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Preface

About this guide and technical support information.

About this document

This document mainly provides the SDK developers with the programing basics and debugging know-how for the UART of the
StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the UART relevant driver developers. If you are developing other modules, place a request to your
sales or support consultant for our complete documentation set on JH7110.

Revision History

Table 0-1 Revision History

Version Released Revision

1.0 First official release.

Notes and notices
The following notes and notices might appear in this guide:
. 0 Tip:

Suggests how to apply the information in a topic or step.

. Note:
Explains a special case or expands on an important point.

. ! Important:
Points out critical information concerning a topic or step.

. @ CAUTION:

Indicates that an action or step can cause loss of data, security problems, or performance issues.

* /0. Warning:
Indicates that an action or step can result in physical harm or cause damage to hardware.
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1. Introduction

Universal Asynchronous Receiver-Transmitter (UART) uses a single data transmission line to send data to destination.

UART can be used not only to output log data for system debug, but also to complete short-distance communication. It is an

interface with practical use in embedded systems.

1.1. Function Layer

The UART driver of the JH7110 SoC Platform has the following layers.
* TTY Core: TTY refers to the TeleType and/or the TeleType Writer. It registers and manages all TTY devices in the core.
* UART Core: It provides a set of API for the UART driver for registration of devices and drivers.

* 8250 UART Driver: It serves as a platform for the initialization and data communication for the JH7110 SoC Platform.

Figure 1-1 Function Layer

TTY Core

8250 UART Driver

1.2. Device Tree Overview

Since Linux 3.x, device tree is introduced as a data structure and language to describe hardware configuration. It is a system-
readable description of hardware settings so that the operating system doesn’t have to hard code details of the machine.

A device tree is primarily represented in the following forms.
* Device Tree Compiler (DTC): The tool used to compile device tree into system-readable binaries.

* Device Tree Source (DTS): The human-readable device tree description file. You can locate the target parameters and

modify hardware configuration in this file.

« Device Tree Source Information (DTSI): The human-readable header file which you can include in device tree description.
You can locate the target parameters and modify hardware configuration in this file.

* Device Tree Blob (DTB): The system-readable device tree binary blob files which is burned in system for execution.

The following diagram shows the relationship (workflow) of the above forms.

7 © 2018-2022 StarFive Technology www.starfivetech.com
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| 1-Introduction

Figure 1-2 Device Tree Workflow

DTSI File DTSI File DTSI File
DTS File

|

DTC Compiler

DTB Binary File

1.3. Source Code Structure

The following code block shows the source code tree structure of the UART driver.

l'inux 5.15

-- include
| -- linux
| |-- serial_8250.h
| |-- serial _core.h

|-- serial

|-- serial _core.c
|-- 8250

| |-- 8250_dw. c

| |-- 8250_core.c
|

|
|
|
|
|
| [-- tty
|
|
|
|
|
[ |-- 8250.h

www.starfivetech.com © 2018-2022 StarFive Technology
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2. Configuration

2.1. Kernel Menu Configuration

Follow the steps below to enable the kernel configuration for UART.

1. Under the root directory of f r eel i ght - u- sdk, type the following command to enter the kernel menu configuration
GUI.

make | i nux-nenuconfig

2. Enter the Device Drivers menu.

Figure 2-1 Device Drivers
File Edit View Search Terminal Help
.config - Linux/riscv 5.15.0 Kernel Configuration

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes,
<N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module
< > module capable

eneral setup --->
[*] MMU-based Paged Memory Management Support
oC selection --->
PU errata selection --->
latform type --->
ernel features --->
oot options --->
ower management optiens --->
eneral architecture-dependent options --->
[*] Enable loadable module support --->
[*] Enable the block layer --->
0 Schedulers --->
xecutable file formats --->
Memory Management options --->
+1 Networking <uppo -
| Device Drivers ]
Tle systems - -
ecurity options
ryptographic API
ibrary routines
ernel hacking

*

< Exit > < Help > < Save > < Load >

3. Enter the Character devices menu.

9 © 2018-2022 StarFive Technology www.starfivetech.com
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Figure 2-2 Character Devices

_config - Linux/riscy 5.15.0 Kemel Configuration
Device Drivers — Character devices - Serial drivers
Devi

5
Arrow keys navigate the menu. <Enter> selects submenus ---> (or

enpty submenus --

</> for Search. Legend: [*] built-in [ ] excluded <> module < > module capable

4. Enter the Serial drivers menu.

Figure 2-3 Serial Drivers

_config - Linux/riscy 5.15.0 Kernel Configuration
Device Drivers Character devices — Serial drivers
ract

