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DISCLAIMER
Please Read Carefully:

Realtek Semiconductor Corp., (Realtek) reserves the right to make corrections, enhancements, improvements and other changes to its
products and services. Buyers should obtain the latest relevant information before placing orders and should verify that such information is
current and complete.

Reproduction of sighificant portions in Realtek data sheets is permissible only if reproduction is without alteration and is accompanied by all
associated warranties,‘cenditions, limitations, and notices. Realtek is not responsible or liable for such reproduced documentation. Information
of third parties may be'subject to additional restrictions.

Buyers and others who are developing systems that incorporate Realtek products (collectively, “Customers”) understand and agree that
Customers remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that
Customers have full and exclusive responsibility to assure the safety of Customers' applications and compliance of their applications (and of all
Realtek products used in or for Customers’ applications) with all applicable regulations, laws and other applicable requirements. Designer
represents that, with respect to their applications, Customer has all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures;(2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might
cause harm and take appropriate actions. Customer agrees that prior to using or distributing any applications that include Realtek products,
Customer will thoroughly test such applications and the functionality of such Realtek products as used in such applications.

Realtek’s provision of technical, application or other désign-advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and matetrialsyrelating to evaluation kits, (collectively, “Resources”) are intended to assist
designers who are developing applications that incorporate'Réaltek products; by downloading, accessing or using Realtek’s Resources in any
way, Customer (individually or, if Customer is acting on behalf of a,company, Customer’s company) agrees to use any particular Realtek
Resources solely for this purpose and subject to the terms of this Notice.

Realtek’s provision of Realtek Resources does not expand or otherwise.alter Realtek’s applicable published warranties or warranty disclaimers
for Realtek’s products, and no additional obligations or liabilities arise from Realtek providing such Realtek Resources. Realtek reserves the
right to make corrections, enhancements, improvements and other changeso its-Realtek Resources. Realtek has not conducted any testing
other than that specifically described in the published documentation for a particular Realtek Resource.

Customer is authorized to use, copy and modify any individual Realtek Resource only.in.connection with the development of applications that
include the Realtek product(s) identified in such Realtek Resource. No other license, express or implied, by estoppel or otherwise to any other
Realtek intellectual property right, and no license to any technology or intellectual property right of Realtek or any third party is granted
herein, including but not limited to any patent right, copyright, mask work right, or other intellectual property right relating to any
combination, machine, or process in which Realtek products or services are used. Information regarding or referencing third-party products or
services does not constitute a license to use such products or services, or a warranty or endorsement thereof. Use of Realtek Resources may
require a license from a third party under the patents or other intellectual property of the third party,©r'a-license from Realtek under the
patents or other Realtek’s intellectual property.

Realtek’s Resources are provided “as is” and with all faults. Realtek disclaims all other warranties or representations, express or implied,
regarding resources or use thereof, including but not limited to accuracy or completeness, title, any epidemic failure’warranty and any implied
warranties of merchantability, fitness for a particular purpose, and non-infringement of any third party intellectual property rights.

Realtek shall not be liable for and shall not defend or indemnify Customer against any claim, including but not limited to any infringement claim
that related to or is based on any combination of products even if described in Realtek Resources or otherwise. In no eventshall.Realtek be
liable for any actual, direct, special, collateral, indirect, punitive, incidental, consequential or exemplary damages in connection.with or arising
out of Realtek’s Resources or use thereof, and regardless of whether Realtek has been advised of the possibility of such damages. Realtek is not
responsible for any failure to meet such industry standard requirements.

Where Realtek specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Customers must ensure
compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Realtek products in life-
critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use. Life-critical
medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death. Such equipment
includes, without limitation, all medical devices identified by the U.S.FDA as Class Ill devices and equivalent classifications outside the U.S.
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Customers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Customers’ own risk. Customers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.

Customer will fully indemnify Realtek and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

TRADEMARKS

Realtek is a trademark of Realtek Semiconductor Corporation. Other names mentioned in this document are trademarks/registered trademarks
of their respective owners.

USING THIS DOCUMENT
Though every effortAas been made to ensure that this document is current and accurate, more information may have become available
subsequent to the production of this guide.
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Convention

Ameba-D consists of two MCUs:
® Real-M300: a high performance MCU (Armv8-M, Cortex-M33 instruction set compatible) called KM4 thereafter

® Real-M200: a low power MCU (Armv8-M, Cortex-M23 instruction set compatible) called KMO thereafter

All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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1 Building Environment

1.1 Introduction

This chapter illustrates how to build Realtek Wi-Fi SDK under GCC environment. It focuses on both Windows platform and Linux distribution.
The build and download procedure are quite similar between Windows and Linux operating system.

[ ] For Windows, Windows 7 64-bit is used as platform.

[ ] For Linux distribution, Ubuntu 18.04 64-bit is used as platform.

1.2  Preparing GCC Environment

1.2.1 Windows

On Windows, you can use Cygwin as the.GCC environment. Cygwin is a large collection of GNU and open source tools which provide
functionality similar to a Linux distribution.on,Windows.

Click http://cygwin.com and download the Cygwin-package-setup-x86.exe for your Windows platform.
Note:

®  Only 32-bit Cygwin is supported both for 32-bit Windows and 64-bit Windows.
[} During the installation of Cygwin package, include ‘Devel-> make’ and ‘Math -> bc’ utilities on the Select Packages step, as Fig 1-1 and Fig

1-2 shows.
Select Packages =
Select packages to install E
Search make| T Keep , @\Cir ) Bop Category
Category New Bin? Src? Size Package i [
= Al &% Diefault
Archive &% Default
Debug &¥ Default
El Devel & Default
&% Skip nfi s 3 automake: Wrapper scripts for automake and aclocal
&% Skip nfa nfa T4k automake1.10: (1.10) & tool for generating GNU-sompliant
4 Skip nfa i 860k automake1.11: (1.11)  tool for generating GNU-czumpliarrtI
4 Skip nfa 733 automake1.12: (1.12) 2 tool for generating GNU-compliant,
&% Skip i njer 780k automake1.13: (1.13) a tool for generating GNU-compliant
&% Skip nfi e 581k automakel.14: (1.14) & tool for generating GNU-compIiantlE‘
& Skip e e 781k automake1.15: (1.15) a tool for generating GNU-compliant |~ |
4 Skip nfa ni 248k automake1.4: (1.4) 3 tool for generating GMU-compliant I
&% Skip o njn 332 automake.5: {1.5) a tool for generating GMU-compliant M
&% Skip nfi e 365k automake1.6: (1.6) a tool for generating GMNU-compliant M;
&% Skip nfa nfa 426k automake1.7: (1.7) a tool for generating GMU-compliant M
4 Skip nfa i 45%  automake1.8: {1.8) a tool for generating GNU-compliant M
&% Skip o njn 557 automake1.9: {1.9) a tool for generating GMU-compliant M
&% Skip nfi s 3,675k cmake: Cross-platform makefile generation system
&% Skip nfa nfa 767 cmake-doc: Cross-platform makefile generation system (do|
4 Skip nfa i 1,156k cmake-gui: Cross-platform makefile generation system ({GU
4 Skip nfa 163k  extracmake-modules: Extra CMake Modules for KDE
&% Skip i njer 420k gcotools-epoch 1-automake: (goc-special) a tool for gener:
&% Skip nfi e 58% gccdools-epoch2-automake: (goc-special) a tool for gener
& Skip na  nfa Bk gocmakedep: X Makefile dependency toal for GCC
4 Skip nfa i 34k imake: X Imake legacy build system
| &d211 O 44%  make: The GNU version of the ‘make’ utility |
&% Skip na_ nia 2% makedepend: X Makefile dependency tool S
‘ 1 3
Hide obsolete packages
[ <Back |[ Mew> | [ cancal
Fig 1-1 ‘Devel’ setting during Cygwin installation
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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E Cygwin Setup - Select

Select Packages =
Select packages to install =

Search bel TKeep @Cur @ Bxp Category
Category Mew Bin? Src? Size Package i
B Al 4 Default

Audio &¥ Default
Database & Default
Debug & Default
Devel 4¥ Default
Doc 4¥ Default
Graphics 4¥ Default
Libs &¥ Default
LXDE &¥ Default

m

Bl Math & Default

| 1082 [H] B4k be: Arbitrary precision calculator language |
&% Skip nfa njn 252k libcamd-devel: SuteSparse CAMD: constrain
¥ Skip na s 13  libcamd(: SuiteSparse CAMD: constrained sy
¥ Skip na o 11k libcamd1: Suite Sparse CAMD: constrained sy
&¥ Skip nfa o S libccolamd-devel: SuiteSparse CCOLAMD: o
& Skip nfa i 18« libccolamd0: Suite Sparse CCOLAMD: constr:
& Skip nfa i 12 libccolamd1: Suite Sparse CCOLAMD: constry
N & Skip Wa e 516k libcholmod-devel: SuiteSparse CHOLMOD: 5
b £ Skip e nia 251k libcholmodQ: Suite Sparse CHOLMOD: sparse
£F Skip nfa nia 195 libcholmod1: Suite Sparse CHOLMOD: sparse
¥ Skip nfa o & libcolamd-devel: SuteSparse COLAMD: colu
& Skip nfa i 11k libcolamd: SuiteSparse COLAMD: column 3|
& Skip WA S libcolamd1: SuiteSparse COLAMD: column 3|

3 Skip Wa e 13 libcxsparse-deval: SuteSparse CXSparse: ax _
e E LY R L Y )
< L I r

Hide obsolete packages
[ <Back | Nea> | [ Cancel

Fig 1-2 ‘Math’ setting during Cygwin installation

1.2.2 Linux

On Linux, some packages must be installed for the GCC environment.
libc6-i386 (GNU C library for 64-bit platform. If you are using 32-bit platfotm, install libc6 instead)

make
bc
gawk
ncurses

lib32ncurses5 (32-bit terminal handling for 64-bit platform. If you are using 32-bit platform, install libncurses5 instead)

Some of these packages may have been pre-installed in your operating system. Use package managérto check and decide whether to install.
For the last three packages, you can also type the corresponding version command on terminal like the following figures to check whether it

exists. If not, make these packages installed.

® $make-v
If make isn’t installed, type apt-get install make to install make.

{i@realtek:~$ make -v
GNU Make 4.1
Built for x86_64-pc-1linux-gnu

Copyright (C) 1988-2014 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

® Shbhc-v
If bcisn’t installed, type apt-get install bc to install bc.

be 1.87.1

Copyright 1991-1994, 1997, 1998, 2€ 20E 2006, 26 2 7 Free Software
Foundation, Inc.

® Sgawk--v
If gawk isn’t installed, type apt-get install gawk to install gawk.

Application Note All information provided in this document is subject to legal disclaimers.

© REALTEK 2021. All rights reserved.
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i@realtek:~S$ gawk --v
GNU Awk 4.1.4, API: 1.1 (GNU MPFR 4.0.1, GNU MP 6.1.2)
Copyright (C) 1989, 1991-2016 Free Software Foundation.

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program. h

®  ncurses
ncurses is needed if you' want to use make menuconfig command. Type apt-get install ncurses-dev to install ncurses.

1.3 Building Cade

This section illustrates how to build SDK«First, you need to switch to GCC project directory.

® For Windows, open Cygwin terminaland use $ cd command to change directory to KMO or KM4 project directory of Ameba-D SDK.
Note: You need to replace the {path} te'your own SDK location, and add “cygdrive” prefix in front of the SDK location, so that Cygwin can
access your file system.
B Scd/cygdrive/{path}/project/realtek “amebaD_va0O_example/GCC-RELEASE/project_Ip
B S$cd/cygdrive/{path}/project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp

®  For Linux, open its own terminal and use $ cd command to change directory to KMO or KM4 project directory of Ameba-D SDK.
B $cd/{path}/project/realtek_amebaD_va0O_examplé/GCC-RELEASE/project_Ip
B $cd/{path}/project/realtek_amebaD_va0O_example/GCE-RELEASE/project_hp

1.3.1 Normal Image

To build SDK for normal image, simply use $ make all command under the corresponding project directories on Cygwin (Windows) or terminal
(Linux).

1.3.1.1 KMO Project

For KMO project, if the terminal contains “km0_image2_all.bin” and “Image manipulating end”’output message, it means that the image has
been built successfully, as Fig 1-3 shows.

0_e» GCC PUE-\b[ pro

tention.bin retention_entr func cygdrive/d/sdk-amebad-beta_\

t/realtek amebab_v ux(\n;ﬂe GCC-REL E/project_lp/asdk/imag

cat /cygdrive/d/sdk sbad-beta_v6 ct/realtek_amebaD.

llm«%l» project_1p c\%{i' image/xip_ 1":\()9 prepend.bin /cygd e/d/sdk d’npbad beta
/pr ct/realtek wohaD ¢ ple/GCC-RELEASE/pro t_lp/asdk/image/ram

prP)Pnd bin > y d/sdk-amebad-beta_v6.0 pmer realtek_amebaD_va0_e

/GCC-RELEASE/p ()ILU,, /asdk/ e/km0_i 3 11.bin
cygdrive/d/sdk-amebad-beta_v6.0 oje realte mebaD_va0_example/GCC LEAS

E/project h) asdk/gnu_utili I sh /cygdr d/sdk-amebad-beta_v6.0 ect
realtek_amebaD_va0_example/GCC-RELEAS roject_1p/asdk/image/km0_imag I.bi
In
===== == Image mampuldtm/l end ==

Leaving directory gdrive/d k-amebad-beta_ 0/project/realtek_a

0_example/GCC-RELEASE/project_1p/asdk’

Fig 1-3 KMO project make all

If somehow it is built failed, type $ make clean to clean and then redo the make procedure. After successfully built, the image file is located in
project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/image, as Fig 1-4 shows.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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GCC-RELEASE > project Ip > asdk > image v O € v

# Quick access
code_size_flash.map

Vs PC code_size_ram.map
& Desktop km0_boot_all.bin
2 Documents km0_image2_all.bin
& Downloads obj_list
d Music ram_1.bin
= Pictures ram_1_prepend.bin
8 Videos ram_2.bin

ram_2_prepend.bin
.. Local Disk (C))

~ Local Disk (D)

ram_retention.bin

ram_retention_prepend.bin

- Local Disk (E) ram_size

Fig 1-4 KMO project bin generation

1.3.1.2 KM4 Project

For KM4 project, if the terminal contains.“km4_image2_all.bin” and “Image manipulating end” output message, it means that the image has
been built successfully, as Fig 1-5 shows.

v6.0/project
ad-bet

ad-beta

=

project/re

Fig 1-5 KM4 project make all

If somehow it built failed, type $ make clean to clean and then redo the make procedure. After built successfully, the image file is located in
project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/asdk/image, as Fig 1-6 shows.

T Timage T
Home Share e @

« A [« GCC-RELEASE > projecthp > asdk > image vt »

A Quick access
cmse_implib.asm

= This PC cmse_implib.lib
m Desktop cmse_implib

Documents

& Downloads

kmd_image2_all.bin

& Music

= Pictures km4_image3 _all.bin
obj_list

& Videos
ram_1.bin

% Local Disk (C)
« Local Disk (D:)

ram_1_prepend.bin

ram_2.bin
«~ Local Disk (E) ram_2_prepend.bin
& €D Drive (G:) autc ram_3_nsc.bin

Fig 1-6 KM4 project bin generation

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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1.3.2 MP Image

Use make mp command under /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp to generate MP image. After successful
compilation, you will find the generated images under /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/asdk/image, as

shown in Fig 1-7.
J 1 = |image - o X
Home Share View

« v 4 | « GCC-RELEASE > projecthp > asdk > image «| O] [ searchimage p

Name Date modified Type Size

s Quick access
| cmse_implib.asm

= This PC | cmse_impliblib 45K8
m Desktop | ecmse_implib
4 Documents | code_size_flashmap
& Downloads | code_size_ram.map

& Music ] km0_km4_image2_mp.bin
Pictures | km4_boot_all.bin

_| km4_image3_all.bin
| Videos

—| obj_list
& Local Disk (C:)

~ 4 Logal Disk (D:)

LI ram_1.bin

_| ram_1_prepend.bin
- Local Disk (E) | ram_2.bin

@ D Drivé(G:) alitg ] ram_2_prepend.bin
[ ram_3_nsc.bin

& Network
1] ram_3_nsc_prepend.bin

{\catn_3_sbin
Prai_33%. prepend.bin

| ramgéize

| targetimg2.asi

1 +arnat imnfavs,

39 items

Fig 1-7.MP‘image generation

1.4 Setting Debugger

This section illustrates how to enter GDB debugger mode.

Note: Considering KM4 is powered-on by KMO, make sure that KMO has boot up already-before accessing KM4 by J-Link or Probe. Clicking
Reset button on demo board is a recommended way to boot up KMO.

1.4.1 Probe

1.4.1.1 Windows

Ameba-D Device Board supports Probe debugger. We can use Probe to download the software and enter GBD'debugger mode under GCC
environment. Refer to Fig 1-8 to connect Probe debugger to the SWD of Ameba-D.

(1) Install Probe driver
Before using the Probe, its driver is required to be installed. Obtain the RLX_Probe_Driver_2.3.11p22_Setup.exe‘under tools/probe, then

install it correctly. Refer to Fig 1-8 to connect Probe debugger to the SWD of Ameba-D, which is connecting TCK pin‘of Probe to SWD CLK
pin of Ameba-D, and TMS pin of Probe to SWD DATA pin of Ameba-D. What’s more, a common ground is needed betweenProbe Board

and Ameba-D Device Board.

All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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1 3 5 7 9 11 13
I

GND 1833

T 000000 W

[ ]

DDDEQDD []

o

2 4 6 8 10 12 14
TRSI  TDI TDO TMS TCK JRST

Probe

DATA CLK

Ameba-D SWD

Fig 1-8 Wiring diagram of connecting Probe to SWD

(2) Execute the cmO_RTL(Probe.bat
After the installation of the software pack, execute the cm0_RTL_Probe.bat under /project/realtek_amebaD_va0_example/GCC-
RELEASE/project_lp/jlink_script.
Note: The default path of Probe driver in cm0_RTL_Probe.bat file is C:\RLX\PROBE\rIx_probe_driver.exe, you may have to change the
path according to your own settings.

The started Probe server looks like Fig 1-9. This window should NOT be closed if you want to download the image or enter debug mode.

(3) Setup Probe for KMO

C:\Windows\system 32\cmd‘exeA

system reset— halted, DHCSR 8x82830083
Core is 1mplenentrd by Realtek Semiconductor Corporation.
is a KM@ pro or?KM8 found CPUID Bx721cd208,
DCB_DHCSR 0xB8030003 ;
NUIC_DFSR ©x80000809 ;
NUIC_AIRCR @xfaB52000;
DCB_DCRSR 8x800008800 ;
DCB_DCRDR 8x800008800 ;
DUT_CYCCNT BxB0088000;
DUT_MASKO Ox800008000;
DUT_FUNCTIONB ©8x58000000 ;
MCU has has a Flash Patch Breakpoint ve
MCU has 2 of code comparators
Remapping not supported!?
WI_CTRL ©x1hB00080;
DWT_CYCCNT BxPB0088000;
DUT_COMPB  0xB0000000 ;

CU has 1 comparators!?
supports Irace sampling and exception tracing?
does not include external matc gnals
supports a cycle counter!?
supports the profiling counters?

little—endian;

ion 2?

Reversion is

[E=SECN ]

rip@?

and B literal comparators

CHPHnTCH[N]'

ran flow prediction disabled?!Instruction caches disabled!Data and unified

disahled?

implemented at level 1, and is Separate Instrcution & Data Caches!?

Level 1 I-Cache infomation:
I-Cache supports Wri Throught
I-Cache supports UWrite—Back!?
I-Cache supports Read-Allocation?
I-Cache d not support Urite-Allocation?
The proce 's I-cache number of sets is 256!
The processor’s I-cache number of ways is 2!
The processor’s I-cache numhc) of linesize is 8 Words
The proc B J z s 16 KB?
Level 1 D Cache i

D Cduhc supports Read ﬁllucatlon'
D-Cache °upport° Write-Allocation?
P > number of
: number of ways
D-cache number of lin
The processor’s D-cache size is 4KB?
B R R R e R R L L e y4
TAP 1 Core @ Initialize Over !
SUCCESS to Trigger this Core

/7 56 050K R R

8Words

Fig 1-9 KMO Probe server connection under Windows

On the Cygwin terminal, type $ make setup GDB_SERVER=probe command to select Probe debugger, as Fig 1-10 shows.
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example/GCC-RELEASE/f

$ make setup GDB_SERVER=probe
make -C asdk setup

make[1]: Entering directory '/cygdrive/d/sdk- amebad beta_v6.0/project/realtek_
amebaD_va0_example/GCC-RELEASE/project_lp/asdk

Setup probe

cp -p /cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-
RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_debug_probe.txt /cygdri
ve/d/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/proje

ct_lp/asdk/gnu_utility/gnu_script/rtl_gdb_debug.txt

cp -p /cygdr1ve/d/sdk amebad-beta_v6.0/project/realtek_amebaD_vaO_example/GCC-
RELEASE/project_1p/asdk/gnu_utiTlity/gnu_script/rt1_gdb_flash_write_probe.txt /
cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_amebab_va0_example/GCC-RELEASE

/project_1p/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write.txt

cp -p /cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-
RELEASE/project_1lp/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com_probe.txt
/cygdrwve/d/sdk amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEA

SE,prOJect 1p/asdk/gnu_ ut111ty/gnu script/rtl_gdb_jtag_boot_com. txt

make[1]: Leaving directory /cygdr1v9/d/sdk ameb beta_v6.0/project/realtek_a

iebaD_va0_example/GCC-RELEASE/project_1p/asdk’

Fig 1-10 KMO Probe setup under Windows

(4) Execute the cm4_RTL_Probe.bat

k-amebad-beta_v6.0/project/realtek_amebaD_val_

Execute the cm4_RTL_Probe.bat under’/project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/jlink_script the same as
executing the cmO_RTL_Probe.bat. The started Probe server looks like Fig 1-11. This window should NOT be closed if you want to enter

debug mode.

BN C\Windows\system32\cmd. e e (=12 [l

= ignored?

Core is implemented by Realtek Semiconductor Corporation.
This is a KM4 proce »?*EM4 found CPUID = Bx721fd2208, Reversion is plpB?
DCB_DHGSR 8xB81386883 ;
NUIC_DFSR ©xBB008nal1 ;
Bxf af52@0@; little—endians;
0x080000806 ;
DCGB RDR 86x88000068806 ;
DUT CYhLHT BxBBBRAEBH ;
DUI_MASKA BxBBB0Bnne;
DUT_FUNCTION® Bx58000000;
SAU dinformation:
sAl RTTH Hemor is marked as Secure and is not Mon—secure callahle?
The MPU is Enahle
MPU Rngun B: Bx100268cA ™~ Ox1002c¢63f is marked as privileged access per
mitted only, Non—shareable, Read-/write by any priv level, Execution only pe
rmitted if read permitted, Normal memory, Outer Non—-c eable, Mormal memory, In
ner Non-cacheahle
Region 1: Bx1010a000 ™~ Ox1014001f marked
mitted only, Mon—shareable, Read/write by any pr eqge leuel
rnitted if read permitted. Normal memory. Outer Non—cacheable,
ner Non-cacheahle

Region 2: Bx181cBABB ~ Bx1@1d481f is marked as privileged access pew|
h

mitted only,. Mon-s able, Readswrite by any privilege level, Execution only pe
rnitted if read permitted. Normal memory. Outer Mon—cacheabhle., NHormal memory. In
ner Non-cacheahle

MPU Region 3: BxB08cBB08 ™~ Bx000c@41if is marked as privileged
mitted only. Non—-shareahle. Read-/write by any privilege level.
rnitted if read permitted, MNormal memory, Outer Mon-cacheable, Mormal memory. In

-heahle
CU has has a Flash Patch Breakpoint ve
h MCU has 2 of code comparators and B literal comparators in FPB?

Remapping not supported?

DUT_CTRL Bx1hBB086H;

DWI_CYGCNT ©xBBBBBB6ea ;

DUI_COMPA ©xBB0000006 ;

CU has 1 comparators?
: MCU supports Trace sampling and exception tracing
not include external match signals., LHPHHTFH[N]'
cycle counter?
s the profiling counteps?

Progran fluv PEdlctlun disabledtInstruction caches enabled?*Data and unified cac
hes enabled'

~ this Core

Fig 1-11 KM4 Probe server connection under Windows

Note: When cm4_RTL_Probe.bat is running, the connection built by running cm0_RTL_Probe.bat will be closed. If you want to connect

the Probe to KMO and KM4 simultaneously, follow the steps below:

a)  Make a copy of rix_probe0.cfg under the folder /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/jlink_script

and rename it as rix_probel.cfg.
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b)  Cut rix_probel.cfg and move it to /project/realtek_amebaD_va0_example/GCC-RELEASE/project_Ip/jlink_script.
c)  Connect the Probe to both KMO and KM4 by executing cm0_RTL_Probe.bat under /project/realtek_amebaD_va0_example/GCC-
RELEASE/project_lp/jlink_script.

(5) Setup Probe for KM4
On the Cygwin terminal, type $ make setup GDB_SERVER=probe command to select Probe debugger, as Fig 1-12 shows.

I /cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0
$ make setup GDB_SERVER=probe
make -C asdk setup

i Entering directory '/cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_

/cygdrive/d/sdk-amebad-beta_v6. O/pxoject/rea1tek amebaD_va0_example/GCC-
/rt1_gdb_debug_probe. txt /C)gdr1v d/sdk-amebad-beta_v6.0/project/realte

sdk/gnu utility/ ebug txt
cp -p /cygdrive/d/sdk ebad- beta v6 project/realtek_amebabD_va0_ examp1e/GCCf
script/rtl_gdb_ f1a51 write_probe.txt /cygdrive/d/sdk ebad-beta_v6.0/project/
nu_utility/gnu_scrip t1_gdb_flash_write.txt

/sdk-amebad-beta_v6 project/realtek_amebaD_va0_example/GCC-

script /rtl —gdb_jtag_boot_com_probe.txt /cygdrive/d/sdk-amebad-beta_v6.0/projec

sdk/gnu_utilit _scr t1 _gdb_jtag_boot_com.txt
make[1]: Leaving directory '/cygdrive/d/sdk-amebad-beta_v6.0/project/realtek_a
/asdk’

Fig 1-12 KM4 Probe setup under Windows
1.4.1.2 Linux

Before using Probe, its driver is required to be installed. Obtain the RLX_Probe_Linux_Driver_v2.3.11p22 under tools/probe and install it
correctly. Then connect TCK pin of Probe to SWD CLK pin, and TMS, pin of Probe to SWD DATA pin. What’s more, a common ground is needed
between Probe Board and Ameba-D Device Board.

After the installation of the software pack, use In —s command in both folder./project/realtek_amebaD_va0_example/GCC-
RELEASE/project_lp/jlink_script and /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/jlink_script to create a soft link to
link the rix_probe_driver.elf.

lan5@RS-wlan5:~/sdk-amebad-beta_v6.0/project/realtek_amebaD_va@_example/GCC-RELEASE/project_lp/jlink_script
5 In -s /home/wlan5/RLX_Probe driver/RLX_Probe Linux_Driver/rlx_probe driver.elf fhomc}wlansfsdk amebad-beta
v6.0/project/realtek_amebaD_va@ example/GCC RELEASE/project_ 1p/]11nk scri
lan5@RS-wlan5:~/sdk-amebad-beta_v6.0/project/realtek_amebaD_va _-RELEASE fproject_lp/jlink_script
5 ln -s /homc/wlan5[RLX_Probc_dr1vur[RLX_PrDb:_Llnux_Drlver/rlx_probc_drlver,elf /home fwlan5/sdk-amebad-beta
v6.8/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/jlink_script/

Fig 1-13 Creating soft link to elf

Open a new terminal under the corresponding project folder and type the following command to start probe_ seryer. This terminal should NOT
be closed if you want to download the image or enter debug mode.

[ ] KMO project
For KMO, open a new terminal under/project/realtek_amebaD_va0_example/GCC-RELEASE/project_Ip/jlink_script, and'type $
sudo ./rIx_probe_driver.elf. If connection is successful, the log is shown as Fig 1-14.
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e Edit

RHSTATUS
This Core d
This Core di

wlan5@RS-wlan5: ~/v03/V03_bak/project/realtek_amebab_cm0_gcc verification/jlink_script

v Search Terminal Help

= 0x0000000T!

oes not support Secure Non-Invasive Debug !
oes not support Secure Invasive Debug !

This Cere suppoerts Non-Secure Non-Invasive Debug !

Core s

This Core i
This is a K
Ul
NVI
NVI
DCB.
DCB
DWT
DWT
DWT,
Thi:
Thi:
Rem
DWT.
DWT
DWT
Thi:
Thi:
Thi:
Thi:
Thi:

Cache is im
Level 1 I-C.

upports Non-Secure Invasive Debug !

ecure state, concurrent write to CDS would be ignored!
ecure Request!

s_implemented bv Realtek Semiconductor Corporation.

MO processor!KM@ found CPUID = 0x721cd200, Reversion is
CURCSK  UAGGUSGGUS S

C_DFSR ©x0000000

C_AIRCR 0xfa052000; little-endian;

_DCRSR  0x00000000

_DCRDR 0x060000000;

_CYCCNT ©x0800000600;

_MASK® 0x00000000;

_FUNCTION® ©x50000000;

s McU has has a Flash Patch Breakpoint version 2!

s MCU has 2 of code comparators and @ literal comparaters in FPB!
apping not supperted!

_CTRL ©x1b000oee;

_CYCCN 6x00008000 ;

_COMPB® 0x008000000;

s MCU has 1 comparators!

s MCU supports Trace sampling and exception tracing!

s MCU does not include external match signals, CMPMATCH[N]!
s MCU supports a cycle counter!

s MCU supports the profiling counters!

prediction disabled!Instruction caches enabled!pata and unified caches enabled!

plemented at level 1, and is Separate Instrcution & Data Caches!
ache infomation:
e supports Write-Through!
e supports Write-Back!
e supports Read-Allocation!
does not support Write-Allocation!
sor's I-cache number of sets is 256!
0 number of ways is 2!
number of linesize is 8 Words
size is 16 KB!
e infomation:
e supports Write-Through!
e supports Write-Back!
e supports Read-Allocation!
e supports Write-Allocation!

e processor's D-cache number of sets is 64!
e processor's D-cache number of ways is 2!
e processor's D-cache number of linesize is 8Words

The

[

Fig 1-14 KMO probe GDB server connection success under Linux

processor's D-cache size is 4KB!
B
TAP 1 Core © Initialize Over !

SUCCESS to Trigger this Core

Ty

Open a new terminal under the same project folder (/project/realtek_amebaD_va0_example/GCC-RELEASE/project_Ip), type $ make setup
GDB_SERVER=probe command to select Probe debugger.

[ ] KM4 project

For KM4, open a new terminal under /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/jlink_script, and type $
sudo./rlx_probe_driver.elf. If connection is successful, the log is shown as Fig 1-15.
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wlan5@RS-wlan5: ~/v03/V03_bak/project/realtek_amebaD_cm4_gcc_verification/jlink_script

File Edit View Search Te

This Core supports Non
This Core supports Non

inal Help
cure Non-Invasive Debug !
cure Invasive Debug !

DHCSR = 0x001
This Core is

Now Access by S

KM4 halted!

30003
in cure state, concurrent write to CDS would be ignored!
cure Request!

This Core is implemented bv Realtek Semiconducter Corporation.

This is a KM4 processor!KM4 found CPUID = 0x721fd220, Reversion is ri1p@!

NVIC_DFSR
NVIC_AIRCR
DCB_DCRSR
DCB_DCRDR
DWT_CYCCNT
DWT_MASK

UXOU130003;
0x00000009;
0xfag50000;
0x00000000
BOx00000000
0x00000000 ;
0x00000000;

little-endian;

Ki

DWT_FUNCTION® 0x58000000;
sAU information:

SAU ATTR: Memory is marked as Secure and is not Non-secure callable!
The MPU is disabled!

This McU has has a Flash Patch Breakpoint version 2

This MCU has 2 of code comparators and @ literal comparators in FPB!

Remapping not supported!

DWT_CTRL ©x1b0eeeoee;

DWT_CYCCNT ©x00000000;

DWT_COMPE® ©x00000000;

This MCU has 1 comparators!

This MCU supports Trace sampling and exception tracing!
MCU does not include external match signals, CMPMATCH[N]!
MCU supports a cycle counter
MCU supports the profiling counters
prediction disabled!Instruction caches disabled!Data and unified caches disabled!
Separate Instrcution & Data Caches!

infomation:
supports Write-Through!
e supports Write-Back!
e supports Read-Allocation!
e does not support Write-Allocation!
The processor's I-cache number of sets is 512!
The processor's I-cache number of ways is 2!
The processor's I he number of linesize is 8 Words
The processor's I ze is 32 KB!

D-Cache
D-Cache
D-cCache
D-cCache
D-Cache

infomation:

supports Write-Through!
supports Write-Bac|
supports Read-Alloca
supports Write-Allocati

The processor's D-cache number of sets is 64!
The processor's D-cache number of ways is 21
The processor's D-cache number of linesize is 8Words
The processor's D-cache size is 4KB!
e e
TAP 1 Core @ Initialize Over !
SUCCESS to Trigger this Core

‘************************************************w**« *% [

Fig 1-15 KM4 probe GDB server connectioh,success under Linux

Open a new terminal under the same project folder (/project/realtek_amebaD_va0” example/GCC-RELEASE/project_hp), type $ make setup

GDB_SERVER=probe command to select Probe debugger.

1.4.2 J-Link

Ameba-D also supports J-Link debugger. You need to do some hardware configuration to use J-Link deblgger. Refer to Fig 1-16 to connect J-
Link to the SWD of Ameba-D, which is connecting SWCLK pin of J-Link to SWD CLK pin of Ameba-D, and SWDIO pin of J-Link to SWD DATA pin of

Ameba-D. After finishing these configurations, connect it to PC.

N/C N/C RESET SWO N/U SWCLK SWDIO N/U N/U
19 17 15 13 11 9 7 5 3

vcc
1

GND 1833

Application Note

DDDDDDQDDD [h

]
m

00000000 Qo .

20 18 16 14 12 10 8 6 4 2

GND GND GND GND GND GND GND GND GND VCC
(optional)

J-Link

DATA CLK

Ameba-D SWD

Fig 1-16 Wiring diagram of connecting J-Link to SWD
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Note: For Ameba-D CPU, the J-Link version must be v9 or higher. If Virtual Machine (VM) is used as your platform, make sure the USB
connection setting between VM host and client is correct, so that the VM host can detect the device.

1.4.2.1 Windows

(1) Install J-Link GDB server

Besides the hardware configuration, J-Link GDB server is also required to install. For Windows, click
https://www.segger.com/downloads/jlink and download the software in “J-Link Software and Documentation Pack”, then install it

correctly.

Note: The version of J-Link GDB server displayed in the pictures below is just an example, you can select the latest version to download.

(2) Execute the cm0/jlink.bat

After the installation of the software pack, execute the cmO_jlink.bat under
/project/realtek_amebaD_va0_example/GCCRELEASE/project_Ip/jlink_script.
Note: The default path-ofd-Link driver in cm0_jlink.bat file is C:\Program Files (x86)\SEGGER\JLink_V634b\JLinkGDBServer.exe, you may

have to change the path according to you

r own settings.

The started J-Link GDB server loeks-like Fig 1-17. This window should NOT be closed if you want to download the image or enter debug

mode.

=

BN

GLE alting for commection I

D Stay on top

J-Link [Connect

ed [l IE2S | [4000 1z

| &2 Show Log window

Device [Cortertzs (aleed)| | || [Zamv

| [1itele endian

| O Generate 1ageile

Clear Log

[ verify download

Connecting to

Connecting to

J-Link...

J-Link is connected

Firmware: J-Link V9 compiled Oct 25 2018 11:46:07
Hardware: V39.20

Feature(s): RDI, GDB, FlashDL, FlashBP, JFlash, RDDI
Checking target wvoltage...

Target woltage: 3.37 V

Listening on TCE/IP|port 2331

target...

Connected to target
Waiting for GDB connection...

0 bytes downloaded

Connected to target

Fig 1-17 KMO J-Link GDB server connection under Windows

(3) Setup J-Link for KMO

On the Cygwin terminal, type $ make setup GDB_SERVER=jlink command before to select J-Link debugger;as Fig 1-18 shows.

examp le/GC E
$ make setup GDB_

-amebad-beta_v6.0/project/realtek_amebaD_v

SERVE

ake -C asdk setup

ake[1]: Entering directory /cygdr1ve/d’sdk mebad-beta_v6.0/project/realtek_

amebaD_va0 e‘amp]e/GCC RELEASE/project_lp/asdk

Cp -p /cyg

ct_lp/asdk/gnu_ ut111ty gnu_script/rtl_gdb_ debuq txt

cp -p /cygdrive/d/sd

cygdrive,

/project 1p ‘asdk/gnu_utility/gnu_scrip

gdrive/d/sdk-amebad-beta_v6.0/ projgct/rea1tek_amebaD_vaO_examp]e/GCC-
roject_1lp/asdk/gnu_ ut111ty gnu_script/rtl_gdb_jtag_boot_com_jlink.txt
gdrwve/d/sdk amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEA

ve/d/sdk-amebad-beta_v6.0/ prOJect/rea1tek amebaD_va0_example/GCC-
RELEASE/project_ 1pfasdk/gnu utility/gnu_script/rtl_gdb_debug_jlink.txt ,cygdr1
ve/d/sdk-amebad-beta_v6.0/project/realtek_amebabD_val0_example/GCC-RELEASE/proje

amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-
RELEASE/project_1p/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write_jlink.txt /

sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE

project_1p/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com.txt

ake[1l]: Leaving

directory '/cy drive/d/sdk-amebad-beta_v6.0/project/realtek_a

ebaD_va0_example/GCC-RELEASE/project_Tlp/asdk’
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Fig 1-18 KMO J-Link setup under Windows

(4) Execute the cm4_jlink.bat
Execute the cm4_jlink.bat under /project/realtek_amebaD_va0_example/GCCRELEASE/project_hp/jlink_script the same as executing
the cm0_jlink.bat. The started J-Link GDB server looks like Fig 1-19. This window should NOT be closed if you want to download the

image or enter debug mode.

& SEGGER J-Link GDB Server V6.40b - X
File Help
I O o
J-Link ‘Com\ected | I ‘SWD | |4UDU kHz | Show log window
Device ‘Cortex—M33 (Halted)| | I ‘3.37‘!’ | |little endian | [] Generate logfile

[ verify download

wClear Log

Cenfiegiing to J-Link..

J-Link 4s connected.

Firmwar€: ¥-Link V9 compiled Oct 25 2018 11:46:07
Hardwares ¥9.20

Feature (s\. ADB, GDB, FlashDL, FlashBF, JFlash, RDDI
Checking targetfrgltage...

Target voltage® 337 V

Listening on ICI—‘;‘IP

Connecting to target.f.

Connected to target

Waiting for GDB connectdon...

0 bytes downloaded Connected to target

Fig 1-19 KM4 J-Link GDB'server connection under Windows

(5) Setup J-Link for KM4
On the Cygwin terminal, type $ make setup GDB_SERVER=jlink command to select J-Link debugger, as Fig 1-20 shows.

e/GCC-RELEASE/proj

$ make setup GDB_SERVER=jlink

make -C asdk setup

make[1]: Entering d1ILCtOV\ '/cygdr /d/sdk-amebad-beta_v6.0/project/realtek_amebaD|
|_va0_example/GCC-RELEASE/project_hp/ asdk

sdk-amebad-b _v6.0/proj ‘realtek_amebaD_v example/GCC-RELEAS

gnu_utility i r db_debug_jlink.txt /cygdriv

ect/realtek_amebap_ _example/GCC-RELEASE/project_hp/asdk/gnu_uti

1_gdb_debug. txt

sdk-amebad- bgta v6.0/project/realtek_amebaD_va0_example/GCC
1_gdb_flash_write_ ]11n X
a0_example/GCC-R

E/ ,hp asdk gﬂu ility/ g g jtag_ boot com_ 1|1Hk
/sdk-amebad- 6.0/proje dhek dmebau va0_example/GCC-RELEASE

/gnu_utili _scr p db_jtag boot_com. txt
mdke[l]: Leaving directory Lygdrivef /sdk amebad-beta_v6.0/project/realtek_amebaD
va0_example/GCC-RELEASE/project_hp/asdk

Fig 1-20 KM4 J-Link setup under Windows

1.4.2.2 Linux

For J-Link GDB server, click https://www.segger.com/downloads/jlink and download the software in “J-Link Software and Documentation
Pack”. We suggest using Debian package manager to install the Debian version.
®  S$dpkg-ijlink_6.0.7_x86_64.deb

After the installation of the software pack, there is a tool named “JLinkGDBServer” under JLink directory. Take Ubuntu 18.04 as an example, the
JLinkGDBServer can be found at /opt/SEGGER/JLink. Open a new terminal under the corresponding project folder and type the following
command to start GDB server. This terminal should NOT be closed if you want to download the iamge or enter debug mode.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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1.4.2.2.1 KMO Project

For KMO, open a new terminal under /project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/jlink_script, and type $
/opt/SEGGER/ILink/JLinkGDBServer —device cortex-m23 -if SWD -scriptfile AP1_KMO.JLinkScript port 2331, as Fig 1-21 shows. If connection is
successful, the log is shown as Fig 1-22.

t/r P REL
j pt$ /opt/SEGGE ink/JLinkGDBServer -device cortex-m2
-scriptfile AP1_KMO.JLInkScript -port 2331
SEGGER J-Link GDB Server V6.46b Command Line Version

JLinkARM.d11l V6.46b (DLL compiled May 31 2019 17:41:22)

-device cortex-m23 -if SWD -scriptfile AP1_KMO.JLInkScript

GDB Server start settings
GDBInit file:
GDB Server Listening port:
SWO raw output listening p
Terminal I/0 port:
Accept remote connection:
Generate logfile:
Verify download:
Init regs on start:
Silent mode:
Single run mode:
Target connec
= =g = [1K

Fig 1-21 KMO J-Link GDB server connection setting under Linux

File Edit View Search Terminal Help
silent mode: off
Single run mode: off
Target connection timeout: 0 ms
-- -J-Link related settings----
-Link Host interface:
Link script: JLinkScript
Link settings file:
- Target related settings-
Target device: cortex-m23
Target interface: SWD
Target interface speed: 4000kHz
Target endian: little

Connecting to J-Link...
J-Link is connected.
Firmware: J-Link V9 compiled Apr 20 2018 16:47:26
Hardware: V9.40
: 59425868

): RDI, GDB, FlashDL, FlashBP, JFlash, RDDI
Checking target voltage...
Target voltage: 3.38 V
Listening on TCP/IP port 2331

ting to target...Connected to target
for GDB connection...

Fig 1-22 KMO J-Link GDB server connection success under Linux

Open a new terminal under the same project folder, type $ make setup GDB_SERVER=jlink command to select J-Link-debugger, as Fig 1-23
shows.
wlan5@RS-wlan5: ad- 0 / amebaD E ELEASE/project_1p$ make setup GDB_SERVER=jlink
make -C asdk setup
Entering directory '/home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_lp/asdk’

Setup j

cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_debug_jlink.txt /hol
e/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_debug.txt
cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write_jlink.t|
t /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write.txt
cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com_jlink
txt /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va0_example/GCC-RELEASE/project_lp/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com. txt

1]: directory '/home/wlan5/sdk-amebad-beta v6.0/project/realtek amebaD_va®_example/GCC-RELEASE/project 1lp/asdk'

Fig 1-23 KMO J-Link terminal setup under Linux
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1.4.2.2.2 KM4 Project

For KM4, open a new terminal under /project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp/jlink_script, and type $
/opt/SEGGER/ILink/JLinkGDBServer —device cortex-m33 -if SWD -scriptfile AP2_KM4.JLinkScript —port 2335, as Fig 1-24 shows. If connection
is successful, the log is shown as Fig 1-25.

ta_v6.0/project/ 2k_ameb xample
- t$ /opt/SEGGER/ILink/ILinkGDBServer vice cortex-m3

e AP2_KM4.JLInkScript -port 2335

J-Link GDB Server V6.46b Command Line Version

DLinkARM.d11l V6.46b (DLL compiled May 31 2019 17:41:22)

-device cortex-m33 -if SWD -scriptfile AP2_KM4.JLInkScript -port 2

GDB Server start settings
DBInit file:
DB Server Listening port: 2335
WO raw output listening port: 2332
erminal I/O port: 2333
ccept remote connection: yes
enerate logfile: of f
erify download:
Init regs on start:
ilent mode:
ingle run mode:
arget connection timeout:

nk related settings

Fig 1-24 KM4 J-Link GDB server connection setting under Linux

File Edit View Search Terminal Help
Silent mode: of f
Single run mode: of f
Target connection timeout: 6 ms

J-Link related setting
J-Link Host interface:

J-Link script:
J-Link settings file:

Target related settings----
Target device: cort
Target interface: SWD
Target interface speed: 4008kHz
Target endian: little

Connecting to J-Link...
J-Link is connected.
ink V9 compiled Apr 20 2018 16:47:26
: V9.48

Feature(s): RDI, GDB, FlashDL, FlashBP, JFlash, RDDI
Checking target voltage...
Target voltage: 3.37 V
Listening on TCP/IP port 2335
Connecting to target...Connected to target
2 onn

Fig 1-25 KM4 J-Link GDB server connection success under Lindx

Open a new terminal under the same project folder, type $ make setup GDB_SERVER=jlink command to select)J<Link debugger, as Fig 1-26
shows.

vlan5@RS-wlan5:~/sdk-amebad-beta_v6.0/p c 83 a € C-RE /project_hp$ make setup GDB_SERVER=jlink

make -C asdk setup
make[1]: Entering directory '/home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk'

cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_debug_jlink.txt /hol
le/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_debug. txt

cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write_jlink.t
t /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_flash_write.txt

cp -p /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com_jlink
txt /home/wlan5/sdk-amebad-beta_v6.0/project/realtek_amebaD_va®_example/GCC-RELEASE/project_hp/asdk/gnu_utility/gnu_script/rtl_gdb_jtag_boot_com.txt
make[1]: Leaving directory '/home/wlan5/sdk-amebad-beta v6.0/project/realtek amebaD va® example/GCC-RELEASE/project hp/asdk

Fig 1-26 KM4 J-Link terminal setup under Linux
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1.5 Downloading Image to Flash

This section illustrates how to download image to Flash.

To download software into Ameba-D Device Board, make sure steps mentioned in section 1.3 to 1.4 are done and then type $ make flash
command on Cygwin (Windows) or terminal (Linux).

Both KMO and KM4 download codes by this command. This command downloads the software into Flash and it will take several seconds to
finish, as shown in Fig 1-27.

ashloader/rtl_f1

Tashloader/rtl1_f1

17:05:21.123 #ROM:Ty1.2]
17:85:21.183 FLASHRATE:1
17:85:21.194
17:05:21.259 Flash Downleader Build Time: 2019/07/05-16:54:02
17:05:21.276
17:05:21.291 Flash init start

17:85:21.309 Flash init done

17:05:21.322 Flash download start | — |
17:85:21.712 Flash download done 0g in trace too

Fig 1-27 Download codes success log
After downloaded successfully, press the Reset button and you can see the deviceds booted with new image.

Note: For Probe downloading,

®  Make chip enter download mode before downloading code to Flash

(] Download KM4 project code also through cm0_RTL_Probe.bat

(] Probe uses USB 1.0 interface, so its download rate is limited by the USB 1.0 protocol.

1.6 Entering Debug Mode

To enter GDB debugger mode, make sure steps mentioned in section 1.3 to 1.5 are finished and then reset the device first. After resetting the
chip, type $ make debug command on Cygwin (Windows) or terminal (Linux).

(] For Windows, a popup window will display, as shown in Fig 1-28.

®  For Linux, the log is shown in Fig 1-29.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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are Foundation, Inc
10 ] " "

Fig 1-28 Debug window under Windows

File Edit View Search Terminal Help
tion/asdk/../toolchain/linux/asdk-6.4.1/1inux/newlib/bin/arm-none-eabi-gdb -x /h
ome /derek /work/sdk_gcc_release_wjy/v03/project/realtek_amebaD_cm0_gcc_verificati
on/asdk/gnu_utility/gnu_script/rtl_gdb_debug. txt

GNU gdb (Realtek ASDK-6.4.1 Build 2773) 7.12.50.20170111-git

Copyright (C) 2017 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying”
and "show warranty" for details.

This GDB was configured as "--host=1686-pc-linux --target=arm-none-eabi".
Type "show configuration” for configuration details.

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".
Type "apropos word" to search for commands related to "word".

arning: No executable has been specified and target does not support
determining executable automatically. Try using the "file" command.
0x0008215e in 2?2 ()

Notification of completion for asynchronous execution commands is off.

