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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 RTC of the
StarFive next generation SoC platform - JH7110.

Audience

This document mainly serves the RTC 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.

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

Real Time Clock (RTC) usually refers to the module that tracks wall clock time so that it works even with system power off. Such
clocks will normally not track the local time zone or daylight savings time -- unless they dual boot with MS-Windows -- but will
instead be set to Coordinated Universal Time (UTC, formerly "Greenwich Mean Time").

1.1. Functional Introduction

The JH7110 SoC Platform supports the following features and specifications on the Real Time Clock (RTC) module.
« Support time range from Jan. 15 2001 to Dec. 31°' 2099
 Support both 24-h (full day) or 12-h (half day) modes
 Allow setting alarms within valid time range

* Hardware calibration

1.2. Block Diagram

The following image shows the block diagram of the RTC driver.

Figure 1-1 Block Diagram

user space ‘ /dev/rtcN ‘ [/proc/driver/rtc ‘ ‘isys/class/rtc!rtcNf*}
AN AN AN

{ ) )

interface

RTC subsystem -~ @ ~

rtc-core rtc device

\C /

interrupt handling

ops

L W provide
[ underlying operation J:

Besides the general user space layer, the following layers are specific to the RTC module.
* RTC subsystem: The RTC driver framework provided by the Linux kernel.
o rtc-core: Provide API for RTC drivers to register the RTC devices and drivers.

o interface: Provide interface to interact with the RTC devices (by calling ops functions). Soi octr | / proc/
sysf s can either be used to set or read RTC time and alarm using APl interface.

« StarFive RTC driver: Define all underlying operation (read/write register) and register RTC devices to rtc-core.

7 © 2018-2022 StarFive Technology www.starfivetech.com
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1.3. 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.

Figure 1-2 Device Tree Workflow

DTSI File DTSI File DTSI File
DTS File

|

DTC Compiler

DTB Binary File

1.4. Source Code Structure

The source code structure of RTC is listed as follows.

l'inux-5.15.0
j— drivers

— rtc
j— rtc-core. h

|

.

| | lib.c

[ — interface.c
| | |— dev.c

| |— class.c

| | | proc.c
.
I

|— sysfs.c
|— rtc-starfive.c

www.starfivetech.com © 2018-2022 StarFive Technology 8
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2. Configuration

2.1. Kernel Menu Configuration

Follow the steps below to enter the kernel menu to enable the kernel configuration for RTC.

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 option.

Figure 2-1 Device Drivers
.config - Linux/riscv 5.15.8 Kernel Configuration

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

[*] Enable the block layer ---=
10 Schedulers ---=>
Executable file formats ---=
Memory Management options --->
Networking support ---=

Security options --->
-*- Cryptographic API ---=

Library routines ---=

kernel hacking ---=

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

3. Enter the Real Time Clock menu option.

Figure 2-2 Real Time Clock

.confitg - LinUx[riscv 5.15.9 Kermel Configuration

>dDevice Drivers

Device Drivers

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

< > Sony MemoryStick card support ----
[ ] LED Support ----
[ ] Accessibility support ----
< > InfiniBand support ----
De i nd Correction) reporting ----

DMABUF options --->
[ ] Auxiliary Display support ----
< > Userspace I/0 drivers ----
< > VUFIO Non-Privileged userspace driver framework ----

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

9 © 2018-2022 StarFive Technology www.starfivetech.com
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| 2 - Configuration
4. Select the StarFive 32.768k-RTC menu option to enable the RTC driver.

Figure 2-3 StarFive RTC

.config - Linux/riscv 5.15.0 Kernel Configuration

> Device Drivers > Real Time Clock

Real Time Clock

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

< = EM Microelectronic V3020

< ¥ilinx Zyng Ultrascale+ MPSoC RTC
*** on-CPU RTC drivers ***
ARM AMBA PLO®30 RTC

SHM aME S
= =
< > Faraday Technology FTRTC818 RTC
< > EPSON TOYOCOM RTC-7301SF/DG
*#** HID Sensor RTC drivers **#*
<*s Goldfish Real Time Clock

