
mode. gpio_mdio_mode set() is used to configure GPIO MDIO to input or output mode.

Functions MDC MDIO set(), MDC set() and MDIO get() are used to get/set data on MDC/MDIO
GPIO lines. MDC MDIO _set() is used to output MDC and MDIO signals together, and is used when
writing address or data to the RTL9040. MDC set() is used to output only MDC signals. This API is
used to output MDC signals when reading data from the RTL9040. MDIO get() is used to read the data
at MDIO.

The common function  MDC_wait haif CLK() is used to add hold time to keep MDC and MDIO signals
stable. Note that different interfaces require different delay cycles (see the RTL9047AA RTL9047AB
RTL9044AA RTL9043AA DataSheet for more information).

Single-Chip Automotive Ethernet Switch Controller with 5 Track ID: JATR-8275-15 Rev. 0.79
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3.5. SPI Interface Porting

The SPI interface includes CS, CLK, SI, and SO. It is a serial management interface. CS is used to
indicate this SPI interface is in use, and CLK transmits clock signals to slave devices. SI and SO are the
data signals. SI is used to get input data while SO is the output data signal. Refer to the
RTL904Xxx Series DataSheet for more information about protocol and timing characteristics.

The sample code is at src/rtk spi.c. The sample code uses four GPIO pins to emulate SPI signals.
RTL9040 SPI READ & RTL9040 SPI WRITE is used to read/write the registers of the RTL9040.

First, choose four GPIO pins and specify as CS, CLK, SI, and SO;

Second, the code body embraced by macro SAMPLE CODE should be rewritten when porting on new
platform.

The APIs needing rewritten are:
RTL9040 SPI init();
REGIFSPI_CS H()
REGIFSPI CS L()
REGIFSPI CLK H()
REGIFSPI CLK L()}
REGIFSPI_SI H()
REGIFSPI SI L()
REGIFSPI SO _STS()

spi_waveform_wait();

Function RTL9040 SPI init() is used to initialize the GPiOs that are used as CS, CLK, SI, and SO
interfaces. Normally this function only configures GPIOs 1n the master IC to output mode, except for SI
which is configured to input modc.

Functions REGIFSPI CS H(), REGIFSPI CS L(), REGIFSPI CLK H(), REGIFSPI CLK L(),

REGIFSPI_SI H(), REGIFSPI _SI L(),and REGIFSFP1 SO_STS() are used to get/set data on GPIO lines.

REGIFSPI CLK H() and REGIFSPI CLK L{) are used to output a clock signal, and REGIFSPI CS H()
and REGIFSPI CS L) are used to indicate that this SPI interface is in use when writing address or data

to the RTL.9040. REGIFSPI_SI H() and REGIFSPI SI L() are used to output only data signals. This API

is used to output data signals when writing data to the RTL9040. REGIFSPI SO STS() is used to read

output data signals from RTL9040.

The common function spi_waveform_wait () is used to add hold time to keep the 4 signals of SPI stable.
Note that different interfaces require different delay cycles (see the RTL9047AA RTL9047AB
RTL9044AA RTL9043AA DataSheet for more information).
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4. Function Overview

4.1. VLAN

The RTL904Xxx support a 1024-entry VLAN table. Users should use API rtk vlan init to initialize the
VLAN before using it. The initialization will enable VLAN functions and set up a default VLAN with
VID 1 that contains all ports. Each port’s PVID will also be set to the defauit VLAN.

After initialization, users can add and set VLAN 0~4095 through API rtk vlan set, and configure its
member set and untag set. In order to get the member set information and untag a set on a specified
VLAN, rtk vlan get can be used. For Port-Based VLAN there are two APIs provided
(rtk_vlan portPvid_set and rtk_vlan portPvid get) to set and get the PVID of the ports.

Users can turn on the ingress filter function with rtk vian portlgrFilterEnable set. The accepted frame
types for ports can be set through rtk_vlan portAcceptFrameType set.

The following are explanations and sample codes for VLAN APIs.

4.1.1. Initialization
int32 rtk_vlan_init(void)

This API should be called before using VLAN. It enables VLLAN functions and scts up a default VLAN
with VID 1 that contains all ports. It also sets each port’s PVID to the default VLAN. After VLAN
initialization, the switch uses 4K VLAN mapping for tagged frames while using Port-Based VLAN
mapping for untagged frames. After calling rtk_vlan init, user can change the default VLAN arrangenient
through the following mtroduced API rtk_vlan_set and rtk_vlan_portPvid_ set.