Resets the core only, not peripherals.

Sleep 20ms

(gdb)

Fig 1-29 Debug window under Linux

1.7 Command List

The commands used above are listed in Table 1-1.

Table 1-1 Command list

Usage Command Description

all $ make all Compile project to generate ram_all.bin
setup $ make setup GDB_SERVER= jlink Select GDB_SERVER

flash $ make flash Download ram_all.bin to Flash

clean S make clean Remove compile file (*.bin, *.0, ...)
clean_all $ make clean_all Remove compile result and toolchains
debug $ make debug Enter debug mode

Application Note

All information provided in this document is subject to legal disclaimers.
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1.8 GDB Debugger Basic Usage

GDB, the GNU project debugger, allows you to examine the program while it executes, and it is helpful for catching bugs. Section 1.6 has
described how to enter GDB debugger mode, this section illustrates some basic usage of GDB commands. For further information about GDB
debugger and its commands, click https://www.gnu.org/software/gdb/ and https://sourceware.org/gdb/current/onlinedocs/gdb/.

Table 1-2 GDB debugger command list

Usage

Command

Description

Breakpoint

S break

Breakpoints are set with the break command (abbreviated b).
The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Set-Breaks.html

Watchpoint

S watch

You can use a watchpoint to stop execution whenever the value of an expression changes. The related
commands include watch, rwatch, and awatch.

The usage of these commands can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Set-
Watchpoints.html

Note: Keep the range of watchpoints less than 20 bytes.

Print breakpoints
& watchpoints

S info

To print a table of all breakpoints, watchpoints set and not deleted, use the info command. You can
simply type info to know its usage.

Delete
breakpoints

S delete

To eliminate the breakpoints, use the delete command (abbreviated d).
The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Delete-Breaks.html.

Continue

S continue

To resume program execution, use the continue command (abbreviated c).
The usage can be-found at https://sourceware.org/gdb/current/onlinedocs/gdb/Continuing-and-
Stepping.html.

Step

S step

To step into a function_call, use the step command (abbreviated s). It will continue running your program
until control reaches a.different source line.

The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Continuing-and-
Stepping.html.

Next

S next

To step through the program, use.the next command (abbreviated n). The execution will stop when
control reaches a different line of code)at the original stack level.

The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Continuing-and-
Stepping.html.

Quit

S quit

To exit GDB debugger, use the quit command’(abbreviated g), or type an end-of-file character (usually
Ctrl-d). The usage can be found at https://sourcéware.org/gdb/current/onlinedocs/gdb/Quitting-
GDB.html.

Backtrace

$

backtrace

A backtrace is a summary of how your program got where it is. You can use backtrace command
(abbreviated bt) to print a backtrace of the entire stack.
The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Backtrace.html.

Print source lines

S list

To print lines from a source file, use the list command (abbreviated /).
The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/List.html.

Examine data

S print

To examine data in your program, you can use print command (abbreviated p). It evaluates and prints the
value of an expression.
The usage can be found at https://sourceware.org/gdb/current/onlinedocs/gdb/Data.html.

1.9 Q&A

1.9.1

“Error 127” for Building Code

If you use $ make all command to build code but encounter “Error 127” error message like Fig 1-30, it’s caused by incorrect Cygwin package.

Both 32-bit and 64-bit operating system need to install 32-bit installation Cygwin Package - setup-x86.exe.

Application Note All information provided in this document is subject to legal disclaimers.
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. -/component/commonsapplication/appleshomekit/cryptospolyl3Bs —I/cygdrivesf/vB3
project-realtek_amebal_cmB_gcc_wverificationsasdks..~..~.. /component/common/appl|
lication/apple homekit/crypto-sed2551? —-I/cygdrive-f vB3/project realtek_amehal_cn|
A_gcc_verificationsasdks..~/../../component/common/application/appleshomekit/cryp|
o0-ed2551% core —I/cygdrivesf vB3- projectrsrealtek_amebaD_cmB_gcc_verificationsas
k/. /.. /. _ Jcomponent /common/application/apple shomekit/cryptosshab12 —DCONFIG_PL|
ATFORM_8721D /cygdrivesf uB3 project-realtek_amebaDl_cmB_gcc_verificationrasdk-f
ashloadersrtl_flash_download.c -0 »tl_flash_download.o
nake [2]1: =0ex [rcygdrivesf /vB3/projectsrealtek_amebal_cnB_gcc_verificationsasdk~h
akefile.include.gen:351: »tl flash _download.ol Error 127
ake[2]1: Leaving directory ’/cygdrive-f vB3/project-realtek_amebal_cmB_gcc_verif
lication/asdk/make/f lashloader’
: =% [Makefile:87: make_subdirs_flashloader] Error 2
: Leaving directory ‘scygdrivef /vB3/projects/realtek_amebal_cmnB_gcc_verif
fication/asdk’
#%% [Makefile:15: alll Error 2

Fig 1-30 “Error 127” error message

1.9.2 “Permission.denied” Error under Linux

If you use $ make all command to compile project but encounter “Permission denied” error message like Fig 1-31, it’s caused by file access
permission. You can enter chmod -R 777 $SDK_FILENAME under the path of SDK first to change the permission of files in SDK, and then

continue compile operation.

Image manipulating start
/home/jesse/sdk-amebad-beta_v4_20180914/project/realtek_amebaD_cm®_gcc
_verification/asdk/gnu_utility/prepend_header.sh /home/jesse/sdk-ameba
d-beta_v4_20180914/project/realtek_amebaD_cm®_gcc_verification/asdk/im
age/ram_1.bin __ram_start_table_start__ /home/jesse/sdk-amebad-beta_
v4 20180914 /project/realtek_amebaD_cmO_gcc_verification/asdk/image/tar
get_loader.map
make|[1]: execvp: /home/jesse/sdk-amebad-beta_v4_20180914/project/realt
ck_amebaD_cm0_gcc_verification/asdk/gnu_utility/prepend_header.sh: Per
nission denied
Makefile:163: recipe for target 'linker_loader' failed

: *** [1linker_loader] Error 127
Leaving directory '/home/jesse/sdk-amebad-beta_v4 20180914 /pr
oject/realtek_amebaD_cm0_gcc_verification/asdk'
Makefile:15: recipe for target 'all' failed
Error 2

Fig 1-31 “Permission denied” error messageunder Linux

1.9.3 How to Reset KM0/KM4 under Debug Mode?

Steps to reset KMO and KM4 are different.
®  For KMO, you need to use the “monitor reset” instruction in corresponding rtl_gdb_debug.txt toreset it under debug. The default path of

this file is under \project\realtek_amebaD_va0_example\GCC-RELEASE\project_Ip\asdk\gnu_utility\gnu_script\rtl_gdb_debug.txt. Please
change the default setting which is “#monitor reset 1” to “monitor reset”.
® For KM4, you need to use the “monitor reset” instruction in corresponding rtl_gdb_debug.txt first (this process is similar to the process
of KMO). Then, set the bit[25] of memory address 0x4800_03f8 to 1 because the boot process of KM4 is controlled by the KMO. Without
this operation, the KM4 can't jump out of the boot function. Details of this operation are as follows: After executing”make debug”
instruction, a debug window pops up. In this window. Set bit[25] to 1, then type “c”, the KM4 is reset. refer to Fig 1:32' for more

information.

Note: Only resetting KMO may cause KM4 to work in an abnormal way because KMO reboot will change some settings of KM4. If you find KM4
doesn’t work after KMO reboot, you should reset KM4.

All information provided in this document is subject to legal disclaimers.
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[] D:\Prn_iect\Ameba_D\Task\release\sdk—amebad—beta_viE\Sdk—amebad-beta_vSQ\prcject\r‘.,LE.E!:"'

IGNU gdb (Realtek ASDK-6.4.1 Build 2778> 7.12.50.20170111-git

Copyright (C> 2017 Free Software Foundation, Inc.

License GPLw3+: GNU GPL version 3 or later <http://gnu.org/licenses /gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANIY,. to the extent permitted by law. Type “show copying"
land “show warranty' for details.

This GDB was configured as host=1i686—-pc—cyguwin ——target=arm—none—eabhi".
Type "show configuration" for configuration details.

For bug reporting instructions,. please see:

Khttp://uww.gnu.org/sof tware/gdh/bugs/ > .

[Find the GDB manual and other documentation resources online at:
Khttp://www.gnu.org/sof tuaresgdh/documentation/>.

For help. type “help".

Type "apropos word"” to search for commands related to "word'.

lwarning: No executabhle has heen specified and target does not support
ldetermining executahle automatically. Try using the “file' command.
0xB8eBB7564 in 77 (O

Notification of completion for asynchronous execution commands is off.
Resetting target

Cadh) x X 480003 f 8

0x480003f8 = BxhhARR2A1

(gdh> set {unsigned>Bx48PAA3f8=-AxB20 A1
{gdbh> b main

[Breakpoint 1: file main.c,. line 211.
{gdh) ¢

[Continuing.

Breakpoint 1, main () at main.c:211
211

if (uwifi_config.wifi ultra_low_power &&
InterruptRegister(IPC_INTHandlew,. IPC_IRQ, IPCM@_DEU, 1
InterruptEn<{IPC_IRQ, 18)>;

[Continuing.

Fig 1-32 KM4 “monitor reset” setting

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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2 SDK Architecture

The architecture of SDK is shown in Fig 1-1.

component s AD|/0S/Soc code
doc = Document
project <= Al| projects

tools

Fig 2-1 SDK architecture

2.1 component

2.1.1 common

Items Description
api ® AT command
®  Platform_stdlib.h: standarddibrary header
®  Wi-Fidriver interface
®  Wi-Fi promisc mode interface
®  Wi-Fi simple configuration
application [ ) DuerOS
(] MQTT
audio Audio related
bluetooth Internal BT driver
drivers [ alc5616/ alc5640/ alc5651/ alc5660/ alc5679/ alc5680/ sgtl5000 drivers
® IR NEC driver
®  SDIO host driver
®  Ameba-D internal codec rl6548 driver
® USB host and device drivers
®  WLAN driver
example Utility examples: wlan_fast_connect/ssl_download/ fatfs/mdns/media”'geo’ mp4 ...
file_system File system
grahpic JPEG decoder
mbed mbed API source code
media Multi-media framework
network ® coap
® dhcp
® hitp
[ Iwip
® mDNS
L] rtsp
® sntp
® s/ (MBEDTLS)
® tftp
®  websocket
test ®  WLAN test file
ui ® emWin
) littlevGL
utilities ® cJSON
® http_client
® ssl_client
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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®  tcpecho
® udpecho
®  webserver/xml

video Video related
2.1.2 os
Items Description
freertos FreeRTOS source code
os_dep ® osdep_service.c: Realtek encapsulating interface for FreeRTOS
® osdep_service.h: Realtek encapsulating interface header
2.1.3 soc
Items Description
app monitor and shell
bootloader Bootloader
cmsis ARM headers, include ARM CPU registers and operations
cmsis-dsp ARM CMSIS-DSP source cade
fwlib Low level drivers like: UART/12€/SPI/Timer/PWM ...
fwlib/usrcfg User configuration files, maintained'by user: bootcfg/trustzonecfg/sleepcfg/flashcfg/pinmapcfg ...
img3 Files for image3
imgtool_floader Flash loader for image tool
misc misc file like ota/pmu...
swlib Standard software library supported by ROM-code, like: _memcpy/_memcmp ...

2.2 doc

Items Description

ANO004 Realtek low power Wi-Fi MP user guide

ANO011 Realtek WLAN simple configuration

ANO0012 Realtek secure socket layer (SSL)

ANO0025 Realtek AT command

ANO0075 Realtek Ameba-all at command v2.0

AN0096 Realtek Ameba-all xmodem uart update firmware
UMO0150 Realtek Ameba CoAP User Guide.pdf

2.3 tools

Items Description

ImageTool tools\AmebaD\Image_Tool: image tool for Ameba-D
autopatch Automatically patched script

bluetooth Tools for BT

DownloadServer

Used to send image to device based on socket by OTA function.

DownloadServer(HTTP)

Used to send image to device based on socket by OTA function.

file_check_sum

File used to check sum for Flash

probe

Tools for RLX Probe debug

serial_to_usb

Driver for serial to usb

simple_config_wizard

Tools for Wi-Fi simple configuration

simple_config_wizard_3.4b

Tools for Wi-Fi simple configuration

iperf.exe

iperf for Wi-Fi performance test

Application Note
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2.4 GCCProject for KM4

The architecture of KM4 project is shown in Fig 2-2.

asdk
example_sources
jlink_script
toolchain

| Makefile

Fig 2-2 Architecture of KM4

Items

Description

asdk

® Menuconfig

® Link script

®  Library: lib swlan.a/lib_wps.a/rom_symbol ...
®  Makefile

example_sources

Peripherals driver demo/code: ADC/Audio/LCD/UART/I2C ...

jlink_script J-Link script for KM4
toolchain GCC & Cygwin toolchain
Makefile Top Makefile

2.5 Critical Header Files

Items

Description

basic_types.h

SUCCESS/FAIL/TRUE/FALSE/NULL/u8/u16/u32/BOOL/BIT(X) ...

platform_stdlib.h

Standard library APl: memcmp/strcpy/atoll/strpbrk/sscanf/printf/sprint/snprintf/vsnprintf ...

section_config.h

Section definition used in link script: IMAGE2_RAM_TEXTSECTION ...

mbed api headers

component/common/mbed/ ...
® Peripheral header files for mbed APIs

If you want to use mbed APIs, related headers must be included.

ameba_soc.h

Peripheral header files for raw APIs

If you want to use raw APIs, this header must be included.

Raw APIs have more features that mbed APIs, mbed APIs just have basie features.
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3 GCC Makefile

3.1 KM4 Makefile Architecture

The architecture of KM4 makefile is shown in Fig 3-1.

project_hp\Makefile-->
project_hp\asdk\Makefile-->
project_hp\asdk\make\Makefile-->

project_hp\asdk\make\api\Makefile

project_hp\asdk\make\app\Makefile

project_hp\asdk\make\application\Makefile

project_hp\asdk\make\audio\Makefile

project_hp\asdk\make\bootloader\Makefile

project_hp\asdk\make\cmsis\Makefile

project-hp\asdk\make\preject\Makefile>
project_hp\asdk\make\project\sram\Makefile: how to build code into ram
project_hp\asdk\make\project\xip\Makefile: how to build code into flash
project_hp\asdk\make\project\library\Makefile: how to build library

project_hp\asdk\make\drivers\Makefile
project_hp\asdk\make\example\Makefile
project_hp\asdk\make\file_system\Makefile
project_hp\asdk\make\mbed\Makefile
project_hp\asdk\make\mbedtls\Makefile
project_hp\asdk\make\network\Makefile
project_hp\asdk\make\os\Makefile
project_hp\asdk\make\rtl_bluetooth\Makefile
project_hp\asdk\make\ssl\Makefile
project_hp\asdk\make\tartget\Makefile
project_hp\asdk\make\utilities\Makefile
project_hp\asdk\make\utilities_example\Makefile
project_hp\asdk\make\wlan\Makefile
project_hp\asdk\make\wps\Makefile
project_hp\asdk\make\utilities_example\Makefile

Fig 3-1 KM4 Makefile architecture

3.2 How to Build Code into Flash?

Makefile in project/xip is an example for how to build code into Flash.
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include ${MAKE_INCLUDE_GEN)

-PHONY: all clean

UARIABLES

make/project/xip

component/common/network/coap/include

Source FILE LIST

add ‘your source code herel

$(CUSTOMER DIR)/xip_test.oy

# Include Dependency
H

—include $(0BJS:Co=.d)

RULES TO GEMERATE TARGETS

11: CORE_TARGETS COPY_RAM_0DBJS

GENERATE DBJECT FILE

-

CORE_TARGETS: $({0BJS)

it

# CLEAN GENERATED FILES
i

clean: CLEAN_DBJS
$(REHOVE) =*.0
$(REHOVE) =.i
$(REHOVE) =.s
$(REHOVE) =.d

-include $(DEPS)

=

=

3.3 How to Build Code into SRAM?

Makefile in project/SRAM is an example for how to build code into SRAM.

Application Note All information provided in this document is subject to legal disclaimers.
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include $(MAKE_INCLUDE_GEN)

-PHONY: all clean

i UARIABLES

= o=

our include

make/projectssram

#-13(BASEDIR) /component/common/network/coap/include

Source FILE LIST

E_ ]

0BJS =4
S{CUSTOHER_DIR)/ram_test .o

# #
L Include Dependency #
i #
-include ${0BJS:.o=A}
i #
L RUKES TO GEMERATE TARGETS i
# #
all: CORE_TARGETS COPY_RAM_OB.JS
# #
i GENERATE OBJECT FILE
i #
CORE_TARGETS: ${0BJS)
[%-0:%.c

$(cC) $(GLOBAL_CFLAGS) $(MODULE_IFLAGSYS< -0 $@
# #
i CLEAN GENERATED FILES #
i #
clean: CLEAN_DBJS

$(REMOVE) =.0

S(REMOUE) =.i

$(REHOUE) *.s5

$(REMOVE) =.d

-include ${DEPS)

3.4 How to Use Section Attribute?

Because SRAM space is limited, we suggest you build critical code/data into SRAM and let other code/data left in Flash? You.should use section
attribute “IMAGE2_RAM_TEXT_SECTION” to locate some of your functions into SRAM.
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Note:
®  You should include “section_configth”

finclude <basic types._h>
include <section_config.h

= const is read only, it will build into flash =
const u32 xip_test_read_only_data = §;

E} ﬂgn read only data will build into SRgﬁ %]

u32 xip_test_data = 6;

* code 1n 1n SRAM =/

void test critical code{wvoid)

{
H
* code in in Flash =/
vold test_non_critical_code(void)

{
¥

const/read-only data will build into*Flash
Non read-only data will build into SRAM (If.you need read only data build into SRAM to run faster, you should not use “const”)
Functions limited by IMAGE2_RAM_TEXT /SEETION will build into SRAM

Functions not limited by IMAGE2_RAM_TEXT_SECTION will build into Flash

3.5 How to Build Library?

Makefile in project/library is an example for build user library.
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include $(MAKE_INCLUDE_GEN)
_PHONY: all clean

it
it UARIABLES
it
tadd your include path here

IFLAGS += #-I$({BASEDIR)/component/conmon/network/coap/include

Lo ]

fiset your source code path here
CUSTOMER_DIR = $(ROOTDIR)/make/project/library

L
i Source FILE LIST
i
tadd’ your source code here
OBJE( = ¥

Lo ]

$(CUSTOMER_DIR)/lib_user_test.o\

i
it Dependency
i
-include ${0BJS:C0<.d)

L ]

RULES TO GEMERATE TARGETS

Lo ]

i
i
it
t Define the Rules to build thé core targets
11: CORE_TARGETS COPY_RAM_ODBJS
$(AR) rus lib user.a ${0BJS) (5Y0BJS_SRAM)
$(MOVE} -f 1lib user.a $(ROOVDIR}/1lib/application

it
it GEMERATE OBJECT FILE
it
CORE_TARGETS:  $(0DBJS)

=

£

it
it RULES TO CLEAN TARGETS
it
clean: CLEAN_OBJS
$(REMOVE) *.0
$(REMOVE) =.i
$(REMOUE) x.s
$(REMOUE) x.d

o R

3.6 How to Add Library?

Open project_hp\asdk\Makefile, and add lib_user.a into LINK_APP_LIB.

LINK_APP_LIB += $(ROOTDIR)/lib/application/lib_user.a

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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4 C++ Standards S

4.1 Introduction

upported in GCC

This chapter mainly introduces how to build C++ codes in Ameba-D GCC project.

Note: “iostream” is not available currently.

4.2

To Compile C++ Codes

The following steps are necessary, to support C++ in current GCC project.

(1)  Modify the link script: rix8721d_img2_is.ld (non-security) or rIx8721d_img2_tz.ld (security).

.xip image2.text : f* Aadd This for C++ support =/
¢ - -ARM.extabh
{
_ flash_text_start_ = .;
*({.img2_custom sigpaturex) » > KHi_IHG2
-ARM.exidx =
*{ .Lextx) i
*( .rodata=) _exidx_start = .;
/* Add This for C++ support =/ —:“id“—e“d s
end = .;
- ""_-I'?“(!‘)E } > KHu_IHG2
__ preinit_array_start = .
KEEP{={ .preinit_array)}) __wrap_printf = B8x1010a3f5;
preinit_array end = _; _ wrap_sprintf = Bx1010a471;
—_ HLIGN?IL)' - owrap_strecat = Bx18111635;
T, * _Jwrap_strchr = 0x18111675;
__init_array_start = .; " wrap_strcmp = Ax18111745;
KEEP{={SODRT({ .init_array.=))) __wrap, strncmp = 6x101118F0;
KEEP{={ .init_array}) __wrap_stklen = 0x106111839;
P - _ . __wrap_strnlen = Bx10111a65;
_inlt_arraytend o __wrap_st¥néat,~_ 0x1011180d;
- __HI_-IGN(!‘)' __wrap_strpbrk~ 8x18111a39;
_ fini_array_start = .; __wrap_strstr’ = 82108111d25;
[EEP(*(S““]’(_Fini_array_*))) __wrap_strtok =-8x1611261d;
KEEP(=(.fini_array)) __wrap_strsep = 0x18111a65;
fini Tend = _ wrap_strtoll = 6z Ffd;
—Finl_array end = .; _ wrap_strtoul = B8x109122e8;
F ittt =/ —_wrap_strtoull = 8x1811473d;
__wrap_atoi = 8x181115e1;
. = ALIGH {4); __wrap_strcpy = Bx181117b9;
- . __wrap_strncpy = 8x1011199d;
__cmd_table start o7 __wrap_memset = 0x18118eal;
KEEP(=( .cnd.table .data=}) __wrap_memcpy = B:16118d2d;
_ cmd_table_end__ = .; __wrap_memcmp = Bx18118cc9;
__wrap_memmove = Bx18118dd9;
flash text end _ . __wrap_snprintf = 0x1010a49d[
—_ - - — o __wrap_malloc = puPortHalloc;
__wrap_realloc = pvPortRefAlloc;
. = ALIGH (16); __wrap_free = vPortFree;
¥ > KM4_IHMG2 i */

=(.ARM.extabx .gnu.linkonce.armextab.x)

*{ .ARM.exidx#* .gnu.linkonce.armexidx.=)

(2) Modify startup code: rtI8721dhp_app_start.c.
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3)
°

Modify makefile.

fiif defined (_ ENUC_ )

/= Add This for C++ support to aveoid compile error =/
void _init{wvoid){}

andiF

/f The Hain App entry point
void app_start{void)
{
simulation_stage_set{SIMULATION_KH4_CPUID, BIT_KM4_APP_ENTER);

SOCPS_InitSYSIRQ_HP();

__MUIC_SetUector(SUCall_IRQn, (UDID=*)uwPortSUCHandler);
__WUIC_SetUector{PendSU_IRQn, (UDID=)xPortPendSUHandler);
__ NUIC_SetUector(SysTick IRQn, (U0ID=)xPortSysTickHandler);

#if defined { _ ICCARH__ )
__dar_cstart_call ctors{HULL);
#endif

ffrif defined (_ GNUC_ )
/% Add This For C++ support =/
_ libc_init_array(};

\tendif
/4 force SP align to 8 byte not 4 byte (initial SP is &4 byte align)
__asm(
“mov r@, spin”
"bic r@, r8, H7\n"
"mov sp, rB@wn"
yi
maing);
b

project\realtek_amebaD_va0_example\GCC-RELEASE\project_hp\asdk\Makefile

linker_image2_ns:
Eecho

= linker img2_ns start =

$(LD) $(LD_ARE) target_img2.axf ${RAH_OBJS_LIST) ${LANK)ROM_LIB_NS) $(LIMK_APP_LIB) ${IMAGE_TARGET_FOLDER)/cnmse_inmplib.lib

-1m -1c -1lnosys -lgecc

project\realtek_amebaD_va0_example\GCC-RELEASE\project_hp\asdk\Makefile.include.gen

GLOBAL_CFLAGS +=

GLOBAL_CFLAGS +=
GLOBAL_CFLAGS +=
GLOBAL_CFLAGS +=
GLOBAL_CFLAGS +=
GLOBAL_CFLAGS +=

CFLAGS =

#GLOBAL_CFLAGS += -specs nosys.specs
#GLOBAL_CFLAGS += —-fno-short-enums

$(GLOBAL_CFLAGS)
CFLAGS += -Wstrict-prototypes

-align

e

LD_ARG += ~nostartfiles

LD_ARG += -Specs nosys.specs

LD_nRG += -W¥,-=gc-sections

LD_ARG += -Ul,-=warn-section
-Wextra LD_ARG += -Wl,-Map=text.map

LD_ARG += -Ul,--cref

LD_ARG += -Wl,--build-id=nan
${IFLAGS) LD_ARG += -save-temps
-DCONFIG_PLATFORM_8721D ((0_ARG += -U1,-wrap,strcat

LD_ARG += -UWl,-wrap,strncmp

~-DCONFIG_USE_MBEDTLS_ROM_ALG

LD_ARG += -Wl,-wrap,strncpy

-DCONFIG_FUNMCION 08 OPTIMIZE LD ARG = —WI.-wrap.strnien
-DDH_ODHM_SUPPORT_TYPE=32 LD_ARG += -UL,-urap,strstr
- - - LD_ARG += -UWl,-wrap,strsep
LD_ARG += -Wl,-wrap,strtoll

LD_ARG += -Wl,-uwrap,strtoul

LD_ARG += #-W1,-wrap,atoui

LD_ARG += ¥-W1,-wrap,atoull

LD_ARG += -Wl,-wrap,malloc
LD_ARG += -Ul,-wrap,memcnp

CPPFLAGS = $(GLDBHL_EFLRGS) LD_ARG += -UWl,-wrap,memmove

CPPFLAGS += -std=c++11 —fno-use-cxa-atexit ig:::'; L intE

-Ul,-wrap,strcmp h
#-W1,-wrap,strnicmp
#-UWl,-wrap,strlcpy
-Wl,-uwrap,strpbrk
#-W1,-wrap,strspn

-\ ,-wrap,strtod
-Ul,-wrap,strtold
AUl,-urap,atol

=W ,-wrap,atoul

W1, =wrap,strchr
- ,~wrap,strcpy
-Wl,7wpap,strlen
-¥1,-wrap,strncat
-W1,-uwrap,strtok
B-W1,-wrap,strzfrm
#-¥1,-urap,strtof
-¥1,-wrap,strtoull
-W1,-wrap,atol
-Wl,-wrap,atof
-Wl,-urap,free
-¥1,-wrap,memcpy
-\ ,-wrap,memset
-Ul,-wrap,sprintf

-W1,-wrap,realloc

#-W1l,-wrap,vsnprintf

(4)

RULES TO GENERATE OBJECT FILE FROM .CPP FILE

® %8

-0:%.cpp
$(ec) $(CPPFLAGS) $< -0 3@

r_a@\u ==

Add C++ files into protect.

We have tested a small program and provide it as an example, which can be found in main.cpp.

(5)

Application Note

Use command make in console to compile project with C++ files.
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5 GCC Standard Library

5.1 Introduction

This chapter mainly introduces how to use GCC standard library in Ameba-D.

To save flash memory and improve efficiency, ROM code has implemented a standard software library, like _memcpy and_memcmp; and some
functions are simplified version in ROM software library, such as printf and sprintf.

There are two methods when using standard library functions such as printf and sprintf in GCC:
® Using ROM software library.
®  Using GCC standard library.

5.2 Default Use of Library Function

In current SDK, the default use of library function is illustrated in Fig 5-1 and Table 5-1

STD LIB Functions
ROM Software Library GCC Standard Library
» memchr >  strcat > fprintf
> memcmp >  strchr > puts
> memcpy > strncat [EEEECONFIGURABLE | >
> memset >  strstr @ printf
> memmove > atol > (sscanf
> stremp > atoi >  sprintf
> strcpy >  strpbrk > snpri@
> strlen > strtoul > vsnprint/
»  strncmp >  strtol
>  strncpy > rand
> strsep » srand
> strtok
Fig 5-1 Library function guide
Table 5-1 Default use of library function
Item Function

Using ROM software library | memchr/memcmp/memcpy/memset/memmove/strcmp/strcpy/strlen/strncmp/strnepy/strsep/strtok/strcat
/strchr/strncat/strstr/atoll/atoi/strpbrk/strtoul/strtol/rand/srand

Using GCC standard library | fprintf/puts/...

Library is configurable printf/sprintf/snprintf/vsnprintf/sscanf

Note: The default library is ROM software library; you can switch to GCC standard library by defining macro
STD_PRINTF.

Because printf/sprintf/snprintf/vsnprintf/sscanf in ROM software library are a simplified version compared with these in GCC standard library,
they only support a few formats. In order to remind users that unsupported format occurs when using these functions in ROM library, SDK
wraps up these functions.

Table 5-2 Wrapper functions

Item Wrapper Function
printf _rtl_printf
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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sprintf _rtl_sprintf
snprintf _rtl_snprintf
vsnprintf _rtl_vsnprintf
sscanf _rtl_sscanf

When using printf/sprintf/snprintf/vsnprintf/sscanf in GCC standard library, the memory size will increase 40KB compared with using these
functions in ROM software library.

5.3 To Use Configurable Function in GCC Standard Library

Compared to printf/sprintf/snprintf/vsnprintf/sscanf functions in GCC library, they only support a few formats in ROM library. The following
content takes printf as'an example.

Table 5-3 printf supported format

Library printf-Supported Format
ROM software library %s, %xy %X, %p, %P, %d, %c
GCC standard library %s, %x, %X, %p, %P, %d, %c, %f, %L, %l, %u, %U, %e, %E, ...

For printf/sprint/snprintf/vsnprintf/sscanf, ROM library is linked by default. If “format not support!” log dumps out in trace tool, it means that
unsupported format occurs, you should link thesé functions to GCC standard library.

To use printf/sprint/snprintf/vsnprintf/sscanf in GCC standard library, follow these steps:
(1) Add #define STD_PRINTF in the front.
There are two cases:

Item Operation Description
case 1 | Add #define STD_PRINTF in the front of c files, and include “platform_stdlib.h” Change printf/sprint/snprintf/vsnprintf/sscanf
of some files’ link to GCC standard library.

Example:

// main.c
|?deﬁne STD_PRINTF |

#incude "main.h"
|#include "platform_stdlib.h" |

int Main (void)

printf("%f\n", 1.2);
printf("%u\n", 20);

case 2 | Add #define STD_PRINTF in the front of “platform_stdlib_rti8721d.h” Change printf/sprint/snprintf/vsnprintf/sscanf
of all SDK’s link to'GCC standard library.

(2) Modify “platform_stdlib_rtl8721d.h” file if you don’t want to switch to use all the five functions in GCC standard library.
In SDK, macro STD_PRINTF controls printf/sprintf/snprintf/vsnprintf/sscanf at the same time. If you only want t0 configure some but not
all, for example, you only want to use printf in GCC standard library, and other four functions sprintf/snprintf/vsnprintf/sscanf maintain
the default state, you need to modify “platform_stdlib_rtl8721d.h" file.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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c: | #ifndef STD_PRINTF
7: #undef printf
#undef vanprintf
ndef sprintf
ndef snprintf
: #undef sscanf
#endif

modify

#undef memchr
#undef memcmp
#undef memcpy

ndef strncmp
#undef strncpy
#undef strsep
#undef strtok
#undef strcat
#undef strchr
#undef strncat
#uhdef strstr

#ifndef STD_PRINTF
#undef printf
#endif
#undef vsnprintf
#undef sprintf
#undef snprintf
#undef sscanf

#itndet STD_PRINTF
#define printf
#endif
#define sprintf
#define snprintf
#define wsnprintf
#define sscanf

_rtl_printf

_rtl_sprintf
_rtl_snprintf
_rtl_vsnprintf
_rtl_sscanf

#undef atol
#dindef atoi
#undef strpbrk
#undefistrtoul ik
#undef strtol modity
4: #undef rand
| #ifndef STD_PRINTE
#define printf _rtl_printf
#define sprintf _rtl_sprintf
#define snprintf _rtl_snprintf // NULL function
#define vsnprintf _rtl_vsnprintf]
: #define sscanf _rtl_sscanf |//if use sscanf in std libc.a, please delete _strtol
| #endif

Tips

(] If you wants to use GCC standard library, we recommend only‘ink'some user specified c files to GCC standard library instead of link all
SDK to GCC standard library, because printf/sprint/snprintf/vsnprintf/sscanf in our SDK should link to ROM standard library.

® If using printf in GCC standard library libc.a, and there is no "\n" in the’end, use fflush(stdout) after printf to dump log in cache. For
example:

printf("hello");
fflush(stdout);

[ ] In current GCC project, KMO does not support floating-point temporarily, so printf canhot dump %f in KMO in default setting.
[ ] If using sscanf in GCC standard library libc.a, delete _strtol_r and _strtoul_r symbols in rIx8721d_rom_symbol_acut.Id.
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6 IAR Build Environment Setup

This chapter illustrates how to setup IAR development environment for Realtek Ameba-D SDK, including building projects, downloading images
and debugging.

6.1 Requirement

6.1.1 IAR‘Embedded Workbench

IAR provides an IDE environment for code building, downloading, and debugging. Check “IAR Embedded Workbench” on http://www.iar.com/,
and a trail version is available-for 30 days.

Note: To support ARMv8-M with Securjty Extension (Ameba-D HS CPU, also called KM4), IAR version must be 8.30 or higher.

6.1.2 J-Link or RLX Probe

If you need to download images or debug code for-Ameba-D with IAR, then a J-Link adapter or a RLX Probe is necessary.

Note: For Ameba-D CPU, the J-Link version must be v9.or higher.

6.2 Hardware Configuration

The hardware block diagram of Ameba-D demo board is shown in Fig 6=1.

®  USB TO UART: supply power and print logs, baud rate is 115200 bps:

®  SWD: SWD interface, used for image downloading and debugging with'IAR.

®  Reset button: reset Ameba-D to run firmware after IAR completes downloading.
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Fig 6-1 Ameba-D demo board

6.2.1 Connecting with J-Link

Refer to Fig 6-2 and Fig 6-3 to connect Ameba-D SWD interface with J-Link.
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Fig 6-2 J-Link and SWD connection diagram

Fig 6-3 J-Link and Ameba-D SWD connection

6.2.2 Connecting with RLX Probe

Refer to Fig 6-4 and Fig 6-5 to connect Ameba-D SWD interface with RLX Probe.
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Fig 6-4 RLX Probe and SWD connection diagram

Fig 6-5 RLX Probe and Ameba-D SWD connection

6.3 How to Use IAR SDK?

6.3.1 IAR Project Introduction

Because Ameba-D is a dual-core CPU platform, two workspaces are provided to build for each core in
project\realtek_amebaD_va0_example\EWARM-RELEASE.
®  Project_lp_release.eww (KMO workspace) contains the following projects:
| kmO_bootloader
| kmO_application
®  Project_hp_release.eww (KM4 workspace) contains the following projects:
B km4_bootloader
| km4_application
| km4_secure

Each project in KM4 workspace has different build configurations, as Table 6-1 shows.
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Table 6-1 Build configurations for KM4 project

Project Build Configuration Configure TrustZone Enable MP
km4_bootloader km4_bootloader - is? N N
km4_bootloader - tz2 Y N
km4_application km4_application - is N N
km4_application - tz Y N
km4_application - is (mp3) N Y
km4_application - tz (mp) Y Y
km4_secure km4_secure - tz Y N
km4_secure - tz (mp) Y Y
Note:
1.  The configuratien.items with “-is” are ignore secure configuration, which are designed for applications that do not use TrustZone.
2.  The configurationitems with “-tz” are TrustZone configuration, which are designed for applications that use TrustZone.
3.  The configuration items.with “mp” are mass production configuration, which are designed for generating MP image.
® For applications that do not use TrustZone, users should apply ignore secure configurations as Table 6-2 shows. The km4_secure project
which contains Trustzone-protected code, is not used.
(] For applications that use TrustZong, users should apply TrustZone configurations as Table 6-2 shows.
Table’6;2 Configurations for project with/without TrustZone
Project TrustZone Normal Image MP Image
km4_bootloader N km4_bootloader - is km4_bootloader - is
Y km4_bootloader - tz km4_bootloader - tz
km4_application N km4_application - is km4_application - is (mp)
Y kmd4_application - tz km4_application - tz (mp)
km4_secure Y km4_secure - tz km4_secure - tz (mp)

At the top of the Workspace window, there is a drop-down list where yourcan choose a build configuration for a specific project.

6

Configuration
drop-down menu

3.2

v
Workspace x Workspace s 0 x Workspace x
kmd_application - iz ® - kmd_application - is g, - kmd_application - tz -
. kmd_application - is .
Files i . o Files i .

B CIProject_hp_release

v
@ km4_bootloader-is -+
@ kmd_secure -tz J

kmd_applicatian - iz (mp

kmd_application - tz [mp)
kmd_bootlbader - i
kmd_bootloader - 1z
kmd_secure - tz

- kmd_secure - tz [mp)

B CIProject_hp_release ©)]

-
@ kmd_hoaotloader-is <
® kmd_secure -1z +

Overview km4_app|ic:ation| kmd_bootload| 4 |

| Overview km4_app|ic:ation| kmd_boatload| 4 [+

Overview/ _kmd_application | kmd_bootload| 4 |

Fig 6-6 How to choose a build configuration

IAR Build

When building SDK for the first time, you should build both KMO project and KM4 project. Other times, you only need to rebuild the modified
project.

6.3.2.1

Building KMO Project

The following steps show how to build KMO project:
) Open project\realtek_amebaD_va0_example\EWARM-RELEASE\Project_lp_release.eww.

(1

Application Note
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()

Variant > Core, verify the CPU configurations according to Fig 6-7.

(3)

Application Note

. .
e Praoject_|p_release - IAR Embedded Workbench IDE - Arm 8.30.1

=22 |

Make sure kmO_bootloader and kmO_application are in Workspace. Click Project > Options, General Options > Target > Processor

Right click the project and choose “Rebuild All”, as Fig 6-8 shows. The kmO_bootloader and kmO_application should compile in order.

File Edit View Project
i ~

Warkspate

J-link  Toals

Window  Help

km0_application - Debug

Files
B FProject_Ip_release

® km0_bootloader - Debug

/7,
>~

[ Jkm0_application - Debug

Runtime Checking
CfC++ Compiler

Library Options 2 |  MISRA-C:2004 |  MISRA-C:1998 |

Assembler
Qutput Converter
Custom Build
Build Actions

| Linker

Debugger

Simulator
CADI

CMSIS DAP
GDB Server
IHet/ITAGet
Iink/3-Trace
TI Stellaris

IDverview kml_application

Debug Log

Nu-Link
PE micro

Log

Wed Apr 03, 2019 16:08:57: 14R Embed) |

Targst | Output | Libravy Configwation | Library Options 1 |

Frocesszor wariant

@ Core Cortex—H23 |
© peics

© onsIS-Fack
Endian mode Floating point settings

O Big
: [

BE3Z
[ TrustZene

@ BE8

[IDSP Extension
[]Advanced SIND (NEON)

STLINK
ird-Party Driver
gFEF

i proc.dll)

<

Build | Debug Log

Ready

Fig 6-7 KMO pro ptions
- — N
© Project Ip_release - IAR Embedded Workbench IDE - Arm 8.30.1 \9 - b=
File Edit View Project J-link Tools Window Help ‘
Do 3 - = A= R
;i 2 C - £ 2 B < = v idn
km0_application - Debug -
Files L - 2N
E OProject_lp_release
["Jkm0_application - D
@ kmi_bootloadsr - Deb Options...
Make
Compile
[ Rebuild Al
Clean

Overview  kmi_application | kmi0_

Debug Log

Log
Thu Sep 05, 2019 13:48:02:

C-STAT Static Analysis
Stop Build
Add

Remove

Rename...
Version Control System

Open Containing Folder...
File Properties...

Set as Active

=

o x
Ll

<

ogram Files (xBEAR Systems\Embedded Worklbench 8. 1%arm\bin\armp |

Build | Debug Log

Clean and make the selected project

Errors 0, Warnings 3

Fig 6-8 Building KMO project
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Note: After building each project, IAR will pop up a command prompt window to execute post-build action to generate images from executable
files. This may takes several seconds. Don’t stop it while it is in progress. After post-build action is completed, the window would disappear

automatically.

EN C\Windows\System32\cmd.exe

ug “Exe“kmB_image “kmB_application.map Debug“Exe“kmB_image“kmB_application.asm Debh
jug “Exe “\kmB_image“knB_application.dhg.axf

D: ~Code~Amebal wB3_B8983 “project realtek _amebal_vaB_example ~EWARM-RELEASE>cmd ~c

'D: “GCode “\AmehaD wB3_A283 project wrealtek_amehal_vaB_example \EWARM-RELEASE'~. .~
.M .Scomponent Sssocrealteksamebadsmischsiar_utilityscommon®toolssnm Debug~Exe/knB|
|_image-kmB_application.axf | "D:“Code“-AmebaD“wB3_B?83“project realtek_amebaD_uva)
|_example “EWARM-RELEASE". .. .%..“component “socrealtek~amebad\misc~iar_utilitysg
jommon~toolsssort > Debugs/Exe-kmd_image kmB_application.map"

Code“AmebaD“wB3_HB?83 “projectrealtek_amebaD_vaB_example \EWARM-RELEASE>cmd ~c
D:“Code“AmebaD w@3_0703“project wrealtek_amebaD_vaB_exanple \EWARM-RELEASE". ..
S .Scomponent Ssocsrealteksamebadsmiscsiar_utilityscommonStools sobhjdump —d Debug]

l“ExeknB_image ~kmB_application.axf > Debug~sExe-kmB_image - kmB_application.asm"

D:“Code “AmebaDwB3_A?03 \projectwrealtek_amebaD_vaf_example \EWARM-RELEASE>for ~F
“'de Lim: #i in ‘cmd Sc “Code “AmehaD B3 _A?83 “projectrealtek_anehal_val_ex]
lample “\EWARM-RELEASE". .. .. .“component“soc “realtek“amehadn siar_utilityscomnm|
lon~toolssgrep IMAGEZ Debug /Exe kmB_image-kmB_application.map i "D:“Code“AmebaD w
03 _A983project~realtek_amehaDl_vaB_example ~\EWARM-RELEASE". ... . .“conponent \soc
“realteksamebadwmiscsiar_utilityscommon“tools>grep Base ! "D:“Code“AmehaD“wB3_@A7|
83 “pro jectrealtek_amebaD_vaB_example “\EWARM—RELEASE">_ .. .N\..“component“soc“weal]
iteksamebadmischiar_utilityscommonstoolsSgawk *{print 513’ > do set ram2_start=|
B 1

[

-

m

(4) After compile, the images kmO_boot_all.bin‘and kmO_image2_all.bin can be seen in project\realtek_amebaD_va0_example\EWARM-
RELEASE\Debug\Exe\kmO0_image.

6.3.2.2

Building KM4 Project

The following steps show how to build KM4 project:

(1) Open project\realtek_amebaD_va0_example\EWARM-RELEASE\Project_hp_release.eww.

(2) Referto 6.3.1 and choose the build configurations for each project according to your application.
(3) Click Project > Options, General Options > Target > Processor Variant> Core, verify the CPU configurations according to Fig 6-9.

Application Note

@ Praject_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1 == ES
File Edit View Project J-link Tools Window Help
DO e = %R g = N B @-=0 > _idh
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[km4_application - is .
Files
B O Project_hp_release Category:
[ lkm4_applicatio| |
*
‘tmjfhnmlnader Static Analysis
®hkimd_secure -tz Runtime Checking
€/C-++ Compiler Library Options 2 WISRA-C: 2004 MISRA-C: 1898
Assembler Target | Qutput | Library Configuration | Library Options 1
Qutput Converter Processor variant
Custom Buid
Build Actions @ Core
e = z
Debugger A
Simulator MSIS-Fack %%
CADI
CMSIS DAP Endian mode Flozting peint settings
| GDB Server @ Little FEU i
_V'FPVS -
Owerview  kmd_application I-jet/ITAGjet Big | sincle precisi
I-dink/3-Trace 16
BE3Z
Debug Log ) T Stelaris . § R
L Mu-Link
o PE micro 7] TrustZone
Thu Sep 05, 2019 16 ITSE Bctension Frromms ) h 8. 14amib
u Sep 05, ST-LINK Mode [Hon-seemre  w ich 8. 1%armibinarmp
Third-Party Driver Advanced SIMD (NEON) E—
TIMSP-FET
TIXDS
Gt ]
J
« i B
Build | Debug Log
Ready Errors 0, Warnings 96

Fig 6-9 KM4 processor options
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(4) Right click the project and choose “Rebuild All”, as Fig 6-10 shows. The km4_bootloader, km4_secure and km4_application should

compile in order.

Note:

Log
Thu Sep 05 2018 16:04
f

1l

Build | Debug Log

Clean and make the selected project

Open Containing Folder...
File Properties...

K ailaiVActi

E

Errors 0, Warnings 96

DhProgram Files (xBEINAR Systems\Embedded Workbench 8.1varm\ainkarmp

e Project_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1 | | (5] | )

File Edit View Project Jlink Tools Window Help

DO il = = 0 » _Cdh
Waorkspace > o x

‘ kmd_application - is - |

Files o .

B OProject_hp_releasse

® .

@ kmd_bhootoader - Options...

@ kmd_secure-tz Make

Compile
[ Rebuild Al | f

‘ Clean

i C-STAT Static Analysis 3

| Stop Build

Add »
Dvervien (k. appication | | Remove
= Rename...
Debug Log ‘ R x
F—3 Version Contral System b F

Fig 6-10-Building KM4 project

®  When TrustZone is enable, the km4_secure project must be built before)ithe km4_application project. When TrustZone is not used, there
is no need to compile the km4_secure project.

®  After building each project, IAR will pop up a command prompt window to.execute post-build action to generate images from executable
files. This may takes several seconds. Don’t stop it while it is in progress. Aftergost-build action is completed, the window would
disappear automatically.

is_law = 1

jcopy size B

ZEH

B

BER C\Windows\System32\cmd.exe

start = 2000008, end = 2000BAB. base = 200RAEA

= 189A8ABA

start = ed@AB28,. end = eB4fB44. hase = eHBAAOA
Input file size: 323628

e 323620

2000000, end = 20000808, hase = 2000008
Input file size:

[Debug“Exe “\knd_inage‘axip_image2 . p_hin
[Debug“Exe “Jnd_inage>ran_2_.p._hin
[De ]Lug “Exe “Jknd_inage spsram_2_.p._hin

3 17

pad _exe, ing_len: 63318, pad_len: cef
[Debug “Exe “knB_inage “knB_inage2_all_hin
])e]Lug\Exe skmd_image Sknd_

IAR ELF Linker U8.38.1.114-432 for ARM
Copyright 2087-2018 IAR Systems AB.

|_|:| (5] | el

(5) After compile, the images km4_boot_all.bin and kmO_km4_image2.bin can be seen in project\realtek_amebaD_va0_example\EWARM-
RELEASE\Debug\Exe\km4_image. For MP configurations, the km0_km4_image2_mp.bin would be generated instead.
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6.3.3 IAR Download

The generated images can be downloaded in two ways:
®  |ARJ-Link or RLX Probe SWD (introduced in the next section)
®  Ameba-D ImageTool, refer to ImageTool for more information.

Ameba-D demo board supports using J-Link and RLX Probe SWD to download and debug. Image of each project can be download individually.