N
e lF e et el amant elects submenus )
</> for Search.  Legend: [*] Dt T T ermtboed Han modnt T easite exie

enpty submen

%] °CI support
< > PCCard (Pcncn/cardsus) support
< > RapidI0 support --
eneric Driver qmnns .
fus devices
o rm e d userspace <-> kemelspace inker
Fimware Drivers
< > GNSS receiver support
<> Wemory Technology Device (TD) support
-*- Device Tree and Open Fimware support
<> raraliel port support -
[*] #lock devices

CSI device support
<> Serial ATA and Parallel ATA drivers (libata) --->
[ ] Multiple devices driver support (RAID and LVM) -
<> Generic Target Core Mod (TCH) and ConfigFS Infrastructure
[ 1 Fusion WPT device support

EEE 1304 (FireWire) support
[*] Network device support --->

nput device e

haracter

2C support

3C support

PI support

PMI support

TP clock support -
Pin controllers -
PIO Support --
allas’s 1-wire support ----
oard level reset or power off
Fower supply class support
B e
hermal dri
atchdog Tiner Su
onics Silicon Ba:kplane suppm
roadcon specific AMBA ---
Wltifunction device drivers --->
Voltage and Current Regulator Support
amote ControLlar support] -
HIMI CEC dri
<*> Miltinedia supvm’t =
raphics support --->
<*> Sound card support --->
HID support "--->
[*] USB s -
<> WHC/SD/SDT0 card support
< > Sony MemoryStick card suppm
LED Support
ccessibility suppm -
nfiniBand support -
EDAC (Beror Devection dod Correction) reporting

SMPWS " _Exit > < Help > < Save > < Load > |

(*] tnable TTIY  --->
[*]  virtual teminal
fnable character translations in console
upport for console on virtual terminal
upport for binding and unbinding console drivers
nix8 PTY support
egacy (BSD) PTY support
Maxinum number of legacy PTY in use
utonatically load TTY Line Disciplines
i
Non-standard serial port support
oldfish TTY Driver
:SM MUX Line discipline support (EXPERIMENTAL)
HSDPA Broadband Wireless Data Card - Globe Trotter
NOLL TTY drives
15C-V Bl coneole support
erial device bus ----
TY driver to output user messages via printk
typrintk log level (1-7)
virtio console
< > IPMI top-level message handler
<> Hardware Randon Number Generator Core support -
-+~ Starfive True Random Number Generator support
< > spplicon intelligent fieldbus card support
[*] /dev/men virtual device support
[*] /dev/port character device
< > TPM Hardware Support ----
< > xillybus generic FPGA interface
< > xillyus: Xillybus generic FPGA interface for USB
[ ] Trust the bootloader to initialize Linux's CRNG

SHPES " _Exit > < Help > < Save > < Load >

5. Select the Support for Synopsys Designware 8250 quirks option.

Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features.

ighlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <> modularizes features.

Press <Esc><ESC> t0 exit, <7> for Help,

Press <Esc><Esc> t0 exit, <7>

www.starfivetech.com
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Figure 2-4 Support for 8250

_config - Linux/riscv 5.15.0 Kernel Configuration
Device Drivers Character devices Serial drivers

5
Arrow keys navigate the menu. <Enter> Selects submenus ---> (or empty submenus ----). Highlighted letters are hotkeys. Pressing <Y> includes, <h> excludes,

</> for Search. Legend: [*] built-in [ ] excluded <> module <> module capable

<*>'8250/16550 “nd compatible serial support
upport 8256_core.* kernel options (DEPRECATED)
upport for variants of the 16550A serial port
upport for Fintek FB1216A LPC to 4 UART RS485 APT
onsole on 8250/16550 and compatible serial port
WA support for 16550 compatible UART controllers
8250/16550 PCI device support

8250/16550 Exar/Commtech PCI/PCTe deme support

Maximum number of 8250/16550 serial p

xtended 8250/16550 serial driver options
upport more than 4 legacy serial ports
speed Virtual UART
upport for sharing serial interrupts
utodetect IRQ on standard ports (unsafe)
upport RSA serial ports
Synopsys DesignWare 8250 quirks)
1 Ralink RT288x/RT305x/RT3662/RT3883 serial port support
> Devicetree based probing for 8250 ports
*++ Non-8250 serial port support *++
< > /RM AMBA PLO1O serial port support
< > /RM AMBA PLO11 serial port support
[*] farly console using RISC-V SBT
< > MAXB100 support
< > MAXB10X support
< > xilinx vartlite serial port support
< > Digi International NEO and Classic PCI Support
-*- SiFive UART support
-+~ Console on SiFive UART
< > SCONYP serial port support
< > SCI61S7xx serial support
< > Broadcon BCM63xx/BCM33xx UART support
<> Altera JTAG UART support
< > Altera UART support
< > Cadence (Xilinx Zyng) UART support
< > ARC UART driver support
<> Comtrol RocketPort EXPRESS/INFINITY support
< > Freescale lpuart serial port support
< > Freescale LINFlexD UART serial port support
< > Conexant Digicolor CXS2xxx USART serial port support
<> support for Spreadtrum serial

Number of 8250/16550 serial ports ) reqls(er at runtine

<> modularizes features.