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

5. 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

|— dts

L starfive

| codecs

| |— sf_pdm dtsi
| — sf_pwdac. dtsi
| }— sf_spdif.dtsi
| |— sf_tdmdtsi
| L sf_wnB960. dt si
|— evb-overl ay
| |— j h7110-evb-overl ay-can. dts
| |— j h7110- evb-overl ay-rgb2hdm . dts
| }— j h7110-evb-overl ay-sdio. dts
| I jh7110-evb-overl ay-spi.dts
| |— jh7110-evb-overl ay-uart4-emct. dts
| — jh7110- evb-overl ay-uart5- pwm dts
| L Makefile
}— j h7110-cl k. dt si
}— j h7110- common. dt si
}— j h7110. dtsi
}— j h7110- evb- can- pdm pwndac. dt s
|— jh7110-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
}— j h7110- evb-spi -uart 2. dts
}— j h7110- evb-uart 1-rgbh2hdmi . dts
}— j h7110- evb-uart 4-emmc-spdi f. dts

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| }— j h7110- evb-uart5- pwni2c-tdmdts

www.starfivetech.com © 2018-2022 StarFive Technology 10
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| 2 - Configuration

| }— j h7110-f pga. dts

| | }— j h7110-visi onfive-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/linux/arch/riscv/boot/dts/starfive/jh7110-visionfive-v2.dts
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfivel/jh7110-conmmon. dt si
-- freelight-u-sdk/linux/arch/riscv/boot/dts/starfive/jh7110.dtsi

2.3. Device Tree Configuration

All the RTC device tree source code is listed under the r t ¢ node of j h7110. dt si .
The following shows more details.

rtc: rtc@?7040000 {

conpatible = "starfive, rtc_hns";

reg = <0x0 0x17040000 0x0 0x10000>;

interrupts = <10>, <11>, <12>;

interrupt-names = "rtc_ns_pul se", "rtc_sec_pul se",

cl ocks = <&cl kgen JH7110_RTC HVS_CLK_APB>,
<&cl kgen JH7110_RTC_HWMS_CLK_ CAL>;

cl ock-nanes = "pcl k", "cal _clk";

resets = <& stgen RSTN_U0_RTC HVS_APB>,
<&rstgen RSTN_UO_RTC HVS_CAL>,
<&rstgen RSTN_ U0 _RTC HVS_OSC32K>;

riE" ]

reset-nanmes = "rst_aph", "rst_cal", "rst_osc";
rtc,cal-clock-freq = <1000000>;
status = "okay";

¥

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 "0x17040000" and range "0x10000".

interrupts: Hardware interrupt ID.

interrupt-names: Hardware interrupt names.

clocks: The clocks used by the RTC module.

clock-names: The names of the above clocks.

resets: The reset signals used by the RTC module.

reset-names: The names of the above reset signals.

cal-clock-freq: The work frequency of the clock calibration.

this bit as "di sabl ed".

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

11 © 2018-2022 StarFive Technology
All rights reserved
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3. Interface Description

3.1. Reading or Changing Device Status

The RTC module of JH7110 provides the following interfaces to read or change device status.

3.1.1. rtc_read_time
The interface has the following parameters.
* Syntax:
int rtc_read_tine(struct rtc_device *rtc, struct rtc_time *tm
* Description: The function is used to read RTC time information from a specific RTC device.
* Parameter:
o rtc: The target RTC device.
o tm: The location where RTC time information is stored.
* Return:
° Success: 0.

o Failure: Error code.

3.1.2. rtc_set_time

The interface has the following parameters.
* Syntax:
int rtc_set_time(struct rtc_device *rtc, struct rtc_time *tm
* Description: The function is used to set RTC time information on a specific RTC device.
* Parameter:
o rtc: The target RTC device.
o tm: The location where RTC time information is stored.
* Return:
o Success: 0.

o Failure: Error code.

3.1.3. rtc_read_alarm
The interface has the following parameters.
* Syntax:
int rtc_read_alarm(struct rtc_device *rtc, struct rtc_wkalrm *al arm
* Description: The function is used to read alarm time from a specific RTC device.
* Parameter:
o rtc: The target RTC device.
o alarm: The location where alarm time is stored.