Note: Considering KM4 is powered-on by KMO, you should make sure that KMO has boot up already before downloading images to KM4.
Otherwise, for J-Link, J-Link can’t connect to KM4 and show the error message as Fig 6-11 shows. For RLX probe, RLX Probe driver can’t be
opened under K @

- T ——
@ ject_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1 )
G

il it View Project J-link Tools Window Help
B o= XEE ocl[ -1 Q>>%
Waorkspa

is

BDSRAM o
 app

B bluetaoth

B cmgis-dsp @

H drivers
i frliby
ik
 mbed
B misc
M user
 uiilites
i wifi

J-Link Driver

GelH] s i) s i et
Abort debug session?

o
Overview || kmd_application _km4_bootloader |/ [ |

Y
Log
Thu Sep 05, 2019 16:03:34: IAR Embedded \Workbench §.30.1 (D\Pro WSE)\IAR SystemsiEmbedded Workbench & harmibintarmp Hl

&

Build | Debug Log /n tl
Ready 2
Fig 6-11 J-Link cannot find KM4 %
As a result, if the Flash memory is empty, the sequence to download images is: /O
(1) Download for km0O_bootloader and kmO_application projects O/
(2) Click Reset button on demo board to make KMO boots up O

(3) Download for km4_bootloader and km4_application projects

During development, if Flash memory is not empty and KMO can boot up successfully, then you can download updatt%es to KM4 directly,
and there is no need to re-download for KMO. Q

The following steps show how to download image for the target project with IAR. If there is an error like Fig 6-24 displayed in IAR window, refer
t0 6.3.4.3.
(1) Choose the target project display in Workspace window, for example, km4_bootloader as Fig 6-12 shows.
(2)  If using J-link debugger, check whether the J-link debugger setting is correct.
a)  Click Project > Options > Debugger > Setup > Driver, and choose “J-Link/J-Trace”, as Fig 6-13 shows.
b)  Click Debugger > J-Link/J-Trace > Connection > Interface, and choose “SWD”, as Fig 6-14 shows.
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Window  Help

File Edit View Project J-link Tools

Files

[=R lkm4_bootloader - D

W Output

kmé._bootoader

Debug Log § I > x
Log

Wed Apri3,

2@'3 05: IAR Embedded Warkbench 8.30.1 (DAProgram Files (xBEMAR Systerms\Ermbedded Warkbench 8. 1armibintarmproc.dll)

%,

M Debug Log | ’/I‘\
e -

Tools  Window Help

km4_application - Diebug

Files

B [CIProject_hp_release &
= km4_applicati 1 ategony:

General Options

Static Analysis

Runtime Checking
CfC++ Compiler
Assembler
Output Converter
Custom Build
Build Actions
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[VUse macro filals)

Si SPROT_DIRSY. ...\, . \compenentizocireal tektancbadin
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ifi
& W Output
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krnd_secure - Debug JHink/3-Trace
T Stellaris

| Mu-Link

| PE micro

STALINK
Third-Party Driver
TIMSP-FET
TIXDS

Owerride default 4
SPROT_DIRS'. . \.. % . \componentisocirealtekbancbadin E]

Ready

D
— 6!
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Fig 6-13 J-Link debugger setup
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(3)
a)
b)

If using RLX Probe, check whether the RLX Probe set

[o @] s ]
File Edit View Project Jlink Tools Window Help
s B i - _ b
NAREEIXEEIoC Qo % B R0 R8s 0.
Workspace
Files
B CIProject_hp_release
- Categary,
(SR lkm4_application - ... {| Factory Settings
| e Eapp General Options
| -2 S blustooth Static Analysis
| W crisis-dsp Runtime Checking
| W drivers CfC++ Compiler -Setup Cormection |Breskpoints
| F= i twlin Assembler Communi cation
I i lib Output Converter @ sk Device 0 - Serial
| Hmbed su‘s:“:'c:“m @ ICH/IP:  [TE address -
| @ dEmisc id Actons
= Linker I addresst [asabbboces ddd [Serial | |
| Hos Deb
| Huser =buager Taterfacs TTAG scan chain
o Simulator i .
| W utilities [71JTA scan chain with maltiple tar
g wifi cant TAP mumber: (L
| = wifi CMSIS DAP s
| 5 Output GDB Server [JSean chain contains mon-Arn device
@ km4_bontoader- De Ljet/TTAGIt Precesding
= @ km4_secure - Debug Jink{J-Trace
1 Stellaris Log gommunication
i Nu-Link [4PROT_DTRS\ espyeonm_bp Tog | |:|
PE micro
I ST-LINK.
Third-Party Driver
TIMSP-FET
TIXDS
¥
[ Buitd [ Bebug tog | Ih
Ready ~ Errors 0, Warnings 0
4

S
O/‘;%G—M J-Link interface setup

is.correct.

Click Project > Options > Debugger > Setup > Driverﬁlspse “GDB Server” and don not choose “Run to”, as Fig 6-15 shows.
Click GDB Server > GDB Server, and put correct valu

“TCP/IP address or hostname”, as Fig 6-16 shows. The value should be:

localhost, port number.

L 4
L 4

c)

Application Note

KM4: The default port numbers is 3333, which is set

ject\realtek_amebaD_va0_example\EWARM-

RELEASE\probe\cm4\rlx_probe0.cfg.

KMO: The default port numbers is 2331, which is set in prolgct\ Itek_amebaD_va0_example\EWARM-
RELEASE\probe\cmO\rlx_probe0.cfg. \S"

Open RLX Probe in project\realtek_amebaD_va0_example\EWARM-
Note: The board must be reset before opening the RLX Probe, otherwise the co

E\probe\cm4\cm4_RTL_Probe, as Fig 6-17 shows.
on may fail.

5 ect_hp
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Fig 6-15 RLX Probe setup
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&2 Project_hp_release - [AR Embedded Workbench IDE - Arm 8.30.1 | S ) AL Lo
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Fig’6-16 RLX Probe interface setup

&N C:\Windows\system32\cmd.exe

This MCU supperts the profiling counters!
Program flow prediction disabled!Instruction caches enabled!Data and unified cac
hes enabled?!
Cache is implemented at leuvel 1, and is Separate Instrcution & Data Caches!
Level 1 I-Cache infomation:

I-Cache supports lirite-Through!

I-Cache supports Write-Back?

I-Cache supports Read-Allocationt

I-Cache does not support Write-Allocation!

The processor's I-cache number of sets is 512!

The processor's I-cache number of ways is 2!

The processor's I-cache number of linesize is 8 lWords

The processor's I-cache size is 32 KB!

D-Cache infomation:

D-Cache supports lirite-Through!

D-Cache supports Write-Back!

D-Cache supports Read-Allocation!

D-Cache supports Write-Allocation!

The processor's D-cache number of sets is 64!

The processor's D-cache number of ways is 2!

The processor's D-cache number of linesize is 8llords

The processor's D-cache size is 4KB!

/*)EB(*)E**B(**X*******X*******X*X*******X*******X*******X**/
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/3R HH I I I IH RN NNCDOOONNHNK |

Fig 6-17 RLX Probe window

(4) Click Project > Download > Download active application, image downloading starts.
When downloading, Ameba-D prints the log, as Fig 6-18 shows. You can check the log to see if download is successful.
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0/( Fig 6-18 Downloading log

(5) You can also erase all parts of the Flash memory if @;ery.
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6.3.4 IAR Debug

You can debug or trace KMO and KM4 system individually with J-Link or RLX Probe SWD.

Add Files...
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Impart File List...
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Edit Configurations...
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Create New Project...

Add Existing Project.
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<0
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Fig 6-19 Erasing Flash memory

Note: Considering KM4 is power-on by KMO, you should make sure that KMO has already boot up before debug KM4. For KMO, there is no such
requirement because KMO is power-on immediately after reset.
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6.3.4.1 J-Link Debug

Follow the steps to debug and trace code of target project with IAR by J-Link:

(1) Set the target project as active project and verify the debugger configurations as step (1) and (2).

(2) Click Project > Download and Debug or Project > Debug without Downloading.
| Download and Debug: downloads the application and debug the project object file. If necessary, a make will be performed before

download to ensure the project is up to date.

n Debug without Downloading: debug the project object file

(3) When starting IAR C-SPY to debug, it will firstly reset the target CPU and run to the main function, as Fig 6-20 shows.

(4) Toggles a breakpoint at the statement or instruction that contains or is located near the cursor in the source window. The “Toggle
Breakpoint” button is on the debug toolbar, as Fig 6-21 shows.
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Fig 6-20 Running to main() when debug
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Fig 6-21 Toggle breakpoint

(5) You can trace code step by step with “Step Into” or “Go’“until triggering a breakpoint. These function buttons are available on toolbar.

6.3.4.2

RLX Probe Debug

Follow the steps to debug and trace code of target project with IAR by RLX Probe:

(1) Set the target project as active project and verify the debugger configurations as step (1) and step (3).
(2)  Click Project > Attach to Running Target.

(3) Setthe target address.

When starting debug with RLX Probe, it will firstly reset the target CPU. If you want'to run to a target address at first, you can set the PC
address in project\realtek_amebaD_va0_example\EWARM-RELEASE\probe\cm4&\rlx-probe0.cfg. The method is that uncomment
“ew .pc = Oxxxxxxxxx” and change the address to the appointed value, as Fig 6-22 and-Fig 6-23 shows.

Application Note
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Set PC address
description:

When starting debug, the code will run to the address
ki*t*t*k*k*****ki*i*t*k*k*t***k*ki*t*k*k*t*****ki&i/

/ew .pc 0xe03£048;

Fig 6-22 Setting the target address
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(4)

& Proj lease - IAR Em = Arm 8.30.
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Fig 6-23 Running to'the target address when debug

Breakpoint” button is on the debug toolbar, as Fig 6-21 shows.

(5)

6.3.4.3

IAR Debug or Download Error

Toggles a breakpoint at the statement or instruction that contains.or is located near the cursor in the source window. The “Toggle

You can trace code step by step with “Step Into”, or “Go” until triggering’a breakpoint. These function buttons are available on toolbar.

Because Ameba-D has two CPU cores, and a post-build script will be run after make, someétimes the debug or download thread cannot get the
correct AXF file for debug or download, the error like Fig 6-24 happens.
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Fig 6-24 IAR debug or dowNS}Kerror

To avoid this error, you should build manually before debug or download, and disable
debugging, as Fig 6-25 shows.
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6.3.5 IAR Me

6.3.5.1

Fig 6-25 IDE options

mory Configuration

Configuring Memory from IAR IDE

In order to allow users to manage memory flexibly, there are some configurations to put some code into certain,memory region.

In 1AR workspace, there are “@PSRAM” and “@SRAM” group. The code in “@PSRAM” group would be linked-andoaded into PSRAM, and the
code in “@SRAM” group would be linked and loaded into SRAM. The rest of code will be placed on Flash and execute in place.

Note: Considering only SRAM and PSRAM contains secure regions, the code in km4_secure project should be placed either.in “@PSRAM” or in
“@SRAM”. It can’t be placed outside these two groups.
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6.3.5.2 Configuring Memory from ICF File

IAR uses ICF (IAR Configuration File) to configure memory allocation) so users can configure memory allocation by ICF file.

ICF file of Ameba-D location:

(] “project\realtek_amebaD_va0_example\EWARM-RELEASE\ rtl8721dhp_image2_is.icf” for ignore secure project
(] “project\realtek_amebaD_va0_example\EWARM-RELEASE\ rtl8721dhp_limage2_tz.icf” for TrustZone project

If having a good understand of the format of ICF, users can modify the section loeation in ICF file.

‘Workspace

lmd_application - iz -

Files & .

M nisc

B user

B utilitiers

B wifi

B Output

@ kmd_hootiosder - is <

L5 @ kmd_secure-tz
B BPSRAM
(@ SRANM

4 %

| Ouerview kmd_applicatinn| kmd_hnntlﬂadel| a[

Fig 6-26 Memory location configuration

6.4 How to Build Sample Code?

The example source code is located in project\realtek_amebaD_va0_example\example_sources. To build sample code, you should copy the

“main.c” file in the target example to project\realtek_amebaD_va0_example\src\src_hp and replace the original one.

For example, you can copy “main.c” from project\realtek_amebaD_va0_example\example_sources\I2C\mbed\i2c_int_mode\src to use

i2c_int_mode example code, as Fig 6-27 shows.
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6.5

Fig 6-27 Building sample code

Used Memory Size Calculation

This section explains how to calculate used memory size by users in IAR project, whose version is IAR 8.30.1 or higher. You can refer to
“km4_application.map” to observe them after project build. This file can be found in the following folders:
®  Project folder: project\realtek_amebaD_va0_example\EWARM-RELEASE\Debug\List\km4_application

® |AR GUI’s folder: Output

Workspace < vax
is ')( v
Files o .
=) @km4_application - is v
— W (@PSRAM v

: A
= app
i application
M audio

M bluetoath
B cmsis-dsp
W drivers

M fwlib

M lib

B mbed

B misc

M user

M utiliies

W wifi

—] M Output

[ kmd_application.axf

L [B km4_application.map]

6.5.1 Memory Section

® A7 (PSRAM): This section is read-write data in PSRAM (0x2000000 to Ox23FFFFF).
[ J BTTRACE: This section is reserved for BTTRACE.
[ J A5 (XIP): This section is read-only data in XIP.
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® A4 (SRAM): This section is read-write data in SRAM.
® P1 (SRAM): This is BSS section in SRAM.

6.5.2 Memory Size

6.5.2.1 Memory Size in SRAM

There are two sections resident in SRAM, which are A4 and P1. As we can see from the map file, for standard SDK, these two sections use
almost all of the mémory space from SRAM (476KB).

® A4 has size Ox17ad7.

"AYL 5 0x17ad7
IMAGEZ 0x1000'5000 0Oxl1l7ad7 <Block>
.ram image2.entry 0x1000'5000 0x20 <Block>
.imgge@.entry.data rw data 0x1000'5000 Oxc rtlB72ldhp app start.o [1]

(] P1 has size 0x5dfc8.

"P1": 0x5dfc8
.ram heap.data 0x1001'cae0 0x50000 <Block>
.ram image2.bfsram.ddta
0x1001'cae0 0x50000 <Block>
.bfsram.data unifig 0x1001'cae0 0x50000 freertos heap5 config.o [1]

So totally 0x17ad7 + Ox5dfc8 = 470K bytes memory in SRAM is used.

The total SRAM space is defined in project\realtek_amebaD_va0_example\EWARM-RELEASE\rtI8721d_memory_layout_is.icf.
define symbol _ ICFEDIT region HS BD RAM NS ‘start = 0x10005000;
define symbol  ICFEDIT region HS BD RAM NS end _ 0x1007C000-1;

For this case, the total size of SRAM is 0x1007C000 — 0x10005000 = 0x77000 = 476K bytes, there is still 6K (= 476K — 470K) bytes free SRAM
space.

6.5.2.2 Memory Size in PSRAM

There is one section in PSRAM called A7, the memory space from PSRAM (4MB).

A7 has size 0x54800.

"R 0254800
IMG2 PSRAM 0x200'0000 0x0 <Block>
.psram ns.bss 0x200'0000 0x54800 <Block>
.psram.bss 0x200'0000 0x54800 <Block>
.psram.bss uninit 0x200'0000 0x54800 rtw opt skbuf.o [1]

So totally 0x54800 = 338K bytes memory in PSRAM is used.
6.5.2.3 Memory Size in XIP

XIP can only place text section, so there is only one section called AS.

A5 has size Ox8afe8.
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npgn Ox8afeB
.xip image2.text 0xe00'0020 0OxBafe8 <Block>
.text ro code 0xe00'0020 Oxfc app task.o [1]

.text.os msg queue create intern

ro code 0xe00'01llc 0x40 os msg.o [2]

So totally Ox8afe8 = 555K bytes memory in XIP is used.
6.5.2.4 Available Heap Size

When calculating total used memory size, available heap size after WLAN association and BT connection needs to be considered. In the above
case, it is 56096 bytes.

W COMS6 - Tera Term VT

File Edit Setup Control Window Help
lppa C ] 5 23

trace_tas

ble_centr

cnd_threa

rtu_inter ] 6 208

riu_recy_ ] g 243
2004

216

[HEH] After do cnd, available hcap 56096

Finally, you can use total SRAM 476K bytes to subtract these sections of memory to obtain/totally free global memory and free heap in SRAM.

Formula is as below:

®  SRAM free global memory: 476K — “A4” — “P1” = 476*1024 — 96983 — 384968= 5473 (bytes)
Available heap: 56096 bytes.

Totally free SRAM memory and heap: 5473 + 56096 = 61569 (bytes)

Totally free PSRAM memory: 4¥1024*1024 — 338 * 1024 (A7) = 3848192 (bytes)
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7 Demo Board

7.1 PCB Layout Overview

The PCB layout of 2D and 3D are shown in Fig 7-1 and Fig 7-2.
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Fig 7-1 Demo board - PCB layout (2D)
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GND = = 3V3
SWDIO = = SWCLK

UART
DOWNLOAD

Fig 7-2"Bemo board - PCB layout (3D)

7.2 PinOut

The pin out board is shown in Fig 7-3.
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There are four rows of pins on the board.
®  The pinsin the red box are used for Arduino REF.

®  The pinsin the blue box are all the GPIO pins.

7.3

DC Power Supply

The 3.3V/1.8V power supply board is shown in Fig 7-4.

®  JumpJPlis used to select 3.3V or 1.8V power supply

Fig 7-3 Demo board - pin out

®  JumpJ38is for current test. You can test the current power after taking off the R43.
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[+

(7%}

Fig 7-4 Demo board - 3.3V/1.8V power supply

When you select power supply, refer to Table 7-1.

Table 7-1 3.3V/1.8V power supply selection

Power Supply Select

JP1

3.3V

1-2 connected

1.8V

2-3 connected

7.4 USB Interface Configuration

The USB interface configuration board is shown in‘kig 7-5 and Fig 7-6.

R6

R8

R7

C16
c22

C12

c7

C10

C9

Fig 7-6 Module board - USB interface configuration

C2
C1

L1

30

39

o O
R75R72

C40 6€0
&g ) [l =
CINEY
S 2] EEOE ¢
C20 T8
C19
C17 -
I 31
U -
R4
C13
48

For normal GPIO usage by default, R72/R75/R77 on mother board will part on with 0 Ohm resistors, R5 on module board needs to take off. For
USB usage, you need to take off R77, part on R73&R74 with 0 Ohm resistors on mother board and part on R5 on module board with a 12K Ohm

1% precision resistor.

7.5 LOGUART

The LOGUART board is shown in Fig 7-7. When you select LOGUART, please refer to Table 7-2.
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UART_SELJ28

25|® O|H| |
RI|1® @ ©

Fig 7-7 Demo board — LOGUART

o
>
o

Table 7-2 LOGUART selection

LOGUART Select

JP1

FT232 1-2 connected
DAP 2-3 connected
7.6 SWD

The SWD board is shown in Fig 7-8.

J35
1 SWD

GND 183
3 DATA cuc\

Fig 7-8 Demo board= SWD

Note: For 1VO0 board, there is a bug, you should use CLK as DATA, and use DATA as CLK.

7.7 VBAT ADC

The VBAT ADC board is shown in Fig 7-9. J1 is used to test VBAT ADC.

Application Note
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VBAT_MEASURE

Fig 7-9 Demo board — VBAT ADC
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8 ImageTool

8.1 Introduction

This chapter introduces how to use ImageTool to encrypt, generate and download images. As show in Fig 8-1, ImageTool has four tabpages.
L] Download: used as image download server to transmit images to Ameba through UART.

Generate: contact individual images and generate a composite image.
Encrypt: encrypt images which are used for firmware protection.

Security: generate key pair and signature for secure bootloader and save as new image.

,H ImageTool_v2.3.2_AmebaD(8721d) — O
Chip Select
Dowrload Generate Encrypt Security
Serial
tor:  [@IEWO (o) v|  Baudrate: [1500000
Flash'Erasze
Flash Dowrload
Image Fath Address -
D:\W03\project\realtek_amebaD_val_exa... Browse | 0x08000000
I:‘ Browse
DAVO03\project\realtek_amebaD_val_exa... Browse | 0x08004000
D:\V03\project\realtek_amebaD_wal_exa... Browse | 0x08006000
I:‘ Browse
D Erowse
I:‘ \ B_rowse
A= o)
D Br ow=ze
O Br_ows: \
2
I:‘ Browse g . v
Frogress: A4
Dowrload Q0" 0d. 0o

Fig 8-1 ImageTool Ul

8.2 Environment Setup

8.2.1 Hardware Setup

The hardware setup is shown in Fig 8-2.

Note: If using external UART to download images, FT232 USB to UART dongle must be used.
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UART DOWNLOAD  RESET

Micro USB cable

UART € USB (FT232)

Ameba

Fig 8-2 Hardware setup

8.2.2 Software Setup

[ ] Environment Requirements: EX{ WinXP, Win 7 Above, Microsoft .NET Framework 3.5
(] ImageTool.exe Location: \tools\AmebaD\Image_Tool\ImageTool.exe

Name Date modified Type Size

|j Changelog.tet 7/29/201911:52 AM  Text Document 4 KB
£ Download.ini 11/ 44PM Configuration sett... 2KB
{:j Encrypt.ini /: 44 PM Configuration sett... TKE
5!{ ImageTool.exe /h 7/29/2019 11:52 AM  Application 282 KB
|j ImageTool.pdb 911:52 AM  VisualStudie.pdb.... 178 KB
[#:] ImageTool.vshost.exe 8 1:41 PM Application 14 KB
|j ImageTool.vshost.exe. manifest 3/20/2018 1:41 PM MANMIFEST File TKE
|j imgtoel_flashleader_amebad.bin 315 PM BIM File 5KB
|j imgtoel_flashloader_amebaz.bin 6E6MND19 315 PM BIM File 6KB
[8:] 5B.exe 8/20/20%M:41 PM Application 189 KB
[ system.bin : BIN File 4KB
|J TestListView.dll Application extens... 5KE
|J TestListView.pdb ¥iEualStudio.pdb.... 14 KB

8.3 Download

8.3.1 Image Download

Assuming that the ImageTool on PC is a server, it sends images files to Ameba (client) through UART. There are two ways to download images
to board.

8.3.1.1 Based on Hardware Reset

The way based on hardware reset is a manual method to download images, and it is the primary and recommended method.
(1) Enter into UART_DOWNLOAD mode.
a)  Push the UART DOWNLOAD button and keep it pressed.
b)  Re-power on the board or press the Reset button.
c)  Release the UART DOWNLOAD button.
Now, Ameba board gets into UART_DOWNLOAD mode and is ready to receive data.
(2) Click Chip Select (in red) on Ul and select chip (AmebaD or AmebaZz).
(3) Select the corresponding serial port and transmission baud rate. The default baud rate is 1.5Mbps (recommended).
(4) Click the Browse button to select the images (km0_boot_all.bin/km4_boot_all.bin/km0_km4_image2.bin) to be programmed and input
addresses.
B Theimage path is located in {path}\project\realtek_amebaD_va0_example\GCC-RELEASE\project_hp\asdk\image and
{path}\project\realtek_amebaD_va0_example\GCC-RELEASE\project_hp\asdk\image, where {path} is the location of the project
on your own computer.
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B The default target address is the SDK default image address, you can use it directly.
(5) Click Download button to start. The progress bar will show the transmit progress of each image. You can also get the message of operation
successfully or errors from the log window.

,H ImageTool_v2.3.2_AmebaD(8721d) - | X
Chip Select (2}
Dowrload  Generate Encrypt Security

Serial

cow: [@EWO (com) ~|  Baudrater |1500000 v [(3)

Flash Erase

Addr:  [0x03000000 Size: |:| KB Erase

Flash Dowrload

Imaze Path address ~
D:\W03\project\realtek_amebaD_val_exa... Browze | (x08000000
) | O Erowse
_ D:\V03\project\realtek_amebaD_val_exa... Browse | Ox08004000
:D:\VDE\projer:t\rea|te|-c_amebaD_\raD_exa... Browse | Ox08006000
O Erowse
D "\ Erowse
O 7)) Erowse
O 4 Erowse
O () Erowse
O 7 Erowse v
Progress: V)

(5) 00:00. 000

Fig 8-3 ImageTool ‘Download’ tabpage setting
8.3.1.2 Based on Command

The way based on command is the auto-download and alternate method to download images. We suggest you adopt the method “Based on
Hardware Reset” because the auto-download method is dependent on the command in SDK.

Steps: Execute step (2) ~ (5) mentioned in section “Based on Hardware Reset”.

After that, Ameba board will enter into UART_DOWNLOAD mode, and automatically response to the command “reboot uartbuen” if this
command is not removed from SDK and KM4 is running normally.

Note: The command “reboot uartburn” in SDK must not be removed anyhow if you want to download images in this way. Otherwise, download
images according to the steps listed in section “Based on Hardware Reset”.

8.3.2 Flash Erase

Steps to erase Flash are as follows:
(1) Ameba enters into UART_DOWNLOAD mode as introduced in section 8.3.1.
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(2) Select the corresponding serial port and baud rate.
(3) Input erase start address which has to be 4-byte aligned.
(4) Input erase size which would be cast to a multiple of 4KB.

(5) Click Erase button, and erase operation begins. You would get the operation result from the log window.

..5“" ImageTool_v2.3.2_AmebaD(8721d) - O
Chip Select
Download Generate Encrypt Security
Serial
con: [RIERO (Con) v|  Baudrate: [1500000 | |(2)

Flazh Eraze

| hddr: ’W‘(B) Size: l:l KB (4) Erase (5}
Flash Download
Imaze Path Address ~
D:\V03\project\realtek_amebaD_va0_exa... Browse | 0x08000000
1 Erowse
_EI TD:\VDE\project\realtel-c_amebaD_\raD_exa... Browse | Ox0B004000
_ D:\_VOE\projer:t\rea|te|-c_amebaD_\raD_exa... Browse | Ox08006000
O N Browse
O 7/ Browse
O < Browse
|:| () EBrowsze
O 4 Browse
O )Y Browse v
Progress: S/
D_owr;l;d 00:00. ooo

X

Fig 8-4 Flash erase operation

Note: Users don’t need to erase Flash manually before download images into Flash. Image Download operation'would erase Flash

automatically according to the image and address to be programmed.

8.3.3 Flash Status Operation

After some abnormal operations such as power lost when Flash is programming, the Flash would enter into Write Protection (WP) to protect

some area against program and erase.

To release Flash from WP state, the BPs in status register should be cleared. ImageTool provides the function of setting and getting Flash status

register value. To use it, the following steps are necessary.

(1) Check the Read/Write Status Register Command and Sequence according to the Flash datasheet. Notice that different Flash IC would have

different sequence.
(2) Get Ameba into UART_DOWNLOAD mode as introduced in section 8.3.1.
(3) Select the corresponding serial port and baud rate.

(4) Click Advanced Settings button in Fig 8-5, and the Advanced Settings window shown in Fig 8-6 popups.
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Chip Select
Download Generate Encrypt Security
Serial
com: [BigiRE (comt) v|  Baudrate: [1500000 || (3)

Flash Erase
Addr:  [0x08000000 Size: l:II{B Erase

Flash Dowrload

Image Fath Address -
DAV03\projectyrealtek_amebaD_val_exa... Browse | Ox08000000
D Browse
DAV03\projectyrealtek_amebaD_val_exa... Browse | Ox08004000
DAV03\project\realtek_amebaD_val_exa... Browse | (x0B006000
D Browse
D Browse

_D_‘ Browse
i Erowse
I:l Browse
D Browse v
Progress: r gy
Download 0000, oo0

@

Fig 8-5 ‘Advanced Settings’ window

(5) Select Read/Write Command and Length according to Flash datasheet. If writing status te'Flash, remember to input value.
(6) Click Read button to read status register value, or Write button to write status value to Flash.
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85! Advanced Settings

BE CAUTIOUS!!!

Any operations on this page should refer to DATASHEET
corresponding to the Flash used ! Otherwise it may cause

irreversible damage to Flash !

Fead Status Register

Read Command: 0x05 (Read Status Register—1)
Bead Length: 1 Byte w
Return Valne: 000

Write Statusz Register

Write Command: 0x01 (Hrite Status Rezister—1/2) «~

Write Length: 1 Bwte ~

Register—1 ¥alue:

Register—2 Value: |0x00

Rezicter—3 Value: Ox00

LV

Fig.8-6 Flash status operation

In case of MXIC Flash chip, the status register is shown in Table8-1.
®  To clear BP bits, read status register configuration is as below:

Read Command: 0x05
Read Length: 1 Byte

®  Write status register configuration is as below:

Write Command: 0x01
Write Length: 1 Byte
Register-1 Value: 0x40

Table 8-1 MXIC Flash status register

Bit Name Description Volatile Bit
7 SRWD Status register write protect. No
®  1:Status register write disable
®  0: Status register write enable
6 QE Quad enable. No
®  1:Quad enable
®  0: Not Quad enable
5 BP3 Level of protected block. No
4 BP2 Level of protected block. No
3 BP1 Level of protected block. No
2 BPO Level of protected block. No
1 WEL Write enable latch. Yes
[ ) 1: Write enable
®  0: Not write enable
0 WIP Write in progress bit. Yes
L] 1: In write operation
®  0: Notin write operation

Note: For other Flash IC, please refer to corresponding datasheet. Otherwise, wrong operation would cause irreversible damage to Flash.
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8.4 Generate

The ‘Generate’ tabpage has two functions:
® Merge individual images and generate a composite image named Image_All.bin
®  Generate Cloud OTA image named OTA_All.bin

8.4.1 Merge Images

Steps to generated@ composite image are as follows:
(1) Select Image_All-as Generate Target type (in red).

(2) Click Browse button,to select images to be contacted and input corresponding relative address. The Memory Layout bar will show the
relative positions of thesselected images. If the contiguous images overlap, the overlapped area is in red color for warning.
(3) Click Generate button/Specify the output file name and path yourself in the popup ‘Save As’ window, the final image (Image_All.bin) is

generated.
.H ImageTool_v2.3.2_AmebaD(8721d) — O
Chip Seglecy
Dowrnload Generste Enorypt Seourity
Generate Target : | &)
System Data
oTAl © o)
oxoana0000(_/ jgpro s | [0 o
100MHz Skt vt 00000
i 13 N 0xFFFF Ouad Addr/Data Read
A’
0:0B0FFO00 005000000 0205000000
4050 [ . ; i
Load Existing System. bin: Laedl -: ) TEdit Save

Image Layout

Memory Layout:

Bin 1: [knd_boot_a11 bin | [ Browss Offsetl:
Bin 2: [knd_boot_al1. bin | [ Browss Offset2:
Bin 3: |km0_km4_image2.bin | Browse Offsetd:
Bin 4: O | | Browse Offzetd:

sins: [l OO | | [ Browse DEEsetS: [Dx000F000 |
EBin 6: O | | HramEe Dffsets: I:l

@

23

Fig 8-7 Image_All.bin generation

8.4.2 Generate Cloud OTA Image

Steps to generate a Cloud OTA image are as follows:
(1) Select OTA_AIll as Generate Target type (in red).
(2) Input Image Version, the default value is OXFFFFFFFF.
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(3) Click Browse button to select images. The address can be ignored. The Memory Layout bar will show the relative positions of the two
images. If they overlap, the overlapped area is in red color for warning.
(4) Click Generate button to specify the name and path of the output file. After the operation is done, the cloud image (OTA_All.bin) is

generated.

Chip Select  Config

Download Generate Encrypt Security

|Generate Target : | 1)

0Th Header

s | @

Image Layout

Bin 3: [n0_knd_inage (hin | [Eronze ]| @)

Memory Layout:

@

Fig 8-8 OTA_AIl generation

9 Memory Layout

9.1 Flash Program Layout

The default Flash layout used in SDK is illustrated in Fig 9-1 and Table 9-1. Because bootloader will be called by ROM codeg, the address of
bootloader cannot be changed. Other addresses except bootloader can all be changed by users, but before changing these addresses, users
must make sure that they are familiar with Ameba-D system and SDK.
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(0->1MB)

0x0800_0000

KMO Boot (8K)

0x0800_2000

Backup (4K)

0x0800_3000

System Data (4K)

0x0800_4000

KM4 Boot (8K)

0x0800_6000

KMO IMG2 OTA1

KM4 IMG2 OTA1

KM4 IMG3 OTA1

0x0810_0000

0x0810_6000

(1MB -> 2MB)

User Data (24K)

KMO IMG2 OTA2

KM4 IMG2 OTA2

KM4 IMG3 OTA2

0x0810_0000-1 0x0820_0000-1
Fig 9-11M/2M Flash program layout
Table 9-1 1M/2M, Flash program layout

Items Start Address Limited Address Size Description Mandatory
KMO Boot 0x0800_0000 0x0800_2000-1 8K KMO bootloader code/data Yes
Backup 0x0800_2000 0x0800_3000-1 aK Backup Flash area, reserved for system use. | Yes

When program system data, this area will

be used as backup area.
System Data 0x0800_3000 0x0800_4000-1 4K System Data, user should program this area | Yes

carefully.
KM4 Boot 0x0800_4000 0x0800_6000-1 8K KM4 baotloader code/data Yes
KMO IMG2 OTA1 | 0x0800_6000 0x0810_0000-1 1000K [ KMO image2 OTA1 code/data No
KM4 IMG2 OTA1 KM4 image2 QTAL.code/data No
KM4 IMG3 OTA1 RDP image OTAY code/data No
User Data 0x0810_0000 0x0810_2000-1 8K Reserved for user data No

0x0810_2000 0x0810_5000-1 12K BT FTL physical map No
0x0810_5000 0x0810_6000-1 4K WIFI Fast Connect profile No

KMO IMG2 OTA2 | 0x0810_6000 0x0820_0000-1 1000K [ KMO image2 OTA2 code/data No
KM4 IMG2 OTA2 KM4 image2 OTA2 code/data No
KM4 IMG3 OTA2 RDP image OTA2 code/data No

There is an image header for every image; it helps the bootloader to load code or data to the correct destination address, or it’s used to realize

ECC secure boot.

9.1.1 Image Header

Normal bootloader doesn’t include secure boot signature. It’s just used for loading code or data to the correct destination, as shown in see Fig

9-2 and Table 9-2.
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0x00 0x04 0x08 0x0C
0x00 - -
Signature Size Address
0x10
RSVD RSVD RSVD RSVD
0x20

Firmware Image

Fig 9-2 Normal image header

Table 9-2 Image header without secure boot

Items Comment

Bootloader Signature for Flash calibration
The size of Firmware Image
Code executes start address after boot

Signature (8 bytes)
Size (4 bytes)
Address (4 bytes)

Image header with secure includes secure boot’'signature. It is used to realize ECC secure boot. For more information, refer to AN0410.

9.1.2 System Data (4K)

The System data layout is illustrated in Fig 9-3 and Table 9-3'

0x00 0x04 0x08 0x0C
0x00 RSVD
gng RSVD
X.
RSVD BT_FW_DBG RSVD
0x30 4PN ==
RSVD
0xffo
Fig 9-3 System data layout
Table 9-3 System Data Layout
Items Default Description
BT_FW_DBG OxFFFFFFFF Reserved for FW debug.

9.1.3 User Data

There are totally 24KB for user data. Parts of this region are defined by default SDK.

Table 9-4 User data layout

Items Range Description
Reserved 0x0810_0000~0x0810_2000-1 | Reserved for user data
BT FTL 0x0810_2000~0x0810_5000-1 | Bluetooth FTL physical map.

The start address is defined by ftl_phy_page_start_addr variable

(rtI8721dhp_intfcfg.c).

If Bluetooth is not enabled in your system, this can be used by users.
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Wi-Fi Fast Connect Profile

0x0810_5000~0x0810_6000-1

Used to store Wi-Fi fast connect profile. Defined by
FAST_RECONNECT_DATA macro (platform_opts.h).

If Wi-Fi fast connect function is not enabled in your system, this area can be

used by users.

Warning: If Flash memory layout is modified and the 0x0800_2000~0x0800_5FFF is covered, it is important to modify the FTL physical map or
Wi-Fi fast connect area address.

9.1.4 4M Flash Usage Example

For 4M Flash, an exafmple of Flash layout is illustrated in Fig 9-4. In this example, 2024K Flash size can be used for KMO & KM2 image, and you
can modify the layout according to your actual conditions. Because bootloader will be called by ROM code, the address of bootloader cannot
be changed. Other addresses except bootloader can all be changed by user, but before you change these addresses, make sure that you are

familiar with Ameba-D systemvand SDK.

0x0800_0000
0x0800_2000
0x0800_3000

0x0800_4000

0x0800_6000

0x0820_0000-1

0->2MB

KIMO Boot (8K)

BacT(@A

System D;t%‘

KM4 Boot (8K)

KMO IMG2 OTA1

KM4 IMG2 OTA1

KM4 IMG3 OTA1

0x0820_0000

0x0820_6000

0x0840_0000-1

2MB ->4MB

User Data (24K)

KMO IMG2 OTA2

KM4 IMG2 OTA2

KM4 IMG3 OTA2

Fig 9-4 4M Flash program layout example

Table 9-5 4M Flash program layout example

Items Start Address Limited Address Size Description Mandatory
KMO Boot 0x0800_0000 0x0800_2000-1 8K KMO bootloader code/data Yes
Backup 0x0800_2000 0x0800_3000-1 4K Backup Flash area, reserved for system’use. | Yes
When program system data, this area will
be used as backup area.
System Data 0x0800_3000 0x0800_4000-1 4K System Data, user should program this area | Yes
carefully.
KM4 Boot 0x0800_4000 0x0800_6000-1 8K KM4 bootloader code/data Yes
KMO IMG2 OTA1 0x0800_6000 0x0820_0000-1 2024K | KMO image2 OTA1 code/data No
KM4 IMG2 OTA1 KM4 image2 OTA1 code/data No
KM4 IMG3 OTA1 RDP image OTA1 code/data No
User Data 0x0820_0000 0x0820_2000-1 8K Reserved for user data No
0x0820_2000 0x0820_5000-1 12K BT FTL physical map No
0x0820_5000 0x0820_6000-1 4K Wi-Fi Fast Connect profile No
KMO IMG2 OTA2 0x0820_6000 0x0840_0000-1 2024K | KMO image2 OTA2 code/data No
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KM4 IMG2 OTA2 KM4 image2 OTA2 code/data No
KM4 IMG3 OTA2 RDP image OTA2 code/data No

For 4M Flash, some configurations need to be modified in default SDK.

®  OTAstart address

The default OTA start address in SDK is set for 2M Flash, thus OTA address in rtI8721d_bootcfg.h and rtl8721d_ota.h needs to be modified

when using 4M Flash.

(1) Modify OTA_Region in rtl8721d_bootcfg.h, change OTA2 region start address according to your actual Flash layout. When using 4M Flash
program layout example as shown in Fig 9-4, OTA region should be modified as below:

=g

d

*=\@brif OTA start address. Because KMO & KM4 IMG2 are combined, users only need to set the start address|
* of KM0 IMG2.

*

BOOF_ReM_DATA_SECTION

u32 OTA_Region[2] = {

/* OTA1 region start address */

/* OTA2 region start address */

(2) Modify OTA address definition in rtl8721d_ota.h, redefine LS_IMG2_OTA2_ADDR macro according to your actual Flash layout. When
using 4M Flash program layout exampleas shown in Fig 9-4, OTA address should be modified as below:

J ¥ KMO OTAL start address™/
J* KMO OTAZ2 start address™/

#define LS_IMG2_OTAL LADDR 0x02006000
#define LS_IMG2_OTA2_ADDR.. 0x0

[ ] User data Flash address

In default SDK, 24KB user data is defined in Flash address 0x0800_2000~0x0800_5FFF, which is now used for BT FTL and Wi-Fi fast connect

profile. For 4M Flash, if Bluetooth and Wi-Fi fast connect function are enabled in your system, and Flash address 0x0800_2000~0x0800_5FFF is

covered, you need to modify BT FTL address and Wi-Fi fast connect{profile address according to your actual Flash layout.

(1) For BT FTL start address, re-define ftl_phy_page_start_addr variable in rtI8721dhp_intfcfg.c, note that SPI FLASH address base
0x0800_0000 is subtracted when calculating ftl_phy_page_start_addr variable, and ftl_phy_page will consume 3*4=12KB Flash starting
from ftl_phy_page_start_addr. When using 4M Flash program layout'example as shown in Fig 9-4, BT FTL start address should be
modified as below:

| const u22 ftl_phy_page_start_addr = 9=00202000; |

(2) For Wi-Fi fast connect profile address, redefine FAST_RECONNECT_DATA macro in platform_opts.h, and SPI FLASH address base
0x0800_0000 is subtracted when calculating FAST_RECONNECT_DATA macro. Note that'Wi-Fi fast connect profile address should not
recover the 12KB Flash starting from ftl_phy_page_start_addr, as this region is reserved for.BT.FTL. When using 4M Flash program
layout example as shown in Fig 9-4, Wi-Fi fast connect profile address should be set to 0x202000+0x3000=0x205000.

| #define FAST_RECONNECT_DATA  0x205000 |

After the above modification, rebuild KMO project and KM4 project, then download kmO_boot_all.bin, km4_boot /all.bin and
kmO0_km4_image2.bin.

9.2 SRAM lLayout

9.2.1 KM4 SRAM Layout

The start address of KM4 SRAM is 0x1000_0000. The size is 512KB. The memory layout is illustrated in Fig 9-5 and Table 9-6.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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0x1000_0000

KM4 SRAM (512KB)

0x1000_1000

ROM_BSS_COMMON (4K)

ROM_BSS_NS (4K)

0x1000_2000

RSVD (8K)

0x1000_4000
0x1000_5000

MSP_NS (4K)

IMG2_RAM_NS (CODE+DATA+BSS+HEAP, 456K)

0x1007_7000

IMG3_RAM_S (CODE+DATA+BSS+HEAP, 16K)

0x1007_B8000

NSC (4K)

0x1007_C000 x>

0x1007_D000

ROM_BSS._S (4K)

N
(}/~ BOOT_RAM_S (CODE_DATA, 8K)

0x1007_F000

N
W\

MSP_S (4K)

0x1008_0000

Fig 9-5 KM4 RAM program layout

Table 9-6 KM4 RAM program. layout

Items Start Address End Address Size Description Mandatory
ROM_BSS_COMMON | 0x1000_0000 0x1000_1000-1 | 4K ROM Secureland Non-secure common .bss Yes
ROM_BSS_NS 0x1000_1000 0x1000_2000-1 | 4K ROM Non-secure/common .bss Yes
RSVD 0x1000_2000 0x1000_4000-1 | 8K Reserved for Non-secure MSP & Non-secure ROM .bss | No
MSP_NS 0x1000_4000 0x1000_5000-1 | 4K Non-secure Main Stack/Pointer Yes
IMG2_RAM_NS 0x1000_5000 0x1007_7000-1 | 456K | Image2 Non-secure RAM includes CODE, DATA, BSS No
and HEAP
IMG3_RAM_S 0x1007_7000 0x1007_B000-1 | 16K | Image3 Secure RAM includes CODE; DATA, BSS and No
HEAP
NSC 0x1007_B000 0x1007_C000-1 | 4K Images Secure function call entries No
ROM_BSS_S 0x1007_C000 0x1007_D000-1 | 4K ROM Secure only .bss Yes
BOOT_RAM_S 0x1007_D000 0x1007_F000-1 | 8K KM4 Secure bootloader, includes CODE and/DATA Yes
MSP_S 0x1007_F000 0x1008_0000-1 | 4K Secure Main Stack Pointer Yes

Note: If RDP is not enabled, the IMG3_RAM_S and NSC are non-secure and would be merged into IMG2_RAM_NS. So the IMG2”RAM_NS
region would [0x1000_5000, 0x1007_C000-1].

9.2.2 KMO SRAM Layout

The start address of KMO SRAM is 0x0008_0000. The size is 64KB. The memory layout is illustrated in Fig 9-6 and Table 9-7.

Application Note
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KMO RAM (64K)
0x0008_0000
ROM_BSS (8K)
0x0008_2000
IMG1_RAM (CODE + DATA, 4K)
0x0008_3000 —
IMG2_CODE (CODE+DATA)
IMG2_BSS LK
IMG2_HEAP (HEAP)
0x0008_F000 —
MSP (4K)
0x0008_FFFF,
Fig 9-6 KMO RAM program layout
Table"9;7 KMO RAM program layout
Items Start Address | End Address Size Description Mandatory
ROM_BSS 0x0008_0000 0x0008_2000-1 8K ROM .bss Yes
IMG1_RAM 0x0008_2000 | 0x0008_3000-1 4K KMO bootloader SRAM, including CODE and DATA Yes
IMG2_RAM 0x0008_3000 0x0008_F000-1 48K KMO0vimage2 SRAM, including CODE, DATA, BSS and HEAP No
MSP 0x0008_F000 [ 0x0009_0000-1 4K Main'Stack Pointer Yes
9.3 PSRAM Layout

The start address of KM4 PSRAM is 0x0200_0000. The total size is 4MB. The memory layout is illustrated in Fig 9-7 and Table 9-8.

Application Note

0x0200_0000

0x0230_0000

0x0240_0000

KM4 PSRAM (4MB)

IMG2_PSRAM_NS
(CODE+DATA+BSS+HEAP, 3MB)

IMG3_PSRAM_S
(CODE+DATA+BSS+HEAP, 1MB)

Fig 9-7 KM4 PSRAM program layout

Table 9-8 KM4 PSRAM program layout
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Items Start Address End Address Size Description Mandatory
IMG2_PSRAM_NS | 0x0200_0000 0x0230_0000-1 3MB | Image2 Non-secure PSRAM includes CODE, DATA, BSS No

and HEAP
IMG3_PSRAM _S 0x0230_0000 0x0240_0000-1 | 1MB | Image3 Secure PSRAM includes CODE, DATA, BSS and No

HEAP

Note: If Trust-Zone is not enabled, the whole PSRAM would be non-secure. So the IMG2_PSRAM_NS region would be [0x0200_0000,

0x0240_0000-1].

9.4

Retention SRAM

Retention SRAM would-not’be power off even when system enters into deepsleep mode. As a result, it is designed to retain data or code which
would be lost in SRAM for some cases, such as deepsleep.

9.4.1 Retention SRAM'Layout

The start address of Retention SRAM is 0x000C_0000. The size is 1KB. The memory layout is illustrated in Table 9-9.

Table 9-9 Retention SRAM layout

Items Start Address End Address Size Description Mandatory

System Area | 0x000C_0000 0x000C_0080-1 128B Used by Realtek. The size is indicated by the second dword | Yes
(0x000C_0004).

User Area 0x000C_0080 0x000C_0130-1 176B Refer to RRAM_TypeDef, and RRAM_USER_RSVD No
[user_size] is reserved for customer use.

Wi-Fi Area 0x000C_0130 0x000C_0400-1 720B Realtek Wi-Fi FW use Yes

9.4.2 User Area

RRAM_USER_RSVD is reserved for customer use. The size for user area is 124B now; it may be changed latter.

Application Note
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9.5 OTA Layout
9.5.1 OTA Program Layout
The OTA program layout is shown in Fig 9-8.
(0> 1MB) (1MB > 2MB)
0x0800_0000 0x0810_0000
KIMO Boot (8K)
0x0800_2000
0x0800_3000 User Data (24K)
0x0800_4000
@ )/ KM4 Boot (8K)
0x0800_6000 'T 0x0810_6000
% IMG2 OTA1 KMO IMG2 OTA2
<
KM4 IMG2 OTA1 /Sb KM4 IMG2 OTA2
KM4 IMG3 OTA1 @
0x0810_0000-1 0 0_?0\00_1 KM4 IMG3 OTA2
OTA Selection
A
% 0
?.
E &
KM4 RAM (512KB)
OTA Server 0x1000_0000
OTA Header \ //
Load to ( 0x1000_5000
RAM
/ IMG2_RAM (CODE+DATA)
OTA-TEXT IMG2_RAM (BSS)
IMG2_RAM (HEAP)
0x1007_A000
0x1007_FFFF
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Fig 9-8 OTA program layout
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9.5.2 OTA Header Layout

The OTA header layout is given in Fig 9-9 and Table 9-10.

0x00 |€——4 Bytes———p [ €———4 Bytes——p
o0 Version Header Number € 4Bytes— ple— A4 Bytes— ple— 4 Bytes— ple— 4 Bytes—p
X
Signature Header Length Checksum Image Length Offset RSVD
0x20
Fig 9-9 OTA header layout
Table 9-10 OTA header layout

Items Address)Offset Size Description

Version 0x00 4 bytes The version of OTA Header, default OxFFFFFFFF

Header Number 0x04 4 bytes The number of OTA Header. For Ameba-D, this value is 0x01

Signature 0x08 4 bytes OTA Signature is string. For Ameba-D, this value is “OTA”

Header Length 0x0C 4'bytes The length of OTA header. For Ameba-D, this value is 0x18

Checksum 0x10 4'bytes The checksum of OTA image

Image Length 0x14 4 bytes The size of OTA image

Offset 0x18 4 bytes The start position of OTA image in current image

RSVD 0x1C 4 bytes Reserved

10 File System

10.1

Introduction

This chapter introduces how to run FAT file system (FatFs) example on Ameba-D;-including FatFs examples of Flash and SD card. The example
source code of FatFs is located in component\common\example\fatfs.

10.2 FatFs on Flash

10.2.1 Software Setup

(1)
a)
b)

(2)
a)
b)

Application Note

/* For FATFS example®™/
#define CONFIG_EXAMPLE_FATFS 1
#if CONFIG_EXAMPLE_FATFS
#define CONFIG_FATFS_EN
#if CONFIG_FATFS_EN

1/ fatfs version

#define FATFS_R_10C

/1 fatfs disk interface

#define FATFS_DISK_USB 0
#define FATFS_DISK_SD 0
#define FATFS_DISK_FLASH
#endif

#endif

All information provided in this document is subject to legal disclaimers.

Change some configurations in project\realtek_amebaD_cm4_gcc_verification\inc\platform_opts.h as follows:
Set the parameter CONFIG_EXAMPLE_FATFS to 1.
Set FATFS_DISK_FLASH to 1 while FATFS_DISK_USB and FATFS_DISK_SD both to 0.