Press <Esc><Esc> to exit, <7> for Help,

SMPWS " _Exit > < Help > < Save > < Load > |

6. Save your change before you exit the kernel configuration dialog.
2.2. Device Tree Source Code

Overview Structure
The device tree source code of JH7110 is listed as follows:

i nux

— arch

}— riscv

— boot
|— dts

| L starfive

}— codecs

| — sf_pdm dtsi
| |— sf_pwndac. dt si

| — sf_spdif.dtsi

| }— sf_tdmdtsi

| L sf_wrB960. dt si

|— evb-overl ay

| |— i h7110-evb-overl ay-can. dts

| |— j h7110- evb-over| ay-rgb2hdmi . dts

| |— i h7110- evb-overl ay-sdio. dts

| }— i h7110-evb-overl ay-spi.dts

| |— jh7110-evb-overl ay-uart4-emt. dts
| }— j h7110- evb-overl ay-uart5- pwm dts
| L Makefile

}— j h7110-cl k. dt si

}— j h7110- conmon. dt si

}— j h7110. dtsi

}— j h7110- evb- can- pdm pwndac. dt s

}— j h7110-evb. dts

}— j h7110- evb. dt si

}— j h7110- evb-dvp-rgb2hdni . dts

}— j h7110- evb- pci e-i 2s-sd. dt s

}— j h7110- evb-pinctrl . dtsi

I

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
| | }— j h7110- evb-spi-uart2. dts

11 © 2018-2022 StarFive Technology
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| }— j h7110- evb-uart 1-rgbh2hdmi . dts

| }— j h7110- evb-uart4- enmc-spdi f. dt s
| }— j h7110- evb-uart5- pwmi 2c-tdm dts
| }— j h7110-f pga. dts

| }— j h7110-vi sionfive-v2.dts

| |— Makefile

| L vf2-overlay

| — Makefile

| L vf2-overlay-uart3-i2c.dts

SoC Platform
The device tree source code of the JH7110 SoC platform is in the following path:

freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110.dtsi

VisionFive 2

The device tree source code of the VisionFive 2 Single Board Computer (SBC) is in the following path:

freelight-u-sdk/Ilinux/arch/riscv/boot/dts/starfivel/jh7110-visionfive-v2.dts
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110-conmmon. dtsi
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110. dtsi

2.3. Device Tree Configuration

For Linux 5.15, UART has the following configuration for a general UART Controller:

uart0: serial @0000000 {

conpatible = "snps, dw apb-uart";

reg = <0x0 0x10000000 0x0 Ox| 0000>;

reg-io-width = <4>;

reg-shift = <2>;

cl ocks = <&cl kgen JH7110_UARTO_CLK_CORE>,
<&cl kgen JH7110_UARTO_CLK_APB>;

cl ock-nanmes = "baudcl k", "apb_pcl k";

resets = <& stgen RSTN_UO_DW UART_APB>,
<& st gen RSTN_UO_DW UART_CORE>;

interrupts = <32>;

status = "di sabl ed";

b

The following list provides explanations for the parameters included in the above code block.
» compatible: Compatibility information, used to associate the driver and its target device.

* reg: Register base address "0x10000000" and range "0x10000". Make sure you do not change the 2 bits after it, reg-io-

width and reg-shift.

.

clocks: The clocks used by the UART module.
* clock-names: The names of the above clocks.
« resets: The reset signals used by the UART module.

« interrupts: Hardware interrupt ID.

« status: The work status of the UART module. To enable the module, set this bit as "okay" or to disable the module, set

this bit as "di sabl ed".

You can configure each UART controller in the device tree. A UART node represents a UART controller. You need to specify an

alias for the UART node so that you can identify it from the others.