Example:

/* initialize VLAN */

rtk_vlan_init ;

/* all the ports are in the defauit VLAN 1 after VLAN is initialized. Modify it as
follows

VLAN1 member: portO, portl, port2;

VLAN2 member: port3, portd, port5 */

rtk_portmask_t mbrmsk, untagmsk;

rtk_vlan_t VLAN1, VLAN2;

VLAN1 = 100;
VLAN2 = 200;
mbrmsk.bi1ts[0]1=0x07; /* port 0~ port 2%/

untagmsk.bits[0]=0x3F;

rtk_vlan_set(VLAN1, mbrmsk, untagmsk, 0);
mbrmsk.bits[0]=0x38; /* port 3~ port 5%/
untagmsk.bits[0]=0x3F;

rtk_vlan_set(VLAN2, , mbrmsk, untagmsk, 0);
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/* set PvID for each port */

rtk_vlan_portPvid_set(0, VLAN1, 0);
rtk_vlan_portPvid_set(1l, VLAN1, 0);
rtk_vlan_portPvid_set(2, VLAN1, 0);
rtk_vlan_portPvid_set(3, VLAN2, 0);
rtk_vlan_portPvid_set(4, VLAN2, 0);
rtk_vlan_portPvid_set(5, VLAN2, 0);

4.1.2. Add/Modify/Destroy a VLAN

int32 rtk_vlan_set(rtk_vlan_t vid, rtk_portmask_t mbrinsk, rtk_portmask { untagmsk, rtk fid_t
fid)

typedef uint32 rtk_vlan_t;

typedef struct rtk_portmask s

{
uint32 bits[RTK_TOTAL_NUM_OF_WORD _FOR_1BIT_PORT_LIST]:
}  rtk_portmask_t;

typedef uint32 rtk fid t;

This API can set the member set, untagged set, and filtering database to the specified VLAN. The
mbrmask’s bit N means port N. For example, mbrmask.bits[0] = 23=0x17=0b010111 means port 0, 1, 2,
4 in the member set. A VLAN entry can be cleared by specifying its member sct, untagging, and setting
to zero. For this chip, FID range is 0~14, and is used as a spanning tree instance ID.

If a VLAN is set to SVL (Shared VLAN Learning) mode, FID is also used as a filtering database ID.
However, if a VLAN is set to IVL (Independent VLAN Learning) mode, FID is only used as a spanning
tree instance ID.
After VLAN initialization, VLAN is configured to IVL mode. API rtk vlan ivisvIMode set can be used
to change the mode.

Example:

/* set port 0,1,2,3 as member set and port 2,3 as untag set for VLAN 1000 with fid 0 */
rtk_vlan_t vid;

rtk_portmask_t mbrmsk, untagmsk;

rtk_fid_t fid;

vid = 1000;

mbrmsk.biits[0]=0x0F;
untagmsk.bits[0]=0x0C;

fid = 0;

rtk_vlan_set(vid, mbrmsk, untagmsk, fid);
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/% clear member set and untag set for VLAN 1000 */
vid = 1000;

mbrmsk.bits[0]=0;

untagmsk.bits[0]=0;

fid = 0;

rtk_vlan_set(vid, mbrmsk, untagmsk, fid);

int32 rtk_vlan_get(rtk_vlan_t vid, rtk_portmask_t *pMbrmsk, rtk_portmask_t *pUntaginsk,

rtk_fid t *pFid)
typedef uint32 rtk_vlan_t;

typedef struct rtk_portmask_s
{
uint32 bits[RTK_TOTAL_NUM_OF_WORD_FOR_IBIT_PORT_LIST];
} rtk_portmask_t;
Typedef wuint32 rtk_fid_t;

The API can get the information of member set, untagged set, and filtering database on the specified
VLAN. The information is retrieved 1 mbrmask. The mbrmask’s bit N means port N. For example,
mbrmask.bits[0] =23 = 0x17 = 0b010111 means port 0,1,2,4 in the member set.

Example:

/* get the member set and untagged set on VLAN 1000 */
rtk_vlan_t vid;

rtk_portmask_t mbrmsk, untagmsk;

rtk_fid_t fid;

vid = 1000;
rtk_vlan_get(vid, & mbrmsk, & untagmsk, &fid);

U<

int32 rtk_vlan_destroy(rtk vlan_t vid)
typedef uint32 rtk_vlan_t;

This API can delete an existing VLAN with the specified VID from the VLAN table.

Example:
/% delete the VLAN with VID 100 */
rtk_vlan_destroy (100);

4.1.3. Get VLANSs by Port

The way to find out the VLANSs which a port belongs to is to scan the whole VLAN table, and check the
member port of each VLAN.
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