Change some parameters in component\common\file_system\fatfs\r0.10c\include\ffconf.h as follows:
Set _MAX_SS to 4096 to define the maximum sector size supported.
Set _USE_MKFS to 1 to enable f_mkfs() function which creates FatFs volume on Flash.
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#define  _MIN_SS 512
#define _MAX_SS 4096//512 | #define _USE_MKFS 1 /* 0:Disable or 1:Enable */ |

(3) Change Flash memory base in component\common\file_system\fatfs\disk_if\src\flash_fatfs.c according to user’s requirements.

| #define FLASH_APP_BASE 0x100000 // 0x440000 |

(4) Check the stack size that needs to be at least 4096 in component\common\example\fatfs\example_fatfs.c.

[#define STACK_SIZE 4096 |

(5) Rebuild the project and download image files to Ameba-D.

10.2.2 FatFs BinFile Generation

The commands to generate FatFs bin)file are as follows:

(1) root@ubuntu # dd if=/dev/zerq’of=test.bin count=64 bs=1KB
(2) root@ubuntu # fdisk test.bin

(3) root@ubuntu # mkfs.msdos -S 4096-F12 test.bin

(4) root@ubuntu # mcopy -i test.bin ./fs/hello.txt ::hello.txt

(5) root@ubuntu # sudo mount test.bin ./fs

(6) sudoumount./fs

In step (1), test.bin is created which has 64 blocks and each block is 1KB.

In step (2), test.bin is partitioned. Some additional options have to be chosen in this step in order to create a new partition table.
In step (3), a MS-DOS file system is built.

In step (4), files that users want to store are copied into test.bin.In this step, hello.txt is stored in test.bin.

In step (5), test.bin is mounted to file folder fs.

In step (6), after unmounting test.bin, the FatFs file is generated.

Users should find other related information from the internet, and copy test.bin into user data area of Flash finally.

10.3 FatFs on SD Card

10.3.1 Hardware Setup

Connect your Ameba-D EVB board to PC with micro-USB cable, and then plug in a compatible SD card to the card connector. Note that the
terminal of the middle of J24 need to be connected to ground. Connection of J29-J33 is shown as Fig 10-1.

Fig 10-1 Hardware setup
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10.3.2 Software Setup

(1) Change some configurations in project\realtek_amebaD_va0_example\inc\inc_hp\platform_opts.h as follows:

a)  Setthe parameter CONFIG_EXAMPLE_FATFS to 1.

b)  Set FATFS_DISK_SD to 1 while FATFS_DISK_USB and FATFS_DISK_FLASH both to 0.

(2) Change some parameters in component\common\file_system\fatfs\r0.10c\include\ffconf.h as follows:

/* For FATFS example™/

#define CONFIG_EXAMPLE_FATFS 1
#f CONFIG_EXAMPLE_FATFS
#define CONFIG_FATFS_EN

#if CONFIG_FATFS_EN

/[ fatfs version

#define FATFS_R_10C

/[ fatfs disk interface

#define FATFS_DISK_USB 0
#define FATFS_DISK_SD

#define FATFS_DISK_FLASH 0
#endif

#endif

a)  Set _MAX_SS to 512 to define thesmaximum sector size supported.

b) Set USE_MKFSto 1.

#define
#define

_MIN_SS
“MAX_SS

512

12 |.r':'define USE_MKFS

/* 0:Disable or 1:Enable */ |

(3) Change some parameters in component\soc\realtek\amebad\fwlib\usrcfg\rtI8721dhp_intfcfg.c as follows:

SDIOHCFG_TypeDef sdioh_config = {
.sdioh_bus_speed‘&,8D_SPEED_HS,

.sdioh_bus_width £ SPIOH_BUS_WIDTH_4BIT,

.sdioh_cd_pin = _PA_ 8}
.sdioh_wp_pin = _PNC}

(4) Rebuild the project and download image files to Ameba-D. FAT file of SD card can,be generated and copied directly by PC.

Application Note
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11 Inter Processor Communication (IPC)

11.1 Introduction

Inter-Processor Communication (IPC) hardware is designed for the purpose of making two CPUs communicate with each other. The system
architecture is shown in Fig 11-1.

RAM RAM
[N LN
j‘\/ AXI BRG AXI /‘\,:
K—— BRG K——
Km4 KMO
APB
NVICL IPC1 IPCO NVICO

2 | | 2

Fig 11-1 IPC system architecture

If you want KMO to execute its IPC handler, IPC interrupt of KM4 should be enable and the status should be set, vice versa.

11.2 How to Use IPC?

It is complex because both KMO and KM4 should be set to realize IPC. SDK-has)provided API and configuration file to simplify the procedure.

Take KM4 requests an interrupt into direction KMO for example.

(1) Add new item in KMO core section of ipc_init_config[] which is in rtI8721d_ipecfg.c for selected channel. IRQ handler and data should be
set and defined. If message exchange is needed, you should specify the message type: data or point.
Note that the message type for a specific channel should be the same on both ARMCORE_CM4 side and ARM_CORE_CMO side. In the
following figure, although IRQFUNC of channel 3 on ARM_CORE_CM4 side is not used;its message type matches the type on
ARM_CORE_CMO side.

const IPC_INIT_TAELE ipc_init_config[] =
{
#if defined (ARM_CORE_CM4)
/{USER_MSG_TYPE IRQFUNC IRQDATA
{IPC_USER_DATA, (VOID*) shell_switch_ipc_int, (VOID*) NULLY,// channel 0: IPCINT_CHAN_SHELL_SWITCH
{IPC_USER_DATA, (VOID*) NULL, (VOID*) NULLY,// channel 1: IPC_INT_GHAN_ WIFI_FW
1IPC_USER_DATA, (VOID*) FLASH_Write_IPC_Int, (VOID*) NULL},//channel 2: IPC_INT CHAN_FLASHPG_REQ
{IPC_USER_POINT, (VOID*) NULL, (VOID*) NULL},// channel 3: IPC_INT_KM4_TICKLESS_INDICATION
#else
//USER_MSG_TYPE IRQFUNC IRQDATA
{IPC_USER_DATA, (vOID*) shell_switch_ipc_int, (VOID*) NULLY},//channel 0: IPC_INT_CHAN_SHELLCSWITCH
{IPC_USER_DATA, (VOID*) driver_fw_flow_ipc_int, (VOID*) IPCM4_DEV},// channel 1: IPC_INT_CHAN_WIFL_FW
{IPC USER DATA, (VOID*) FLASH Write IPC Int, (VOID*) NULLY,//channel 2: IPC INT CHAN FLASHPG REQ
[{IPC_USER_POINT, (voID*) km4_tickless_ipc_int (VOID*) NULLY},//channel 3: IPC_INT_KM4_TICKLESS INDICATION|
#endif
{OxFFFFFFFF, OFF, OFF}, /* Table end */|

(2) SDK will enable the IPC interrupt of KM4 for the channel according to ipc_init_config[], and register the corresponding KMO IRQ handler
and data for the channel.

(3) When KM4 wants to request an interrupt into direction KMO, it should call ipc_send_message() and specify the channel number and
message.

(4) Corresponding KMO IRQ handler will be executed, call ipc_get_message() to get message if need.

Note: Use IPC channel 16~31 and IPC semaphore index 8~15, Channel 0~15 and semaphore index 0~7 are reserved for Realtek use.
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11.3 IPC Program APIs

11.3.1 ipc_table_init

Items Description

Introduction Initialize IPC channels according to ipc_init_config[]
Parameters N/A

Return N/A

11.3.2 ipc_send_message

Items

Description

Introduction

Request interrupt to target CPU by specified channel and exchange messages between KMO and KM4

Parameters ® IPC_ChNum: the IPC channel number
[ J Message: the message to be exchanged, and should not be stored in stack
Return N/A
Note:

®  The message supports two types: data or point. The point is used to point to complex message structure.

® The message is shared between two CPUs, so the point can't be stored in stack.

11.3.3 ipc_get_message

Items Description

Introduction Get IPC message from specified channel.
Parameters IPC_ChNum: the IPC channel number
Return Message: the message to be exchanged

Note: Cache in the system is write-through type, so the corresponding data cache must'besinvalidated before data fetch.

11.4 IPC Driver Code

11.4.1 IPC_INTConfig

Items Description
Introduction Enable or disable the specified IPC channel interrupts.
Parameters [ ] IPCx:
[ | IPCMO_DEV for KMO
[ | IPCM4_DEV for KM4
L] IPC_ChNum: the channel that want to be set. This parameter must be set to a value of 0 ~ 31.
L] NewsState:
|
|
Return N/A
11.4.2 IPC_IERSet
Items Description

Introduction

Set IER of specified IPC channel interrupts

Application Note
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Parameters [ ] IPCx:
[ | IPCMO_DEV for KMO
| IPCM4_DEV for KM4
[ J IPC_Ch: the channel that want to be enable

Return N/A

11.4.3 IPC_IERGet

Items Description
Introduction Get IER of specified IPCx
Parameters IPCx:

o IPCMO_DEV for KMO
® ( «<IPCM4_DEV for KM4

Return The IER of specified IPCx

11.4.4 IPC_INTRequest

Items Description
Introduction Request a core-to-core’interrupt
Parameters [ ] IPCx:

u IPCMO_DEV for KMO
u IPCM4_DEV for KM4

[ J IPC_ChNum: the channel that want to request interrupt. This parameter must be set to a value of 0 ~ 31.

Return N/A

11.4.5 IPC_INTClear

Items Description
Introduction Clear a core-to-core interrupt
Parameters [ ] IPCx:

B [PCMO_DEV for KMO
B [PCM4_DEV for KM4

[ J IPC_ChNum: the channel that want to clear interrupt. This parameter must be set to a value of 0 ~ 31.

Return N/A

11.4.6 IPC_INTGet

Items Description
Introduction Get a core-to-core interrupt status
Parameters IPCx:

® IPCMO_DEV for KMO
® IPCM4_DEV for KM4

Return The ISR of specified IPCx

11.4.7 IPC_CPUID

Items Description
Introduction Get the current CPU ID
Parameters N/A
Return CPU ID:
[ ] 0: KMO
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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[ |® 1:km4 |

11.4.8 IPC_SEMGet

Items Description
Introduction Get a core-to-core hardware semaphore
Parameters SEM_Idx: the semaphore index that want to get. This parameter must be set to a value of 0 ~ 15.

® 0 ~ 7: Reserved for Realtek use
[ J 8 ~ 15: Reserved for Customer use

Return Result:
® TRUE
[ FALSE

11.4.9 IPC_SEMFree

Items Description
Introduction Free a core-to-core hardware semaphore
Parameters SEM_ldx: the semaphotreindex that want to free. This parameter must be set to a value of 0 ~ 15.

® 0 ~ 7: Reserved for(Realtek use
[} 8 ~ 15: Reserved for Customer use

Return Result:
[ TRUE
[ FALSE

11.4.10 IPC_INTHandler

Items Description

Introduction The common IPC interrupt handler
Parameters Data: the data passed to the IRQ Handler
Return 0

Note: Before entering the specified IRQ handler, the common IPC interrupt handler clears the pénding interrupt first. There is no need to clear
the pending interrupt in user defined IRQ handler.

11.4.11 IPC_INTUserHandler

Items Description
Introduction Rregister a user interrupt handler for a specified IPC channel
Parameters ® |PC_ChNum: the channel that want to register IRQ handler. This parameter must be set to‘avalue of 0 ~ 31.

(] IrqgHandler: the IRQ handler to be assigned to the specified IPC channel
[ J IrgData: the pointer will be passed to the IRQ handler
Return N/A
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12 OTA Firmware Update

12.1

Introduction

Over-the-air (OTA) programming provides a methodology of updating device firmware remotely via TCP/IP network.

RTL8721d provides solutions to implement OTA firmware upgrade from local server or cloud. Next we will introduce the design principles and
usage of OTA from |ocal server. It has well-transportability to porting to OTA applications from cloud.

12.2

RSIP-MMU

The Flash MMU diagram is shown in Fig 12-1.

CPU/Cache

€—APB—p>

RSIP

T

SPI Hash Controller

(SPIC)

Fig 12-1 Flash MMU

Q: Flash

The RSIP-MMU can perform virtual-to-physical memory address translation. This can be used to map an external Flash memory to a certain
virtual memory area. For example, If you want to access physical page 4 ~ 7 through virtual page 0 ~ 3, you can use a MMU entry to map virtual
page 0 ~ 3 to physical page 4 ~ 7 like Fig 12-2.
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Address

PAGE_O

SPIC

PAGE_1

PAGE_2

PAGE_3

Flash
Physical Address

PAGE_O
PAGE~L
PAGE_2
PAGE_3
=== =1 PAGE_4
= === PAGE_5
—— — — P PAGE_6
———— > PAGE_7

Fig 12-2 MMU virtual address to physical address
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Ameba-D provides 8 MMU Entries. If virtual address is not included in the MMU entry, use virtual address as physical address. If virtual address
is included in the MMU entry, physical address should be VAddress +/- MMU_ENTRYx_OFFSET.

MMU is implemented to facilitate OTA update procedure as Fig 12-3 shows. Fig 12-3 is an example for 2M Flash OTA, we need 2 MMU entries
in this example.

g 2M Hash ; 2M Hash
wiE] adiiess ohysical address virtual address physical address
0x0C000000 0x0C000000
BOOT BOOT
A\ 0x08006000 0x08006000
KMO_IMG2 KMO_IMG2
KM4_IMG2 KM4_IMG2
0xOEO00000 0xOEOO0000
User Data User Data
0x08106000 0x08106000
KMO_IMG2 KMO_IMG2
KM4_IMG2 KM4_IMG2
OTA1 OTA2
Fig 12-3 2M Flash OTA MMU
MMU entry should be set as Table 12-1.
Table 12-1 OTA under MMU
Register Type Register OTA1 OTA2
MMU Entry0 MMU_ENTRYO_STRADDR 0x0C00_0000 0x0C00_0000
MMU_ENTRYO_ENDADDR 0x0C00_0000 + KMO IMG2 size 0x0C00_0000 + KMO IMG2 size
MMU_ENTRYO_OFFSET 0x0C00_0000 — 0x0800_6000 0x0C00_0000 — 0x0810_6000
+/- - -
MMU Entryl MMU_ENTRY1_STRADDR 0x0E00_0000 0xOE00: 0000
MMU_ENTRY1_ENDADDR 0x0E00_0000 + KM4 IMG2 size 0x0EO0_0000 + KM4 IMG2 size
MMU_ENTRY1_OFFSET 0xOE00_0000 — KM4 start physical address | OxOE00_00004 KM4 start physical address
+/- - -

Note: Considering KM4 IMG2 is appended to the tail of KMO IMG2, the KM4 start physical address is determined by KMQO start physical address
and KMO IMG2 size.

12.3 OTA Upgrade from Local Server

The OTA from local server shows how device updates image from a local download server. The local download server sends image to device
based on network socket, as Fig 12-4 shows.

Make sure both device and PC are connecting to the same local network.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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7 / \ \
[——————— | / OTA firmware file format \ I
[ I
| | (\ ] | |
I Ameba-D | , | |
I device | recei\(e Firmware file header OTA.bin send | Server |
: I h .7 I % '
[ _! AN v | |
_________ \\ // S |

Fig 12-4 OTA update diagram

12.3.1 Firmware Format

The firmware format is illustrated in Fig 12-5.

plaintext

plaintext or encrypted

/4 W

R

Firmware file :
header OTA.bin
/,/”/ OTAALLbiIn ~~=——___
€4Bytes—><748ytesH \\\\‘\\\\\\
0x00 Yaisiion jsiis sl —4 Bytes—p€¢—+—4 Bytes——p«——4 Bytes—p¢——4 Bytes—*b\ -
o
0x08 Signature Header Length Checksum Ima; h Offset RSVD
s
Fig 12-5 Firmware format
Table 12-2 Firmware header
Items Address Offset Size Description
Version 0x00 4 bytes The version of OTA Header, default OXFFFFFFFF
Header Number 0x04 4 bytes The number of OTA Header. For Ameba-D, this value.is/0x01
Signature 0x08 4 bytes OTA Signature is string. For Ameba-D, this value is “OTA”
Header Length 0x0C 4 bytes The length of OTA header. For Ameba-D, this value is 0x18
Checksum 0x10 4 bytes The checksum of OTA image
Image Length 0x14 4 bytes The size of OTA image
Offset 0x18 4 bytes The start position of OTA image in current image
RSVD 0x1C 4 bytes Reserved

12.3.2 OTA Flow

The OTA demo is provided in rtl8721d_ota.c. The image upgrading is implemented in the following steps:

(1) Connect to local server with socket. The IP address and port are needed.

(2) Acquire the older firmware address to be upgraded according to MMU setting. If address is re-mapping to OTA1 space by MMU, the OTA2
address would be selected to upgrade. Otherwise OTA1 address would be selected.

(3) Receive firmware file header to get the target OTA image information, such as image length and destination address.

(4) Erase Flash space for new firmware

Application Note All information provided in this document is subject to legal disclaimers.
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(5) Download new firmware from server and write it to Flash
(6) Verify checksum. If checksum error, OTA fail.

(7) If checksum is ok, write signature to the upgraded firmware region and change another signature to all zero to indicate boot from new

firmware next time.
(8) OTA finish and reset the device. Then it would boot from new firmware.

Client

Flash
OTA1

0oTA2

OTA1l is running

@ Connect

Server

L |

Flash

(@ Erase upgrade il ‘

() Transmit FW file header

region 7 @ ,l
!

Flash

'81958711"

Transmit OTA file

® Receive OTA file and AL
write into flash except
Signature P
OTA2

@© Verify Checksum

Flash

“XXXX8711

oTA1
@ Write Signature and clear

‘81958711"

another signature to zero OTA2

Disconnect

Flash
XXXX8711"

OTA1

Reset device,

boot from OTA2 ‘81958711"
OTA2

Fig 12-6 OTA operation flow

12.3.3 Boot Option

Wait for Client

Wait for another Client

When reboot after OTA finished, device would check firmware to determine to boot from OTA1 or OTA2. The following items must be checked

for each firmware:

®  Signature. If it is “81958711”, the signature is valid. Otherwise, the signature is invalid.

®  Hash/checksum if needed. Users can define FwCheckCallback in rtl8721d_bootcfg.

The boot flow is as follows:

(1) Check Signature and hash (if need) of OTA1 and OTA2 firmware.
(2) If both images are invalid, boot fail

(3) If only one image is valid, boot from this image

Application Note All information provided in this document is subject to legal disclaimers.

© REALTEK 2021. All rights reserved.

99



54REALTEK

Ameba-D

(4) If both images are valid, boot from OTA2

‘81958711’
OTA1

EXXXX XXX
‘ OTA2 ‘

OTA1

‘81958711’
OTA2

OTA1

‘81958711’
OTA2

OTAL

OTA2

12.3.4 Address Remapping

Fig 12-7 OTA select diagram

In bootloader, MMU entry0 and entryl would be set as Table 12-1 to remap memory. Here, the OTA space includes these images: KM0 IMG2,
KM4 IMG2, KM4 IMG3 if need. These images all’boot from OTA1 or OTA2.

As Fig 12-3 illustrates, when boot from OTA, CPU may access different physical address.
®  When boot from OTA1, MMU entry0 and entryl would\be set to remap virtual memory to OTA1 address space. That is, if CPU wants to
read code or data from address 0x0C00_0000, it actually’accesses physical address 0x0800_6000.
®  When boot from OTA2, MMU entry0 and entryl would be,set to remap virtual memory to OTA2 address space. That is, if CPU wants to
read code or data from address 0xOCO0_0000, it actually accesses physical address 0x0810_6000.

12.3.5 How to Use OTA Demo?

These steps can be followed to run the OTA demo:

(1) Define CONFIG_OTA_UPDATE macro to 1 in platform_opts.h to enable OTA function. Rebuild the project.
(2) Download images to device.

(3) Generate OTA upgrade image file, named OTA_AIl.bin, with Image Tool and new fifmware. This operation perpends firmware header
information to new firmware, which is necessary for OTA.
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(4) Copy OTA_AILbin into the DownloadServer folder.
Tool path in SDK: tools\DownloadServer

.H ImageTool_v2.3.2_AmebaD(8721d) — b4
Chip Select
Download Generate Enorypt Security
|Generate Target: [oTa_sll - |(1)
OTH Header
@
'
I
Image Layont
Bin 3: [lm0Ckms_imaze2. bin | [[Browse [(3)  adma:
Bin 4: O | UL gtaz | Browse Addrd: I:I
Bin & O | | Browse Addra: I:I
Memory Layout:
@
[#] DownloadServer.exe 2016/11/7 16:12 34 KB
|| OTA_All.bin 2016/11/7 15:21 £57 KB
(@) start.bat 2016/11/6 11:43 1%B

(5) Edit tools\DownloadServer\start.bat.

®  Port=28082
®  File name =0OTA_All.bin

lecho off

DownloadServer 8082 |0TA All.bin

set /p DUMMY=Press Enter to Continue ...

(6) Click the start.bat, start to download server program.
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CAWindows\system32\cmd.exe = @ &
Listening on port (8882)
laiting for client ...
(7) Reboot the.DUT and connect the device to the AP which the OTA Server in.
(8) Enter command:ATWO=I/P[PORT].
® IP: IP of the OTA Server.
[ ] Port: 8082, the same’with start.bat
[MEM] After do cmd, available heap 284060
#
[6ta_update_local_task] Update task start
OTA upgrade procedure is started between DUT and server. Here is the local download server success message.
istening on port (8882>
Waiting for client ...
ficcept client connection from 192.168.1.185
sending | 0TA_A1l.bin now. ..
Sending file...
-C-Il-fc'\]. send 67282':1 bytes
(9) Reboot DUT to execute the new firmware after finishing image download.
12.3.6 OTA Firmware Swap
Fig 12-8 shows the firmware swap procedure after OTA upgrade.
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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OTA Firmware Swap Diagram
\ . . send
@ e €— Firmware file header ' | OTA.bin ‘ ‘
T e server
- ) newﬂrmW"“e
Down\oadm%
: send
&— Firmware file header || OTA.bin 1
Client W firmware server
~ Down\oad\\‘\%
——————————————————— ———-reboot ——— -
v
. . . . send
Client 7 &— Firmware file header || OTA bin <——
. e server
Down\oad\\'\%
777777777777777777 ———7teboot- 7 """
Fig 12-8 OTA firmware'swap procedure
. .
12.4 User Configuration
Users can find the following configure items in rtI8721d_bootcfg.c.
®  OTA start address
/=
= Bbrif OTA start address. Because KM@ & KM4% IMG2 are combined, users only need to fet the start address
= of KMB IMGZ.
=/
BOOT_RAM_DATA_SECTION
ud2 0Tha_Region[2] = {
BxBB066 000, /= 0TA1 region start address =/
bz B8106008, f= OTAZ region start address =/
¥
®  User-defined MMU configure
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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FE3

* @brif HHU Configuration.

* There are 8 HHMU entries totally. Entry 8 & Entry 1 are already used by O0Th, Entry 2™7 can be used by Users.
*/

BOOT_RAM_DATA_SECTION
HMHU_ConfDef Flash_MHMU_Config[] = {

F=Uaddrstart, VAaddrEnd, Paddrstart, PAddrEnd=/
{ 8xFFFFFFFF, @xFFFFFFFF, 8xFFFFFFFF, 8xFFFFFFFF}, //Entry 2
{ 02FFFFFFFF, 8xFFFFFFFF, 82FFFFFFFF, 8xFFFFFFFF}, //Entry 3
{8xFFFFFFFF, OxFFFFFFFF, OxFFFFFFFF, OxFFFFFFFF}, //Entry 4
{ 8xFFFFFFFF, @xFFFFFFFF, 8xFFFFFFFF, BxFFFFFFFF}, //Entry 5
{ 02FFFFFFFF, 8xFFFFFFFF, 82FFFFFFFF, 8xFFFFFFFF}, //Entry 6
{BxFFFFFFFF, OxFFFFFFFF, OxFFFFFFFF, OxFFFFFFFF}, //Entry 7
LBXFFFFFFFF, @xFFFFFFFF, 8xFFFFFFFF, 8xFFFFFFFF},
¥
L4 Firmware check handler. configure
FEx
* @brif Firmware verify/callback handler.
* If users need to(verify checksum/hash for image2, implement the function and assign the address
* to this function pointer.
=/
BOOT_RAM_DATA_SECTION
FuCheckFunc FwCheckCallback = HULLE;
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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13 eFuse

13.1 Introduction

eFuse belongs to One Time Programmable (OTP) technology, its default value is '1’, and can only be changed from ‘1’ to ‘0’. eFuse can be used
to hold the individual and stable data such as key, calibration data, MAC address and specific setting.

The total size of physical eFuse is 512 bytes, and divided into two parts by software. As Fig 13-1 shows, the first 288 bytes of physical eFuse are
used for logical mapping, which can be mapped to logical eFuse by some algorithm and can be programed multi-times. The left 224 bytes of
physical eFuse are defined by Realtek.

Logical eFuse program will(program header and package, and the package is in word, so it takes at least three bytes a time. Software reserves
one byte for isolation, so when.the space of eFuse for logical mapping is less than four bytes, it cannot be programmed in any mode.

‘ .............
0x000~0x01F (32B) — System)Data
0x020~0x0CF (176B) — Wi-Fi Calibration
0x000~0x11F — For Logical Mapping
0xODO~0x15F (144B) 0x11A (6B)
Wi-Fi MAC
OxFF
0x160~0x17F (32B) — User MTP Y
/
‘/
7 0x120~0x1FF — Physical eFuse defined by RTK
/
0x180~0x3FF (640B) — Reserved for RTK ya
./.
'/
14
Logical eFuse Physical eFuse

Fig 13-1 eFuse diagram

13.2 Power Requirement

The power requirement of eFuse operation is listed in Table 13-1.

Table 13-1 Operation under different voltage

Supply Voltage (V) Operation
1.8 Only read operation is allowed.
3.3 Read & Write

Note: If you want to program eFuse, you must switch the power supply to 3.3V.
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13.3 eFuse Auto-load

eFuse can auto-load part of setting to control the circuit. eFuse auto-load is changed in word (two bytes). Under default condition, value of all
the System Data bytes is OxFF, and the System Configure Registers have its default values.

The way to change the value of System Configure Registers is as follows:
® Make sure that the first two bytes of System Data area are written to 0x21, 0x87 correctly.
L] Program the corresponding bytes in word. If just programming in byte, another byte will load the eFuse default value OxFF, which may

make mistakes.
® Reboot the.chip, and the System Configure Registers will load the new values.

13.4 Physical.eFuse

For detailed information about physical eFuse of Ameba-D, refer to AN0411.

13.5 Logical eFuse

13.5.1 Logical eFuse Layout

There are 1024 bytes logical eFuse in Ameba-D, as Table 132 shows. Most of the logical eFuse space are reserved for extension, so the 1024
bytes of logical eFuse can be easily mapped to 287 bytes‘of physical eFuse.

Table 13-2 Logical eFuse layout

Start Address End Address Description
0x000 0xO01F System Data to be auto-loaded
0x020 Ox15F Wi-Fi-calibration data
0x160 Ox17F UserMTP
0x180 0x183 Cap-Touch
0x184 0x18F Reserved
0x190 0x1A4 BT parameters
0x1A5 O0x1BF Reserved
0x1CO0 Ox1CF HCI USB
0x1D0 Ox2FF Reserved
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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2.4 CCK Index
FF | FF | FF |FF | FF|FF|FF | FF | FF | FF| FF| FF

A
e
H
H
H
A
H
H
H
H
H
H
H
H

&
&
&
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H
H
H
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S
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!

R e B R R
R B B B RS
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1 B B D I ! B e B R
G A R N R N N R A

Users o ed to fill on these

eFuse locations_for MP (Mass

Production) c%ion.

¢,

7
/(

GRS

e L B e B B D I e e B B e B S s N R

1 e e R S e R R e R e s D A I e
B B B e B B B e B B ! e e e e DA s B R

PRS2 1 e
i
e

G N R =Tt N N e e 0 i e Y
B B B e B D e B D B e R e D R e e
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Fig 13-2 Wi-Fi eFuse data

q
Q

13.5.2 Wi-Fi 2.4G Power Index /O

The address and specification of 2.4G power index is shown in Fig 13-3 and Fig 13-4. %

Fig 13-3 2.4G Wi-Fi power index address QO
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2.4G CCK Index

Path A CCK Power Index for Ch 1,2, Range 0~127,0.25dbm/step.
Path A CCK Power Index for Ch 3, 4, 5, Range 0~127,0.25dbm/step.
Path A CCK Power Index for Ch 6, 7 ,8, Range 0~127,0.25dbm/step.
Path A CCK Power Index for Ch 9, 10, 11, Range 0~127,0.25dbm/step.
Path A CCK Power Index for Ch 12, 13, Range 0~127,0.25dbm/step.
Path A CCK Power Index for Ch 14, Range 0~127,0.25dbm/step.

o,
Q@

%Fig 13-4 2.4G Wi-Fi power index specification

13.5.3 Wi-Fi 5G Power Index Q/)/‘

The address and specification of 5G power index is shown @13-5 and Fig 13-6.

FF FF FF FF FF FF FF

Fig 13-5 5G Wi-Fi powe |n®ddress

Fig 13-6 5G Wi-Fi power index specification
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13.5.4 Wi-Fi Channel Plan

The address of Wi-Fi channel plan is shown in Fig 13-7.

0717273745678 9 A B
OCOFF FF FF FF FF FF FF FF FEFF FF FF

Fig 13-7 Channel plan address

C D E F
FF FF IF FF

[ ] Ox7F:

eFuse Name Bit Default | Comment
Cc8 Channel Plan (7] Oh Software configure mode
®  Oh: Enable software configure (refer to Channel Plane Domain Code)
[ J 1h: Disable software configure (can't change Channel Plan Setting)
[6:0] 7Fh Channel Plan

[ ] 0x20: 2G Worldwide 13, Active scan Chl ~ Ch11, Passive scan Ch12, Ch13

B 2G Worldwide 13, Active scan Ch1 ~ Ch11, Passive scan Ch12, Ch13
| 5G Worldwide, all bands are Passive scan.

Frequently-used country codes and the corresponding channel plans are listed in Table 13-3, Table 13-4 and Table 13-5.

Table 13-3"Relationship between country code and channel plan

Country Abbreviation Enumeration Variable Name Channel Plan

America us RTW_COUNTRY_US 0x76

Australia AS RTWZCOUNTRY_AS 0x2A

Chile CL RTW_CQUNTRY_CL 0x2D

China CN RTW_COUNTRY_CN 0x48

Europe EU RTW_COUNTRYXUA 0x26

Japan JP RTW_COUNTRY_JP 0x27

Mexico MX RTW_COUNTRY_MX 0x4D

Ukraine UA RTW_COUNTRY_UA 0x35

Default - RT_CHANNEL_DOMAIN_REALTEK_DEFINE Ox7F
Table 13-4 2.4G channel map of the above channel plan

Channel Plan 2.4G Channel Definition Channels Passive Scan

0x76 2G_02 1,2,3,4,56,7,8,9,10,11,12,13 -

0x2A 2G_02 1,2,3,4,5,6,7,8,9,10,11,12,13 -

0x2D 2G_01 1,2,3,4,5,6,7,8,9,10,11,12,13 12,13

0x48 2G_01 1,2,3,4,5,6,7,8,9,10,11,12,13 12,13

0x26 2G_01 1,2,3,4,5,6,7,8,9,10,11,12,13 12,13

0x27 2G_04 1,2,3,4,5,6,7,8,9,10,11,12,13,14 -

0x4D 2G_02 1,2,3,4,56,7,8,9,10,11,12,13 -

0x35 2G_01 1,2,3,4,56,7,8,9,10,11,12,13 12,13

0x7F 2G_01 1,2,3,4,5,6,7,8,9,10,11,12, 13 12,13

Note: Active scan channels are channels listed in table except the passive scan channels.

Table 13-5 5G channel map of the above channel plan

Channel Plan 5G Channel Definition Channels Passive Scan DFS Channels

0x76 5G_22 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52, 56, 60, 64 100, 104, 108, 112, 116, 120, 100, 104, 108, 112, 116,
100, 104, 108, 112, 116, 120, 124, | 124,128,132, 136, 140, 144 | 120, 124, 128, 132, 136,
128,132, 136, 140, 144 140, 144
149, 153, 157, 161, 165

0x2A 5G_00 - - -

0x2D 5G_22 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
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52, 56, 60, 64 100, 104, 108, 112, 116, 120, 100, 104, 108, 112, 116,
100, 104, 108, 112, 116, 120, 124, | 124, 128, 132, 136, 140, 144 120, 124, 128, 132, 136,
128, 132, 136, 140, 144 140, 144
149, 153, 157, 161, 165

0x48 5G_07 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52, 56, 60, 64
149, 153, 157, 161, 165

0x26 5G_02 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52, 56, 60, 64 100, 104, 108, 112, 116, 120, 100, 104, 108, 112, 116,
100, 104, 108, 112, 116, 120, 124, | 124,128,132, 136, 140 120, 124, 128, 132, 136,
128, 132, 136, 140 140

0x27 5G.02 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52, 56, 60, 64 100, 104, 108, 112, 116, 120, 100, 104, 108, 112, 116,
100, 104, 108, 112, 116, 120, 124, | 124,128,132, 136, 140 120, 124, 128, 132, 136,
128,132, 136, 140 140

0x4D 5G_01 36, 40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52, 56, 60, 64 100, 104, 108, 112, 116, 132, 100, 104, 108, 112, 116,
100, 104, 108, 112, 116, 132, 136, | 136, 140 132,136, 140
140
149, 153, 157, 161, 165

0x35 5G_03 36,40, 44, 48 52, 56, 60, 64 52, 56, 60, 64
52,56,60, 64 100, 104, 108, 112, 116, 120, 100, 104, 108, 112, 116,
100, 104,108, 112, 116, 120, 124, | 124,128, 132, 136, 140 120, 124, 128, 132, 136,
128, 132, 136,.140 140
149, 153, 157,161, 165

O0x7F 5G_36 36, 40, 44, 48 36, 40, 44, 48 52, 56, 60, 64
52, 56, 60, 64 52, 56, 60, 64 100, 104, 108, 112, 116,
100, 104, 108, 112, 116,420, 124, | 100, 104, 108, 112, 116, 120, 120, 124, 128, 132, 136,
128, 132, 136, 140, 144 124, 128, 132, 136, 140, 144 140, 144
149, 153, 157, 161, 165 149, 153, 157, 161, 165

Note: Active scan channels are channels listed in table except the passive scan channels.

13.5.5 Wi-Fi Crystal Calibration

The address of Wi-Fi crystal calibration is shown in Fig 13-8.

707 r r r r 677 9 A W/i

172737475
0C0\rT FF FF IF FF FF -PE IF @F

Fig 13-8 Crystal Calibration address

eFuse | Name Bit Default Comment
c9 Crystal Calibration [7] Oh Reserved
[6:0] | 40h XTAL_K Value
Xi=Xo, range: 0~7Fh
FFh = 00h

13.5.6 Wi-Fi Thermal Meter

The address of Wi-Fi thermal meter is shown in Fig 13-9.
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r

01

"5 "374"5"6"7 8 0

ABCDTETF
OC0\FF FF FF FF FF FF FF FF FF FF [l FF FF FF FF FF

Fig 13-9 Thermal Meter address

eFuse | Name Bit

Default Comment

CA Thermal Meter [7:0]

16h Thermal Meter Value
System maker will calibrate a value and save it in EEPROM.

OxFF: Disable Tx power tracking function

13.5.7 Wi-FilMAC Address

The Wi-Fi MAC address is shewn in Fig 13-10.

r

5'6"7"8"9 A B CDEF

| 0'172 3747
™0 FF FF FF FF FF FF FF FF FF FF

Fig 13-10 MAC Address

Address Offset Bit Default Comment
11A-11F [47:0] | O0E04C872101 After the auto-load command or hardware reset, Ameba-D loads MAC addresses to MACID
of the I/O'registers.
13.5.8 Cap-Touch
Address Offset Bit Default Description
180h [7:0] OxFF Touch key channel/0threshold[7:0]
181h [6:0] OxFF Touch key channel 1 threshold diff[6:0]
[7] OxFF Touch key channel 0 threshold[8]
182h [6:0] OxFF Touch key channel 2 threshold diff[6:0]
(7] OxFF Touch key channel 0 threshold[9]
183h [6:0] OxFF Touch key channel 3 threshold diff[6:0]
[7] OxFF Touch key channel 0 threshold[10]
13.5.9 BLE
Address Offset Bit Default Description
190 ~ 195h [47:0] OxFFFFFFFFFFFF | BT address
196h [7:0] 0x08 ®  Bit[0]: Fixed to 0
[ ] Bit[1]: Tx gain K valid bit
[ ) Bit[2]: Flatness K valid bit
[ ) Bit[3]: Fixed to 1
[ J Bit[7:4]: Fixed to O
Note: After Tx gain K flow, remember to enable Tx gain K valid bit, then 0x196 will be Ox0A.
197h [7:0] OxFF Tx gain K
Note: Users need to write Tx gain K value if Tx gain K valid bit is enabled.
198 ~ 199h [15:0] OxFFFF Flatness K
19A ~ 19Bh [15:0] OxFFFF Reserved for Realtek
19Ch [7:0] 0x23 Max. Tx gain LEIM
igm_max_txgain_LE1M
19Dh [7:0] 0x23 Max. Tx gain LE2M
igm_max_txgain_LE2M
19E ~ 19Fh [15:0] OxFFFF Reserved for Realtek
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1A0h [7:0] OxFF BT thermal meter

tmeterx4_txgaink_module
1A1h [7:0] OxFF Logic map 1QK/KOK valid bit

®  OxFF: Disable logic map IQK/KOK values

®  OxFE: Enable logic map IQK/KOK values
1A6h ~ 1A9h [31:0] OxFFFFFFFF Logic map 1QK values
1AAh ~ 1ABh [15:0] | OxFFFF Logic map KOK values

13.5.10 HCI USB

Address Offset Bit Name
1C0h [7:0] VID[7:0]
1C1h [7:0] VID[15:8]
1C2h [7:0] PID[7:0]
1C3h [7:0] PID[15:8]
1C4h [7:0] USB device type
1C5~ 1CFh RSVD

13.6 eFuse PG APIs

Items API

Comment

Low Level API EFUSE_PMAP_WRITES8

Physical map writes one byte

EFUSE_PMAP_READS

Physical map reads one byte

EFUSE_LMAP_WRITE

Write eFuse logical address by length

EFUSE_LMAP_READ

Read total eFuse logical map

mbed API efuse_otp_write

Write content to OTP eFuse by length

efuse_otp_read

Read eFuse OTP content by length

efuse_mtp_write

Write user's content to USER MTP Space (0x160~0x17F)

efuse_mtp_read

Read_ eFuse content from address (0x160 ~ 0x17F)

13.6.1 Low Level APIs

13.6.1.1 EFUSE_PMAP_WRITES

Items Description

Introduction Physical map writes one byte.

Parameters L]
®  Addr: eFuse physical address

(] Data: 1 byte data to write

[ L250utVoltage: L25EOUTVOLTAGE.

CtrlSetting: eFuse control setting read from REG_LP_EFUSE_CTRL1 (suggest 0)

Status value:
® _TRUE: Write is ok.
®  FALSE: Write is failed.

Return

13.6.1.2 EFUSE_PMAP_READS

Items Description

Introduction Physical map reads one byte.

Parameters ®
®  Addr: eFuse physical address
® Data: 1 byte data buffer for eFuse data read

CtriSetting: eFuse control setting read from REG_

LP_EFUSE_CTRL1 (suggest 0)

Application Note
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® L250utVoltage: L25EOUTVOLTAGE.

Return

Status value:
®  TRUE: Read is ok.
®  FALSE: Read is failed.

13.6.1.3 EFUSE_LMAP_WRITE

Items

Description

Introduction

Write eFuse logical address by length

Parameters ®  addr: logical address, should be word-aligned
[ ] cnts: byte number, should be even
() data: data buffer to be write

Return Status value:

® _VSUCCESS: Write is ok.
® FAIL: Write is failed.

13.6.1.4 EFUSE_LMAP_READ

Items

Description

Introduction

Read total eFuse logical map

Parameters

pbuf: 1024 bytes length buffer used for eFuse Logical map

Return

Status value:
®  SUCCESS: Read is ok.
®  FALSE: Read is failed.

13.6.2 Mbed APIs

13.6.2.1 efuse_otp_write

Items

Description

Introduction

Write content to OTP eFuse by length (mbed API)

Parameters ®  address: Specifies the offset of the programmed OTP.
(] len: Specifies the data length of programmed data.
[ J buf: Specified the data to be programmed.

Return Status value:

[ ] 0: Success
[ ] -1: Failure

13.6.2.2 efuse_otp_read

Items

Description

Introduction

Read eFuse OTP content by length (mbed API)

Parameters ®  address: Specifies the offset of the OTP.

(] len: Specifies the length of readback data.

®  buf: Specified the address to save the readback data.
Return Status value:

[ ] 0: Success
® -1: Failure

13.6.2.3 efuse_mtp_write

I Items

| Description
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Introduction Write user's content to USER MTP Space (0x160~0x17F)
Parameters ®  data: Specified the data to write

[ J len: Specified the data length to write
Return Status value:

[ ] 0~ 32: Success
[ ] 0 or -1: Failure

13.6.2.4 efuse_mtp_read

Items Description

Introduction Read eFuse content from address (0x160 ~ Ox17F)
Parameters Data: Specified the address to save the read back data
Return N/A

13.7 eFuse PG Command

Items Offset Command

Tx Power Index 0x20~0x2B iwpriv config_set wmap, 020, 202020202020202020202002
Channel plan, XTAL & Thermal & RTK reserved 0xC8~0xCF iwpriv config_set wmap, 0C8, 20201A05000000FF?!

MAC Address Ox11A~0x11F iwpriv config_set wmap, 11a, 00e04c870102

Realtek RSVD 0x130~0x139 iwpriv config_set wmap, 130, FF01001000FFOOFF1000

Get all eFuse map iwpriv config_get realmap

1.  Channel plan does not affect the results of RF verification, se*you can choose whether to write the correct channel plan here.
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14 Power Save

14.1 Power Save Mode

14.1.1 Summary

Ameba-D supportsitwo low power modes which are deepsleep mode and sleep mode. Deepsleep mode turns off more power domain than
sleep mode so itthaslower power consumption. Tickless is a FreeRTOS low power feature, which just halt CPU (no clock or power be turned
off) when it has nothing to do. Table 14-1 explains power save related terms.

Table 14-1 Power save mode

Name Domain Description

Tickless Software FreeRTOS low power feature

Sleep mode Chip-level A power save mode on chip-level

Deepsleep mode Chip-level A more power save mode on chip-level
@ o

configUSE_TICKLESS_IDLE must be enabled in sleep mode because sleep mode is based on tickless.

There are various of sources, and all wake-up source is to wake KMO. Then KMO wakes KM4 as appropriate. Refer to Fig 14-1 of document
UMO0400 which show power of peripheral is on or off when‘they are in sleep mode or deepsleep mode by different colors.

Fig 14-1 shows all the wake-up sources. HS and AON are special because they are mater switch that manages some wake-up sources. HS UART
is peripheral belongs to KM4. Cap-Touch, RTC, etc. belong to AON domain.

Peripherals in AON domain can wake system both in sleep mode and deepsleep mode.

——HS_UA RT—PD—‘
HS
|_>
SGPIO—
COMP—>
-ADC——>|
12—
UART—>| | N
BOD—>
WLAN—>|
GPIO—>|
——SWRD_OCP—>|
TIMER—>|
PDB—
AON
——CAPTOUCH—>|
——KEYSCAN—>|
TSF——>
RTC—
——AON_TIMER—>|
——AON_GPIO—>|

Fig 14-1 Wake sources
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14.1.2 Sleep Mode

14.1.2.1 Wakelock

In some situations, system needs to keep awake to receive certain events. Otherwise, event may be missed when the system is under sleep. An
idea of wakelock is introduced that system cannot sleep if some module is holding wakelock.

A wakelock bit map is used to store the wakelock status. Each module has its own bit in wakelock bit map (see enum. PMU_DEVICE). Users can
also add wakelock in the enum. PMU_DEVICE. If the wakelock bit map equals zero, it means that there is no module holding wakelock. If the
wakelock bit mapfis larger than zero, it means that there is some module holding wakelock.

Wakelock is a judging cendition in function freertos_ready_to_sleep(). When system boots on, KM4 holds wakelock PMU_QOS and KMO holds
PMU_KM4_RUN and PMU_OS wakelock. Only if all wakelocks are released, KMO or KM4 are permitted to enter sleep mode. Fig 14-2 shows
function freertos_ready_to (sleep() and it will judge the value of wakelock.

int freertos_ready_to_sleep(void)
w3 2~current_tick = xTaskGetTickCount();

[ * timegut */
if (currept tick < sleepwakelock timeout) {
return FALSE;

if (wakelock =£ 0) { / / return TRUE only if all wakelock release
#if defined (ARM_CORECMOD)
/* timeout */
if (current_tick == kmd_sleep_timeout) {
return FALSES

} else {
if (km4_sleep_timeout \= 0xffffffff) {
SOCPS_AONTimer(km4_sleep timeout - current_tick);
SOCPS_SetWakeEwentAON(BIT_AON_WAKE_TIMO_MSK, ENABLE);
SOCPS_AONTimerCid(ENABLE);
¥

#endif
return TRUE;

else
return FALSE;
} ? end freertos_ready_to_sleep ?

Fig 14-2 Function freertos_ready_to_sleep()
It is recommended to enter sleep mode by release wakelock. After PMU_OS wakelock of KM4 release, KM4 will enter sleep mode in an idle
task and send IPC to KMO. KMO will power gate or clock gate KM4 and then release PMU_OS and PMU) KM4_RUN. The judgment of wakelock
in function freertos_ready_to_sleep() will be the value TRUE, so KMO can clock gate itself in its idle task.

When the system wakeup, it will enter sleep mode again quickly unless it acquires wakelock.

The definition of related functions is shown in section 14.2.

14.1.2.2 Suspend and Resume Function

It is a good way to use suspend and resume function If there is something to do before chip sleep or after chip wake up. The suspend and
resume functions are executed respectively before CPU enters sleep mode and after CPU wakes up in an idle task.

A typical application of resume function is to acquire the wakelock to prevent chip sleep again. Also, If KM4 chooses PG, some peripheral will
lose power so they need to reinitialize. It can be implemented in the resume function.

A typical application of suspend function is WoWLAN. Refer to section Wi-Fi Power Save to get more information.

The definition of related functions is shown in section 14.2.
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14.1.2.3 Wi-Fi Power Save

In IEEE 802.11 power save management, it allows the station to enter its own sleep state. It defines that station needs to keep awake in a
certain timestamp and enters sleep state otherwise.

WLAN driver acquires wakelock to avoid the system enter sleep mode when WLAN needs to keep awake. And it releases wakelock when it is
permitted to enter sleep state.

IEEE 802.11 power management allows station entering power save mode. Station cannot receive any frame during power saving. Thus AP
needs to buffer these frames and requires station periodically wakeup to check beacon which has the information of buffered frames.

Add STS’s AID
Frames for STA  in TIM field of beacon

AP
[%2]
(0]
c c %
7% S S 5§ % 5 <
» b 3 & ¥ < 3
al < 2 5 3 a 2
~
©
active active active active
————————— I £ = T
: Power Saving: : Power Saving : : Power Saving I
station

Fig 14-3 Timeline of power save
In SDK IEEE 802.11 power management is called LPS, and if KM4 enters sleep mode when Wi-Fi is in LPS mode, we call it WoWLAN mode.

In WoWLAN mode, a timer with a period of about 102ms will be set in the'suspend function, and KMO will wake up every 102ms to receive the
beacon to maintain the connection.

Except LPS and WoWLAN we also have IPS, which can be used when Wi-Fi is not connected. Table 14-2 lists all three power save mode for Wi-
Fi.

Table 14-2 Wi-Fi power save mode

Items Wi-Fi Status Comment
IPS Not associated Driver automatically turns off Wi-Fi to save power.
LPS Associated LPS is used to implement IEEE 802.11 power management.
KMO will control RF ON/OFF based on TSF and TIM IE‘in beacon.
WoWLAN Associated LPS + Tickless
KMO will wakeup KM4 when receiving data packet.

14.1.2.4 Wakeup Time
CPU can execute IRQ handler considering that system is wakeup. It takes about 2.8ms to wake KMO only and 3.5ms to wake’both KMO and KM4

in KMO CG + KM4 PG mode. For KMO, 1.6ms to initialize hardware (mainly XTAL), 1.1ms to execute critical code, and 200-300us to’enter IRQ
handler.

14.1.3 Sleep Mode Configuration

14.1.3.1 Wakeup Source Setup

Table 14-3 Sleep wakeup source
Wakeup source Description Default status
BIT_LP_WEVT_HS_MSK 1: enable HS wakeup event OFF
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0: disable the event to wake up the system

BIT_LP_WEVT_AON_MSK

1: enable AON wakeup event

O wote

0: disable the event to wake up the system

It is a master switch for all AON wakeup sources. Ameba-D has 6 AON wakeup

sources, listed in Table 14-4.