2.4. Board Level Configuration

The boar d. dt s file is used to store the configuration profiles at the board level.

www.starfivetech.com © 2018-2022 StarFive Technology
All rights reserved
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For the VisionFive 2 SBC, the boar d. dt s file is in the following path:

l'inux/ arch/riscv/boot/dts/starfive/jh7110-vi sionfive-v2.dts

Take UARTO module as an example, its boar d. dt s file is in the following path:

I'i nux/arch/riscv/boot/dts/starfive/jh7110-vi sionfive-v2.dts

In the file, you can find the following configuration information for UART pin control configuration:

&gpi o {
uartO0_pins: uart0-pins {
uart 0-pins-tx {
sf, pins = <PAD_GPI G6>;
sf,pin-ioconfig = <IQ(GPIO_IE(1) | GPIODS(3))>;
sf, pi n-gpi o-dout = <GPO_UARTO_SOUT>;
sf, pi n-gpi 0o-doen = <OEN_LOW;

uart0-pins-rx {
sf, pins = <PAD_GPI C6>;
sf, pi nnux = <PAD_GPI 06_FUNC SEL 0>;
sf,pin-ioconfig = <IQ(GPIO_IE(1) | GPIOPU1))>;
sf, pi n-gpi o-doen = <CEN_H G+>;
sf, pin-gpio-din = <GPl _UARTO_SI N>;

bé

And you can also find the following configuration information for pin control.

&uart0 {
pinctrl-names = "defaul t";
pinctrl-0 = <&uart0_pi ns>;
status = "okay";

ki

2.5. Set Other UART as Print Console

Follow the procedure below to complete the setting.

1. Find the target UART port in the boar d. dt s file, and make sure the port has been enabled.

&uart3 {
pinctrl-nanes = "default";
pinctrl-0 = <&uart 3_pi ns>;
status = "okay";

b

2. Modify the Kernel command line parameter which passed by the front boot step to use the target UART port as the
printing console.

earlyprintk consol e=ttyS3, 115200 debug rootwait earlycon=sbi

Not e:
ttyS0o < uart0
ttySl uart!
ttyS2 < > uart 2
ttyS3 < uart 3
13 © 2018-2022 StarFive Technology www.starfivetech.com
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3. Interface Description

UART driver automatically registers and generates the following device for serial communication: / dev/ t t ySx.

When working on UART relevant applications, Linux application developers are recommended to follow the standard Linux
coding practices.

3.1. Enable or Disable the Serial Port

When enabling or disabling the serial port, make sure you have followed the rules below:
¢ Include all the following header files:
#i ncl ude <sys/types. h>
#i ncl ude <sys/stat.h>

#i ncl ude <fcntl . h>
#i ncl ude <uni std. h>

* Make sure you use standard functions to open and close the files you need.

int open(const char *pathnane, int flags);
int close (int fd)

3.2. Configure Serial Port Attributes

Make sure you have included the following file before setting attributes.

#i ncl ude <term os. h>

Commonly, a serial port has the following attributes.
* Baud rate
« Data bit
« Stop bit
* Verification bit
* Traffic control

The following interfaces are used to configure the attributes of a serial port.

3.2.1. tcgetattr

t cget at tr is a Linux standard interface to get parameters from the terminal.

See Library Functions on the Linux man-pages project for more information.

3.2.2. tcsetattr

tcsetattr isa Linux standard interface to set parameters to the terminal.

See Library Functions on the Linux man-pages project for more information.

3.2.3. cfgetispeed

cf geti speed is a Linux standard interface to get input baud rate.

See Library Functions on the Linux man-pages project for more information.

www.starfivetech.com © 2018-2022 StarFive Technology
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3.2.4. cfgetospeed

cf geti speed is a Linux standard interface to get output baud rate.

See Library Functions on the Linux man-pages project for more information.

3.2.5. cfsetispeed

cf seti speed is a Linux standard interface to set input baud rate.

See Library Functions on the Linux man-pages project for more information.

3.2.6. cfsetospeed

cf set ospeed is a Linux standard interface to set output baud rate.

See Library Functions on the Linux man-pages project for more information.

3.2.7. cfsetspeed

cf set ospeed is a Linux standard interface to set input and output speed.

See Library Functions on the Linux man-pages project for more information.

3.2.8. tcflush

t cf | ush is a Linux standard interface to discard data written to the object .

See Library Functions on the Linux man-pages project for more information.
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4. Example Use Case

The following demo program including the complete process of opening a UART device, listening on it, and printing when
readable data is detected.