* Return:

© 2018-2022 StarFive Technology

www.starfivetech.com
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| 3 - Interface Description

o Success: 0.

o Failure: Error code.

3.1.4. rtc_set_alarm

The interface has the following parameters.
* Syntax:

int rtc_set_alarm(struct rtc_device *rtc, struct rtc_wkalrm *al arm

 Description: The function is used to set alarm time on a specific RTC device.
* Parameter:

o rtc: The target RTC device.

o alarm: The location where alarm time is stored.
* Return:

° Success: 0.

o Failure: Error code.

3.1.5. rtc_read_offset

The interface has the following parameters.
* Syntax:

int rtc_read_offset(struct rtc_device *rtc, |ong *of fset)

* Description: The function is used to read the count of RTC offset in parts per billion.
* Parameter:

o rtc: The target RTC device.

o offset: The offset in parts per billion.
* Return:

° Success: 0.

o Failure: Error code.

3.1.6. rtc_set_offset

The interface has the following parameters.
¢ Syntax:

int rtc_set_offset(struct rtc_device *rtc, |ong offset)

* Description: The function is used to adjust the duration of the average second.
* Parameter:

° rtc: The target RTC device.

o offset: The offset in parts per billion.
* Return:

° Success: 0.

o Failure: Error code.

13 © 2018-2022 StarFive Technology
All rights reserved
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3.1.7. rtc_update_irq

The interface has the following parameters.
* Syntax:
void rtc_update_irq(struct rtc_device *rtc, unsigned |long num unsigned |ong events)

 Description: The function is used to clear the outdated alarms when an RTC interrupt occurs.

* Parameter:
o rtc: The target RTC device.
o num: The number of the IRQ events reported. (Usually only 1 event is reported. )
o events: The mask of RTC_IRQF with one or more of RTC_PF, RTC_AF, RTC_UF.

* Return: None

3.2. Registering Devices

The RTC module of JH7110 provides the following interfaces to register an RTC device.

3.2.1. rtc_allocate_device
The interface has the following parameters.
* Syntax:
static struct rtc_device *rtc_all ocate_device(void)
* Description: The function is used to allocate an RTC device and then initialize it.
* Parameter: None
* Return:
o Success: The pointer of the allocated RTC device.

o Failure: NULL.

3.2.2. dvem_rtc_allocate_device

The interface has the following parameters.
* Syntax:

struct rtc_device *devmrtc_allocate_device(struct device *dev)

« Description: The function is used to allocate an RTC device with the devmmethod and then initialize it.

* Parameter:

o dev: The parent device to which the RTC device belongs.

* Return:
o Success: The pointer of the allocated RTC device.

o Failure: NULL.

3.2.3. dvem_rtc_register_device

The interface has the following parameters.

www.starfivetech.com © 2018-2022 StarFive Technology
All rights reserved
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| 3 - Interface Description

* Syntax:

#define devmrtc_register_device(device) __devmrtc_register_device(TH S _MODULE, device)
int __devmrtc_register_device(struct nodul e *owner, struct rtc_device *rtc)

* Description: The function is used to register an RTC device.

* Parameter:
o owner: The module to which the RTC device belongs.
o rtc: The target RTC device to register.

* Return:
° Success: 0.

o Failure: Error code.

3.2.4. dvem_rtc_device_register

The interface has the following parameters.
¢ Syntax:

struct rtc_device *devmrtc_device_register(struct device *dev, const char *name, const struct
rtc_class_ops *ops, struct nodul e *owner)

* Description: The function is used to re-allocate an RTC device and then register it.
* Parameter:

o dev: The parent device to which the RTC device belongs.

° name: Not used.

o ops: The operation function of the RTC device.

o owner: The module to which the RTC device belongs.
* Return:

o Success: The pointer of the allocated RTC device.

o Failure: Error code.

15 © 2018-2022 StarFive Technology www.starfivetech.com
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4. General Use Case

4.1. loctl Interface

The the ioctl interface can be used to:
* Obtain an RTC device handle
 Configure RTC time
The following demo program provides an example of using the interface.