ON

BIT_LP_WEVT_SGPIO_MSK

: enable SGPIO wakeup event
: disable the event to wake up the system

OFF

BIT_LP_WEVT_COMP_MSK

: enable comparator wakeup event
: disable the event to wake up the system

OFF

BIT_LP_WEVT_ADC_MSK

: enable ADC wakeup event
: disable the event to wake up the system

OFF

BIT_LP_WEVT_I2C_MSK

: enable 12C wakeup event
: disable the event to wake up the system

OFF

BIT_LP_WEVT_UART_MSK

: enable UART wakeup event
: disable the event to wake up the system

ON

BIT_LP_WEVT_BOD_MSK

: enable BOD wakeup event
: disable the event to wake up the system

OFF

BIT_LP_WEVT_WLAN_MSK

: enable WLAN wakeup event
: disable the event to wake up the system

ON

BIT_LP_WEVT_GPIO_MSK

: enable GPIO wakeup event
: disable thé event to wake up the system

OFF

BIT_LP_WEVT_SWRD_OCP_MSK

: enable DCORE SWR OCP wakeup event
: disable the eventto'wake up the system

OFF

BIT_LP_WEVT_TIMER_MSK

O RIORFR|IORFRIORIOCHIORLP|IORFRP|IORFR|IOKFR|O K

: enable timer wakeup LP event
: disable the event to wake up the system

OFF

Table 14-4 Sleep AON wakeup sources for BIT_LP_WEVT_AON_MSK

Wakeup source Description Default status
BIT_CHIP_PDB_MSK 1: Enable chip power-downwake ON
BIT_CAPTOUCH_WAKE_MSK 1: Enable Cap-Touch wake ON
BIT_KEYSCAN_WAKE_MSK 1: enable Key-Scan wake ON
BIT_DLPS_TSF_WAKE_MSK 1: enable TSF wake under deep-lps/mode OFF
BIT_RTC_WAKE_MSK 1: enable RTC wake OFF
BIT_AON_WAKE_TIMO_MSK 1: enable AON timer wake ON
BIT_GPIO_WAKE_MSK 1: enable GPIO wake ON

To enable a specific wakeup source, the corresponding status in array sleep_wevent_config[] in rtI8721dlp=sleepcfg.c should be set firstly, as

shown in Fig 14-4.
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{0OXFFFFFFFF,

Status
OFF},

o},

I*

f#* if ¥ can wakeup dsleep, it can wakeup dstandby & sleep */
J* if ¥ can wakeup dstandby, it can wakeup slesp =/

WorER

PWRCFG_TypeDef sleep wevent config[]=

Table end */
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If the AON wakeup event is chosen as the wakeup source, a specific AON wakeup source should be set in array sleep_aon_wevent_config[] in

rtl8721dIp_sleepcfg.c, as shown in Fig 14-5.

i Module

{OxFFFFFFEF,

f*
f*
f*
f*
f*
f*
f*

Status
[7T1 R/W O 1: Indicate chip power-down */
[6] ER/W O 1: Indicate captouch wake event */
[4] R/W O 1: Indicate keyscan wake */
[3] R/W O 1: Indicate tsf wake under deep-lps mode */
[2] R/W O 1: Indicate RIC wake */
[1] R/W O 1: Indicate AON timer wake #/
[0] R/W O 1:

OFF}, /% Table end */

Indicate GPIC wake, see aon wakepin & dsleep wakepin config =/

Fig 14-5 Sleep AON wake source setup

The wakeup sources mentioned above,are for KMO. You can choose if waking KM4 system up at the same time according to Table 14-5.

Table 14-5 Wakeup sources for KM4

Wakeup source Description Default status
BIT_LP_WEVT_HS_STS 1: Indicates HS wakeup event ON
BIT_LP_WEVT_AON_STS 1: Indicates AON wakeup event OFF
BIT_LP_WEVT_SGPIO_STS 1: Indicates SGPIO wakeup event OFF
BIT_LP_WEVT_COMP_STS 1: Indicates Comparator wakeup event OFF
BIT_LP_WEVT_ADC_STS 1: Indicates ADC wakelp event OFF
BIT_LP_WEVT_I2C_STS 1: Indicates 12C wakeup event OFF
BIT_LP_WEVT_UART_STS 1: Indicates UART wakeup event OFF
BIT_LP_WEVT_BOD_STS 1: Indicates BOD wakeup event OFF
BIT_LP_WEVT_WLAN_STS 1: Indicates WLAN wakeup event OFF
BIT_LP_WEVT_GPIO_STS 1: Indicates GPIO wakeup event OFF
BIT_LP_WEVT_SWRD_OCP_STS 1: Indicates DCORE SWR OCP wakeupevent OFF
BIT_LP_WEVT_TIMER_STS 1: Indicates timer wakeup LP event OFF
BIT_CHIP_PDB_STS 1: Indicates chip power-down OFF
BIT_CAPTOUCH_WAKE_STS 1: Indicates Cap-Touch wake event ON
BIT_KEYSCAN_WAKE_STS 1: Indicates Key-Scan wake ON
BIT_DLPS_TSF_WAKE_STS 1: Indicates TSF wake for Wi-Fi FW OFF
BIT_RTC_WAKE_STS 1: Indicates RTC wake ON
BIT_AON_WAKE_TIMO_STS 1: Indicates AON Timer wake OFF
BIT_GPIO_WAKE_STS 1: Indicates AON wakepin wake ON

To enable a specific wakeup source for KM4, corresponding status in array hs_wakeevent_config [] in rtI8721dlp=sleepcfg.c should be set

firstly, as shown in Fig 14-6.
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Status
f# [30] 1: Indicate HS5 Wakeup event */
. /% [29] 1: Indicate RAON Wakeup event (0x128) */
r F* [28] 1: Indicate SGPIO Wakeup event */
r f* [27] 1: Indicate Comparetor Wakeup event =/
. F* [26] 1: Indicate ADC Wakeup event #*/
 LE . ] r /% [24] 1: Indicate I2C Wakeup ewvent */
G_LP SLP WA B /% [20] 1: Indicate UART Wakeup event */
_LE_. r /% [6] 1: Indicate BOD Wakeup event */
& LF 3LP W . f* [5] 1: Indicate WLAN Wakeup event */
. /% [4] 1: Indicate GPICO Wakeup event */
r F* [2] 1: Indicate DCORE SWR OCF eventc */
r F* [1] 1: Indicate GTimer Wakeup system event; =/
r /% [7] 1: Indicate chip power-down */
/% [6] 1: Indicate captouch wake event */
/% [4] 1: Indicate keyscan wake */
f% [3] 1: Indicate tsf wake under deep-lps mode */
F* [2] 1: Indicate RIC wake */
F% [1] 1: Indicate RON cimer wake */
F* [0] 1: Indicate GPIO wake, see aon_wakepin & dsleep wakepin config ®f
{0xFFFFFFFF, '} f* Table end */

Fig 14-6 Sleep wake source setup for KM4

O o

The power of KM4 is controlled by KMO, KMQ will decide whether to wakeup KM4 according to the wakeup source and the status of the

wakeup source in array hs_wakeevent_configf].

Some peripherals like HS UART need ANA4M, and it can be enabled in km0_pwrmgt_config[] in rtI8721dIp_sleepcfg.c, as shown in Fig 14-7.

EWRCFG TypeDef Im0 pwrmgt config[]=

77

Stagus

CFF}, ¥/BIT1l: 1 Enakble ANA4M CLE whnen PMC enter into sleep mode

OFF}, //BITZ: 1 Enable platform clock when PMC entro into sleep mode
T LS OFF}, J/BIT3: )1 means RBEM can not enter low power mode, O can enter,
T LS OFF}, //BIT4.0¢BPSDO enter sleep mode
T LS OFF}, J/BITS 4 gate 1= system clock
T:LS ON}, J/BITe: 1y ditable power switch and use SWR mode, 0: enable po
T LS OFFE}, S/BIT7: 1 LDC mepde: 1.1V or SWR PWM mode, 0 LDO mode 0.9v or 5
T LS ON}, J//BITE: 0O is disakle SWR when enter sleep
T LS OFF}, //BITY9 0 disableg ¥TAL when sleep, should conflict with BIT LS
T_L5YS PST_. B ON}, //BIT10 based on(BIT _LSY5_PST SLEP EXTL -

{OXFFFFFFFF, OFF}, /* Table end */

Fig 14-7 Power management configuration

Some peripherals also need clock OSC2M in sleep mode. Whether to close clock OSC2M when the system is in sleep mode is determined by
kmO_osc2m_close in structure ps_config in rtl8721dlp_sleepcfg.c, as shown in Fig 14-8. Value TRUE means it will close clock OSC2M in sleep

mode.

i enable =

RUE,
.//BIT_KEY ENASLE | BIT_CAPTOUCH_ ENAELE,

if open WIFI FW, should close it, or beacon will lost in® WOWLAN */

Fig 14-8 Control of clock OSC2M in sleep mode

14.1.3.1.1 HS Wakeup Event (HS UART)

HS wakeup event includes wakeup sources HS UART (UARTO). When using HS wakeup event as the wakeup source, clock ANA4M should not be

closed. So BIT_LSYS_PST_SLEP_EACK should set to ON as shown in Fig 14-7.

When using UARTO as wakeup source, clock OSC2M. So km0_osc2m_close in Fig 14-8 should equal FALSE.
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The following steps show how to configure HS UART in sleep mode.

(1)
(2)
3)
(4)

(5)
(6)
7)

Set km0O_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

Set BIT_LSYS_PST_SLEP_EACK to ON in structure kmO_pwrmgt_config as shown in Fig 14-7.

Initialize UART and enable its interrupt.

Switch UART to low power Rx mode and switch clock source to OSC2M. If using UART mbed API (serial_api.c), Set corresponding
LOW_POWER_RX_ENABLE item to ENABLE in structure uart_config[] as shown in Fig 14-9 and then it will switch automatically in function
serial_baud(). If using low level API, please do it manually as shown in Fig 14-10.

UARTCFG_ TypeDef uart_configl4]l=
' /% HS UART--> UARTO */
: .LOW_POWER_RX ENABLE = DISABLE, /*to enable low powsr RX*/
/* BT UART-—-> UART1 */
.LOW_POWER_RX ENARBLE = DISABLE,
/% Log UARRT-—-> URRTZ */
.LOW_POWER_RX_ENABLE = DISABLE,
/* LPUART-—>UART3 */

.LOW_POWER_RX ENABLE = DISABLE,

Fig 14-9 Configure low power RX mode for UART mbed API

UART MonitorParaConfig(UARE(* DEV, 100, ENABLE);

UART_RxMonitorCmd (UARTO_DEV\ENAELE) ; //low power rx monitor
RCC_PeriphClockSource UARTWUARTO DEV, UART R¥ CLE 0SC_LP); //switch clock
UART LPRxBaudSet (UARTO DEV, ¥baudpate, 2000000); //low power rx mode
UART_RxCmd (URRT0_DEV, ENABLE);

Fig 14-10 Configure low power RX mode manually for UART low level API

Set BIT_LP_WEVT_HS_MSK status ON in array sleep_wevent_config[]'as'shown in Fig 14-4.
Set BIT_LP_WEVT_HS_STS status ON in array hs_wakeevent_config [] as shown.in Fig 14-6 if you want to wake up KM4 at the same time.
Set HS UART wake event on KM4 platform before sleep by using "SOCPS_SetWakeEvent_HP(BIT_HS_WEVT_UART_MSK, 1);"

14.1.3.1.2 AON

AON wakeup event includes PDB, Cap-Touch, Key-Scan, RTC, AON timer and GPIO.

PDB

(1)
()
(3)

(4)

Change PMC power down direction to SW by register AON_PM_OPT.

Enable the interrupt of PDB by register AON_CHIP_PWR_DOWN_MSK.

Set BIT_LP_WEVT_AON_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4 and set BIT_CAPTOUCH_WAKE_MSK status
ON in array sleep_aon_wevent_config[] as shown in Fig 14-5.

Set BIT_LP_WEVT_AON_STS and BIT_CHIP_PDB_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6.if you want to
wakeup KM4 at the same time.

Cap-Touch

(1)
()

3)

Initialize Cap-Touch and enable its interrupts.

Set BIT_LP_WEVT_AON_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4 and set BIT_CHIP_PDB_MSK status ON in
array sleep_aon_wevent_config[] as shown in Fig 14-5.

Set BIT_LP_WEVT_AON_STS and BIT_CAPTOUCH_WAKE_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want
to wake up KM4 at the same time.

O o
Refer to code ‘touch_key.c’ for Cap-Touch initialization.
Key-Scan
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(1) Initialize Key-Scan and enable its interrupts.

(2) SetBIT_LP_WEVT_AON_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4 and set BIT_KEYSCAN_WAKE_MSK status ON
in array sleep_aon_wevent_config[] as shown in Fig 14-5.

(3) SetBIT_LP_WEVT_AON_STS and BIT_KEYSCAN_WAKE_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to
wake up KM4 at the same time.

@ o

Refer to code ‘touch_key.c’ for Key-Scan initialization.
RTC

(1) Initialize RTC,and enable its interrupts.

(2) SetBIT_LP_WEVT_AON_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4 and set BIT_RTC_WAKE_MSK status ON in
array sleep_aon_mweévent_config[] as shown in Fig 14-5.

(3) SetBIT_LP_WEVT AON_STS and BIT_RTC_WAKE_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake
up KM4 at the same time.

AON Timer

(1) Enable AON Timer and set the time to,wake up system.

(2) SetBIT_LP_WEVT_AON_MSK statusON’in array sleep_wevent_config[] as shown in Fig 14-4 and set BIT_AON_WAKE_TIMO0_MSK status
ON in array sleep_aon_wevent_config[] as shown in Fig 14-5.

(3) SetBIT_LP_WEVT_AON_STS and BIT_AON_WAKE_TIMO_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want
to wake up KM4 at the same time.

@ o

The AON Timer is in imprecise milliseconds. Its maximum'value is 32760000ms (546mins).
GPIO (Wakepin)

(1) The setup of GPIO is shown in 14.1.5.1.5.

(2) SetBIT_LP_WEVT_AON_MSK status ON in array sleep_wevent_config[l.as shown in Fig 14-4 and set BIT_GPIO_WAKE_MSK status ON in
array sleep_aon_wevent_config[] as shown in Fig 14-5.

(3) SetBIT_LP_WEVT_AON_STS and BIT_GPIO_WAKE_STS status ON in arrayhs, wakeevent_config [] as shown in Fig 14-6 if you want to
wake up KM4 at the same time.

14.1.3.1.3 SGPIO

When using SGPIO as wakeup source, clock OSC2M shouldn’t be closed when system is in sleep.mode. Whether to close clock OSC2M when
system is in sleep mode is decided by kmO_osc2m_close in structure ps_config in rtI8721dlp_sleepefgic, as shown in Fig 14-8.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

(2) Initialize SGPIO and enable its interrupt.

(3) SetBIT_LP_WEVT_SGPIO_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_SGPIO_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want towake up KM4 at the same
time.

(5) Switch SGPIO clock to OSC2M by register REG_SYS_CLK_CTRL1 before entering sleep mode.

14.1.3.1.4 Comparator

When using Comparator as wakeup source, clock OSC2M shouldn’t be closed when system is in sleep mode. Whether to close clock 0SC2M
when system is in sleep mode is decided by km0O_osc2m_close in structure ps_config in rtl8721dlp_sleepcfg.c, as shown in Fig 14-8.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

(2) Initialize ADC and comparator, and enable corresponding interrupt.

(3) SetBIT_LP_WEVT_COMP_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_COMP_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

(5) Switch ADC clock to OSC2M by register REG_SYS_CLK_CTRL1 before entering sleep mode.
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14.1.3.1.5 ADC

When using ADC as wakeup source, clock OSC2M shouldn’t be closed when system is in sleep mode. Whether to close clock OSC2M when
system is in sleep mode is decided by km0O_osc2m_close in structure ps_config in rtI8721dlp_sleepcfg.c, as shown in Fig 14-8.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

(2) Initialize ADC and enable its interrupt.

(3) SetBIT_LP_WEVT_ADC_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_ADC_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

(5) Switch ADC'clock to OSC2M by register REG_SYS_CLK_CTRL1 before entering sleep mode.

14.1.3.1.6 12C

When using 12C as wakeup source, clock OSC2M and ANA4M shouldn’t be closed when system is in sleep mode. Whether to close clock 0SC2M
when system is in sleep mode is decided by km0O_osc2m_close in structure ps_config in rtI8721dlp_sleepcfg.c, as shown in Fig 14-8, while clock
ANA4M can be configured in kmO ‘pwrmgt_config[] in rtI8721dlp_sleepcfg.c, as shown in Fig 14-7.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8, and set BIT_LSYS_PST_SLEP_EACK status ON in array
kmO_pwrmgt_config[], as shown in Fig1427.

(2) Initialize 12C and enable its interrupt.

(3) SetBIT_LP_WEVT_I2C_MSK status ON in array/Sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_I2C_STS status ON in array hs sWakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same time.

(5) Switch 12C clock to OSC2M by calling RCC_PeriphClockSource_I12C() before entering sleep mode.

14.1.3.1.7 LP UART

When using LP UART (UART3) as wakeup source, clock 0SC2M shouldn’t be closed when system is in sleep mode. Whether to close clock
OSC2M when system is in sleep mode is decided by kmO_osc2m_close in(structure ps_config in rtl8721dlp_sleepcfg.c, as shown in Fig 14-8.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

(2) Initialize UART and enable its interrupt.

(3) Switch UART to low power Rx mode and switch clock source to OSC2M. If using.UART. mbed API (serial_api.c), Set corresponding
LOW_POWER_RX_ENABLE item to ENABLE in structure uart_config[] as shown in“-Fig/14-9 and then it will switch automatically in function
serial_baud(). If using low level API, please do it manually as shown in Fig 14-10.

(4) SetBIT_LP_WEVT_UART_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(5) SetBIT_LP_WEVT_UART_STS status ON in array hs_wakeevent_config [] as shown in Fig 14:6 if you want to wake up KM4 at the same
time.

14.1.3.1.8 Log UART

When using Log UART (UART2) as wakeup source, clock OSC2M shouldn’t be closed when system is in sleep mode/Whether to close clock
0SC2M when system is in sleep mode is decided by km0_osc2m_close in structure ps_config in rtl8721dlp_sleepcfg.c,as shown in Fig 14-8.

(1) Set kmO_osc2m_close = FALSE in structure ps_config as shown in Fig 14-8.

(2) Initialize UART and enable its interrupt.

(3) SetBIT_LP_WEVT_UART_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_UART_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

14.1.3.1.9 BOD
(1) Set BOD threshold and enable its interrupt.
(2) SetBIT_LP_WEVT_BOD_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(3) SetBIT_LP_WEVT_BOD_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.
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14.1.3.1.10 WLAN

(1) SetBIT_LP_WEVT_WLAN_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.
(2) SetBIT_LP_WEVT_WLAN_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

14.1.3.1.11GPIO

(1) Initialize a GPIO and enable its interrupt.

(2) SetBIT_LP_WEVT_GPIO_MSK status ON in array sleep_wevent_config[] as shown in Fig 14-4.

(3) SetBIT_LP”WEVT_GPIO_STS status ON in array hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

14.1.3.1.12LP Timer

When using timer in KMO as wakeup source, clock ANA4M shouldn’t be closed when system is in sleep mode. Whether to close clock ANA4M
can be configured in kmO_pwrmgt_tonfig[] in rtI8721dlp_sleepcfg.c, as shown in Fig 14-7.

(1) SetBIT_LSYS PST SLEP_EACK statusiON.in array kmO_pwrmgt_config[], as shown in Fig 14-7.
(2) Initialize the timer and enable its interfuptin KMO platform.
(3) SetBIT_LP_WEVT_TIMER_MSK status ON‘in‘array sleep_wevent_config[] as shown in Fig 14-4.

(4) SetBIT_LP_WEVT_TIMER_STS status ON in array’hs_wakeevent_config [] as shown in Fig 14-6 if you want to wake up KM4 at the same
time.

@ ot
LP Timer (TIMMOO0-05) belongs to KMO, and only TIM00-03 can be wakeup source. Please distinguish them with HS timer (TIMO-5) which
can not be wakeup source.

14.1.3.2 How to Enter Sleep Mode

Function pmu_release_wakelock(PMU_QOS) can be called in KM4 if the system wants to enter into sleep mode. The global parameter wakelock
will be checked in idle task, once wakelock equals zero and there is nothing to do, the.system will enter into sleep mode.

14.1.3.3 How to Wake Up from Sleep Mode

14.1.3.3.1 HS Wakeup Event

The chip will wake up from sleep mode when the specific interrupt that enabled is trigged.
O o

Switch the clock back after the system wakes up from sleep mode if the clock of the source has been changedbefore entering sleep mode.
14.1.3.3.2 AON

PDB

The chip will wake up from sleep mode when the interrupt of PDB that enabled is trigged.
Cap-Touch

The chip will wake up from sleep mode when the interrupt of Cap-Touch that enabled is trigged.
Key-Scan

The chip will wake up from sleep mode when the interrupt of Key-Scan that enabled is trigged.

RTC
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The chip will wake up from sleep mode when the interrupt of RTC that enabled is trigged.
AON Timer
The chip will wake up from sleep mode when the system has already slept for ‘sleep time’.
GPIO (Wakepin)
The chip will wake up from sleep mode when there is a corresponding edge of AON wakepin(s) that setup in section 14.1.5.1.5.
14.1.3.3.3 SGPIO
The chip will wake up-from sleep mode when the interrupt of SGPIO that enabled is trigged.
O ot
Switch SGPIO clock back to IS APB Clock by register REG_SYS_CLK_CTRL1 after the system wakes up from sleep mode.
14.1.3.3.4 Comparator
The chip will wake up from sleep mode whensthe interrupt of comparator that enabled is trigged.
O o
Switch comparator clock back to LS APB Clock by register REG_SYS_CLK_CTRL1 after the system wakes up from sleep mode.
14.1.3.3.5 ADC
The chip will wake up from sleep mode when the interrupt of ADCthat enabled is trigged.
© ot
Switch ADC clock back to LS APB Clock by register REG_SYS_CLK-=CTRL1 after the system wakes up from sleep mode.
14.1.3.3.6 12C
The chip will wake up from sleep mode when the interrupt of 12C that enabled is trigged.
@ ot
Switch 12C clock back to LS APB Clock by calling RCC_PeriphClockSource_I2C() after thessystem wakes up from sleep mode .
14.1.3.3.7 LP UART
The chip will wake up from sleep mode when the interrupt of UART that enabled is trigged.
@ ot
Switch UART clock back to XTAL by calling RCC_PeriphClockSource_UART() after the system wakes up from' sleep mode if need high baud
rate.

14.1.3.3.8 Log UART

The chip will wake up from sleep mode when the interrupt of UART that enabled is trigged.
14.1.3.3.9 BOD

The chip will wake up from sleep mode when the interrupt of BOD that enabled is trigged.
14.1.3.3.10 WLAN

The chip will wake up from sleep mode every beacon interval, and the default interval is 102.4ms.
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14.1.3.3.11GPIO
The chip will wake from sleep mode when the interrupt of GPIO that enabled is trigged.
@ ot
Switch GPIO clock back to LS APB by register REG_SYS_CLK_CTRL1 after the system wakes up from sleep mode.
14.1.3.3.12Timer
The chip will wake up from sleep mode when the system has already slept for ‘sleep time’.

14.1.3.4 How to'Get Wakeup Information

Table 14-6 Sleep wakeup information

API Introduction Parameters

WakeEvent Gets sleep wake reason Bit[1]: GTimer

It can only be accessed in KMO Bit[2]: DCORE SWR OCP
Bit[4]: GPIO

Bit[5]: WLAN

Bit[6]: BOD

Bit[20]: UART

Bit[24]: 12C

Bit[26]: ADC

Bit[27]: Comparator
Bit[28]: SGPIO

Bit[29]: AON
Bit[30]: HS
int SOCPS_AONWakeReason(void) Gets AON wake reason ®  Parameter: None
It can be accessed in KMO and KM4 ® Retval status value:
| Bit[0]: AON wakepin
| Bit[1]: AON Timer
W Bit[2]: RTC
| Bit[3]: TSF Timer
| Bit[4]: Key-Scan
n Bit[6]: Cap-Touch
int SOCPS_WakePinCheck(void) Gets AON Wakepin index ®  Parameter: None
It can be accessed in KMO and KM4 L] Retval status value:

| Bit[0]:»wakepin0
| Bit[1)< wakepinl
| Bit[2]:wakepin2
B Bit[3]: wakepin3

14.1.4 Deepsleep Mode

Deepsleep mode is has a lower power consumption as only AON domain is power on. So only peripheral in AON domain can wakeup chip.
There are 2 ways to enter deepsleep mode. One is to release deepwakelock, the other is KM4 sends related IPC to KMO directly, So If using
way?2, tickless is not necessary. Once KMO receive IPC message, KMO makes KMO and KM4 to enter deep sleep mode in IPC interrupt.

The wake process of deep sleep is the chip boot on process. Fig 14-11 shows deepsleep mode flow.
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Fig 14-11 Deepsleep mode flow

14.1.5 Deepsleep Mode Configuration

14.1.5.1 Wakeup Source Setup

Table 14-7 Deepsleep wakeup source

Wakeup source Description Default status
BIT_CAPTOUCH_WAKE_STS Indicates Cap-Touchwake event ON
BIT_KEYSCAN_WAKE_STS Indicates Key-Scan wake ON
BIT_DLPS_TSF_WAKE_STS Indicates TSF wake for Wi-Fi;FW ON
BIT_RTC_WAKE_STS Indicates RTC wake OFF
BIT_AON_WAKE_TIMO_STS Indicates AON Timer wake ON
BIT_GPIO_WAKE_STS Indicates AON wakepin wake ON

To set corresponding deepsleep source, firstly you need to set corresponding wakeup source Statds ON in array dsleep_aon_wevent_config[] in
rtl8721dIp_sleepcfg.c, as shown in Fig 14-12.

Status|
oM,
OM3:,
oM,
OFF},
OM3,
ON3,

/
= [4]

[e]

- [3]
*-[2]
= [1]
=[]

PWRCFG_TypeDef- dsleep_aon_wevent_configl]=

i

iy Module
{BIT_CAPTOUCH_WAEKE_STS,
{BIT_KEYSCAMN_WAKE_STS,
{BIT_DLPS_TSF_WAKE_STS,
{BIT_RTC_WAKE_STS,
{BIT_ADN_WAKE_TIMO_STS,
{BIT_GPIO_WAKE_STS,
{@xFFFEFFFE,

HH

R/ W@ 1:.Indicate.captouch. wake.event.*/

R/W:@ 1: - Indicate-keyscan wake-*/

R/ W@ 1:.Indicate.tsf.wake under.deep-lps.mode.*/

R/W-8 1:-Indicate RTC wake-*/

R/ 8 1: -Indicate AON -timer-wake-*/

R/W:@ 1:.Indicate-GPI0 - wake, -see-aon_wakepin & dsleep_wakepin config.*/
COFF}, f*.Table.end */

Fig 14-12 Deepsleep wake source setup

When KM4 wants to enter deep sleep mode, it will construct a global variable in structure KM4SLEEP_ParamDef as shown in Fig 14-13. Then
transmit it to KMO to inform KMO execute corresponding operation. The variable can be local variable, or if KM4 releases the local variable,

KMO may get wrong information.

O o

As rtl8721dIp_sleepcfg.c is the code under KMO, if you modify it, you need to rebuild KMO project, and if you are using IAR, KM4 project
also needs to be rebuilt to sync the KMO image.
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typedef- struct

{
U&:» dlps_enable;

U sleep_type;
u3iZvsleep time;

+- KMASLEEP_ParamDef,

Fig 14-13 KM4 sleep parameter structure

Table 14-8 Structure KM4SLEEP_ParamDef member description

Member Description

dlps_enable ® Enable deep sleep mode:

BM_ TRUE: enable deep sleep

] FALSE: disable deep sleep

sleep_type ®  Just for.sleep mode usage

| SLEEP_PG: KM4 enter power gate mode

B SLEEP.CG: KM4 enter clock gate mode

sleep_time If using AON Timer t0 wakeup chip, you should set the variable to control the time to sleep.

14.1.5.1.1 Cap-Touch

(1) Initialize Cap-Touch and enable its interrupts that youwant to wakeup chip in deepsleep mode. As RAM and CPU are shut down in
deepsleep mode while the Cap-Touch register keep alive, the interrupt handler and interrupt enable of CPU should be reinitialized, then
Cap-Touch interrupts can be handled.

(2) Set BIT_CAPTOUCH_WAKE_STS Status ON in array dsleep_aon’ wevent_config[] as shown in Fig 14-12.

@ ot

Refer to code ‘touch_key.c’ for Cap-Touch initialization.
14.1.5.1.2 Key-Scan

(1) Initialize Key-Scan and enable its interrupts that you want to wakeup chip in déepsleep mode. As RAM and CPU are shut down in
deepsleep mode while the Key-Scan register keep alive, the interrupt handler and.interrupt enable of CPU should be reinitialized, then
Key-Scan interrupts can be handled.

(2) Set BIT_KEYSCAN_WAKE_STS Status ON in array dsleep_aon_wevent_config[] as shown in“Fig 14-12.

O ot

Refer to code ‘touch_key.c’ for Key-Scan initialization.
14.1.5.1.3 RTC

(1) Initialize RTC and enable its interrupts that you want to wakeup chip in deepsleep mode. As RAM and CPU are-shut down in deepsleep
mode while the RTC register keep alive, the interrupt handler and interrupt enable of CPU should be reinitialized; then RTC interrupts can
be handled.

(2) Set BIT_RTC_WAKE_STS Status ON in array dsleep_aon_wevent_config[] as shown in Fig 14-12.

14.1.5.1.4 AON Timer

(1) Set AON Timer and transmit it to KMO by ipc_send_message(), the detailed steps is shown in Section 14.1.5.2.
(2) Set BIT_AON_WAKE_TIMO_STS Status ON in array dsleep_aon_wevent_config[] as shown in Fig 14-12.

O o

The AON Timer is in imprecise milliseconds. Its maximum value is 32760000ms (546mins).
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14.1.5.1.5 GPIO

The GPIOs that can wake up chip in deepsleep is not all the common GPIOs, only 12 GPIOs can wake up the chip, as shown in Fig 14-14, we call
these special GPIOs ‘AON wakepin’ in the following text. Only four AON wakepins can be set at the same time. As the note in Fig 14-14, there
are four AON wakepins (0, 1, 2, 3), each AON wakepin has three PINMUX (S0, S1, S2).

For each AON wakepin, you can only select one PINMUX at a time by the Module column with the Status column ON in array
dsleep_aon_wevent_config[] in rtI8721dlp_sleepcfg.c, as shown in Fig 14-15. The Polarity column is used to choose wakeup edge, Ameba-D
only supports AON wakepin wake up the chip by edges. The value 0 means Falling Edge wakeup and value 1 means Rising Edge wakeup.

For AON wakepins;, ifisetting Falling Edge wakeup, SDK will automatically set the pin internal pull up. And if setting Rising Edge wakeup, SDK will
automatically set the®pin internal pull down.

1% aon wakepin[4] [2] = {
/* wakepin 0 */
_FR 12, [*PINMUX_S0 */
_PL 1&, [*PINMUX_S1 %/
_PR 20, [*PINMUX_S2 */
br
/* wakepin 1 ¥/
_PL 13, [*PINMUX_S0 */
_PR 17, [*PINMUX_S1 */
_FR 21, [*PINMUX_S2 */
br
/¥ walkepin 2 ¥/
_PR 14, [*PINMUX_S0 */
_ PR 18, [*PINMUX_S1*/
_FL 25, [*PINMUX_S2 */
br
[Eawalkepin 3 ¥/
_BENISg/* PINMUX_S0 */
_ PR 18, E PINMUX_S1 */
_Pa 28 ([SPINMUX_s52 */
br

Fig 14-14 AON wakepins

WAHEDIN TypeDef aleep wakepin config[]=

// Module Status Polarity
{PINMUX 50, OFF, 1}, /¥ wakeup_0.config */
{PINMUX_ S0, OFF, 1}, /* wakeup_1 Caopfig™*/
{ PINMUX 50, OFF, 1}, /* wakeup_2 config &
{PINMUX 50, OFF, 1}, /¥ wakeup_3 config ®/
{ OxFFFFFFFF, OFF, o}, /* Table end */

b7

Fig 14-15 AON wakepins setup
AON wakepin setup low:
(1) Set BIT_GPIO_WAKE_STS Status ON in array dsleep_aon_wevent_config[] as shown in Fig 14-12.
(2) Set AON Wakepin and expected edge to wakeup chip in array sleep_wakepin_config[] as shown in Fig 14-15.

Example:
If want a failing edge of _PA_18 to wakeup chip, the AON wakepin setting is as shown in Fig 14-16. _PA_18 is PINMUX_S1 of wakepin 2.
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WAEEDIN TypeDef slecp wakepin config| =

Module Status Polarity

{PINMUX S0, OFF, 1}, /* wakeup_0 config */
{PINMUX 50, OFF, 1}, /* wakeup_1 config */
| {prmrox 51, ON, o}, /* wakeup 2 cenfig */|
I-: PINMUX SO, OFF, 1}, /* wakeup_3 config */
{ OxFFFFFFFF, OFF, o}, /* Table end */

Fig 14-16 AON Wakepins setup example

14.1.5.2 How to EnterDeepsleep Mode

To enter deepsleep mode, yousheuld execute the following steps:

(1) Construct a global variable with the structure KM4SLEEP_ParamDef

(2) Set member ‘dlps_enable = TRUE"of the global variable to enable deep sleep mode
(3) Set member ‘sleep_time’ if you Wantito wakeup chip at specified time by AON Timer wakeup source
(4) Call ‘ipc_send_message (IPC_INT_KM4_TICKLESS_INDICATION, (u32)& global variable)’ to tell KMO execute enter deep sleep operation

O ot

Refer to example ‘\project\realtek_amebaD(va0. example\example_sources\PMC\raw\pm_dsip’.

Release deepwakelock is also a way to enter deepsleep mode but not recommend.

14.1.5.3 How to Wake Up from Deepsleep Mode

When the chip wakes up from deep sleep, it will do the boot process:

14.1.5.3.1 Cap-Touch

The interrupt of Cap-Touch that enabled

14.1.5.3.2 Key-Scan

The interrupt of Key-Scan that enabled h

14.1.5.3.3 RTC

The interrupt of RTC that enabled happe

14.1.5.3.4 AON Timer

happens will wake up the chip.

appens will wake up the chip.

ns will wake up the chip.

The ‘sleep_time’ reach will wake up the chip.

14.1.5.3.5 GPIO

The corresponding edge of AON wakepin(s) that setup in section 14.1.5.1.5 happens will wake up the chip.

14.1.5.4 How to Get Wakeup Information

Table 14-9 Deepsleep wakeup information API

API

Introduction

Parameters

u32 OCPS_DsleepWakeStatusGet(void)

Gets deepsleep wake status

[ ] Parameter: None
[ J Retval status value:
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B TRUE: boot from deepsleep
B FALSE: boot from power on

int SOCPS_AONWakeReason(void) Gets deepsleep wake reason ® Parameter: None
® Retval status value:
| | Bit[0]: AON wakepin
B Bit[1]: AON Timer
®  Bit[2): RTC
| | Bit[3]: TSF Timer
| | Bit[4]: Key-Scan
| Bit[6]: Cap-Touch
int SOCPS_WakePRinCheck(void) Gets AON wakepin index ®  Parameter: None
(] Retval status value:

| | Bit[0]: wakepin0
Bit[1]: wakepinl
Bit[2]: wakepin2
Bit[3]: wakepin3

14.1.5.5 How to Maintain Information in Deepsleep Mode

The memory of Retention RAM can be kept when the chip enters deepsleep mode, so we can use it to keep some necessary information.
RRAM_USER_RSVD is reserved for customer usage.as shown in Fig 14-17.

Application Note

@defgroup - AMEBAD_RRAM

@brief AMEBAD_RRAM-Declaration

5+
*
3
=.@ -the -Max-space

typedef struct- |

UINtE_T-RRAM_WIFI_STATUS; - /* RETENTIOMN_RAM_SYS_OFFSET-@xB@. */

uinté_t-RRAM_WIFI_P_SECURTY;
UINté_T-RRAM_WIFI_G_SECURTY;
Uinté_t-RRAM_RSVD1;

uint32_t-RRAM_NET_IP;
uint32_t- RRAM_NET_GW;
uint32_t- RRAM_NET_GW_MASK;

u'|nt32_t FLASH_ID2; f*Foffset . -@xoa*/
uint32_t-FLASH_cur_cmd;
uint32_t-FALSH_quad_valid_cmd;
uint32_t- FALSH_dual_valid_cmd;
uint32_t-FLASH_QuadEn_bit;
uint32_t-FLASH_StructInit;

f*Foffset . Bxaa*/

UIinté_t-FLASH_phase_shift_idx;
uinté_t-FLASH_rd_sample_phase_cal;
UINt8_T-FLASH_class;
uinté_t-FLASH_cur_bitmode;

uint8_t- FLASH_ClockDiv;]
uinté_t-FLASH_ReadMode;
Uinté_t-FLASH_pseudo_prm_en;
uinté_t-FLASH_addr_phase_len;

UINtE8_T-FLASH_cmd_wr_status2; [ *offset - BxBO*+/
uinté_t-FLASH_rd_dummy_cyled;
UINtg8_T-FLASH_rd_dummy_cylel;
UInté_t- FLASH_rd_dummy_cyle2;

for-RRAM_TypeDef . i5.@xE@, -user.can-alloc-space-from. RRAM_USER_RSVD
LEEE R L L L L P P LR Es (i Gk b e EE L L L L LI EL LY

uinté_t-RRAM_USER_RSVD[124]; J*usr-can-alloc-from

this.RSVD. space*/

RRAM_TypeDef;

Fig 14-17 Retention RAM usage
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14.1.6 GPIO Pull Control

When entering sleep and deepsleep mode, I/O pull control is needed. Otherwise, it results in power leakage. For more information, refer to
ANO0400 (section: User Configuration=>pinmapcfg).

14.2 Power Save Related APIs

API Introduction

<pmu_register/sleep_callback> Register suspend/resume call back function for one module
<pmu_unregister_sleep_callback> Unregister suspend/resume call back function
<pmu_acquire_wakelock> Acquire wakelock for one module

<pmu_release_wakelock> Release wakelock

<pmu_set_sysactive_time>. Acquire wakelock, and release wakelock automatically after timeout
<pmu_set_max_sleep_time> Set max. sleep time

14.2.1 pmu_register_sleep- callback

Register suspend/resume call back function for £nDeviceld>. Suspend callback function will be called by PMU before system enters sleep
mode, and resume callback function will be called-after system resumes.

@ ot

(] Yield OS is not permitted in suspend/resume callback function like taskYIELD, vTaskDelay, mutex, sema and so on.
B pmu_set_sysactive_time is not permitted in suspend callback function, while permitted in resume call back function.

Parameter Type Introduction
<nDeviceld> uint32_t Device ID.need suspend/resume callback
typedef'enum {
PMU_QOS =0,
PMU_MAX'= 31
} PMU_DEVICE;
<sleep_hook_fun> PSM_HOOK_FUN Suspend call back function
<sleep_param_ptr> void* Suspend call back function-parameter
<wakeup_hook_fun> PSM_HOOK_FUN Resume call back function
<wakeup_param_ptr> void* Resume call back function parameter

14.2.2 pmu_unregister_sleep_callback

Unregister suspend/resume call back function for <nDeviceld>.

Parameter Type Introduction
<nDeviceld> uint32_t The same as pmu_register_sleep_callback

14.2.3 pmu_acquire_wakelock

Wakelock is a 32-bit map. Each module owns 1 bit in this bit map. FreeRTOS tickless references the wakelock and decides that whether it can
enter sleep state.

If any module acquires and holds a bit in wakelock, then the whole system won't enter sleep state.

Parameter Type Introduction
<nDeviceld> uint32_t The same as pmu_register_sleep_callback
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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14.2.4 pmu_release_wakelock

Release bit[nDeviceld] of wakelock bit map. If wakelock equals to 0, then the system may enter sleep state after system idle.

Parameter Type Introduction
<nDeviceld> uint32_t The same as pmu_register_sleep_callback

14.2.5 pmu_set_sysactive_time

Set system active time; System cannot sleep before timeout.
@ ot

pmu_set_sysactive_time-is not permitted in suspend callback function as it is ineffective, while permitted in resume call back function.

Parameter Type Introduction
<timeout> uint32_t System cannot sleep before timeout. Unit is ms.

14.2.6 pmu_set_max_sleep_time

Set system max. sleep time.

O o
B System may be waked by other wake events before this timer is timeout.
u Before entering deepsleep mode, disable the AON timer.by SOCPS_AONTimerCmd(DISABLE).
| This setting only works once. The timer will be cleared after system wakeup.

[ J

Parameter Type Introduction
<timeout> uint32_t System max. sleep timeout. Unit is ms.

14.3 Power Consumption Measurement

14.3.1 Test Command

We provide command in KM4 for tickless testing. Below is the description.

Items Comment

tickps r debug Release OS wakelock to open tickles function, KM4 will enter sleep mode when idle.
In program you can use pmu_release wakelock (PMU_QOS) to open tickless function.

tickps a Get OS wakelock to close tickless function.

tickps get Get current wakelock. It prints current wakelock bit map. You can use this command to debug why system doesn’t
enter sleep.

14.3.2 Hardware Preparation

In Ameba-D reference board, there are other components that consume power. For example, DAP, LEDs, FT232, and capacitances. To measure
power consumptions only for Ameba-D, you need to remove resistance at R43 as Fig 14-18.

You can use micro-USB to supply power for the board, and link current meter use J38 as Fig 14-19.
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15 Hardware Crypto Engine

15.1 Introduction

Hardware Crypto Engine is used to authenticate, encrypt and decrypt packets. It can support the following Hash and Cipher functions:

® Hash (include HMAC): MD5/SHA1/SHA2 (224, 256), Poly1305

®  Cipher: AES (ECB/CBC/CFB/OFB/CTR/GMAC/GHASH/GCM), 3DES (ECB/CBC/CFB/OFB/CTR), DES(ECB/CBC/CFB/OFB/CTR), ChaCha20,

Chacha20_poly1305
Hardware Crypto Engine.also support sequential hash for long plaintext length.

The following sections illustrate the Hardware Crypto Engine APIs and how to use these APIs.

15.2 Hardware Crypto Engine APIs

15.2.1 Crypto Engine Initialization API

15.2.1.1 rtl_cryptoEngine_init

Items Description
Introduction Hardware crypto engine initialization
Parameters N/A
Return Status value:
d SUCCESS: initialization is ok.

15.2.2 Hash APIs

15.2.2.1 rtl_crypto_md5

Items Description
Introduction MD?5 calculation digest
Parameters L] message: Plaintext

(] msglen: Plaintext length
®  pDigest: Result of MD5 function

Return Status value:
[ SUCCESS: MDS5 is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.2 rtl_crypto_md5_init

Items Description

Introduction MD?5 initialization (used for sequential hash)
Parameters N/A

Return Status value:

(] SUCCESS: MDS5 initialization is ok.
[ ] Others: fail, refer to ERRNO.

Application Note All information provided in this document is subject to legal disclaimers.
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15.2.2.3 rtl_crypto_md5_update

Items

Description

Introduction

MDS5 block calculation (used for sequential hash)

Parameters [ ] message: Plaintext
[ J msglen: Plaintext length
Return Status value:

®  SUCCESS: MD5 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.4 rtl_crypto_md5_final

Items Description

Introduction MD5-last-block calculation (used for sequential hash)
Parameters pDigest: Result of MD5 function

Return Status value:

) SUCCESS: MD5 final is ok.
®  Others: fail, refer to ERRNO.

15.2.2.5 rtl_crypto_shal

Items Description
Introduction SHA1 calculation digest
Parameters L] message: Plaintext
[} msglen: Plaintext length
[ J pDigest: Result of SHA1 function
Return Status value:

[ SUCCESS: SHA1 is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.6 rtl_crypto_shal_init

Items Description

Introduction SHA1 initialization (used for sequential hash)
Parameters N/A

Return Status value:

(] SUCCESS: SHA1 initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.7 rtl_crypto_shal_update

Items

Description

Introduction

SHA1 block calculation (used for sequential hash)

Parameters L] message: Plaintext
[ J msglen: Plaintext length
Return Status value:

®  SUCCESS: SHA1 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.8 rtl_crypto_shal_final

I Items

| Description

Application Note
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Introduction

SHA1 last block calculation (used for sequential hash)

Parameters

pDigest: Result of SHA1 function

Return

Status value:
[ SUCCESS: SHA1 final is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.9 rtl_crypto_sha2

Items

Description

Introduction

SHAZ2 calculation digest

Parameters [ ] sha2type: SHA2 type, SHA2_ 224 or SHA2_256
() message: Plaintext
L J msglen: Plaintext length
[ J pDigest: Result of SHA2 function

Return Status value:

[ SUCCESS:.SHA2 is ok.
[ ] Others: fail,-refer to ERRNO.

15.2.2.10 rtl_crypto_sha2_init

Items Description

Introduction SHAZ2 initialization (used for sequential hash)
Parameters sha2type: SHA2 type, SHA2_224 or SHA2_256
Return Status value:

® SUCCESS: SHA2 initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.11 rtl_crypto_sha2_update

Items

Description

Introduction

SHAZ2 block calculation (used for sequential hash)

Parameters L] message: Plaintext
(] msglen: Plaintext length
Return Status value:

®  SUCCESS: SHA2 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.12 rtl_crypto_sha2_final

Items

Description

Introduction

SHAZ2 last block calculation (used for sequential hash)

Parameters

pDigest: Result of SHA2 function

Return

Status value:
[ SUCCESS: SHAZ2 final is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.13 rtl_crypto_hmac_md5

Items

Description

Introduction

HMAC-MDS5 calculation digest

Parameters

(] key: HMAC-MDS5 key, need to be 4-byte aligned
® keylen: Key length
®  message: Plaintext

Application Note
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L] msglen: Plaintext length
®  pDigest: Result of HMAC-MD5 function

Return

Status value:
[ SUCCESS: HMAC-MDS5 is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.14 rtl_crypto_hamc_md5_init

Items

Description

Introduction

HMAC-MDS5 initialization (used for sequential hash)

Parameters L] key: HMAC-MDS key, need to be 4-byte aligned
() keylen: Key length
Return Status value:

® SUCCESS: HMAC-MDS5 initialization ok
[ ] Others: fail, refer to ERRNO

15.2.2.15 rtl_crypto_hmac_md5- update

Items

Description

Introduction

HMAC-MDS5 block calculation-(used for sequential hash)

Parameters [ ] message: Plaintext
[} msglen: Plaintext length
Return retval status value:

®  SUCCESS: HMAC-MD5 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.16 rtl_crypto_hmac_md5_final

Items

Description

Introduction

HMAC-MDS5 last block calculation (used for sequential hash)

Parameters

pDigest: Result of HMAC-MD5 function

Return

Status value:
[ ] SUCCESS: HMAC-MDS5 final is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.17 rtl_crypto_hmac_shal

Items

Description

Introduction

HMAC-SHA1 calculation digest

Parameters ® key: HMAC-SHA1 key, need to be 4-byte aligned
(] keylen: key length
®  message: Plaintext
®  msglen: Plaintext length
[} pDigest: Result of HMAC-SHA1 function
Return Status value:

[ SUCCESS: HMAC-SHA1 is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.18 rtl_crypto_hmac_shal_init

Items

Description

Introduction

HMAC-SHAL initialization (used for sequential hash)

Parameters

®  key: HMAC-SHA1 key, need to be 4-byte aligned

Application Note
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[ J keylen: key length

Return

Status value:
® SUCCESS: HMAC-SHA1 initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.19 rtl_crypto_hmac_shal_update

Items

Description

Introduction

HMAC-SHA1 block calculation (used for sequential hash)

Parameters [ ] message: Plaintext
[ J msglen: Plaintext length
Return Status value:

[ J SUCCESS: HMAC-SHA1 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.20 rtl_crypto_hmac_shal final

Items

Description

Introduction

HMAC-SHA1 last block calculation (used for sequential hash)

Parameters

pDigest: Result of HMAC-SHA1 function

Return

Status value:
[ SUCCESS: HMAC-SHA1 final.s ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.21 rtl_crypto_hmac_sha2

Items

Description

Introduction

HMAC-SHA2 calculation digest

Parameters

®  sha2type: SHA2 type, SHA2_224 or SHA2_256
key: HMAC-SHA2 key, need to be 4-byte aligned
keylen: Key length

message: Plaintext

msglen: Plaintext length

pDigest: Result of HMAC-SHA2 function

Return

Status value:
[ SUCCESS: HMAC-SHA2 is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.22 rtl_crypto_hmac_sha2_init

Items

Description

Introduction

HMAC-SHA2 initialization (used for sequential hash)

Parameters L] sha2type: SHA2 type, SHA2_224 or SHA2_256
(] key: HMAC-SHA2 key, need to be 4-byte aligned
[ J keylen: Key length

Return Status value:

[ ] SUCCESS: HMAC-SHA? initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.23 rtl_crypto_hmac_sha2_update

Items

Description

Introduction

HMAC-SHA?2 block calculation (used for sequential hash)

Application Note
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Parameters [ ] message: Plaintext
[ J msglen: Plaintext length
Return Status value:

®  SUCCESS: HMAC-SHA?2 update is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.24 rtl_crypto_hmac_sha2_final

Items

Description

Introduction

HMAC-SHA?2 last block calculation (used for sequential hash)

Parameters

pDigest: Result of HMAC-SHA2 function

Return

Status value:
[ SUCCESS: HMAC-SHA2 final is ok.
[ ] Others: fail, refer to ERRNO.