#i ncl ude <sys/types. h>

#i ncl ude <sys/stat.h>

#include <fcntl.h> /*File control definition*/

#i nclude <term os.h> /*PPSIX Term nal operating system definition*/
#i ncl ude <stdio.h> /*Standard input and output definition*/

#i ncl ude <unistd. h> /*UN X standard function definition*/

#def i ne BAUDRATE 115200
#def i ne UART_DEVI CE "/ dev/ttyS3"

#define FALSE -1
#define TRUE O

/**
*@rief Set communication speed for UART
*@aram fd Type int Open UART file
*@aram speed Type int UART speed
*@eturn void
*/
int speed_arr[] = {B115200, B38400, B19200, B9600, B4800, B2400, B1200, B300,
B115200, B38400, B19200, B9600, B4800, B2400, B1200, B300, };
int name_arr[] = {115200, 38400, 19200, 9600, 4800, 2400, 1200, 300,
115200, 38400, 19200, 9600, 4800, 2400, 1200, 300, };
voi d set_speed(int fd, int speed){
int i;
int st at us;
struct term os Opt;
tcgetattr(fd, &Opt);
for ( i=0; i < sizeof(speed_arr) / sizeof(int); i++) {
if (speed == nanme_arr[i]) {
tcflush(fd, TCl OFLUSH);
cfsetispeed(&pt, speed_arr[i]);
cf set ospeed(&pt, speed_arr[i]);
status = tcsetattr(fd, TCSANOW &Opt);
if (status !'=0) {
perror("tcsetattr fdi");

return;
}
tcflush(fd, TCl OFLUSH);
}
}

}
/**
*@rief Set data bit, stop bit and parity check bit
*@aram fd Type int OPEN UART file

*@aram databits Type int data bit Value 7 or 8
*@aram stopbits Type int stop bit Value 1 or 2
*@aram parity Type int parity check Type Value N E O,k S

*/

int set_Parity(int fd,int databits,int stopbits,int parity)
{

struct term os options;

if ( tcgetattr( fd,&ptions) != 0) {

perror("SetupSerial 1");
return( FALSE) ;
}
options.c_cflag & ~CSl ZE;
switch (databits) /*Set dataa bit count*/
{
case 7:
options.c_cflag | = CS7;
br eak;
case 8:
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options.c_cflag | = CS8;

break;

defaul t:

fprintf(stderr,"Unsupported data size\n"); return (FALSE);

}
switch (parity)

{
case 'n':
case 'N:
options.c_cflag & ~PARENB; /* Clear parity enable */
options.c_iflag & ~I NPCK; /* Enabl e parity checking */
break;
case '0':
case 'O:

options.c_cflag (PAROCDD | PARENB); /* Set as odd parity check*/

options.c_iflag | = | NPCK; /* Disable parity check */
br eak;

case 'e':

case 'E':
options.c_cflag | = PARENB; /* Enable parity */
options.c_cflag & ~PARODD, /* Set as even parity check*/
options.c_iflag | = | NPCK; /* Disable parity check */
br eak;

case 'S':

case 's': [/*as no parity*/

options.c_cflag & ~PARENB;
options.c_cflag & ~CSTOPB; br eak;
defaul t:
fprintf(stderr,"Unsupported parity\n");
return (FALSE);
}
/* Set stop bit*/
switch (stopbits)

{
case 1:
options.c_cflag & ~CSTOPB;
br eak;
case 2:
options.c_cflag | = CSTOPB;
break;
defaul t:
fprintf(stderr,"Unsupported stop bits\n");
return (FALSE);
}
/* Set input parity option */
if (parity !'="n")
options.c_iflag | = | NPCK;

tcflush(fd, TCl FLUSH);

options.c_cc[VTI ME] = 150; /* Set to nore than 15 seconds*/
options.c_cc[VMN = 0; /* Update the options and do it NOW*/
if (tcsetattr(fd, TCSANOW &options) != 0)

{

perror("SetupSerial 3");

return (FALSE);

}

options.c_lflag & ~(ICANON | ECHO| ECHCE | ISIQ; /*Input*/
options.c_oflag &= ~OPCST; [ *Qut put */

return (TRUE);

}
int main(int argc, char *argv[])
{
int fd, c=0, res;
char *dev;
char  buf[ 256];
printf("Start...\n");
if (argc == 2)
dev = argv[1];
el se
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dev = UART_DEVI CE;
fd = open(dev, O RDWR);

if (fd <0) {
perror (UART_DEVI CE) ;
exit(1);

}

printf("Open...\n");
printf("bandrate %l...\n", BAUDRATE) ;
set _speed(fd, BAUDRATE) ;
if (set_Parity(fd,8,1,'N) == FALSE)
printf("Set Parity Error\n");
exit (0);
}

printf("Reading...\n");
while(1) {
res = read(fd, buf, 255);

i f(res==0)
conti nue;
buf [ res] =0;

printf("%", buf);
if (buf[0] == 0x0d)

printf("\n");
wite(fd, buf, res);

if (buf[0] =="'@) break;
}
printf("Cose...\n");
cl ose(fd);
return O;
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