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <unistd. h>

#i ncl ude <sys/types. h>

#i ncl ude <sys/stat.h>

#i ncl ude <fcntl. h>

#include <linux/rtc.h> /* Wiere the RTC ioctl conmmands is stored */
#i ncl ude <errno. h>

#i ncl ude <string.h>

© 00N U WNPE

[y
o

11 #define RTC_DEVICE_NAME "/dev/rtc0" /* The device nane of the RTC device */

13 /* Set RTC time */

14 int set_rtc_time(int fd)
15 {

16 struct rtc_time rtc_tm

18 rtc_tmtmyear = 2022 - 1900; /* year, range: 101-199, which natches 2001-2099 */
19 rtc_tmtmnon =7 - 1; /* nponth, range: 0-11, which matches 1-12 */

20 rtc_tmtmnday = 15; /* day */

21 rtc_tmtmhour = 14; /* hour */

22 rtc_tmtmmin 10; /* minute */

23 rtc_tmtmsec = 20; /* second */

25 if (ioctl(fd, RTC_SET_TIME, &tc_tm < 0) {
26 printf("RTC set time failed\n");
27 return -1;

30 return O;
31}

33 /* Read RIC tinme */
34 int read_rtc_time(int fd)

35 {

36 struct rtc_time rtc_tm

37

38 if (ioctl(fd, RTC_RD_TIME, &tc_tnm < 0) {
39 printf("RTC read tine failed\n");

40 return -1;

41 }

42 printf("RTC tine: %4d-%02d- %02d %92d: %92d: %0©2d\ n",

43 rtc_tmtenp.tmyear + 1900, rtc_tmtenp.tmnon + 1, rtc_tmtenp.tm nday,
44 rtc_tmtenp.tmhour, rtc_tmtenp.tmmnn, rtc_tmtenp.tmsec);

45

46 return O;

47 }

49 int main(int argc, char *argv[])
50 {
51 int fd, ret;

53 /* Open RTC device */

54 fd = open(RTC_DEVI CE_NAME, O RDVR);

55 if (fd < 0) {

56 printf("Open rtc device % failed\n", RTC_DEVI CE_NAME);

www.starfivetech.com © 2018-2022 StarFive Technology
All rights reserved
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| 4 - General Use Case

57 return - ENCDEV;
58 }

60 /* Set time */
61 ret = set_rtc_time(fd);

62 if (ret <0)
63 return -El NVAL;

65 /* Read tine */

66 ret = read_rtc_tinme(fd);
67 if (ret <0)

68 return - ElI NVAL;

70 close(fd);

71 return O;
72}

4.2. Proc Interface

The proc interface is only used to read the RTC status.
You can run the following command to execute the read process:

cat /proc/driver/rtc

The following code block shows an example of using the interface.

# cat /proc/driver/rtc

rtc tine : 00:06: 19
rtc date : 2001-02-01
alrmtime : 00:00: 10
al rmdate : 2001-02-01
al arm | RQ . no

al rm pendi ng I no

updat e | RQ enabl ed : no
periodi c | RQ enabl ed I no

periodic IRQ frequency : 1
max user |RQ frequency : 64
24hr 1 yes

4.3. Sysfs Interface

The sysfs interface can be used to read and set the status of RTC.
The interface only supports setting on the following two parameters:
« wakealarm: Run the following command to set a wakeup alarm in X seconds since the current RTC time.

echo ‘+X > /sys/class/rtc/rtc0/wakeal arm

Note:
The interface is Linux original and the alarm is set in seconds. For example, to set an alarm which rings after 2
hours, use the following command:

echo ‘' +7200° > /sys/class/rtc/rtcO/wakeal arm

« offset: Used to calibrate the time offset caused by temperature and oscillator. Not recommended to use in the current
product release.

The following code block shows a simple example.

# cd /sys/class/rtc/rtcQ

#1s

alarntiner.0.auto hct osys range uevent

dat e max_user_freq si nce_epoch wakeal ar m

dev nanme subsystem
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devi ce

of f set

tine

# cat date
2001- 02- 01
# cat time
00: 23: 57
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