15.2.2.25 rtl_crypto_poly1305

Items

Description

Introduction

poly1305 calculation digest

Parameters ® key: poly1305 key, need.to be 4-byte aligned
® keylen: Key length
®  message: Plaintext
[} msglen: Plaintext length
[ J pDigest: Result of poly1305 function
Return Status value:

®  SUCCESS: poly1305 is ok.

[ ] Others: fail, refer to ERRNO.

15.2.3 Cipher APIs

15.2.3.1 rtl_crypto_xxx_xxx_init

Items

Description

Introduction

XxX initialization
Xxx can be aes_cbc/aes_ecb/aes_ctr/aes_cfb/aes_ofb/aes_gcm/3des_cbc/3des’ ecb/3des_ctr/3des_cfb/3des_ofb/
des_cbc/des_ecb/des_ctr/des_cfb/des_ofb

Parameters ® key: Cipher key.
(] keylen: Key length
Return status value:

(] SUCCESS: initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.2 rtl_crypto_xxx_xxx_encrypt

Items

Description

Introduction

XXX encryption
xxx can be aes_cbc/aes_ecb/aes_ctr/aes_cfb/aes_ofb/aes_gcm/3des_cbc/3des_ecb/3des_ctr/3des_cfb/3des_ofb/
des_cbc/des_ecb/des_ctr/des_cfb/des_ofb

Parameters

[ ] message: Point to source message
msglen: Message length

iv: Initial vector

ivlen: iv length

pResult: Point to cipher result

Application Note
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Return

Status value:
®  SUCCESS: encryption is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.3 rtl_crypto_xxx_xxx_decrypt

Items

Description

Introduction

xxx decryption

Xxx can be aes_cbc/aes_ecb/aes_ctr/aes_cfb/aes_ofb/aes_gcm/3des_cbc/3des_ecb/3des_ctr/3des_cfb/3des_ofb/

des_cbc/ des_ecb/des_ctr/des_cfb/des_ofb

Parameters

message: Point to source message
msglen: Message length

iv: Initial vector

ivlen: IV (initialization vector) length
pResult: Point to cipher result

Return

Status value:
®  SUCCESS: decryption is ok.
[ ] Others: fail,.refer to ERRNO.

15.2.3.4 rtl_crypto_aes_gcm_init

Items

Description

Introduction

AES-GCM initialization

Parameters ® key: Cipher key
[ J keylen: Key length
Return Status value:

[ ] SUCCESS: initialization is ok.

[ ] Others: fail, refer to ERRNO.

15.2.3.5 rtl_crypto_aes_gcm_encrypt

Items Description
Introduction AES-GCM encryption
Parameters [ ] message: Point to source message
®  msglen: Message length
® iv: Initial vector
®  aad: Point to AAD (additional authentication data)
®  aadlen: AAD length
(] pResult: Point to cipher result
[ J pTag: Point to MAC (Message Authentication Code)
Return Status value:
®  SUCCESS: encryption is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.6 rtl_crypto_aes_gcm_decrypt

Items

Description

Introduction

AES-GCM decryption

Parameters

message: Point to source message

msglen: Message length

iv: Initial vector

aad: Point to AAD (additional authentication data)
aadlen: AAD length

pResult: Point to cipher result
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®  pTag: Point to MAC (Message Authentication Code)

Return

Status value:
®  SUCCESS: decryption is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.7 rtl_crypto_chacha_init

Items

Description

Introduction

ChaCha20 initialization

Parameters

key: Cipher key.

Return

Status value:
[ SUCCESS: initialization OK
] Others: fail, refer to ERRNO

15.2.3.8 rtl_crypto_chacha_encrypt

Items Description
Introduction ChaCha20 encryption
Parameters ®  message: Point to,source message
® msglen: Message length
® iv: Point to IV (initialization vector)
®  count: Counter value.
®  pResult: Point to cipher result
Return Status value:
®  SUCCESS: encryption is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.9 rtl_crypto_chacha_decrypt

Items Description
Introduction ChaCha20 decryption
Parameters ®  message: Point to source message
® msglen: Message length
®  iv: Point to IV (initialization vector)
®  count: Counter value
[ J pResult: Point to cipher result
Return Status value:

®  SUCCESS: decryption is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.10 rtl_crypto_chacha_poly1305_init

Items

Description

Introduction

ChaCha Poly1305 initialization

Parameters

key: Cipher key

Return

Status value:
[ J SUCCESS: initialization is ok.
[ ] Others: fail, refer to ERRNO.

15.2.3.11 rtl_crypto_chacha_poly1305_encrypt

Items

Description

Introduction

ChaCha Poly1305 encryption
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Parameters message: Point to source message

msglen: Message length

nonce: Random value

aad: Point to AAD (additional authentication data)
aadlen: AAD length

pResult: Point to cipher result

pTag: Point to MAC (Message Authentication Code)
Return Status value:

®  SUCCESS: encryption is ok.

[ ] Others: fail, refer to ERRNO.

15.2.3.12 rtl_crypto .chacha_poly1305_decrypt

Items Description
Introduction ChaCha/Poly1305 decryption
Parameters ®  messagé: Point to source message
° msglen: Message length
® nonce: Random value
®  aad: Point to-AAD,(additional authentication data)
®  aadlen: AAD length
®  pResult: Point to ciphepresult
[ J pTag: Point to MAC (Mgssage Authentication Code)
Return Status value:
®  SUCCESS: decryption is ok.
[ ] Others: fail, refer to ERRNO.

15.3 Hardware Crypto Engine APIs Usage

15.3.1 Starting Hardware Crypto Engine

Before using hardware crypto engine, you need to initialize it first. You can use Crypto Enginhe Initialization API to do this.

15.3.2 Starting Crypto Engine Calculation
Choose a hash or cipher algorithm, and call the following APIs to calculate hash digest or ciphertext.
15.3.2.1 Hash Algorithm

If a hash algorithm is selected, then Hash APIs (rtl_crypto_xxx) can be used to calculate digest.

Sequential hash is needed when source message length beyond hardware support. Sequential hash breaks a whole long'message into several
piece of message payload, then calculate the payload in sequence, until the last message payload.

When use sequential hash, you can follow the steps below:

(1) Initialize sequential hash: use Hash APIs (rt/_crypto_xxx_init) to initialize.

(2) Handle each piece of message payload: call Hash APIs (rt/_crypto_xxx_update) once when one piece message payload.
(3) Handle the last piece of message payload: call Hash APIs (rt/_crypto_xxx_final) once when one piece message payload.

Note: Considering that the Crypto Engine moves data through DMA and bypasses the D-Cache, if the destination array is placed in stack and
the start address is not 32-byte aligned, the cache line would be dirty during function call in some cases. To avoid reading wrong digest back,
users should choose one of the following methods:

® Thedigest array is a global variable.

®  Orthe start address of digest array should be 32-byte aligned if it’s a local variable.

®  Or call the following line to restore data from memory before reading digest when calculation is finished if it’s a local variable.
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DCache_lInvalidate(((u32)digest & CACHE_LINE_ADDR_MSK), (sizeof(digest) + CACHE_LINE_SIZE));

15.3.2.2 Cipher Algorithm

Steps to encrypt or decrypt message are as following:

(1) Initialize
Use Cipher APIs (rtl_crypto_xxx_xxx_init) to initialize.

(2) Encrypt or decrypt message
Call Cipher APIs (rtl_crypto_xxx_xxx_encrypt) to encrypt source message.
Call Cipher APIs (rtl_crypto_xxx_xxx_decrypt) to decrypt source message.

15.4 Demo-Code Path

Hardware Crypto Engine demo-Code locates in folder: project/realtek_amebaD_va0_example/example_sources/CRYPTO
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16 User Configuration

Some functions have complex parameters, it is hard to give standard APIs in SDK. For example, different users have different parameters for
BOOT. So we provide some user configuration files which will be called by SDK, and SDK will execute different activities based on different user
configurations.

These configuration files should be maintained by users.

16.1 Configuration File List

The user configuration files'are listed in Table 16-1.

Table 16-1 User configuration file

Configuration file Configuration item Image
rtl8721dlp_flashcfg.c Used toconfigure Flash settings: KMO image2
®  Flash_ Speed

® Flash_ReadMode

[ Flash_AVL

You can also configureyour Flash use flash_init_userdef, if your Flash is not in
Flash_AVL.

RtlI8721dIp_pinmapcfg.c | Used to reduce I/O power leakage: KMO image2
Per pin function configuration

Per pin function pull up &<pull down
Per pin sleep pull up & pull down
Sleep/deepsleep power management KMO image2
Sleep/deepsleep wakeup event
Sleep/deepsleep wake pin
rtl8721d_bootcfg.c Used to configure bootloader: KMO & KM4 bootloader
® Flash_MMU_Config
® RSIP_Mask_Config
® Force_OTA1_GPIO
® Boot_Log En

RtI8721dIp_sleepcfg.c

rtl8721d_ipccfg.c Used to define your IPC channels KMO & KM4 image2
rtl8721dlp_intfcfg.c Enable/disable low power Rx KMO image2
rtl8721dhp_intfcfg.c ® PSRAM configuration: KM4 image2

] Enable PSRAM
| Enable PSRAM calibration function
| Enable PSRAM retention
®  SDIO host configuration:
B SDIO Host bus speed
B SDIO Host bus width
B Card Detect pin
B Write Protection pin
L] FTL parameter configuration:
B The number of physical map pages
B The offset of Flash sectors which is allocated to FTL physical map

16.2 flashcfg.c

The Flash configuration items for users are listed in Table 16-2.

Table 16-2 User Flash configuration

Item Comment Default
Flash_Speed Indicates the Flash baud rate. It can be one of the following value: OxFFFF
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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OxFFFF: 80MHz
0x7FFF: 100MHz
O0x3FFF: 67MHz
Ox1FFF: 57MHz
®  OxOFFF: 50MHz
Flash_ReadMode Indicates the Flash read I/O mode. It can be one of the following value: OxFFFF
[ ] OXFFFF: Read quad 1/0, Address & Data 4 bits mode

®  Ox7FFF: Read quad O, just data 4 bits mode

[ ] O0x3FFF: Read dual I/O, Address & Data 2 bits mode

[ ] Ox1FFF: Read dual O, just data 2 bits mode

®  OxOFFF: 1 bit mode

If the configured read mode is not supported, other modes would be searched until find the appropriate

mode.
Flash_AVL Maintains the Flash IC supported by SDK, refer to Fig 16-1 for detailed information.
flash_init_userdef Initializes the parameters in this function in order to adopt user-defined Flash on Ameba-D.

16.2.1 Flash Classification

Ameba-D support Flash chips of multi-vendor; such Winbond, MXIC, Gigadevice, ESMT etc. The Flash chips which have been verified on Ameba
platform can be found in UM0400 Ameba Flash AVL.pdf. We divide the supported Flash into 6 species as Table 16-3 shows according to their
characteristics, and they can be used on Ameba-D.directly.

Table 16-3 Flash species

Flash classification Manufacture Flash ID
FlashClass1 Winbond OxEF
FM 0xAl
XTX 0x0B
XTX (FT) OXOE
FlashClass2 GD (GD normal) 0xC8
FlashClass3 MXIC (MXIC normal) 0xC2
Hua Hong 0x68
GD (GD MD serial) 0x51
FlashClass4 ESMT 0x1C
FlashClass5 Micron 0x20
FlashClass6 MXIC (MXIC wide-range VCC) 0x28C2

For a new Flash chip that is not available in AVL, users should follow these steps to check if it can be 'sdpported by Ameba-D.
(1) Review Flash datasheet to collect essential information
u Flash ID
B Number of Flash status register and the definition (QE, BUSY, WEL, BP etc.)
B Flash Commands (Write/Read status register, Read, Read Dual/Quad Output/IO, Page Program, Sector/Block/Chip Erase,
Enter/Release from Power-down etc.)
| Dummy cycle number of Read Dual/Quad Output/IO mode
(2) Check if these parameters match with those of the existing species
a)  If the Flash belongs to one of the Realtek defined classes, it is already supported by SDK and you can use it directly.
b)  If all the parameters except Flash ID match with those of one species, user should add the Flash ID into Flash_AVL table in SDK
before using it, as Fig 16-1 shows.
c) If both the Flash parameters and Flash ID mismatch with the existing species, user should define the parameters in function
flash_init_userdef.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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const FlashInfo_ TypeDef Flash AVLI[]

/*£flash_id,

Realtek defined

{0xC8,
{0x28C2,
{0xC2,
{0x68,
{0x51,
{oxiC,
{0x20,

/* cased-

AR,

new

rarreren G0

{0x00,

/% End
{OxFF,

7

flash id mask,

{

class,

flash_class, status_mask, FlashInitHandler */

any modification is not allowed */

0x00f FlashClpss1, 0x000043FC NULL}, /* Winbond: MANUFACTURER_ID WINBOND */
FlashClassl, 0x0 NULL}, /* Fudan Micro: MANUFACTURER_ID FM */
FlashClassl, 0x00( NULL}, /* XIX */
FlashClassl, 0x00004 NULL}, /* XIX(FT) */
FlashClass2, 0x0 4 NULL}, /* GD normal: MANUFACTURER ID GD */
0x0000 = FlashClassé, 0x00020¢ NULL}, /* MXIC wide-range VCC: MANUFACTURER ID MXIC */
0x000000 FlashClass3, 0x00000¢ NULL}, /* MXIC normal: MANUFACTURER ID BOHONG */
FlashClass3, 0x00000(¢ b NULL}, /* Hua Hong */
FlashClass3, 0x000000FC, NULL}, /* GD MD serial */
FlashClass4, 0x0 0f 5 NULL}, /* ESMT: MANUFACTURER ID EON */
FlashClassS, 0x000000FC, NULL}, /* Microm: MANUFACTURER ID MICRON */
flash, ID is not included in casel list, but specification is compatible with FlashClassl~FlashClassé */
0x0000XXXX, FlashClassX, 0x0000XXXX, NULL},
£lash, ID is not included in casel list, and specification is not compatible with FlashClassl~FlashClassé */
Px000000FF, FlashClassUser, &flash_init_userdef},
NI BFFFFF, FlashClassNone, OxFFFFFFFF, NULL},

16.2.1.1 Dummy Cycles

Fig 16-1 Flash_AVL

When reading Flash, host sends command and address to Flash. After that host needs to send dummy cycles to Flash before it sends data back.
The number of dummy cycles is various for different réad modes.

The following section shows you how to find dummy cycles from Flash datasheet.

Taking Winbond W25Q16JV for an example:

Application Note

There are 6 dummy cycles in Read Quad /0O mode, as Fig 16-2 shows.
There are 4 dummy cycles in Read Dual I/O mode, as Fig 16-3 shows:

The number of dummyiclock between Addr

and Data phase H
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H H H —
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i : Byt | Byez | Byiws

Fig 16-2 Fast read quad I/O instruction sequence
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DI
1oy
DO
{0,
. =S8 /
o el The number of dummy
ol - clock between Addr an
1o - Data phase
I
(10,) -«
Fig 16-3 Fast read dual I/O instruction sequence
Users can find the dummy cycle of Read Quad Output and Read Dual Output mode in the same way.
16.2.1.2 Other Parameters
The parameters comparison of these species are listed.in Table 16-4.
Table 16-4 Parameters comparison of different Flash species
Item Parameter FlashClass 1 (| “FlashClass 2 | FlashClass 3 | FlashClass 4 | FlashClass 5 | FlashClass 6
Status Register | Status Register Number 2 2or3 1 1 1 1
QE bit Bit[9] Bit[9] Bit[6] No exist No exist Bit[6]
BUSY bit Bit[0]
WEL bit Bit[1]
Dummy Cycle READ 0 0 0 0 0 0
DREAD (11/20 Read) 8 8 8 8 3 8
2READ (2*1/0 Read) 4 4 4 4 5 4
QREAD (11/40 Read) 8 8 8 8 5 8
4READ (4*1/0 Read) 6 6 6 6 9 6
Command Write Enable 0x06 0x06 0x06 0x06 0x06 0x06
Read JEDEC ID Ox9F Ox9F Ox9F Ox9F Ox9F Ox9F
Read Status Register 1 0x05 0x05 0x05 0x05 0x05 0x05
Read Status Register 2 0x35 0x35 - - - -
Write Status Register 1 0x01 0x01 0x01 0x01 0x01 0x01
Write Status Register 21 - -/0x31 - - P -
Chip Erase 0x60 0x60 0x60 0x60 0xC7 0x60
Block Erase 0xD8 0xD8 0xD8 0xD8 0xD8 0xD8
Sector Erase 0x20 0x20 0x20 0x20 0x20 0x20
Power-down 0xB9 0xB9 0xB9 0xB9 0xB9 0xB9
Release from Power-down O0xAB O0xAB 0xAB 0xAB O0xAB OxAB
READ 0x03 0x03 0x03 0x03 0x03 0x03
DREAD (11/20 Read) 0x3B 0x3B 0x3B 0x3B 0x3B 0x3B
2READ (2*1/0 Read) 0xBB 0xBB OxBB 0xBB OxBB 0xBB
QREAD (11/40 Read) 0x6B 0x6B 0x6B 0x6B 0x6B 0x6B
4READ (4*1/0 Read) OxEB OxEB OxEB OxEB OxEB OxEB
Read Configuration Register? | - - - - - 0x15
Write Configuration - - - - - -
Register3
Note 1:

®  For FlashClass1, the Write Status Register 2 is written together with the Write Status Register 1 using 0x01, as Fig 16-4 shows.
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®  For FlashClass2, when GD density is less than 2MB, the Write Status Register 2 is written together with the Write Status Register 1 using
0x01, as Fig 16-4 shows. When GD density is larger than 2MB, the Write Status Register 2 is written individually using 0x31, as Fig 16-5

shows.
Note 2: For MXIC wide-range VCC, the Read Configuration Register would be checked whether the chip is in high performance mode by default

once power-on, as Fig 16-6 shows. If not, we would switch it to high performance mode.
Note 3: For MXIC wide-range VCC, the Write Configuration Register is written together with Write Status Register using 0x01, as Fig 16-7

shows.

|-— Instruction (01h) —+— Status Register 1 in —+— Status Register 2 in —..|
DI
10p LN XXX X3 X2 X X o XX XXz XX o)X o X e X_X
* *

High Impedance

Fig 16-4 Write Status Register 1 & 2 sequence (FlashClass1, FlashClass2 when density < 2M)

o —\ /

R
le—— Command —

st 777 01H/31H/11H

01 2 3 4 567 8 9101112131415

Status Register in

KIXEXIXG) XXX /L1111 1111 TTT

SO

Moded O 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15

Mode0 |o command —*|

s [ 5 KL PO TR,

Configuration register-1 Out | Configuration register-2 Out

© High-Z 7XeXsXaXaX2¥1Yo 696990@

MSB MSB

Fig 16-6 Read Configuration Register sequence (FlashClass6)
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Mode3 0 1 2 3 45 6 7 B 91011121314 151617 18 19 2021 22 23 24 2526 27 2829 30 31

Status
Register In

~+—— Configuration ——
Register -1 In

|~+—— Configuration
Register -2 In

s I o

High-Z M38

S0

Fig 16-7 Write Status Register and Write Configuration Register sequence (FlashClass6)

16.2.2 FlashClass1™ FlashClass6

Table 16-5 lists the parameters for FlashClass1 to FlashClass6 which cannot be modified by users.

Table 16-5 Parameters of different Flash classification (FlashClass1 ~ FlashClass6)
Flash classification Command list Note
FlashClass1 FLASH_InitStruct->FLASH_Id ='FLASH_ID_WINBOND;

/*1.1 status bit define */
FLASH_InitStruct->FLASH_QuadEn_bit = BIT(9);
FLASH_InitStruct->FLASH_Busy_bit = BIT(Q)}
FLASH_InitStruct->FLASH_WLE_bit = BIT(1)¢
FLASH_InitStruct->FLASH_Status2_exist = 1;

/*1.2 dummy cycle */
FLASH_InitStruct->FLASH_rd_dummy_cyle[0] = 0;
FLASH_InitStruct->FLASH_rd_dummy_cyle[1] = 0x04;
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x06;

/*1.3 set 2 bits mode command */
FLASH_InitStruct->FLASH_rd_dual_io = OxBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4 set 4 bits mode command */
FLASH_InitStruct->FLASH_rd_quad_io = OXEB;
FLASH_InitStruct->FLASH_rd_quad_o = Ox6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = 0x9F;
FLASH_InitStruct->FLASH_cmd_rd_status = 0x05;
FLASH_InitStruct->FLASH_cmd_rd_status2 = 0x35; //FLASH_CMD_RDSR2
FLASH_InitStruct->FLASH_cmd_wr_status = 0x01;
FLASH_InitStruct->FLASH_cmd_wr_status2 = 0;
FLASH_InitStruct->FLASH_cmd_chip_e = 0x60;
FLASH_InitStruct->FLASH_cmd_block_e = 0xDS;
FLASH_InitStruct->FLASH_cmd_sector_e = 0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release = OxAB;
FLASH_InitStruct->FLASH_cmd_pwdn = 0xB9;

FlashClass2 FLASH_InitStruct->FLASH_Id = FLASH_ID_GD; FLASH_cmd_wr_status2
would be set when density
/*1.1 status bit define */ is larger than 2MB in SDK.
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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FLASH_InitStruct->FLASH_QuadEn_bit = BIT(9);
FLASH_InitStruct->FLASH_Busy_bit = BIT(0); //WIP
FLASH_InitStruct->FLASH_WLE_bit = BIT(1); //WLE
FLASH_InitStruct->FLASH_Status2_exist = 1;

/*1.2 dummy cycle */
FLASH_InitStruct->FLASH_rd_dummy_cyle[0] = 0;

FLASH_InitStruct->FLASH_rd_dummy_cyle[1] = 0x04; //(M7-4)2 + 2 dummy
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x06; //(M7-0)2 + 4 dummy

/*1.3 set 2 bits mode command */
FLASH_InitStruct->FLASH_rd_dual_io = 0xBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4set 4 bits mode command */
FLASH _[InitStruct->FLASH_rd_quad_io = OxEB;
FLASH_InitStruct->FLASH_rd_quad_o = 0x6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = Ox9F;
FLASH_InitStruct->FLASH_emd_rd_status = 0x05;
FLASH_InitStruct->FLASH_tmdrd_status2 = 0x35;
FLASH_InitStruct->FLASH_cmd_wi status = 0x01;
FLASH_InitStruct->FLASH_cmd_wi_status2 = 0;
FLASH_InitStruct->FLASH_cmd_chip”e = 0x60;
FLASH_InitStruct->FLASH_cmd_block_e ='0xD8;
FLASH_InitStruct->FLASH_cmd_sector_e =(0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release =/0xAB;
FLASH_InitStruct->FLASH_cmd_pwdn = 0xB9;

FlashClass3

FLASH_InitStruct->FLASH_Id = FLASH_ID_MXIC;

/*1.1 status bit define */
FLASH_InitStruct->FLASH_QuadEn_bit = BIT(6);
FLASH_InitStruct->FLASH_Busy_bit = BIT(0); //WIP
FLASH_InitStruct->FLASH_WLE_bit = BIT(1); //WLE
FLASH_InitStruct->FLASH_Status2_exist = 0;

/*1.2 dummy cycle */
FLASH_InitStruct->FLASH_rd_dummy_cyle[0] = 0;
FLASH_InitStruct->FLASH_rd_dummy_cyle[1] = 0x04;
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x06;

/*1.3 set 2 bits mode command */
FLASH_InitStruct->FLASH_rd_dual_io = OxBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4 set 4 bits mode command */
FLASH_InitStruct->FLASH_rd_quad_io = OxEB;
FLASH_InitStruct->FLASH_rd_quad_o = 0x6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = Ox9F;
FLASH_InitStruct->FLASH_cmd_rd_status = 0x05;
FLASH_InitStruct->FLASH_cmd_rd_status2 = 0;
FLASH_InitStruct->FLASH_cmd_wr_status = 0x01;
FLASH_ InitStruct->FLASH_cmd_wr_status2 = 0;
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FLASH_InitStruct->FLASH_cmd_chip_e = 0x60;
FLASH_InitStruct->FLASH_cmd_block_e = 0xDS;
FLASH_InitStruct->FLASH_cmd_sector_e = 0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release = OxAB;
FLASH_InitStruct->FLASH_cmd_pwdn = 0xB9;

FlashClass4

FLASH_[nitStruct->FLASH_Id = FLASH_ID_MXIC;

/*1.1 status bit define */
FLASH_InitStruct->FLASH_QuadEn_bit = 0;
FLASH_InitStruct->FLASH_Busy_bit = BIT(0); //WIP
FLASH_InitStruct->FLASH_WLE_bit = BIT(1); //WLE
FLASH_InitStruct->FLASH_Status2_exist = 0;

/*1.2 dummy cycle */

FLASH _hitStruct->FLASH_rd_dummy_cyle[0] = 0;
FLASH_InitStruct->FLASH_rd_dummy_cyle[1] = 0x04;
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x06;

/*1.3 set 2 bits'mode command */
FLASH_InitStruct->FLASH_rd_dual_io = 0xBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4 set 4 bits mode command:*/
FLASH_InitStruct->FLASH_rd_‘quad’io = OXEB;
FLASH_InitStruct->FLASH_rd_quad_o = 0x6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = Ox9F;
FLASH_InitStruct->FLASH_cmd_rd_status = 0x05;
FLASH_InitStruct->FLASH_cmd_rd_status2 = 0;
FLASH_InitStruct->FLASH_cmd_wr_status = 0x01;
FLASH_InitStruct->FLASH_cmd_wr_status2 = 0;
FLASH_InitStruct->FLASH_cmd_chip_e = 0x60;
FLASH_InitStruct->FLASH_cmd_block_e = 0xDS;
FLASH_InitStruct->FLASH_cmd_sector_e = 0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release = OxAB;
FLASH_InitStruct->FLASH_cmd_pwdn = 0xB9;

FlashClass5

FLASH_[nitStruct->FLASH_Id = FLASH_ID_MICRON;

/*1.1 status bit define */
FLASH_InitStruct->FLASH_QuadEn_bit = 0;
FLASH_InitStruct->FLASH_Busy_bit = BIT(0);
FLASH_InitStruct->FLASH_WLE_bit = BIT(1);
FLASH_InitStruct->FLASH_Status2_exist = 0;

/*1.2 dummy cycle */
FLASH_InitStruct->FLASH_rd_dummy_cyle[0] = 0;

/* set Micron rd_dummy_cyle based on baud rate, default 100MHz */

FLASH_InitStruct->FLASH_rd_dummy_cyle[1] = 0x05;
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x09;

/*1.3 set 2 bits mode command */
FLASH_InitStruct->FLASH_rd_dual_io = OxBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4 set 4 bits mode command */
FLASH_ InitStruct->FLASH_rd_quad_io = OxEB;
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FLASH_InitStruct->FLASH_rd_quad_o = 0x6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = Ox9F;
FLASH_InitStruct->FLASH_cmd_rd_status = 0x05;
FLASH_InitStruct->FLASH_cmd_rd_status2 = 0;
FLASH_InitStruct->FLASH_cmd_wr_status = 0x01;
FLASH_InitStruct->FLASH_cmd_wr_status2 = 0;
FLASH_InitStruct->FLASH_cmd_chip_e = 0xC7;
FLASH_InitStruct->FLASH_cmd_block_e = 0xDS;
FLASH_ InitStruct->FLASH_cmd_sector_e = 0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release = 0xAB;
FLASH_ InitStruct->FLASH_cmd_pwdn = 0xB9;

FlashClass6

FLASH _IfitStruct->FLASH_Id = FLASH_ID_MXIC;

/*1.1 status/bit define */
FLASH_InitStruct->FLASH_QuadEn_bit = BIT(6);
FLASH_InitStruct->FLASH_Busy_bit = BIT(0); //WIP
FLASH_InitStruct->FLASH_WLE_bit = BIT(1); //WLE
FLASH_InitStruct->FLASH_Status2_exist = 0;

/*1.2 dummy cycle */
FLASH_InitStruct->FLASH_rd_dummy_cyle[0] = 0;
FLASH_InitStruct->FLASH_rd_dummy_.cyle[1] = 0x04;
FLASH_InitStruct->FLASH_rd_dummy_cyle[2] = 0x06;

/*1.3 set 2 bits mode command */
FLASH_InitStruct->FLASH_rd_dual_io = OxBB;
FLASH_InitStruct->FLASH_rd_dual_o = 0x3B;

/*1.4 set 4 bits mode command */
FLASH_InitStruct->FLASH_rd_quad_io = OXEB;
FLASH_InitStruct->FLASH_rd_quad_o = 0x6B;

/*1.5 other Flash command set */
FLASH_InitStruct->FLASH_cmd_wr_en = 0x06;
FLASH_InitStruct->FLASH_cmd_rd_id = Ox9F;
FLASH_InitStruct->FLASH_cmd_rd_status = 0x05;
FLASH_InitStruct->FLASH_cmd_rd_status2 = 0;
FLASH_InitStruct->FLASH_cmd_wr_status = 0x01;
FLASH_InitStruct->FLASH_cmd_wr_status2 = 0;
FLASH_InitStruct->FLASH_cmd_chip_e = 0x60;
FLASH_InitStruct->FLASH_cmd_block_e = 0xDS;
FLASH_InitStruct->FLASH_cmd_sector_e = 0x20;
FLASH_InitStruct->FLASH_cmd_pwdn_release = OxAB;
FLASH_InitStruct->FLASH_cmd_pwdn = 0xB9;

16.3 pinmapcfg.c

When entering sleep and deepsleep mode, I/O pull control is needed. Otherwise it results in power leakage. For example, UART voltage level is
high. If we pull down UART pin or not pull, then power leakage happens. So we must make sure that each pin has proper pull control.

In SDK, you should set GPIO function pull control and sleep pull control in pmap_func based on your PCB board, and SDK will set pull control
based on your setting between suspend and resume.
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const PMAP_TypeDef pmap_func(]=

{
Jf Pin Name Func PU/PD
pa_D, GPIO_PuPd_DOWN,
{Fa_1, GPIO_PuPd_DOWN,

{ Pa_z, GPIO_PuPd_DOWN,

{ Pa_3, GPIO_PuPd_DOWN,
{_Pa_4 GPIO_PuPd_DOWN,
{_PA_S, GPIO_PuPd_DOWN,
{ Pa_6, GPIO_PuPd_DOWN,
{ Pa_7 GPIO_PuPd_KEEP,
{Pa_s, GPIO_PuPd_KEEP,
{_Pa_g, GPIO_PuPd_UP,
{_Pa_10 GPIO_PuPd_UP,
{_Pa_11 GPIO_PuPd_UP,
{ Pa_12f GPIO_PuPd_DOWN,
{ Pa_13, GPID PuPd_DOWN,
{_Pa_14, PID _PuPd_DOWN,
{_PA_1E, uPd_DOWN,
{_PA_15, j Pd_DOWN,
PA_17, d_DOWN,

{

{

{ _Puph=
{_Pa_z0, GPIO_PuPd_D
{_Pa_21, Gmo_pupd_ﬁk
{ Pa_23, GPIO_PuPd

{_PB_z9, GPIO_PuPd_DOWN,

{_PB_30 GPIO_PuPd_UP,
{_PB_31, GPIO_PuPd_DOWN,
{_PNC, GPIO_PuPd_KEEP,

{_Pa_z23, GPIO_PuPd_UP,
{_PA_24, GPIO_PuPd_UP,
{_Pa_25, GPIO_PuPd_DOWN,
{_Pa_26, GPIO_PuPd_DOWN,
{_Pa_27, GPIO_PuPd_KEEF,
{_Pa_28, GPIO_PuPd_DOWN,
{_Pa_29, GRIO_PuPd_UP,
{_Pa_30, GPIO_PuPd_UP,
{_Pa_31, GPIO_PuPd_UP,
{_pa_0, GPIO_PuPd_UP,
{_pa_1, GPIO_PuPd_uUP,
{_pa_2, GPIO_PuPd_uP,
{_pB_3, GPIO_PuPd_DOWRN,
{_PB_4, GPIO_PuPd_DOWN,
{_PB_5S, GPIC_PuPd_DOWN,
{_PB_5, GPIO_PuPd_DOWN,
f/{_PB_6, [FPIO_PuPd_UP,
{_PB_7, GPIO_PuPd_DOWHN,
{_PB_8, GRIO_PuPd_UP,
{_P8_9, GPIO_PuPd_UP,
{_PB_10, GPIO_PuPd_UP,
{_pPB_11, GPIO_PuPd_up,
{_PB_12, GPIO_PuPd_UP,
{_PB_13, GPIO_PuPd_UP,
{_PB_14, GPIO_PuPd_UP,
{_PB_15, GPIO_PuPd_UP,
{_PB_18, GPIO_PuPd_UP,
{_PB_17, GPIO_PuPd_UP,
{_PB_18, GPIO_PuPd_DOWRN,
{_pPB_19, GPIO_PuPd_DOWN,
{_pB_20, GPIO_PuPd_DOWN,
{_pB_21, GPIO_PuPd_DOWRN,
{_PB_22, GPIO_PuPd_DOWN,
{/{_PB_22, GPIO_PuPd_NOPULL,
{_PB_23, GPIO_PuPd_DOWN,
{_PB_24, GPIO_PuPd_DOWN,
{_pB_25 GPIO_PuPd_DOWN,
{ PB_26 GPIO_PuPd_DOWHN,
{_PB_27 GPIO_PuPd_UP,

{ PB_28, GPIO_PuPd_UP,

Slp PU/PD

GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPID _PuPd_KEEP,

PIO_PuPd_KEEP,
69 O_PuPd_KEEP,
PuPd_KEEP,

uPd_KEEP,
GPI d_KEEP,
GPIOYN EEP,
GPIO_P EP‘
GPIO_| PuP
GPIO_PuPd K

GPIO_PuPd KEEQ
GPIO_PuPd_KEE /’

GPIO_PuPd_KEEP,

GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,

GPIO_PuPd_DOWRN,
GPIO_PuPd_DOWN,

GP1O_PuPd_KEEP,
GPIO_PuPd_KEEP,

GPIO_PuPd_DOWN,

GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,

DSlp PU/PD
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
0_PuPd_KEEP,
O_PuPd_KEEP,
PuPd_KEEP,
G Pd_KEEP,
GPT EP,
GPIO_P KEEP,
GPIO_Pu X
GPIO_PuP EP
GPIO_PuPd_KE
GPIO_PuPd_KE
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,
GPIO_PuPd_KEEP,

7,

LowPowerPin
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSE}, ¢/
FALSEY}, ¢/
FALSEY}, // UART_LOG_TXD
FALSE}, // UART_LOG_RXD
FALSEY}, //
FALSEY}, //
FALSE}, //
TRUE]}, // keyscan
TRUE], // keyscan
TRUE}, // keyscan
TRUE}, // keyscan
TRUE}, // keyscan
TRUE}, // keyscan
TRUE}, // keyscan
TRUE}, // keyscan
TRUE]}, // keyscan
TRUE}, // keyscan
FALSEY}, //
FALSEY}, //
FALSE}, //
TRUE}, // keyscarn
TRUE}, // keyscan
FALSEY}, // SWD_DATA or normal_mode_se!
FALSE?}, //
FALSE}, //
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSE}, //
FALSEY}, //
FALSEY}, //SWD_CLK
FALSE}, ¢/ Touchd
FALSEY}, ¢/ Touchl
FALSE}, // Touch2
FALSEZ},
FALSE}, // Touch3
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSEY}, //
FALSE}, //SPI_DATAZ
EY, //SPL_CLK
B}, /S SPI_DATAD
./ SPI_DATAZ
.r'.-r SPL_CS

P‘LDATAI
F.ﬂ.LEE
FALSE},

FALSE}, f

FALSE}, //f
FALSE}, .-’ﬂﬂ o
FALSE},

FALSE}, //
FALSE}, //
FALSEY}, //
FALSEY}, // fix antanna
FALSE}, //
FALSE}, //
FALSE}, //
FALSE}, //
FALSEY, //f
FALSE}, //table end

ne- pull when you use IR

not use issue

’?/
0
N4

16.4 sleepcfg.c

This file should be kept the default settings, you can only change it with Realtek RD’s help.
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16.5 bootcfg.c

Bootloader can be configured through this file, as Table 16-6 and Fig 16-8 show.

Table 16-6 User bootcfg

Configuration items

Comment

Flash_MMU_Config

Used for MMU configuration. OTA2 address mapping should be settled here.

OTA_Region

OTA start address

RSIP_Mask_Config

RSIP mask configure

Force_OTA1_GPIO

Force OTA1 GPIO configuration

Boot_Log En

Used to disable Realtek boot log

FwCheckCallback

Firmware verify callback handler

OTASelectHook

Firmware select hook

Application Note
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I

L)
F @hbrif MMU Configuration.
* There are 8 MMU entries totally, Entry O B Entry 1 are already used by OTA, Entry 2~7 can be used by Users,
7
L
BOOT_RAM_DATA_SECTION
MMLU_CaonfO=f Flash_MMU_Config[] = {

S Fyiaddrstart, WAddrEnd, Paddrstart, PaddrEnd¥/
{!:N:FFFFFFFF. OxFFEEFEEFE, OxFFEFEEEE, !::FFFFFFFF}. ## Enbry 2
{EXFFFFFFFF. OxFFFEFFEF, IxFFFFFEEE, EKFFFFFFFF}, ## Enbry 3
{EXPPPPPPPP. O0xFFFFFEFEF, O0xFFFFEEEE, !)(PPPPPE'E'E':S, F#fEnbry 4
{!:N:FFFFFFFF. OxFFEEFEEFE, OxFFEFEEEE, !::FFFFFFFF}. ##Enbry 5
{ExFFFFFFFF. OxEFFEEFEEE, OxFFEFEEEE, E::FFFFFFFF:’. ##Enbry &
{EXPPPPE’E’E’E’. OxEFEEFEEFE, IxFFEEFEEE, E)(E'PPPPE'E'E':S, ffEnbry 7
{!xE’E’E’E’E’E’E’E’. O0xEFEEEEEFE, O0xFFEFEEEE, !J(E'E'E'E'E'E'E'E':S.

1,
i F
i

= @brif OTA start address, Because KMO B KMd4 IMGZ are combined, users enly need to set the start address
R of KMO IMGZ.
=
EeC 7/ RAM_DATA_SECTION
uZ20OTA_Region[z] = {
D000 EQaT, [/ * OTAIL region start address &/
Dxche1a€aan, [ F OTAZ regien start address */
HH

i ¥

L

* @brif  RSIP Mask Cenfiguratien.

= There are 4 RSP mask entries totally, Entry O is already used by System Data, Entry 2 is reserved by Realtek,
* Cnly Entry 1 B Entpy 2 can be used by Users,

® MaskAddr: start address for RSIP Mask, should be 4KE sligned]

= MaskSize: size of thevmask area, unit is 4KB

i
BOOT_RaM_DaTa_secTioN
RSIP_MaskDef RSIP_Mask_Config[}/=\{

J FMaslkaddr, MaskSize®/

{ox080010040, al, /7 Enlify 0: dlasystem dats & 4K backup & DPK

/¥ custemer can set here ¥/

{ 0xFFFEFFEF, OXEEEE},  /fEnby 1: 2o g wsed by users

{0xFFEFEEEE, OxEFEEY,  //Emby 2: carf b ussdhy ussis

{ 0xFFFFEFEE, 0xEEFE}, //Enbry 3: Reserveg By Realbek. If ROP ic not vsed, this anbry can be used by veers,

/ * End */

{ OwEEEEEEEE, OxEFEE},
b
| FF

L
* @brif GPIO ferce OTAL as imageZ, 0xFF means force OTAIriggeris disabled,
* BIT[7]: active level, O is low level active, 1 is high level active,
F  BIT[6:5]: port, 0 is PORT_A, 1 is PORT_BE
= BIT[4:0]: pin num O~31
Ff
i
BOOT _RAM_DATA SECTION
uZ Force OTA1_GPIO = 0xFF:

i FE

* @brif boot leg enable er disable.
= FALSE: disable

= TRUE: enzble

$|'.I

BOOT_RAM_DATA_SECTION

uZ Boot_Log_En = FALSE:

i ®E

* @brif Firmware verify callback handler,

= If users nesd to verify checksum, hash for image2, implement the functien and assign the address
= te this function pointer.

* @param Mane

¥ @retval 1: Firmware verify successfully, 0: verify failed

7

L
BOOT_RAM_DATA_SECTION
FuncPtr PwCheckCallback = MULL;

i ®E
/

F @brif Firmware select hoal:,

= If users need to implement own OTA select method, implement the function and assign the address
= te this functicn pointer.

* @param Mane

* @retval O: bath firmwares are invalid, select none, 1: boot fram OTAL, 2: boot from OTAZ

EX

BOOT_RAM_DATA_SECTION

FuncPtr OTASelectHook = MIULL;

Fig 16-8 User bootcfg

All information provided in this document is subject to legal disclaimers.
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16.6

ipccfg.c

You can add IPC entry referring to Fig 16-9, so that KM4 & KMO can send message to each other by the method you defined.

For USER_MSG_TYPE:

® |PC_USER_POINT: Message in IRQFUNC is a pointer (address).
[ ] IPC_USER_DATA: Message in IRQFUNC is just a value.

O o

#if defined (ARM_CORE_CM4)

const IPC_INIT TABLE ipc_init

{ | USER_MSG_TYPE
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,

{IPC_USER_DATA,
{IPC_USER_DATA,
J1BC_USER_DATA,
{IPC_USER_DATA,
{IFC_USER_DATA,
{IPC_USER_DATA,
{1PCAUSER_DATA,
{1PCLUSERDATA,
{1PC_0OSERJDATA,
{IPC_USERZDAT A,
{1PC_USERIDATA,
{IPC_USER_DBTA,
{IPC_USER_DATA
{IPC_USER_DATA¢
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,

{ 0xEFFEEFEE, OFF,

1

#else
#if CONFIG_WIFI_FW_EMN

-_config[] =
IRQFUNC

shell_switch_ipc_int,

NULL,

IRQDATA

(WOID™) NULLY,// chanmel 0: IPC_INT_CHAN_SHELL_SWITCH
[WOID™) NULLY,//chammel 2: IPC_INT_CHAN_WIFLFIWY

FLASH_Write_IPC_Int,
{IPC_USER_POINT, NULL,

NULL,
MNULL,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
MNULL,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
MULL,
NEILL,

[WOID®) NULL}./,
I_VOID“ MULL}

[VOID¥) NULL}./
[WOID™) NULL3 ./ chammel 5:
[WOID) NULLY.
[VOID™) NULLY.s
[WOID®) NULL}
WOID™) NULL3.

WOID®) NULL}.
WOID™) NULL3.
[VOID™) NULL},/

[WOID™) NULL s
WOID™) NULL3.
wom*‘ NULLY.y

WOID™) NULL}./reh
[WOID*) NULLY.
WOID™) NULL}.
[WOID) NULLY.
WOID™) NULLY i/
[WOID®) NULL}
WOID™) NULL3.
WOID™) NULL}
[WOID*) NULLY.
WOID™) NULL3.
(WOID%) NULLY
WOID™) NULLY

OFF}, / * Table end */

extern void drIVEr fw_flow _IpC_INt(voID *pata, u32 IrgStatus, u32 ChanNum);
=define fw_flow_ipc_int driver_fw_flow_ipc_int

#else
=define fur_flow_ipc_int NULL
#endif

const IPC_INIT_TAELE ipc_init_config[] =

! | USER_MSG_TYPE
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,

{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,
{IPC_USER_DATA,

{ 0xEFFEEFEE, OFF,

i
#endif

IRQFUNC

shell_switch_ipc_int,

fue_flow_ipc_int,

IR QEAT A

: Resenved for Realtek use
Res=rred for Realbek use
. Reserved for Realtek use
* Resmrved for Realt=k use
: Ressrved for Realbzk use
9: Ressrved for Realtek use
IVOID*‘ NULL},/ /chanmel 10:
: Reserved for Realt=k use

: Reserved for Reslb=k use

: Reserved for Realtek use

: Reserved for Reslt=k use

: Ressrved For Realt=k use

: Resmrved for Customer use
: Ressrved For Cusbomer use
: Ressrved For Customer uss
: Ressrved for Cusbomer use
: Ressrved For Customer uss
: Resmrved for Customer use
: Reserved for Custormer use
: Resmrved for Customer use
: Ressrved For Cusbomer use
: Ressrved For Customer uss
: Ressrved for Cusbomer use
"> Ressrved For Customer uss
: Ressrved for Customer use
9: Reserved for Customer use
: Reserved for Customer use
IVOID*‘ NULL}(// channet 31:

Reserved for Realt=k use

Rese=rved For Customer use

(WOIDF) NULLY,// chanmel QfI0GEnINT_ CHAN SHELL SWITCH

FLASH_Write_IPC_Int,
{IPC_USER_POINT, kmé4_tickless_ipc_int,

NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
MNULL,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
MNULL,
NULL,
MNULL,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
MNULL,
NULL,
NULL,
NULL,
NULL,
NULL,

I\.‘OID“ MULL}
(VOID™) NULL} 3o fchannel

WOID™) NULLY i/
[WOID®) NULL}
(WOID®) NULLY./
WOID™) NULL}
[WOID®) NULLY ./
WOID™) NULL3.
[WOID) NULLY.
WOID™) NULL.
(WOID™) NULLY,,
(WOID®) NULLY./
WOID™) MULLY,s
WOID®) NULLS.
WOID™) NULL3.
[WOID) NULLY.
WOID™) NULL3.
(WOID*) NULLY,,
(WOID®) NULLY./
[WOID®) NULL}
WOID™) NULL3.
|\.'om*‘ MULLY,s

WOID™) NULLY i/
(WOIDT) NULLY,
[VOID™) NULL}./

I\.’OID*‘ NULLY, /7

OFF}, / * Table end =/

(WOID™) IPCM4_DEVY./ dhannel 1: IPC_INT_CHAN_WIFLFV

/ chandedd: IPC_INT_CHAN_FLASHPG REQ

3: [PC_INT._KMd_JECKIESS INDICATION

/OIDT) NULLY,// chafnel 46 Ressnosd for Realtzk use
el S/ Recaniad for Aeaibeic voe
el EnBéSsepfed for Realtek uss
el 7: Reg=nceg fop Real=k use

1/ channel 8: Resepfedfor Aealtek vse
el 9: Ressnéd jor Realtek uss

: Reserved for Aesibei uoe

: Reserved FopRe=ali=i vse

: Reserved for Aesifeir use

: Reserved for Relliciiiss

: Reserved for Real=l o

: Reserved for Realbek sy

: Reserved for Customer uss
© Reserved for Customer uee
: Ressrved for Customer uss
: Reserved for Customer uee
: Ressrved for Customer uss
: Recerved for Customer uee
: Reserved for Customer use
: Ressrved for Customer use
: Reserved for Customer use
: Ressrved for Customer use
: Reserved for Customer use
: Ressrved for Customer use
: Recerved for Customer uee
9: Reserved for Custormer use
s : Ressrved for Customer uss
(WOID™) NULL b/ chammel 32 -

Reszrved for Customer use

Fig 16-9 User ipccfg

Use IPC channel 16~31 and IPC semaphore index 8~15, Channel 0~15 and semaphore index 0~7 are reserved for Realtek use.
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16.7 Ip_intfcfg.c

UART low power Rx enable/disable can be configured through this file.

4

-

UARTCFG_T ypeDef uart_config[z]=
| .u"r FUARTO */

LOW_POWER_R¥_EMNABLE = DISABLE, / *Enable low power RXF/
*-",I: UARTL ¥/

.LOW_POWER_R¥_ENABLE = DISABLE,

16.8 hp_intfcfg.c

PSRAM parameters, SDIO host parameters and FTL parameters can be configured through this file.

#include "ameba_soc.h"
#include "autoconf.h”

PSRAMCFG_TypeDef psram_dev_config = {
.psram_dev_enable = FALSE,
.psram_dev_cal_enable = FALSE,
.psram_dev_retention = FALSE,

i

SDIOHCFG_TypeDef sdioh_config = {
.sdioh_bus_speed = SD_SPEED_HS,

.sdioh_cd_pin = _PB_25,
.sdioh_wp_pin = _PNC,
¥
#if defined(CONFIG_FTL_EMABLED)
#define FTL_MEM_CUSTEM 0
#if FTL_MEM_CUSTEM == 0

#else
const ug ftl_phy_page_num = z;
const u32 ftl_phy_page_start_addr = 0x00102000;

#endif
#endif

// enable psfam
// enable psraft calibration function
// enable psram retgntion

// SD_SPEED_DS'6r8D" SPEED_HS

.sdioh_bus_width = SDIOH_BUS_WIDTH_4BIT, //SDIOH_BUS_WIDTH_1BIT or SBIOH_BUS_WIDTH_4BIT

//_PB 25/ PA &/_PNG

//_PB_24/_PA_5/_PNC

#error "You should allocate flash sectors to for FTL physical map as following, then set FTL_MEM_CUSTEM to 1. For more information, Please refer to Application Note, FTL chapter.

/* The number of physical(map pages, default is 3%/
/* The start offset of flash pages which is allocated to FTL physical map.
Users should modify Meacgording to their own memory layout! ! */

Application Note
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17 Flash Operation

17.1 Functional Description

Ameba-D uses SPI Controller (SPIC) to communicate with SPI NOR Flash.

There are two operation modes for SPIC: auto mode and user mode.

® User mode: A typical software flow to implement all serial transfer. User can transmit or receive data from SPI Flash through setting up
SPIC registers.

[ ] Auto mode: Comparéed®o user mode, auto mode is a hardware control flow to execute. After initialize setting, user don’t need to
configure the related control register for each transfer operation. Auto mode is a convenient way to access SPI Flash just as access
memory (SRAM or DRAM).

The SPIC is initialized automatically in boot sequence, and user must not initialize SPIC manually. The supported mode for different operations
can be found in Table 17-1.

Table 17-1 SPIC operation mode

Flash Operation SPIC Operation Mode
Read data Auto mode/User mode
Program data User mode

Erase User.mode
Receive/transmit command User mode

Note: Auto mode and user mode can’t be used at the same time.

17.2 Protection Method

Considering Ameba-D supports Flash executed in place (XIP), which enables code execute directly in Flash memory without copying to RAM.
Both KMO and KM4 CPU cores can issue request to SPIC in auto mode to read instructions from Flash to execute.

To prevent being interrupted by auto mode reading, the user mode operation should be protectedruntil it is finished. Fig 17-1 shows the flow
of KMO manipulating Flash safely in user mode, which has been protected. The method of KM4 manipulating Flash is in the same way.

The protection methods are implemented in FLASH_Write_Lock() and FLASH_Write_Unlock() functions.(The APIs provided by Realtek in 17.3
and 17.4 are already protected and can be called by users directly.

Note: If users need to implement user mode function by themselves, the code of manipulating SPIC should locate in/RAM instead of Flash. They
should also call FLASH_Write_Lock() before operation and call FLASH_Write_Unlock() to release from protection after operation.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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® Flash operation.in user mode

@ Get KM4 sleep status /

@ Disable all interrupts

© Restore all interrupts

@ Get KM4 wake status 4/’/

@ Flash PG IPC

e

@ Execute “wfe” to enter sleep mode

¥
\
¥

@ Execute “sev” \

Wake up

Fig 17-1 User mode operation flow

17.3 Flash Raw APIs

17.3.1 Read

17.3.1.1 HAL_READ8/HAL_READ16/HAL_READ32

Items

Description

Introduction

Read 1-byte/1-word/1-dword data from Flash in auto mode, just as access SRAM.

Parameters ®  base: the base address of Flash memory. It should be SPI_FLASH_BASE which is 0x08000000.
®  addr: the offset address in Flash memory. It should be byte-aligned for HAL_READS,.wo6rd-aligned for
HAL_READ16 and dword-aligned for HAL_READ32.
Return The read data

17.3.1.2 FLASH_ReadStream

Items

Description

Introduction

Read a stream of data from specified offset address of Flash in auto mode.

Parameters ®  address: specify the starting offset address to read from. It has no alignment restrictions.
® |en: specify the length of the data to read.
®  data: specify the buffer to save the read-back data.

Return Status

[ ] 1: success
[ J Others: fail

Application Note
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17.3.2 Write

17.3.2.1 FLASH_TxDatal2BXIP

Items Description
Introduction Write data to flash in user mode. This function is already protected and can be called by user directly.
Parameters ®  StartAddr: start offset address in Flash from which SPIC writes.
® DataPhaselLen: the number of bytes that SPIC sends in Data Phase. It should not be more than 12 bytes.
[ J pData: pointer to a byte array that is to be sent.
Return N/A

17.3.2.2 FLASH_WriteStream

Items

Description

Introduction

Write a stream.of data to specified address in user mode. This function is already protected and can be called by user
directly.

Parameters ®  address: specifies the starting offset to write to.
® |en: specifies thelength of the data to write. It has no restrictions of less than 12 bytes.
®  data: pointer to a byte-array that is to be written.

Return Status

[ ] 1: success
L d Others: fail

17.3.3 Erase

17.3.3.1 FLASH_EraseXIP

Items Description
Introduction Erase sector/block/chip for Flash in user mode. The function is‘already protected and can be called by users directly.
Parameters (] EraseType: can be one of the following value.

B EraseChip: erase the whole chip.

| EraseBlock: erase the specified block (64KB).

| EraseSector: erase the specified sector (4KB).

[ ] Address: address should be 4-byte aligned. The block/sector which the‘address in will be erased.

Return N/A

17.3.4 Receive/Transmit Command

17.3.4.1 FLASH_RxCmdXIP

Items Description

Introduction Send Rx command to Flash to get status register or Flash ID in user mode. This function is already protected and can be
called by user directly.

Parameters ® cmd: command that need to be sent.
® read_len: the number of bytes that will be read by SPIC after sending command.
[ J read_data: pointer to a byte array which is used to save data received.

Return N/A

17.3.4.2 FLASH_SetStatusXIP

I Items

| Description

Application Note
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Introduction Set Flash status register in user mode. The function is already protected and can be called by users directly.
Parameters L] cmd: command to be sent.

® len: the number of bytes to be sent after sending command.

®  status: pointer to byte array to be sent.
Return N/A

17.4 Flash Mbed APIs

The descriptions of'Elash Mbed APIs can be found in AN403 Peripheral Driver Mbed APl.chm. All these functions have already been protected
and can be called directly.

17.5 User Configuration

Ameba-D provides rtI8721dlp_flashecfg.c to configure Flash speed and read mode.

FEx

* @brif Indicates the flash baudrate. It can be one of the following value:

* B=FFFF : 88MHz
* Bx7FFF: 1@8HlHz
* B=3FFF: 67HMHZ
* Bx1FFF: 57HHZ
* BxBFFF: S8MHz
®/

const w16 Flash_Speed = BxFFEF;

Fig 17-2 Configuring Flash speed

Fxx

*
*
*
*
*
*

=/

# Bbrif Indicate the flash read I/0 mode. It can be one of thé f0llowing value:
BxFFFF:
Bx7FFF:
8x3FFF:
B21FFF:
8xBFFF :
@note If the

Read quad I0, Address & Data 4 bits mode
Read quad 0, Just data 4 bits mode

Read dual I0, Address & Data 2 bhits mode
Read dual 0, Just data 2 bits mode

1 bit mode

configured read mode is not supported, other modes would be/searched until find the appropriate mode.

const ul6 Flash_Readlode = BxFFFF;

Fig 17-3 Configuring Flash read mode

Note: For some Flash chip which is not available in Flash AVL, the principle to determine whether it can be supported by SDK, and the method
to add a new Flash can be found in User Configuration.
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18 Battery Measurement

18.1 Functional Description

LP-ADC has a total of 11 channels, of which 8 are external channels and 3 are internal channels. 8 external battery measurement channels
include 7 normal channels and 1 VBAT channel, as Table 18-1 shows. The VBAT channel measurable range is 0~5V.

Table 18-1 Channel description

Function ADC Channel Pin Name Voltage Range

Normal channel CHO ~ CH6 PB[4] ~ PB[7] (CHO ~ CH3) 0 ~ 3.3V (when power is 3.3V)
PB[1] ~ PB[3] (CH4 ~ CH6) 0~ 1.8V (when power is 1.8V)

VBAT CH7 VBAT_MEAS 0~ 5V

When one channel is added to channel switch list, LP-ADC would convert the voltage of corresponding pin to digital data. The resolution of
digital sample data is 12-bit.

To obtain sample data, auto mode, timer-trigger mode and software-trigger mode can be adopted according to different usages. LP-ADC can
also be configured to send wakeup and interrupt’signal to system when the sample data matches criteria.

18.2 Calibration

The relationship between input voltage and sample data is almostinear. Fig 18-1 shows the conversion of sample data and input voltage of
VBAT_MEAS.

== VBAT

4500
4000
3500
3000
2500
2000
1500
1000

500

Sample Data

0 1 2 3 4 5 6

Voltage

Fig 18-1 Relationship between sample data and input voltage

To obtain voltage from sample data, the following formula can be used:
10 = Data — OFFSET

GAIN

Voltage =

Where

® Data: 12-bit sample data

®  OFFSET: 10 times of sample data of 0.000V

®  GAIN: 10 times of sample data increment when voltage rises 1V

To enhance conversion accuracy, ADC calibration is necessary to obtain precise OFFSET and GAIN parameters for channels.
The calibration operations can be done in FT test. The FT test would sample for different voltages and use Linear Fitting Method to calculate

OFFSET and GAIN. Pay attention that the OFFSET and GAIN values gotten from FT test are 10 times of the actual values. When calculating
voltage using the above two values, they must be divided by 10 first; that is,
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As normal external channels use the same voltage divider circuit, they can use one set of calibration parameters. But VBAT channel need to be

pata — OFFSET

—o — 10 Data — OFFSET

Voltage = =

GAIN
10

V)

calibrated independently. These parameters would be programmed into eFuse after calibration, as Table 18-2 shows.

Table 18-2 Calibration parameters location

Channel Input Mode Parameter Address
Normal (CHO ~ CH6) Single-ended OFFSET Physical map 0x1D0 ~ 0x1D1
GAIN Physical map 0x1D2 ~ 0x1D3
Differential OFFSET Physical map 0x1D8 ~ 0x1D9
GAIN Physical map Ox1DA ~ 0x1DB
VBAT (CH7) Single-ended OFFSET Physical map 0x1D4 ~ 0x1D5
GAIN Physical map 0x1D6 ~ 0x1D7

To calculate voltage from sample data, user only need to obtain calibration parameters from eFuse and call the voltage computational formula.
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19 Wi-Fi

19.1 Wi-Fi Data Structures

Data Structures

Introduction

<_cus_ie> The structure is used to set Wi-Fi custom IE list, and type match CUSTOM_IE_TYPE.
The IE will be transmitted according to the type.

<rtw_ssid> The structure is used to describe the SSID.

<rtw_mac> The structure is used to describe the unique 6-byte MAC address.

<rtw_ap_info>

The structure is used to describe the setting about SSID, security type, password and default channel, used to

start AP mode.

The structure is used to describe the station mode setting about SSID, security type and password, used
when connecting to an AP.

The structure is used to describe the scan result of the AP.

The structure is used to describe the data needed by scan result handler function.

The structute is used to store the Wi-Fi setting gotten from Wi-Fi driver.

The structure’is used to describe the setting when configure the network.

The structure’is'used to describe the maclist.

The structure is usedto describe the bss info of the network.

It includes the versioh/BSSID, beacon_period, capability, SSID, channel, atm_window, dtim_period, RSSI etc.

<rtw_network_info>

<rtw_scan_result>
<rtw_scan_handler_result>
<rtw_wifi_setting>
<rtw_wifi_config>
<rtw_maclist_t>
<rtw_bss_info_t>

19.2 Wi-Fi APIs

19.2.1 System APIs

API Introduction
<wifi_on> Enable Wi-Fi.
<wifi_off> Disable Wi-Fi.

<wifi_is_up>
<wifi_is_ready_to_transceive>
<wifi_rf_on>
<wifi_rf_off>

Check if the specified interface is up.

Determine if a particular interface is ready to transceiver Ethernet packets.
Enable Wi-Fi RF.

Disable Wi-Fi RF.

19.2.1.1 wifi_on

Enable Wi-Fi: bring the wireless interface “Up”.

Parameter Introduction

Type
rtw_mode_t

Decide to enable Wi-Fi in which mode.
The optional modes are enumerated in rtw_mode_t.

<mode>

19.2.1.2 wifi_off

Disable Wi-Fi.

Parameter: None.

19.2.1.3 wifi_is_up

Check if the specified interface is up.
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Parameter Type Introduction
<interface> rtw_interface_t The interface can be set as RTW_STA_INTERFACE or RTW_AP_INTERFACE (rtw_interface_t).

19.2.1.4 wifi_is_ready_to_transceive

Determine if a particular interface is ready to transceiver Ethernet packets.

Parameter Type Introduction

<interface> rtw_interface_t Interface to check

[ ] RTW_STA_INTERFACE
[ ] RTW_AP_INTERFACE

19.2.2 Scan APIs

API Introduction

<wifi_scan> Initiate a scan to search for 802.11 networks

<wifi_scan_networks> Simplify-the scan operation based on wifi_scan to search for 802.11 networks
<wifi_scan_networks_with_ssid> Initiate/asscan to search for 802.11 networks with specified SSID

19.2.2.1 wifi_scan

Initiate a scan to search for 802.11 networks.

Parameter Type Introduction

<scan_type> rtw_scan_type_t Specifies whether the scah should be active, passive or scan prohibited channels.

<bss_type> rtw_bss_type_t Specifies whether the scanshould search for infrastructure networks (those using an AP), Ad-
hoc networks, or both types.

<result_ptr> void * Scan specific ssid. The first 4 bytes is'ssid length, and ssid name append after it. If no specific
ssid need to scan, please clean result_ptr before pass it into parameter.

<result_ptr > void * [out] a pointer to a pointer to a result storage structure.

Note:

®  The scan progressively accumulates results over time, and may take 1 ~ 6 seconds to compléte: The results of the scan will be individually
provided to the callback function.

®  The callback function will be executed in the context of the RTW thread.

®  When scanning specific channels, devices with a strong signal strength on nearby channels may be detected.

19.2.2.2 wifi_scan_networks

Initiate a scan to search for 802.11 networks, a higher level API based on wifi_scan to simplify the scan operation.

Parameter Type Introduction
<results_handler> rtw_scan_result_handler_t The callback function which will receive and process the result data.
<user_data> void * User specified data that will be passed directly to the callback function.

Note: Callback must not use blocking functions, since it is called from the context of the RTW thread. The callback, user_data variables will be
referenced after the function returns. Those variables must remain valid until the scan is completed. The usage of this API can refer to ATWS in
atemd_wifi.c.

19.2.2.3 wifi_scan_networks_with_ssid
Initiate a scan to search for 802.11 networks with specified SSID.
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Parameter Type Introduction

<results_handler> int The callback function which will receive and process the result data.
<user_data> void * User specified data that will be passed directly to the callback function.
<scan_buflen> int The length of the result storage structure.

< ssid> char * The SSID of target network.

<ssid_len> int The length of the target network SSID.

Note: Callback must not use blocking functions, since it is called from the context of the RTW thread. The callback, user_data variables will be
referenced after the.function returns. Those variables must remain valid until the scan is completed.

19.2.3 Connection APIs

API

Introduction

<wifi_connect>

Join a Wi-Fi network with specified SSID.

<wifi_connect_bssid>

Join a Wi-Fi network with specified BSSID.

<wifi_disconnect>

Disassociates from current Wi-Fi network.

<wifi_is_connected_to_ap>

Checksif Wi-Fi has connected to AP before dhcp.

<wifi_config_autoreconnect>

Set reconnection mode with configuration.

<wifi_set_autoreconnect>

Set reconnection mode with 3 retry limit and 5 seconds timeout as default.

<wifi_get_autoreconnect>

Get the result of setting reconnection mode.

<wifi_get_last_error>

Present the device disconnect reason while connecting.

19.2.3.1 wifi_connect

Join a Wi-Fi network with specified SSID. Scan for, associate and authenticate with a Wi-Fi network. On successful return, the system is ready to

send data packets.

Parameter

Type

Introduction

<ssid>

char *

A null terminated string containing the SSID name of the network to join.

<security_type>

rtw_security_t

Authentication type:

RTW_SECURITY_OPEN: open security

RTW_SECURITY_WEP_PSK: WEP Security with-open authentication
RTW_SECURITY_WEP_SHARED: WEP Security with_shared authentication
RTW_SECURITY_WPA_TKIP_PSK: WPA Security

RTW_SECURITY_WPA2_AES_PSK: WPA2 Security using'AES cipher
RTW_SECURITY_WPA2_TKIP_PSK: WPA2 Security using TKIP cipher

o RTW_SECURITY_WPA2_MIXED_PSK: WPA2 Security using AES and/or TKIP ciphers

<password> char * A byte array containing either the cleartext security key for WPA/WPA2Secured networks, or a
pointer to an array of rtw_wep_key_t structures for WEP secured networks.

<ssid_len> int The length of the SSID in bytes.

<password_len> | int The length of the security_key in bytes.

<key_id> int The index of the wep key (0, 1, 2, or 3). If not using it, leave it with value -1.

<semaphore> void * A user provided semaphore is flagged when the join is complete. If not using, leave it with"NULL value.

Note: Make sure the Wi-Fi is enabled before invoking this function. (wifi_on())

19.2.3.2 wifi_connect_bssid

Join a Wi-Fi network with specified BSSID. Scan for, associate and authenticate with a Wi-Fi network. On successful return, the system is ready
to send data packets.

Parameter

Type

Introduction

<bssid>

unsigned char

The specified BSSID to connect.
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<ssid> char * A null terminated string containing the SSID name of the network to join.
<security_type> [ rtw_security_t | Authentication type:

[ ] RTW_SECURITY_OPEN: open security
(] RTW_SECURITY_WEP_PSK: WEP Security with open authentication
® RTW_SECURITY_WEP_SHARED: WEP Security with shared authentication
®  RTW_SECURITY_WPA_TKIP_PSK: WPA Security
®  RTW_SECURITY_WPA2_AES_PSK: WPA2 Security using AES cipher
[ ] RTW_SECURITY_WPA2_TKIP_PSK: WPA2 Security using TKIP cipher
[ ] RTW_SECURITY_WPA2_MIXED_PSK: WPA2 Security using AES and/or TKIP ciphers
<password> char * A byte array containing either the cleartext security key for WPA/WPA2 secured networks, or a pointer
to an array of rtw_wep_key_t structures for WEP secured networks.
<ssid_len> int The length of the SSID in bytes.
<password_len> | int The length of the security_key in bytes.
<ley_id> int The index of the wep key (0, 1, 2, or 3). If not using it, leave it with value -1.
<semaphore> void * A user provided semaphore is flagged when the join is complete. If not using, leave it with NULL value.
Note:

®  Make sure the Wi-Fi is enabled béfore invoking this function. (wifi_on())
® The difference between wifi_connect_bssid() and wifi_connect() is that BSSID has higher priority as the basis of connection in
wifi_connect_bssid().

19.2.3.3 wifi_disconnect

Disassociates from current Wi-Fi network.

Parameter: None.
19.2.3.4 wifi_is_connected_to_ap

Check if Wi-Fi has connected to AP before dhcp.

Parameter: None.
19.2.3.5 wifi_config_autoreconnect

Set reconnection mode with configuration.

Parameter Type Introduction

<mode> _u8 Set 1/0 to enable/disable the reconnection mode.
<callback> _u8 The number of retry limit.

<len_used> _ul6 The timeout value (in seconds).

Note: The difference between wifi_config_autoreconnect() and wifi_set_autoreconnect() is that user can specify the rétry times and timeout
value in wifi_config_autoreconnect(). But in wifi_set_autoreconnect() these values are set with 8 retry limit and 5 secondsitimeout as default.

19.2.3.6 wifi_set_autoreconnect

Set reconnection mode with 8 retry limit and 5 seconds timeout as default.

Parameter Type Introduction
<mode> _u8 Set 1/0 to enalbe/disable the reconnection mode.

Note: The difference between wifi_config_autoreconnect() and wifi_set_autoreconnect() is that user can specify the retry times and timeout
value in wifi_config_autoreconnect(). But in wifi_set_autoreconnect() these values are set with 8 retry limit and 5 seconds timeout as default.
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19.2.3.7 wifi_get_autoreconnect

Get the result of setting reconnection mode.

Parameter

Type

Introduction

<mode>

_u8

Pointer to the result of setting reconnection mode.

19.2.3.8 wifi_get_last_error

Present the devicedisconnect reason while connecting.

Parameter: None.

19.2.4 Channel APIs

API

Introduction

<wifi_set_channel>

Set the listening channel on STA interface.

<wifi_get_channel>

Get the current channel on STA interface.

<wifi_set_channel_plan>

Set channel plan into eFuse, must reboot after setting channel plan.

<wifi_get_channel_plan>

Get channel plan from eFuse.

19.2.4.1 wifi_set_channel

Set the listening channel on STA interface.

Parameter

Type

Introduction

<channel>

int

The desired/channel.

Note: Do not need to call this function for STA mode Wi-Fi driver, since it will be'determined by the channel from received beacon.

19.2.4.2 wifi_get_channel

Get the current channel on STA interface.

Parameter

Type

Introduction

<channel>

int *

A pointer to the variable where the channel value will be written.

19.2.4.3 wifi_set_channel_plan

Set channel plan into eFuse, must reboot after setting channel plan.

Parameter

Type

Introduction

<channel_plan>

uint8_t

The value of channel plan, define in wifi_constants.h

19.2.4.4 wifi_get_channel_plan

Get channel plan from eFuse.

Parameter

Type

Introduction

<channel_plan>

uint8_t

Point to the value of channel plan, define in wifi_constants.h
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19.2.5 Power APIs

API

Introduction

<wifi_enable_powersave>

Enable Wi-Fi power save mode.

<wifi_disable_powersave>

Disable Wi-Fi power save mode.

<wifi_get_txpower>

Get the Tx power in index units.

<wifi_set_txpower>

Set the Tx power in index units.

<wifi_set_power_mode>

Set IPS/LPS mode.

<wifi_set_lps_dtim>

Set LPS DTIM.

<wifi_get_Ips_dtim>

Get LPS DTIM.

19.2.5.1 wifi_enable/powersave

Enable Wi-Fi power save mode. When power save mode is enabled, RF will wake up only when there is data to be sent or beacon to be
received. Otherwise, RF will be awake‘all the time.

Parameter: None.

19.2.5.2 wifi_disable_powersave

Disable Wi-Fi power save mode.

Parameter: None.

19.2.5.3 wifi_get_txpower

Get the Tx power in index units.

Parameter Type Introduction

<poweridx> int * The variable to reCeive the Tx power in index.
19.2.5.4 wifi_set_txpower
Set the Tx power in index units.

Parameter Type Introduction

<poweridx> int The desired Tx power in index.

19.2.5.5 wifi_set_power_mode

Set IPS/LPS mode.

Parameter Type Introduction

<ips_mode> unsigned char The desired IPS mode. It becomes effective when WLAN enters IPS.
ips_mode is inactive power save mode. Wi-Fi automatically turns RF off if the device is
not associated to AP.
Set 1 to enable inactive power save mode.

<lps_mode> unsigned char The desired LPS mode. It becomes effective when WLAN enters LPS.

automatically turns RF off.
Set 1 to enable leisure power save mode.

Ips_mode is leisure power save mode. Wi-Fi turns RF on to listen to beacon
automatically and periodically during the association to AP. If traffic is not busy, it also
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19.2.5.6 wifi_set_lps_dtim

Set LPS DTIM.
Parameter Type Introduction
<dtim> unsigned char In LPS, the package can be buffered at AP side. STA leaves LPS until DTIM count of packages
buffered at AP side.

Note: DTIM is the duration to listen beacon. The default DTIM is 1, which is 100ms. If DTIM is set bigger than 1, the advantage is that power
can be saved and.the disadvantage is that STA has the risk of losing packets.

19.2.5.7 wifi_get: lps_dtim

Get LPS DTIM.
Parameter Type Introduction
<dtim> unsigned chap* In LPS, the package can be buffered at AP side. STA leaves LPS until DTIM count of packages
buffered at AP side.

19.2.6 AP Mode APIs

API Introduction

<wifi_start_ap> Trigger Wi-Fi driver to start an infrastructure Wi-Fi network.
<wifi_start_ap_with_hidden_ssid> Start an infrastructure Wi-Fi network with hidden SSID.
<wifi_restart_ap> Trigger Wi-Fi driver to restart an infrastructure Wi-Fi network.
<wifi_get_associated_client_list> Get the associated clients with SoftAP.
<wifi_enable_forwarding> Enable packets forwarding,in AP mode.
<wifi_disable_forwarding> Disable packets forwarding in.AP mode.

19.2.6.1 wifi_start_ap

Trigger Wi-Fi driver to start an infrastructure Wi-Fi network.

Parameter Type Introduction
<ssid> char * A null terminated string containing the SSID name of the_network.
<security_type> security_type L] RTW_SECURITY_OPEN: Open Security

®  RTW_SECURITY_WPA_TKIP_PSK: WPA Security

®  RTW_SECURITY_WPA2_AES_PSK: WPA2 Security using AES-cipher

®  RTW_SECURITY_WPA2_MIXED_PSK: WPA2 Security using AES-dnd/or TKIP ciphers
WEP security is NOT IMPLEMENTED. It is NOT SECURE!

<password> char * A byte array containing the cleartext security key for the network.
<ssid_len> int The length of the SSID in bytes.
<password_len> int The length of the security_key in bytes.
<channel> int 802.11 channel number.
Note:

®  Make sure the Wi-Fi is enabled before invoking this function. (wifi_on())
[ ] If a STA interface is active when this function is called, the softAP will start on the same channel as the STA. It will not use the channel
provided.

19.2.6.2 wifi_start_ap_with_hidden_ssid

Start an infrastructure Wi-Fi network with hidden SSID.
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Parameter Type Introduction
<ssid> char * A null terminated string containing the SSID name of the network.
<security_type> security_type [ ] RTW_SECURITY_OPEN: Open Security

[ RTW_SECURITY_WPA_TKIP_PSK: WPA Security

[ ] RTW_SECURITY_WPA2_AES_PSK: WPA2 Security using AES cipher

® RTW_SECURITY_WPA2_MIXED_PSK: WPA2 Security using AES and/or TKIP ciphers
WEP security is NOT IMPLEMENTED. It is NOT SECURE!

<password> char * A byte array containing the cleartext security key for the network.
<ssid_len> int The length of the SSID in bytes.

<password_len> int The length of the security_key in bytes.

<channel> int 802.11 channel number.

Note: if a STA interface is active when this function is called, the softAP will start on the same channel as the STA. It will not use the channel
provided.

19.2.6.3 wifi_restart_ap

Trigger Wi-Fi driver to restart an infrastructure Wi-Fi network.

Parameter Type Introduction
<ssid> unsigned char * A null terminated string containing the SSID name of the network.
<security_type> rtw_security_t [ ] RTW-.SECURITY_OPEN: Open Security

[ ] RTW_SECURITY_WPA_TKIP_PSK: WPA Security

[ J RTW_SECURITY_WPA2_AES_PSK: WPA2 Security using AES cipher

[ ] RTW_SECURITY WPA2_MIXED_PSK: WPA2 Security using AES and/or TKIP ciphers
WEP security is NOTAMPLEMENTED. It is NOT SECURE!

<password> unsigned char * A byte array containing'the cleartext security key for the network.
< ssid_len> int The length of the SSID in bytes.
<password_len> int The length of the security_key in bytes.
<channel> int 802.11 channel number.
Note:

(] Make sure the Wi-Fi is enabled before invoking this function. (wifi_on())
[ ] If a STA interface is active when this function is called, the softAP will start on the same channel as the STA. It will not use the channel
provided.

19.2.6.4 wifi_get_associated_client_list

Get the associated clients with SoftAP.

Parameter Type Introduction
<client_list_buffer> int * The location where the client list will be stored.
<buffer_length> unsigned short The buffer length.

19.2.6.5 wifi_enable_forwarding

Enable packets forwarding in AP mode.

Parameter: None.
19.2.6.6 wifi_disable_forwarding

Disable packets forwarding in AP mode.
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Parameter: None.

19.2.7 Custom IE APIs

API Introduction

<wifi_add_custom_ie> Setup custom I[E list.
<wifi_update_custom_ie> Update the item in Wi-Fi custom IE list.
<wifi_del_custom. ie> Delete Wi-Fi custom IE list.

Note: These three APlIs'are only effective on beacon, probe request and probe response frames.
19.2.7.1 wifi_add_custom_ie

Setup custom IE list.

Parameter Type Introduction
<cus_ie> void * Pointer to Wi-Fi CUSTOM IE list.
<ie_num> int The number of Wi-Fi CUSTOM IE list.

Note: This APl can’t be executed twice before deleting.the previous custom IE list.
19.2.7.2 wifi_update_custom_ie

Update the item in Wi-Fi custom IE list.

Parameter Type Introduction
<cus_ie> void * Pointer to'Wi-Fi.CUSTOM IE list.
<ie_index> int The number‘of\Wi-Fi CUSTOM IE list.

19.2.7.3 wifi_del_custom_ie

Delete Wi-Fi custom [E list.

Parameter: None.

19.2.8 Wi-Fi Setting APIs

API Introduction

<wifi_get_mac_address> Retrieves the current Media Access Control (MAC) address (or Ethernet hardware address) of the
802.11 device.

<wifi_get_ap_bssid> Get connected AP’s BSSID.

<wifi_get_ap_info> Get the SoftAP information.

<wifi_set_country> Set the country code to driver to determine the channel set.

<wifi_get_sta_max_data_rate> Retrieved STA mode max. data rate.

<wifi_get_rssi> Retrieved the latest RSSI value.

<wifi_register_multicast_address> Register interest in a multicast address.
Once a multicast address has been registered, all packets detected on the medium destined for
that address are forwarded to the host. Otherwise they are ignored.

< wifi_unregister_multicast_address > Unregister interest in a multicast address.
Once a multicast address has been unregistered, all packets detected on the medium destined
for that address are ignored.
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<wifi_set_mib> Setup the adaptive mode. You can replace this weak function by the same name function to
setup adaptive mode you can.

<wifi_set_country_code> Setup country code. You can replace this weak function by the same name function to setup
country code you want.

<wifi_set_tdma_param> Set TDMA parameters.

<wifi_get_setting> Get current Wi-Fi setting from driver.

<wifi_show_setting> Show the network information stored in the rtw_wifi_setting_t structure.

<wifi_set_network_mode> Set the network mode according to the data rate it supported.

<wifi_get_network_mode> Get the network mode.

<wifi_get_antenna_info> Get antenna information.

<wifi_set_ch_deauth> Set flag for concurrent mode wlanl issue_deauth when channel switched by wlanO.

19.2.8.1 wifi_get_mac‘address

Retrieve the current Media Access Control (MAC) address (or Ethernet hardware address) of the 802.11 device.

Parameter Type Introduction

<mac> char™ Point to the result of the mac address will be get.

19.2.8.2 wifi_get_ap_bssid

Get connected AP’s BSSID.

Parameter Type Introduction
<bssid> unsigned char * The location where the AP BSSID will be stored.

19.2.8.3 wifi_get_ap_info

Get the SoftAP information.

Parameter Type Introduction
<ap_info> rtw_bss_info_t * The location where the AP)info will be stored.
<security> rtw_security t * The security type.

19.2.8.4 wifi_set_country

Set the country code to driver to determine the channel set.

Parameter Type Introduction
<country_code> rtw_country_code_t Specify the country code.

19.2.8.5 wifi_get_sta_max_data_rate

Retrieved STA mode max. data rate.

Parameter Type Introduction
<inidata_rate> _u8* Max data rate.

19.2.8.6 wifi_get_rssi

Retrieved the latest RSSI value.
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Parameter Type Introduction
<pRSSI> int * Points to the integer to store the RSSI value gotten from driver.

19.2.8.7 wifi_register_multicast_address

Register interest in a multicast address.

Once a multicast address has been registered, all packets detected on the medium destined for that address are forwarded to the host,
otherwise they are ignored.

Parameter Type Introduction
<mac> rtw_mac_t * Ethernet MAC address.

19.2.8.8 wifi_unregister_multicast_address

Unregister interest in a multicast address.

Once a multicast address has been unregistered, all packets detected on the medium destined for that address are ignored.

Parameter Type Introduction
<mac> rtw_mac_t * Ethernet MAC address.

19.2.8.9 wifi_set_mib

Setup the adaptive mode. You can replace this weak function by the’same name function to setup adaptive mode you can.

Parameter: None.
19.2.8.10 wifi_set_country_code

Setup country code. You can replace this weak function by the same name function to setup country code you want.

Parameter: None.
19.2.8.11 wifi_set_tdma_param

Set TDMA parameters.

Parameter Type Introduction

<slot_period> unsigned char We separate TBTT into 2 or 3 slots. If we separate TBTT into 2 slots,/then slot_period should
be larger or equal to 50ms. It means 2 slot period is slot_period, 100-slot/period If we
separate TBTT into 3 slots, then slot_period should be less or equal to 33ms. It means 3 slot
period is 100 - 2 * slot_period, slot_period, slot_period.

<rfon_period_len_1> unsigned char RF on period of slot 1.
<rfon_period_len_2> unsigned char RF on period of slot 2.
<rfon_period_len_3> unsigned char RF on period of slot 3.

19.2.8.12 wifi_get_setting

Get current Wi-Fi setting from driver.

Parameter Type Introduction
<ifname> const char * The WLAN interface name
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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® WLANO_NAME
® WLAN1_NAME

<pSetting>

rtw_wifi_setting_t *

Points to the rtw_wifi_setting_t structure to store the Wi-Fi setting gotten from driver.

19.2.8.13 wifi_show_setting

Show the network information stored in the rtw_wifi_setting_t structure.

Parameter Type Introduction
<ifname> const char * The WLAN interface name, can be WLANO_NAME or WLAN1_NAME.
<pSetting> rtw_wifi_setting_t * Points to the rtw_wifi_setting_t structure which information is gotten by wifi_get_setting().

19.2.8.14 wifi_set_

network_mode

Set the network mode according to'the data rate it supported. Driver works in BGN mode in default after driver initialization. This function is
used to change wireless network mode for station mode before connecting to AP.

Parameter

Type

Introduction

<mode>

rtw_network_mode_t

Network mode to set.

® . RTW _NETWORK_B

® / RTW_NETWORK_BG
® * RTW NETWORK_BGN

19.2.8.15 wifi_get_network_mode

Get the network mode. Driver works in BGN mode in default after driver)initialization. This function is used to get the current wireless network
mode for station mode.

Parameter

Type

Introduction

<pmode>

rtw_network_mode_t *

Network mode to.get.

19.2.8.16 wifi_get_antenna_info

Get antenna information.

Parameter

Type

Introduction

<antenna>

unsigned char *

Points to store the antenna value gotten.from driver.
L] 0: main
[ ] 1: aux

19.2.8.17 wifi_set_

ch_deauth

Set flag for concurrent mode wlanl issue_deauth when channel switched by wlan0.

Parameter

Type

Introduction

<enable>

_u8

(] 0: Disable
° 1: Enable

Usage: wifi_set_ch_deayth(0) -> wlan0 wifi_connect -> wifi_set_ch_deauth(1)

Application Note
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19.2.9 Wi-Fi Indication APIs

API Introduction

<wifi_manager_init> Initialize Realtek Wi-Fi API System.

<wifi_indication> WLAN driver indicate event to upper layer through wifi_indication.
<init_event_callback_list> Initialize the event callback list.

<wifi_reg_event_handler> Register the event listener.

<wifi_unreg_event_handler> Un-register the event listener.

19.2.9.1 wifi_manager_init

Initialize Realtek Wi-Fi AP)/System.

Initialize the required parts.of the software platform, such as worker, event registering and semaphore.
Initialize the RTW API thread which handles the asynchronous event.

Parameter: None.

19.2.9.2 wifi_indication

WLAN driver indicates event to upper layer through wifi_indication().

Parameter Type Introduction
<event> rtw_event_indicate_t An event reported from driver to upper layer application. Refer to rtw_event_indicate_t enum.
<buf> char * If it is not NUL, buf is a pointer to the buffer for message string.
<buf_len> int The length of the buffer:
<flags> int Indicate some extra infarmation, sometimes it is 0.
Note:
®  [f upper layer application triggers additional operations on receiving of wext, wlan_indicate, please strictly check current stack size usage

(by using uxTaskGetStackHighWaterMark()), and tries not to share the same stack with WLAN driver if remaining stack space is not
available for the following operations.
Using semaphore to notice another thread instead of handing event directly in wifi_indication().

19.2.9.3 init_event_callback_list

Initialize the event callback list.

Parameter: None.

N

ote: Make sure this function has been invoked before using the event handler related mechanism.

19.2.9.4 wifi_reg_event_handler

Register the event listener.

Parameter Type Introduction

<event_cmds> unsigned int The event command number indicated.

<handler_func> rtw_event_handler_t The callback function which will receive and process the event.
<handler_user_data> void * User specific data that will be passed directly to the callback function.

Note: Set the same even_cmds with empty handler_func will unregister the event_cmds.
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19.2.9.5 wifi_unreg_event_handler

Un-register the event listener.

Parameter Type Introduction
<event_cmds> unsigned int The event command number indicated.
<handler_func> rtw_event_handler_t The callback function which will receive and process the event.

19.2.10 eFuse Writing APIs

API Introduction
<wifi_set_mac_address> This function sets the current Media Access Control (MAC) address of the 802.11 device.

Note: eFuse writing related APl can only be called when the voltage is 3.3V. eFuse writing with the voltage 1.8V may fail. What’s more, eFuse
writing can only be operated one time, so be careful to do eFuse writing.

19.2.10.1 wifi_set_mac_address

Sets the current Media Access Control (MAC) addréss of the 802.11 device.

Parameter Type Introduction
<mac> char * Wi-Fi MAC address.

19.3 Fast Connection

This section illustrates the principle of fast connection and how to implement-user’s own fast connection code.

Fast connection is used to reconnect with AP automatically after Wi-Fi initialized, the principle is to store the AP information in Flash and
reconnect to AP after Wi-Fi initialized.

19.3.1 Implement

19.3.1.1 AP Information Storage

User should implement a function to write AP information to Flash, just like demo function wlan_wrtie_reconnect_data_to_flash() in example
code. In this function, you should reserve some space for AP information, and write the AP information to the reserved space in a pre-defined
data format. The address of the function must be assigned to the global variable p_write_reconnect_ptr. After/Wi-Fi connection success, if
p_write_reconnect_ptr points to a valid address, wlan_wrtie_reconnect_data_to_flash() will be called.

Note: The path of example source code is SDK/component/common/example/example_wlan_fast_connect/example_ swlan_fast_connect.c.

19.3.1.2 Reconnection

User should implement his own function to read AP information from Flash and connect to AP, just like demo function
wlan_init_done_callback() in example code. The address of the function must be assigned to the global variable p_wlan_init_done_callback.
This global variable should be defined before Wi-Fi initializing. After Wi-Fi initialized, if p_wlan_init_done_callback points to a valid address,
this function will be called.

19.3.1.3 Fast Connection Data Erase

User should implement his own function to erase fast connection data, just like demo function Erase_Fastconnect_data() in example code.
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178



54REALTEK Wi-Fi

19.3.2 APIs

API Introduction
<wlan_wrtie_reconnect_data_to_flash> Wi-Fi connection indication trigger this function to save current Wi-Fi profile in Flash.
<wlan_init_done_callback> After Wi-Fi initialization done, WLAN driver calls this function to check whether auto-

connection is required.
This function reads previous saved WLAN profile in Flash and execute connection.

19.3.2.1 wlan_wrtie_reconnect_data_to_flash

Wi-Fi connection indications trigger this function to save current Wi-Fi profile in Flash. Write AP information to Flash.

Parameter Type Introduction

<data> u8 * Data will be written to Flash
<len> uint32_t Length of data

return int Status value:

(] 0»write is ok
(] ~1¢ wriite is failed

Note: This is only a demo API, user should define‘his.own API.

19.4 WPS APIs

API Introduction
<wps_start> Start WPS enrolle€ process
<wps_stop> Stop WPS enrollee process

19.4.1 wps_start

Start WPS enrollee process.

Parameter Type Introduction

<wps_config> | ul6 WPS configure method:

® WPS_CONFIG_DISPLAY

® WPS_CONFIG_KEYPAD

® WPS_CONFIG_PUSHBUTTON

<pin> char * PIN number. Can be set to NULL if using WPS_CONFIG_PUSHBUTTON.

<channel> u8 Channel. Currently un-used, can be set to 0.

<ssid> char * Target network SSID. Can be set to NULL if no target network specified.
Note:

®  Before invoking this function, the Wi-Fi should be enabled by calling wifi_on().
(] Make sure CONFIG_ENABLE_WPS is enabled in platform_opts.h. After calling wps_start(), the longest time of WPS is 120s. You can call
wps_stop() to quit WPS.

19.4.2 wps_stop

Stop WPS enrollee process.
Parameter: None.

Note: Make sure CONFIG_ENABLE_WPS is enabled in platform_opts.h.
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20 Liquid Crystal Display Controller (LCDC)

Ameba-D LCDC supports Thin Film Transistor (TFT) color display. It provides 18080 MCU interface (8-bit bus width) and RGB interface (6-bit bus
width), and supports RGB565 data format

This chapter introduces how to use LCDC I/F to control LCD module.

20.1 Interface

The available LCDC interfaces for different IC packages are shown in Table 20-1.

Table 20-1 LCDC I/F supported for different packages

IC Package MCU 8-bit RGB 6-bit
RTL8722D/RTL8722CS v v
RTL8721D/RTL8721CS/RTL8720D/RTL8720CS x x

The data format supported by each interface is-shown in Table 20-2. In order to display normally, the data format of LCM and LCDC interface
should match.

Table 20-2 LCDC I/F data format

Interface Data Format Comment
MCU 8-bit Count 0 1 2 3 4 2 transfers/pixel, RGB565
RS 0 1 1 1 1
D7 Cc7 P1G2
D6 Cé6 P1G1 P
D5 | ¢s5 P1GO P2GO"
D4 ca
D3 C3
D2 C2 | P1G5 P2G5
D1 Cl | P1G4 P2G4
DO Co0 | P1G3 P2G3
P1R4 : Pixel1l/Red_bit4
RGB 6-bit Count| © 1 2 3 4 3 transfers/pixel, RGB565
D5 P1G5 P2G5
D4 P1G4 P2G4
D3 P1G3 P2G3
D2 P1G2 P2G2
D1 P1G1 P2G1
DO P1G0O P2G0

P1R4 : Pixel1/Red_bit4

20.2 Resolution

The maximum resolution supported by each interface is listed in Table 20-3.

Table 20-3 Maximum supported resolution

Interface Display Type Max. Support Resolution
MCU 8-bit Static Display 1024*1024

Dynamic Display 645*645 (30fps)
RGB 6-bit Dynamic Display 600*400 (60fps)
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For RGB LCD, the typical frame rate is 60fps.
In order to support RGB-LCD with higher resolution than parameters in Table 20-1, users have to set the frame rate lower. The maximum frame
rate for a RGB-LCD is calculated as follows:
®  Max. dot clock: MAX_DOT_CLK = system_clock/2 = 100M/2 = 50MHz
[ ] Width, height, HBP, HFP, VBP, VFP are specified by LCD datasheet.
For 6-bit I/F mode:
image_size = MAX_DOT_CLK / (3*F) — (width + HBP + HFP) * (VBP+VFP) - height * (HBP + HFP);
2 F=50M/ (width * height + (width + HBP + HFP) * (VBP+VFP) + height * (HBP + HFP)) / 3;

When frame rate is lawer than 30fps, the screen flickering may happen. Users should evaluate the visual artifacts when setting the frame rate
lower.

20.3 Pinmux

The pin assignments of LCDC are listed in Table 20-4.

Table 20-4 LCDC pin assignments

Port Name MCU'8-hit RGB 6-bit LED I/F
PB[19] - . _
PB[18] - - _
PB[11] - - _
PB[10] - - _
PB[9] - - -
PB[8] - - -
PA[25] - - -
PA[26] - - -
PA[28] D[7] - -
PA[30] D[6] - -
PBI[O] D[5] DI5] D[5]
PA[31] D[4] D[4] D[4]
PA[24] D[3] D[3] D[3]
PA[23] D[2] D[2] D[2]
PA[20] D[1] D[1] D[1]
PA[19] D[0] D[0] D[0]
PB[20] TE/VSYNC VSYNC -
PB[21] RS - -
PB[22] RD HSYNC LAT
PB[23] WR DCLK DCLK
PB[28] CS ENABLE OE

20.4 LCDCAPIs

20.4.1 MCU Function

20.4.1.1 LCDC_MCUStructinit

Items Description

Introduction Initializes the parameters in the LCDC_MCUInitStruct with default values.

Parameters LCDC_MCUInitStruct: pointer to an LCDC_MCUInitTypeDef structure which is initialized.
Return N/A

Application Note All information provided in this document is subject to legal disclaimers.
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Note: LCDC_MCUInitStruct contains the MCU configurable parameters for LCDC, which determine that the MCU I/F is 8-bit, |0 mode or DMA
mode, the plane size and some timing control. The parameters in this structure should be set according to LCD module datasheet.

20.4.1.2 LCDC_MCUInit

Items Description
Introduction Initializes the LCDC peripheral according to the specified parameters in LCDC_MCUInitStruct.
Parameters L] LCDCx: where LCDCx can be LCDC.

[ ] LCDC_MCUInitStruct: pointer to a LCDC_MCUInitTypeDef structure that contains the configuration information.
Return N/A

20.4.1.3 LCDC_MCUIOWriteCmd

Items Description
Introduction Writes command to LCD module via MCU I/F.
Parameters L] LCDCx:(where LCDCx can be LCDC.
®  Cmd: the command to transmit.
Return N/A

20.4.1.4 LCDC_MCUIOWriteData

Items Description

Introduction Writes data to LCD module via MCU J/F.

Parameters ® LCDCx: where LCDCx can be LCDC!
® Data: the data to transmit.

Return N/A

20.4.1.5 LCDC_MCUIOReadData

Items Description

Introduction Reads data from LCD module via MCU I/F.
Parameters LCDCx: where LCDCx can be LCDC.

Return The read value

20.4.1.6 LCDC_MCUDMATrigger

Items Description

Introduction Triggers to transfer data of one frame from DMA buffer to LCDC Transmit FIFO.
Parameters LCDCx: where LCDCx can be LCDC.

Return N/A

20.4.2 RGB Function

20.4.2.1 LCDC_RGBStructlnit

Items Description
Introduction Initializes the parameters in the LCDC_RGBInitStruct with default values.
Parameters LCDC_RGBInitStruct: pointer to an LCDC_RGBInitTypeDef structure which is initialized.
Return N/A
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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Note: LCDC_RGBInitStruct contains the RGB configurable parameters for LCDC, which determine that the RGB I/F is 6-bit, DE or HV mode, the
plane size, the refresh frequency and VSYNC & HSYNC control. The parameters in this structure should be set according to LCD module
datasheet.

20.4.2.2 LCDC_RGBInit

Items Description
Introduction Initializes the LCDC peripheral according to the specified parameters in the LCDC_RGBInitStruct.
Parameters [ LCDCx: where LCDCx can be LCDC.

[ ] LCDC_RGBInitStruct: pointer to a LCDC_RGBInitTypeDef structure that contains the configuration information.
Return N/A

20.4.3 LED Function

20.4.3.1 LCDC_LEDStructlnit

Items Description

Introduction Initializes the parameters in the LCDC_LEDInitStruct with default values.

Parameters LCDC_LEDInitStruct: pointer to an LCDC_LEDInitTypeDef structure which will be initialized.
Return N/A

20.4.3.2 LCDC_LEDInit

Items Description
Introduction Initializes the LCDC peripheral according to the'specified parameters in the LCDC_LEDInitStruct.
Parameters ®  LCDCx: where LCDCx can be LCDC.

[ J LCDC_LEDInitStruct: pointer to an LCDC_LEDInitFPypeDef structure which will be initialized.
Return N/A

20.4.4 Common Function

20.4.4.1 LCDC_DMAModeConfig

Items Description
Introduction Configures LCDC DMA burst size.
Parameters ® LCDCx: where LCDCx can be LCDC.
[ ] BurstSize: DMA burst size; unit is 64 bytes.
Return N/A
Note:

[ ] If BurstSize = 1, the actual burstsize = 1x64 bytes; if BurstSize = 2, the actual burstsize = 2x64 = 128 bytes; ...
®  The parameter BurstSize is not more than 8. The recommended value is 2.

20.4.4.2 LCDC_DMAImageBaseAddrConfig

Items Description
Introduction Configures image base address.
Parameters ® | CDCx: where LCDCx can be LCDC.
®  ImgBaseAddr: the buffer address.
Return N/A
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20.4.4.3 LCDC_INTConfig

Items Description
Introduction Enables or disables the specified LCDC interrupts.
Parameters ® LCDCx: where LCDCx can be LCDC.
® LCDC_IT: specifies the LCDC interrupt sources to be enabled or disabled. This parameter can be any combination
of the following values:
| LCDC_IT_DMAUNDFW: DMA FIFO underflow interrupt
| LCDC_IT_FRDN: LCD refresh done interrupt
| LCDC_IT_LINE: line interrupt
®m  LCDC_IT_IO_TIMEOUT: I/O write/read timeout interrupt
L LCDC_IT_FRM_START: Frame Start interrupt
® NewsState: new state of the specified LCDC interrupts. This parameter can be ENABLE or DISABLE.
Return N/A

20.4.4.4 LCDC_GetINTStatus

Items

Description

Introduction

Gets LCDC interruptstatus.

Parameters

LCDCx: where LCDCx can/be LCDC.

Return

Interrupt status

20.4.4.5 LCDC_ClearINT

Items Description

Introduction Clears the LCDC's interrupt pending bits.

Parameters ® LCDC_IT: specifies the interrupt to be cleaned. This parameter can be any combination of the following values:
| LCDC_IT_LINE: line interrupt
u LCDC_IT_FRDN: refresh frame done interrupt
B |LCDC_IT_DMAUNDFW: DMA FIFO under flow-interrupt
u LCDC_IT_IO_TIMEOUT: 10 write/read timeout interrupt
u LCDC_IT_FRM_START: Frame Start interrupt

Return N/A

20.4.4.6 LCDC_Cmd
Items Description

Introduction

Enables or disables the LCDC.

Parameters ® LCDCx: where LCDCx can be LCDC.
[ J NewsState: new state of the LCDC. This parameter can be: ENABLE or DISABLE.
Return N/A

Note: When NewsState is DISABLE, during the period of valid line (VTIMING =valid data), the disabled action is performed after’'the last valid line
has transferred. If you want to disable the LCDC instantly, use the APl LCDC_InsDisable(). During the other periods, the disabled.action is

performed instantly.

20.4.4.7 LCDC_InsDisable

Items

Description

Introduction

Disables the LCDC instantly.

Parameters

LCDCx: where LCDCx can be LCDC.

Return

N/A
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20.4.4.8 LCDC_Delnit

Items Description

Introduction De-initializes the LCDC.
Parameters LCDCx: where LCDCx can be LCDC.
Return N/A

Note: when disabling LCDC instantly, all interrupts are cleared and disabled.

20.5 How-to Use LCDC

Table 20-5 lists the typicalapplication scenarios of LCDC.

Table 20-5 Typical application scenario of LCDC
Interface | Data Mode LCD GRAM Ameba-D Frame Buffer Application
MCU 1/0 mode v x Static Display
DMA Trigger-mode Static Display
DMA Auto-mode (VSYNC/TE mode) dynamic Display
RGB DMA Auto-mode (DE/HV mode) dynamic Display

RN
SRR

20.5.1 MCU Interface

20.5.1.1 1/0 Mode

To use the LCDC MCU interface I/O mode, the following steps are mandatory.
(1) Configure the LCDC pinmux according to Table 20-4.
For example, in order to use PA[19] as LCDC pin, call the following function{It.is the same for other LCDC pins.
Pinmux_Config (_PA_19, PINMUX_FUNCTION_LCD);
(2) Initialize the LCDC_MCUInitStruct variable.
a)  Use the following function to initialize LCDC_MCUInitStruct variable with.défault parameters.
LCDC_MCUStructlnit (LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
b)  Change other parameters according to LCM datasheet, such as 8-bit interface mode, Data/WR/RD/CS/RS pulse polarity, WR/RD pulse
width.
(3) Initialize the LCDC using the initialized structure in step (2).
LCDC_MCUInit (LCDC_TypeDef * LCDCx, LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
(4) Enable the LCDC using the function LCDC_Cmd().
(5) Send commands and parameters to LCM using the function LCDC_MCUIOWriteCmd()/LCDC_MCUIOWriteData() to initialize the LCD
module.
(6) After LCM is initialized, call LCDC_MCUIOWTriteCmd()/LCDC_MCUIOWriteData()/LCDC_MCUIOReadData() to.send commands/write data to
LCM or read data from LCM to drive LCD displaying.

20.5.1.2 Trigger DMA Mode

To use the LCDC MCU interface trigger DMA mode, the following steps are mandatory.
(1) Configure the LCDC pinmux according to Table 20-4.
(2) Configure LCDC to work in MCU 1/0 mode, then send commands and parameters to LCM to initialize LCD. After that, users need to send a
command to inform LCM to start receiving data before transferring frame data.
(3) Initialize the LCDC_MCUInitStruct variable.
a)  Configure the LCDC_MCUInitStruct parameter to Trigger DMA mode.
LCDC_MCUStructlnit (LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
LCDC_MCUInitStruct->LCDC_MCUMode = LCDC_MCU_DMA_MODE;
LCDC_MCUInitStruct->LCDC_MCUDMAMode = LCDC_TRIGGER_DMA_MODE;
b)  Change other parameters according to LCM datasheet, such as LCD width/height, 8-bit I/F mode, Data/WR/RD/CS/RS pulse polarity,
WR/RD pulse width.
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(4)
(5)
(6)

(7)
(8)

Initialize the LCDC using the initialized structure in step (3).
LCDC_MCUInit (LCDC_TypeDef * LCDCx, LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
Configure the LCDC DMA parameters.
a)  Configure the LCDC DMA burst size using LCDC_DMAModeConfig().
b)  Allocate DMA buffer and assign the address to LCDC using LCDC_DMAImageBaseAddrConfig().
Enable LCDC interrupt using the function LCDC_INTConfig(), if needed.
Enable the LCDC using the function LCDC_Cmd().
Trigger one frame transfer using the function LCDC_MCUDMATrigger(), and update the frame buffer to change the display effect.

20.5.1.3 VSYNC Mode

To use the LCDC MCUN/E VSYNC mode, the following steps are mandatory.

(1)
(2)
(3)

(4)
(5)
(6)

(7)
(8)

Configure the LCDC/pinmux according to Table 20-4.
Configure LCDC to werk-in MCU 1/0O mode, then send commands and parameters to LCM to make LCD work in VSYNC mode.
Initialize the LCDC_MCUInitStruct variable.
a)  Configure the LCDC_MCUInitStruct parameter corresponding to VSYNC mode.
LCDC_MCUStructlnit (LCDE€_MCUInitTypeDef * LCDC_MCUInitStruct);
LCDC_MCUInitStruct->LCDCMEUMode = LCDC_MCU_DMA_MODE;
LCDC_MCUInitStruct->LCDC_MCUDMAMode = LCDC_AUTO_DMA_MODE;
LCDC_MCUInitStruct->LCDC_MCUSyneMode = LCDC_MCU_SYNC_WITH_VSYNC;
b)  Change other parameters accordingto-tCM datasheet, such as VSYNC pulse polarity/pulse width/idle period, LCD width/height.
Initialize the LCDC using the initialized structure-in step (3).
LCDC_MCUInit (LCDC_TypeDef * LCDCx, LCDE_MCUInitTypeDef * LCDC_MCUInitStruct);
Configure the LCDC DMA parameters.
a)  Configure the LCDC DMA burst size using the function LCDC_DMAModeConfig().
b)  Allocate DMA buffer and assign the address to LCDC using the function LCDC_DMAImageBaseAddrConfig().
Enable the specified LCDC interrupt using the function LCDE.INTConfig(), if needed.
Enable the LCDC using the function LCDC_Cmd().
The LCDC can transfer frame data to LCM automatically synchronizedywith the VSYNC signal to LCM, and you can update the frame buffer
to change the display.

20.5.1.4 TE Mode

To use the LCDC MCU linterfaceF TE mode, the following steps are mandatory.

(1)
()
(3)

(4)
(5)
(6)

(7)
(8)

Configure the LCDC pinmux according to Table 20-4.
Configure LCDC to work in MCU I/0O mode, then send commands and parameters to LCMtollet LCD work in TE mode.
Initialize the LCDC_MCUInitStruct variable.
a)  Configure the LCDC_MCUInitStruct parameter corresponding to VSYNC mode.
LCDC_MCUStructlnit (LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
LCDC_MCUInitStruct->LCDC_MCUMode = LCDC_MCU_DMA_MODE;
LCDC_MCUInitStruct->LCDC_MCUDMAMode = LCDC_AUTO_DMA_MODE;
LCDC_MCUInitStruct->LCDC_MCUSyncMode = LCDC_MCU_SYNC_WITH_TE;
b)  Change other parameters if needed, such as TE pulse polarity, TE Delay, LCD width/height.
Initialize the LCDC using the initialized structure in step (3).
LCDC_MCUInit (LCDC_TypeDef * LCDCx, LCDC_MCUInitTypeDef * LCDC_MCUInitStruct);
Configure the LCDC DMA parameters.
a)  Configure the LCDC DMA burst size using the function LCDC_DMAModeConfig().
b)  Allocate DMA buffer and assign the address to LCDC using the function LCDC_DMAImageBaseAddrConfig().
Enable the specified LCDC interrupt using the function LCDC_INTConfig(), if needed.
Enable the LCDC using the function LCDC_Cmd().
The LCDC can transfer frame data to LCM automatically synchronized with the TE signal from LCM, and you can update the frame buffer to
change the display.
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20.5.2 RGB Interface

20.5.2.1 DE Mode

To use the LCDC RGB interface DE mode, the following steps are mandatory.
(1) Configure the LCDC pinmux according to Table 20-4.
(2) Configure LCM parameters through SPI or other interfaces if needed.
(3) Initialize the LCDC_RGBInitStruct variable.
a)  Configure the LCDC_RGBInitStruct parameter corresponding to DE mode.
LCDC_RGBStructlInit (LCDC_RGBInitTypeDef * LCDC_RGBInitStruct);
LCDC_RGBInitStruct->LCDC_RGBSyncMode = LCDC_RGB_DE_MODE;
b) Change other parameters if needed, such as Date/ENABLE/VSYNC/HSYNC pulse polarity, DCLK active edge, VFP, VBP, VSW, HBP, HFP,
HSW, refresh frequency, LCD width/height.
(4) Initialize the LCDC usingthe initialized structure in step (3).
LCDC_RGBInit (LCDC_TypeDef* LCDCx, LCDC_RGBInitTypeDef* LCDC_RGBInitStruct);
(5) Configure the LCDC DMA paraméters.
a)  Set burst size using the function LCDC_DMAModeConfig().
b) Set DMA FIFO wunder flow mode and error data using the functions LCDC_DMAUnderFlowModeConfig() and
LCDC_DMAUnderFlowModeConfig().
c) Allocate DMA buffer and assign the’address to LCDC using the functionL CDC_DMAImageBaseAddrConfig().
(6) Enable the specified LCDC interrupt using the-function LCDC_INTConfig(), if needed.
(7) Enable the LCDC using the function LCDC_Cmd()«
(8) The LCDC can transfer frame data to LCM automatically according to the refresh frequency, and you can update the frame buffer to change
the display.

20.5.2.2 HV Mode

To use the LCDC RGB I/F HV mode, the following steps are mandatory.
(1) Configure the LCDC pinmux according to Table 20-4.
(2) Configure LCM parameters through SPI or other interfaces if needed.
(3) Initialize the LCDC_RGBInitStruct variable.
a)  Configure the LCDC_RGBInitStruct parameter corresponding to HV mode.
LCDC_RGBStructlInit (LCDC_RGBInitTypeDef * LCDC_RGBInitStruct);
b)  Change other parameters if needed, Date/ENABLE/VSYNC/HSYNC pulse polarity, DCLK active edge, VFP, VBP, VSW, HBP, HFP, HSW,
refresh frequency, LCD width/height, 6-bit parallel I/F mode, refresh frequency.
(4) Initialize the LCDC using the initialized structure in step (3).
LCDC_RGBInit (LCDC_TypeDef* LCDCx, LCDC_RGBInitTypeDef* LCDC_RGBInitStruct)
(5) Configure the LCDC DMA parameters
a)  Set burst size using the function LCDC_DMAModeConfig().
b) Set DMA FIFO under flow mode and error data using the functions LCDC_DMAUnderFlowModeConfig() and
LCDC_DMAUnderFlowModeConfig().
c¢)  Allocate DMA buffer and assign the address to LCDC using the function LCDC_DMAImageBaseAddrConfig().
(6) Enable the specified LCDC interrupt using the function LCDC_INTConfig(), if needed.
(7) Enable the LCDC using the function LCDC_Cmd().
(8) The LCDC can transfer frame data to LCM automatically according to the refresh frequency, and you can update the frame buffer to change
the display.

20.5.3 LED Interface

To use the LCDC LED interface mode, the following steps are mandatory.
(1) Configure the LCDC pinmux according to Table 20-4.
(2) Initialize the LCDC_RGBInitStruct variable.
a)  Configure the LCDC_LEDInitStruct parameter corresponding to LED interface mode
LCDC_LEDStructlInit (LCDC_LEDInitTypeDef * LCDC_LEDInitStruct)
b)  Change other parameters if needed, such as color channel, color numbers, timing (latch start time, latch pulse width, OE active width),
refresh frequency, LED width/height.
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(3) Initialize the LCDC using the initialized structure in step (2).
LCDC_LEDInit (LCDC_TypeDef* LCDCx, LCDC_LEDInitTypeDef * LCDC_LEDInitStruct)
(4) Configure the LCDC DMA parameters
a)  Set burst size using the function LCDC_DMAModeConfig().
b)  Allocate DMA buffer and assign the address to LCDC using the function LCDC_DMAImageBaseAddrConfig().
(5) Enable the specified LCDC interrupt using the function LCDC_INTConfig(), if needed.
(6) Enable the LCDC using the function LCDC_Cmd().
(7) The LCDC can transfer frame data to LED array board automatically according to the refresh frequency, and you can update the frame
buffer to change the display.

20.6 GUI

emWin is the embedded GUI solution. It can be adapted to any size, either physical or virtual display, not dependent of the display controller.
Making it a professional GUI for the embedded market, usable for multiple different scenarios.

Realtek has reached an emWin Pro Buyout Agreement with SEGGER. The emWin LICENSED SOFTWARE, which is located in
component\common\ui\emwin, is available in object code form for Realtek customers who have been authorized.

20.6.1 Authorization

In order to be authorized to use emWin software, you/need to follow these steps:
(1) Read emWin_Software_License_Agreement.pdf careftilly under the path component\common\ui. The document is a binding, legal
agreement between Realtek and you (either an individual or a legal entity). It explains the terms and conditions that you should accept

and agree.

(2) If you do not accept and agree to this Agreement, do not unzip “emwin.zip” and do not use any of the LICENSED SOFTWARE. If you do
accept and agree this Agreement, then you can unzip “emwin.zip” with the password, which can be found in
emWin_Software_License_Agreement.pdf.

20.6.2 emWin Software

After the “emwin.zip” is extracted, you can see the following directories of emWin seftware.

Directory

Sub-directory

Description

emWinLibrary / Contains the basic contents in emWin PRO package
Config The files in this sub-directory are template configuration files’for reference to adapt for different SoC
and LCD module.
You should customize GUIConf.c and LCDConf.c according to their/devices. The details of these two
files can be found in Chapter 38 Configuration, UM03001_emWin5.pdf:
For Ameba-D, we provide porting samples of EVB LCM with MCU or RGB J/F. The samples are located in
component\common\ui\emwin\Sample\rtI8721d\Config. It's much easier/for users to modify these
files to adapt to new LCM. The files in this sub-directory are used to adapter for.different LCD module
and different scenarios.
Doc UMO03001_emW:in5.pdf is the User Guide and Reference Manual of emWin.
GUI_X GUI_X_FreeRTOS.c is the configuration of the timing routines, the debugging routinesandthe kernel
interface routines.
Include The header files of emWin
Lib The object code of emWin
Tool The available tools which are useful during Ul development, such as Font Converter, GUIBuilder.
Sample / These are porting samples of Ameba-D driving EVB LCM.
[ ] MCU I/F LCM on EVB: ILI9488 TFT-LCD module (320*480, MCU 8-bit I/F)
[ ] RBG I/F LCM on EVB: TCX043DTLN-04 TFT-LCD module (480*272, RGB 6-bit I/F)
Third_Party / It contains the TrueType Font for emWin, which should be used if fonts need to be scalable at run-

time. This is the adapted version of FreeType font library from David Turner, Robert Wilhelm and
Werner Lemberg.

Application Note

All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.

188



54REALTEK

Liquid Crystal Display Controller (LCDC)

20.6.3 How to Adapt to LCM

As mentioned above, we provide porting samples of Ameba-D driving EVB LCM in component\common\ui\emwin\Sample\rti8721d. Table
20-6 demonstrate how to customize configuration files to adapt a new LCM.

Table 20-6 Customizing configuration files

bit_eval.c

herizontal and vertical resolution of LCM.

Implement the functions illustrated in Table

20-7.

B void lcd mcu_write (int x0, int y0, int
x1, int yd,void *buf, U32 color)

B void lcd_mcu_read (int x0, int y0, int
x1, int y1, void(*buf)

B void lcd_init (void)

Configuration file | Step Description Note
GUIConf.c (1) Modify the value of macro GUI_NUMBYTES Provide emWin with the

to define the size of memory block. function GUI_X_Config(), which

(2) Define macro PSRAM_BUF_USED in is responsible for assigning a

LCDConf.h to place the memory block into memory block to the memory

PSRAM. Otherwise, undefine it to place the management system.

memory block into SRAM.
LCDConf_MCU_8 (1) * (Set XSIZE_PHYS and YSIZE_PHYS to the Used for MCU I/F LCM. The

As an example, these functions
are implemented in
Sample\rtl8721d\hal\hal_mcu
_lcd.c. You should modify this
file according to the flow of
Initialize, Read/Write pixel
specified by datasheet of LCM.

LCDConf_MCU_8bit_eval.c
adopts GUI MCU driver
porting by Realtek, and it
applies to display controllers
with indirect interface, such
as MCU I/F LCM.

it_eval.c

LCDConf_RGB_6b

Set XSIZE_PHYS and YSIZE_PHYS to the
horizontal and vertical resolution of LCM.
Define macro PSRAM_BUF_USED in
LCDConf.h to place the VRAM buffer into
PSRAM. Otherwise, undefine it to place the
VRAM buffer into SRAM.

Implement the functions illustrated in Table

20-8.

B void lcd_init (unsigned int width,
unsigned int height, unsigned int
bufAddr)

B void lcd_set_dma_addr (unsigned int
bufAddr)

Used for RGB I/F LCM.

As an example, these functions
are implemented in
Sample\rti8721d\hal\hal_rgb_
Icd.c. You should modify this
file according to the timing
parameters specified by
datasheet of LCM.

The
LCDConf_RGB_6bit_eval.c
adopts GUI LIN driver
provided by emWin package,
and it applies to display
controllers with linear video
memory accessible via direct
interface, such as RGB I/F
LCM.

LCDConf_SPI_eval

(1)

Set XSIZE_PHYS and YSIZE_PHYS to the

Used for SPI I/F LCM.

®  |cd_spi_read function is

. horizontal and vertical resolution of LCM. As an example, these fdnctions not necessary.
(2) Implement the functions illustrated in Table are implemented in ® The LCDConf_SPI_eval.c
20-9. Sample\rtI8721d\hal\hal/spi | adopts GUI SPI driver
B void lcd_spi_write (int x0, int y0, int x1, | cd.c. You should modify thisfile porting by Realtek, and
int y1, void *buf, U32 color) according to the flow of it applies to display
B void lcd_spi_read (int x0, int y0, int x1, Initialize, Read/Write pixel controllers with indirect
int y1, void *buf) specified by datasheet of LCM. interface, such as SPI
B void lcd_init (void) I/FALCM.
Table 20-7 Functions for MCU I/F LCM
Function lcd_mcu_write lcd_mcu_read lcd_init

Introduction

Writes pixels to LCD module.

Reads pixels from LCD module.

Initialize LCD controller
and LCM.

Parameters

x0: the start column of area to be updated
y0: the start row of area to be updated
x1: the end column of area to be updated
y1: the end row of area to be updated
buf: pointer to a buffer which is used to
store pixel data of the area defined by
(x0,y0,x1,y1)

x0: the start column of area to be read
y0: the start row of area to be read

x1: the end column of area to be read
y1: the end row of area to be read

buf: pointer to a buffer which is used to
store pixel data read from the area
defined by (x0,y0,x1,y1)

N/A
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(] color: If buf is NULL, fill the area with the
same color

Return

N/A

N/A

N/A

Table 20-8 Functions for RGB I/F LCM

Function

lcd_init

lcd_set_dma_addr

Introduction

Initialize LCD controller

Virtual Screen function is used.

Set the address of VRAM. It is necessary when Multiple Buffering or

Parameters (] width: horizontal resolution bufAddr: the start address of VRAM
® height: vertical resolution
@ bufAddr: the start address of VRAM
Return N/A N/A
Table 20-9 Functions for SPI I/F LCM
Function lcd_spi_write Icd_spi_read lcd_init

Introduction

Writes pixels to LCD:module.

Reads pixels from LCD module.

Initialize LCD controller
and LCM.

Parameters ®  x0: the start column_of area to be updated ®  x0: the start column of area to be read N/A
®  y0: the start row of'area.to be updated ®  y0: the start row of area to be read
®  x1:the end column of area to be updated ®  x1:the end column of area to be read
®  yl:the end row of area to be updated ®  yl:the end row of area to be read
® buf: pointer to a buffer which is used to ® buf: pointer to a buffer which is used to
store pixel data of the area defined:by store pixel data read from the area
(x0,y0,x1,y1) defined by (x0,y0,x1,y1)
(] color: If buf is NULL, fill the area with the
same color
Return N/A N/A N/A
Note:

To adapt the driver to a display controller not supported currently, user should
®  Refer to Chapter 33.7.26 GUIDRV_Template in UM03001_emWin5.pdf

®  Adapt the routines _SetPixellndex() and _GetPixellndex() in component\common\ui\emwin\emWinLibrary\Config\GUIDRV_Template.c
®  Optimize some operation in GUIDRV_Template.c to improve drawing speed

20.6.4 How to Adapt to Touch Panel

We provide porting samples of Ameba-D driving EVB touch panel in component\common\ui\emwin\Sample\rtI8721d. The following steps
demonstrate how to customize configuration files to adapt a new touch panel.

(1) Copy your touch driver to the folder component\common\ui\emwin\Sample\rti8721d\hal
The touch driver needs to provide an initialization function and functions to get the horizontal and vertical*coordinates of the touch

point.

(2)  Modify hal_touch.h/hal_touch.c
B Define the macro “TP_ID” which means the touch panel you want to use in hal_touch.h
B Implement the following functions in hal_touch.c

€ void hal_touch_init (void)
€ int hal_touch_measureX (void)
€ int hal_touch_measureY (void)
Function hal_touch_init hal_touch_measureX hal_touch_measureY
Introduction Initialize the touch panel. | Measure the x coordinate of touch point Measure the y coordinate of touch point
Parameters N/A N/A N/A
Return N/A X coordinate of touch point Y coordinate of touch point
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20.6.5 How to Use emWin in SDK

To build and run emWin demo in SDK, you need to follow these steps:
(1) Enable emWin compile
KM4 make menuconfig > MENUCONFIG FOR CHIP CONFIG > GUI Config > Enable GUI, and select emwin.
(2) Enable PSRAM if needed
By default, the VRAM buffer, which is necessary for RGB I/F LCM, is located in PSRAM. So you should enable PSRAM by setting
psram_dev_config, psram_dev_enable to TRUE in rtI8721dhp_intfcfg.c.
If you want to put the VRAM buffer in RAM instead of PSRAM, you should modify LCDConf.h as follows:
#undef PSRAM_BUF_USED
(3) By default, the configuration files of RGB I/F LCM (hal_rgb_lcd.c, LCDConf RGB_6bit_eval.c) is compiled.
To use MCU I/FLEM, you should modify project\realtek_amebaD_va0_example\GCC-
RELEASE\project_hp\asdk\make\ui\emwin\Sample\Makefile to compile hal_mcu_lcd.c and LCDConf_MCU_8bit_eval.c instead.
(4) Add your own code of piin emWin demo code.
The emWin demo code islocated in project\realtek_amebaD_va0_example\example_sources\LCDC\GUI_demo\emWin. The
ReadMe.txt in each demo folder, demonstrates how to use it.
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21 PSRAM

Pseudo Static Random Access Memory (PSRAM) is used for high speed transmission of data stream, and is suitable for audio codec. RTL8721D
uses PSRAM controller to communicate with PSRAM. PSRAM is in KM4 platform, so only KM4 can access it.

The features of PSRAM are:

21.

Density: 32Mbit

Address Mapping: 0x0200_0000 ~ 0x0240_0000
Clock rate: 50MHz

Double Data Rate (DDR)

16/32/64/128 bytes burst access

Half sleep mode and.deep power-down mode

1 Throughput

PSRAM supports direct access and DMA/access.

Table 21-1 PSRAM throughput

Access mode Write Read
Theory Test Theory Test
Direct Access Cache off | 200Mbps < 160Mbps 177.78Mbps <(32)/(180ns+360ns) = 59.26 Mbps
Cache on 200Mbps 160Mbps (CS is high for 40ns 556.52Mbps < (32*8)/(460ns+360ns) = 312Mbps
between twe.transmits)
DMA 731.43Mbps 711.11Mbps 721.13Mbps 589.18Mbps
Note:
®  When Cache off:
| Read or write operation only accesses 32 bits once with header and delay.
u Instruction execution time also needs to take into consideration.
B The 360ns in test is caused by hardware characteristic. Command from‘CPU.to PSRAM controller needs 152ns to sync, PSRAM
controller controlling PHY circuit to work needs 82us, PHY giving read data to CPU needs 126ns.
®  When Cache on:
| Read operation reads 32 bytes (cache line) once.
B Write operation writes 32 bits once, but the interval between two write operations.is‘greatly reduced.
B The 360ns in test is caused by hardware characteristic. Command from CPU to PSRAM-gcontroller needs 152ns to sync, PSRAM
controller controlling PHY circuit to work needs 82us, PHY giving read data to CPU needs'126ns.
[ ] DMA sets burst length 128 bytes and disables cache.
B For DMA write, DAM moving data to PSRAM FIFO and PSRAM controller writing FIFO data to PSRAM . slave can work simultaneously,
so the interval between two burst write operations is small.
| For DMA read, similar operation as DMA write is not supported, so the interval between two burst réad.operations is large.
B The test data above takes variable initial latency and 3 clocks initial latency for example.
Table 21-2 PSRAM throughput theoretical calculation
Item Writing 32 bits Reading 32 bits

Header + delay

[3 +(3-1)] * 20ns = 100ns [3 +(3-1)] * 20ns = 100ns

Data transmit period

2 *20ns = 40ns 16 * 20ns = 320ns

Hardware hold

1 * 20ns = 20ns 2 * 20ns = 40ns

Total without considering instruction execution time

100ns + 40ns + 20ns = 160ns 100ns + 320ns + 40ns = 460ns

Throughput theoretical value

32/160ns = 200Mbps

(32*8)/460ns = 556.52Mbps
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21.2 Power Management

When entering KM4 powergate mode, PSRAM will be reset and its memory will be lost. If you want to retain the PSRAM, KM4 powergate mode
is not supported to use. If you want to keep the PSRAM and save power, KM4 clockgate mode is supported.

Table 21-3 PSRAM power management

Retention Options Power Consumption (uA) Comment

No L] KM4 PG <30 PSRAM cannot keep, so memory retention
® PSRAM_LDO OFF applications are not supported.

Yes ° KM4 CG About 325
® PSRAM_LDO ON
®.) ,PSRAM Half Sleep mode

21.3 How to Use PSRAM?

21.3.1

Initializing PSRAM

Before accessing PSRAM, you should enable PSRAM power, initialize PSRAM controller and PSRAM slave to synchronize the related

parameters.

In SDK, you should set psram_dev_enable in rtI8721dhp_intfcfg.c. If the chip works in the environment with large fluctuations in temperature,
you should set psram_dev_cal_enable to enable calibration function. If you want to keep the PSRAM and save power when KM4 enters sleep
mode, you should also set psram_dev_retention to enable PSRAM-retention.

DSRAMCFG TypeDef psram dev config = |

F e
.psram_dev_enable = TRUE,
.psram_dev_cal enable = TRUE,
.psram_dewv__

retention = TRUE,

/enable psram
//enable psram calibration function
/Y#&nable psram retention

b

21.3.2 Adding BSS/TEXT/DATA Section into PSRAM Region

Table 21-4 lists how to add a BSS/TEXT/DATA section into PSRAM region.

Table 21-4 Add a BSS/TEXT/DATA section into PSRAM region

Section | Description Operation
BSS To put a BSS section in PSRAM, add PSRAM_BSS_SECTION before the [psram_Bss_secTion|uz2 PSRAM_ Testbuf[102:];
buffer definition. — —
TEXT To put a TEXT section in PSRAM, add PSRAM_TEXT_SECTION before |pqpm1 e —— |
the function definition. 7oTD Eestj;n;tmnwom)
{
u32 1 = 0;
for (i = 0; 1 < 10; i++) {
DEG_8195R("test\r\n");
}
}
DATA To put a DATA section in PSRAM, add PSRAM_DATA_SECTION or | |
] SEC J
PSRAM_RODATA_SECTION before the data definition. S TeTe e —iTi:;

After the operation, rebuild KM4 project.

21.3.3 Allocating Heap from PSRAM

Before allocating heap, Initializing PSRAM must be completed, then follow the steps below.
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(1) Confirm the heap size you want in Psram_reserve.c.

#define configTOTAL PSREZM HEAP SIZE (0x200000)

(2) Use void *Psram_reserve_malloc(int size) to allocate a heap or use void *Psram_reserve_calloc(int num, int size) to allocate several
consecutive spaces. Both functions return a pointer to the start address of the allocation. Use void Psram_reserve_free(void *mem) to free
the allocation.

Note: The PSRAM_BSS_SECTION will be cleared only in the function void app_init_psram(void) in rtI8721dhp_app_start.c.

21.4 PSRAM Cache “Write Back” Policy Change Note

21.4.1 Cache Policy:.Change

To prevent PSRAM cell charge leak from/frequent access, the cache policy is changed to “Write Back” instead. “Write back” policy also can
enhance memory access performance and‘efficiency.

21.4.2 Scope

All of chips stacking PSRAM inside on Ameba-D series:(RTL8721CSM, RTL8722CSM, RTL8721DM, and RTL8722DM.

21.4.3 Notice

On “Write Through” policy, the written data into cache are updated simultaneously to the corresponding PSRAM. However, on the “Write
Back” policy, the synchronization operations need to be taken between ¢ache and PSRAM to keep content consistency, especially for multiple
access by different sources, e.g. CPU, serial ports and peripherals.

Follow the described instructions on the following paragraphs while manipulating’PSRAM for DMA application and heap usage.

As cache line of Ameba-D cache is 32 bytes, and cache operations are all based on cachedine. So the buffer size and buffer starting address
should be 32 bytes alignment to avoid synchronization issues.

21.4.3.1 DMA Buffer Definition

®  When using Psram_reserve_malloc() to allocate a space for DMA buffer, our API has realized 32 bytesiof the header address of the
memory allocated. (This approach is recommended to definite DMA Buffer)

®  When allocating a space for DMA buffer from PSRAM by array, keyword “__attribute__((aligned(32))” can‘be added to realize the starting
address 32 bytes alignment.

char-rx_buf[RX_BUF_SIZE]-__attribute_ ((aligned(32)));

21.4.3.2 DMA Operation

The following steps should be added when executing DMA Rx/Tx.

Operation Step

DMA Rx (1) Prepare Rx Buffer

(2) Do DCache_Cleaninvalidate() to avoid cache data write back during DMA Rx
(3) Do DMA Rx config

(4) Trigger DMA Rx interrupt
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Done Interrupt Handler)

(5) Do DCache_lInvalidate() in Rx Done Handler to clean old data (take
example_sources/USI_UART/raw/usi_uart_stream_dma/src/main.c for example, uart_recv_string_done() is DMA Rx

void-uart_recv_string_donevoid)

dma_free();
rx_done-=-1;
¥

|DCal:|'le Invalidate{ (u32)rx_buf, - SRX BUF SZ};I{*! !1To-solve-the-cache.consistency.problem, -DMA.-mode-need-it!!1#/

(6) CPU reads Rx Buffer

DMA Tx

(1) ) CPU prepares Tx buffer data

(3) ~ Do)DMA tx config
(4) Trigger DMA tx interrupt

(2) /<" Do DCache_Cleaninvalidate() for Tx buffer to synchronize the data

In SDK, only the example of one time xxx_GDMA _Init one time transmission is illustrated. The step (2) is included in xxx_GDMA _Init by default.

If you need multitime DMA TRx with only-ene time xxx_GDMA_Init, DCache_CleanlInvalidate() should be called every time before DMA
transmission starts.

s00L-USI_UARTTXGDMA, Init(
u8-USlindex,
GDMA_InitTypeDef- *GDMA_InitStruct,
void- #CallbackData,
IRC_FUN - CallbackFune,

ug - *pTxBuf,
int-TxCount

)
us-GdmacChnl;

assert_param({GDMA_InitStruct- !=-nuLL);

sooL-USI_UARTRXGDMA _Init,
ug-USlindex,
GDMA_InitTypeDef- *GDMA_InitStruct,
void - *CallbackData,
IRC_FUN - CallbackFunc,
us - *pRxBuf,
int-RxCount
)

u8-GdmacChnl;
o USI_TypeDef-=-pUSIx;

1

assert_param(GDMA_InitStruct. 1= -nuLL);

[ DCache_Cleaninvalidate( (u32)pTxBuf, TxCoun‘t}JJ

| DCache Cleaninvalidate( (u32)pRxBuf, - RxCount) ;l

21.4.3.3 Heap Usage

If you want to allocate heap in PSRAM, void *Psram_reserve_malloc(int size) should be used to allocate a heap for the starting address 32
bytes alignment. It returns a pointer to the starting address of the allocation. void Psram_reserve_free(void *mem) is used to free the

allocation.
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22 MPU and Cache

22.1 Functional description

22.1.1 MPU

Memory Protection Unit (MPU) is used to provide Hardware Protection by Software definition. Our code provides mpu_region_config

structure to include.the region memory attribute. Default attribute of all KMO & KM4 SRAM are write-through.

Table 22-1 shows member variables of the mpu_region_config structure.

Table 22-1 mpu_region_config structure

Member Variable Name | Type Description
region_base uint32/t MPU region base, 32 bytes aligned
region_size uint32_t MPU region size, 32 bytes aligned
xn uint8_t Execute Never attribute
® MPU_EXEC_ALLOW: Allows program execution in this region
(J MPU_EXEC_NEVER: Does not allow program execution in this region
ap uint8_t Access/permissions
(] MPU_PRIV_RW: Read/write by privileged code only
(] MPU_UN=PRIV_RW: Read/write by any privilege level
®  MPU_PRIVZR: Read only by privileged code only
®  MPU_PRIV_W:Read only by any privilege level
sh uint8_t Share ability for Normal memory
(] MPU_NON_SHAREABLE: Non-shareable
(] MPU_OUT_SHAREABLE: Outer shareable
®  MPU_INR_SHAREABLE: Inner shareable
attr_idx uint8_t Memory attribute indirect index

This parameter can be a value of 0 ~7;the detailed attribute is defined in mpu_init() and is

customized. The typical definition is as‘following:

® 0: MPU_MEM_ATTR_IDX_NC, definessmemory attribute of Normal memory with non-

cacheable

(] 1: MPU_MEM_ATTR_IDX_WT_T_RA, defines'memory attribute of Normal memory with

write-through transient, read allocation

® 2: MPU_MEM_ATTR_IDX_WB_T_RWA, defines memory attribute of Normal memory with

write-back transient, read and write allocation

[ ] 3~7: MPU_MEM_ATTR_IDX_DEVICE, defines memory.attribute of Device memory with

non-gathering, non-recording, non-early Write Acknowledge

Table 22-2 shows how to set a MPU region.

Table 22-2 How to set a MPU region

Steps

Description

New variable and structure

®  Variable to store MPU entry index

®  Structure mpu_region_config to store the region memory attribute

Allocate a free MPU entry

Call mpu_entry_alloc()

Set region memory attribute

Set structure of region memory attribute

Configure MPU region memory attribute

Call mpu_region_cfg()

22.1.2 Cache

Cache is used to improve the CPU performance of data access. Ameba-D Cache supports Enable/Disable, Flush and Clean Operation, as Table

22-3 lists.
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Table 22-3 Enable/Disable, Flush and Clean operation supported by Cache

Operation

Description I-Cache | D-Cache

Enable/Disable

Enable or Disable Cache function v v

Flush (Invalidate)

Flush Cache v v
D-Cache can be flushed by address
Can be used after DMA Rx, and CPU reads DMA data from DMA buffer for D-Cache

Clean

Clean D-Cache x v
D-Cache will be write back to memory

D-Cache can be cleaned by address

Can be used before DMA Tx, after CPU writes data to DMA buffer for D-Cache

22.2 MPUAPIs

22.2.1 mpu_init

Items Description

Introduction Initialize MPU regionsmemory attribute to typical value
Parameters N/A

Return N/A

22.2.2 mpu_set_mem_attr

Items

Description

Introduction

Change MPU region memory attribute

Parameters ®  attr_idx: region memory attribute index; . which can be 0~ 7.
[} mem_attr: region memory attributes.
Return N/A

22.2.3 mpu_region_cfg

Items Description
Introduction Configure MPU region memory attribute.
Parameters L] region_num:

| KMO: 0~3

B KM4NS: 0~7

B KM4S: 0~3

®  pmpu_cfg: pointer to an mpu_region_config structure which has been configured

Return N/A

22.2.4 mpu_entry_free

Items Description
Introduction Free MPU entry
Parameters entry_index:

[ ] KM0: 0~ 3

[ ] KM4_NS:0~7

[ ] KM4_S:0~3
Return N/A
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22.2.5 mpu_entry_alloc

Items

Description

Introduction

Allocate a free MPU entry

Parameters

N/A

Return

MPU entry index:

® KMO0:0~3
KM4_NS:0~7
KM4_S:0~3
Fail: -1

22.3 Cache APiIs

22.3.1 ICache_Enable

Items Description
Introduction Enable |-Cache
Parameters N/A

Return N/A

22.3.2 ICache_Disable
Items Description
Introduction Disable I-Cache
Parameters N/A
Return N/A

22.3.3 ICache_Invalidate

Items Description
Introduction Invalidate I-Cache
Parameters N/A

Return N/A

22.3.4 DCache_IsEnabled

Items Description
Introduction Check D-Cache enabled or not
Parameters N/A
Return D-Cache enable status:
[ ) 1: Enable

[ J 0: Disable

22.3.5 DCache_Enable

Items Description
Introduction Enable D-Cache
Parameters N/A

Return N/A
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22.3.6 DCache_Disable

Items Description
Introduction Disable D-Cache
Parameters N/A

Return N/A

22.3.7 DCache_lInvalidate

Items Description

Introduction Invalidate D-Cache by address

Parameters @ ~Address: Invalidated address (aligned to 32-byte boundary)
® “-Bytes: Size of memory block (in number of bytes)

Return N/A

22.3.8 DCache_Clean

Items

Description

Introduction

Clean D-Cache by address

Parameters ®  Address: Clean address (alignéd to 32-byte boundary).
®  Bytes: size of memory block (inlnumber of bytes).
Note: Address set OxFFFFFFFF is used'to clean all D-Cache.
Return N/A

22.3.9 DCache_CleanInvalidate

Items

Description

Introduction

Clean and invalidate D-Cache by address

Parameters ®  Address: Clean and invalidated address (aligned to 32-byte boundary)
(] Bytes: size of memory block (in number of bytes)
Note: Address set OXFFFFFFFF is used to clean and flush all D-Cache:

Return N/A

22.4 How to Define a Non-cacheable Data Buffer

To define a data buffer with non-cacheable attribute, you should add SRAM_NOCACHE_DATA_SECTION before the buffer definition.

Application Note
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23 Audio Codec Controller Guide

23.1 Audio Codec

Ameba-D audio codec (AC) is often used to play and record audio data. It is a stereo audio codec with stereo headphone amplifiers, as well as
2-way inputs and 1-way stereo/mono output that are programmable to single-ended or differential.

Ameba-D audio codec integrates anti-pop circuit for audible pop noise cancellation, MIC bias circuit for MIC power supply and programmable
MIC boost ability.

Ameba-D audio codec transmits record data to or receives playback data from platform through SPORT interface. By means of specific serial
interface (SI), Ameba-D platform configures and drives audio codec.

Ameba-D also provides external 12S.interface for audio application extension, which supports the highest 384kHz sampling frequency.

23.1.1 Diagram

The diagram of AC is shown in Fig 23-1.

o
g =
0 o
2| |
A >
MICBST SD ADC-L
Kmé4
MIC Bias
‘ MICP2
MICN2 MICBST . SD ADC-R 125
AIR— « >
Digital PCM
Audio
Codec ACC
: =
‘: ‘\( b HP driver DAC-L p—
;
i I’
Virtual GND Anti-Pop !
o ]
"\ ‘\< HP driver DAGR K=— S é I's Extemnal
- R+ o |1 DSP/DAC
= |
FlIF
Fig 23-1 Audio codec diagram
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23.1.2 Features

Mono and stereo channel

8-bit, 16-bit and 24-bit sample bits

8k, 16k, 32k, 48k, 96k, 44.1k, 48k and 88.2k sample rate

12S, left justify, PCM mode A, PCM mode B, PCM mode A-N and PCM mode B-N data format
Anti-pop function to reduce audible pop

Programmable MIC boost gain

Programmable gain in ADC and DAC path

Three line-out'output modes: cap-less, differential and single-end

Three input ways: line-in, AMIC-in and DMIC-in

23.1.3 Application Mode

Audio codec supports three input ways: line-in, AMIC-in and DMIC-in, but only supports one output way: line-out.

23.1.3.1 Line-out

Line-out has no amplifier to amplify output voice: Line-out supports three output modes: cap-less, differential and single-ended. User can
select the wanted mode by setting the related registers.

(] Line-out cap-less mode
In this mode, the N-end of L/R channel outputs common-lével voltage, while P-end drives the available analog audio signal. When earphone
inserts into jack, the ground must short with N-end output for audio signal de-couple. That is why the ground is called virtual ground.

(e [l [=> [ ]

Ameba-D
= virtual ground

g
m = mic
s = ear speaker

Fig 23-2 Cap-less mode connection with headphone jack

® Line-out differential mode
In this mode, both N-end and P-end drive the available analog audio signal. User should select the differential jack‘and earphone accordingly.

Differential Headphone
Connector Assembly

‘ LouT_P

ROUT P Ameba-D

ROUT_N

LOUT_N

Fig 23-3 Differential mode connection with headphone jack
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L] Line-out single-ended mode
In this mode, board circuit designer needs to place a capacitor to the P-end output path for analog audio signal pick-up. No N-end output is

required.

Ameba-D
g |m/g| s s
g = ground l
m = mic -
s = ear speaker

Fig 23-4 Single-ended mode connection with headphone jack

23.1.3.2 Line-in

Line-in has no preamplifier, its input signal often’has a large output power. It often connects to the audio output of equipment such as electric
guitar, electronic organ and synthesizer.

Connect the left channel of line-in signal to AUX_L, and thé right channel to AUX_R accordingly.

\\}7
_

>

<

=D

Fig 23-5 Line-in mode connection

23.1.3.3 AMIC-in

Analog microphone (AMIC) records audio data, it has preamplifier, its input signal often has a low output’power. AMIC-in supports differential
mode and single-ended mode.

®  AMIC-in single-ended mode
Connect MIC_P with single-ended analog microphone, while MICBIAS provides the microphone bias voltage.

Analog MIC

OUTPUT

GND
(f

Fig 23-6 AMIC-in single-ended mode connection

®  AMIC-in differential mode
Connect MIC_P/MIC_N with differential analog microphone, while MICBIAS provides the microphone bias voltage.
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23.1.3.4 DMIC-in

MICBIAS

Analog MIC I Ameba-D
OUTPUT+ mic_p
OUTPUT- MIC_N

Fig 23-7 AMIC-in differential mode connection

Digital microphone (DMIC) records audio data, it is integrated with ADC internal, and can directly output digital signal. DMIC-in supports mono

mode and stereo mode.

[ ] DMIC-in mono mode

Tie the L/R of digital microphone to groand or VDD if only one digital microphone is placed.

(] DMIC-in stereo mode

LVDD

N
VDD

Digital MIC
CrOCK
L/R GND DATA

()

Ameba-D

DMIC_CLK

DMIC_DATA

Fig 23-8 DMIC-in mono mode(€onnection

Tie the L/R of two digital microphones to ground and VDD respectively if stereo microphone'is needed. The two microphones share the
DMIC_DATA according to the rising/falling edge.

Application Note

- VDD
VDD
l Digital MIC
CLOCK Ameba-D
L/R GND DATA
I ———) DMIC_CLK
VDD ——1——) DMIC_DATA
Digital MIC
CLOCK —
GND DATA

Fig 23-9 DMIC-in stereo mode connection
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23.2 Audio Codec Controller

Ameba-D audio codec controller (ACC) is the bridge between host audio buffers and audio codec module. It is used for audio codec
input/output control.

Ameba-D audio codec controller uses GDMA to move data, and transfers audio data to or from audio codec module via SPORT, and configures
audio codec module via SI.

The diagram of ACC is shown in Fig 23-10.

APB Bridge
: SPORT |
GOME, i 31 @40MHz ACC @40MHz or 256*Fs | |
125/PCM
A A
Sl Slave Digital Core 12S/PCM
A
Memory Audio Codec @ 40MHz
.
Analog Core

Fig 23-10 Audio codec controller diagram

23.2.1 Features

Mono and stereo channel

8-bit, 16-bit and 24-bit sample bits

12S, left justify, PCM mode A, PCM mode B, PCM mode A-N and PCM mode B-N data format
Mandatory or optional sample rate which audio codec module declares for support

GDMA for data moving

Data loopback between SDI and SDO

23.2.2 Control Interface

There are two control interfaces: SPORT interface and Sl interface.

®  SPORT interface

Audio codec transfers audio data via SPORT interface sequentially according to user’s setting. It supports multiple data format;such as 125, left
justify, PCM mode A, PCM mode B, PCM mode A-N and PCM mode B-N.

®  Slinterface

Audio codec needs to configure the related analog and digital parameters before transferring audio data. Sl interface is used to configure codec
parameters. It can read or write codec register.

For more details about AC and AAC, refer to UM0400 Ameba-D User Manual.

23.3 Audio PLL

The ACC clock architecture is shown in Fig 23-11.
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SoC Clock Source clk_is_128_fs ACC Clock Module
= Clock B clk_is_40M
SYSPLL_400M ——  Clock Divider/10 > 1 " Divider/4 >
——» 0
- Clock > 1
> N " Divider/2 1
> L=
Clock
L —>» WS
CLK_45P1584 — 3 A Divider/64
0x218[19]
ovier [P BN 0 E
Frequency Synthesizer 1
CLK_98P304 + + e 40M*(ni/mi)
0x218[29
0x218[26:20] ~ 0x218[29] RALIE=)
0x218[28]

Note: CLK_45P1584 is clock ‘derived.from PCM PLL internal, while CLK_98P304 from 1%S PLL.

Fig 23-11 ACC clock architecture

23.3.1 Diagram

The ACC clock diagram is illustrated in Fig 23-12.

f:in_> > f
out
PFD cp > Lp > vco
fdiv >
div.N/(div.N+1) <
fo.N forf
—» 15:13 12:0
16-bit accumulator
Frequency Divider
Fig 23-12 ACC clock diagram
four  div.N X (216 — (fo.N x 213 + fo.f)) + (div.N + 1) x (fo.N X 213 + fo.f) fo.N fo.f
= 16 =le.N+—3 +T
fin 2 2 2

Where fi, is derived from the clock of crystal, while div.N, fo.N and fo.f from the register settings. Therefore, the resolution’of f,,: equals to
fin/216,

The relationship between crystal clock and fi, is listed in Table 23-1.

Table 23-1 Relationship between crystal clock and fi,

Crystal Clock (MHz) fin (MHz) Divider
40 10 4
25 12.5 2
13 13 1
19.2 9.6 2
20 10 2
26 13 2
38.4 9.6 4
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17.664 8.832 2
16 8 2
14.318 14.318 1
12 12 1
52 13 4
48 12 4
27 13.5 2
24 12 2

23.3.2 Operation Mode

23.3.2.1 Auto Mode

In auto mode, PLL circuit automatically sets the parameters (div.N, fo.N, fo.f, etc.) to output clock with the exact frequency, 196.608 MHz
(=98.304MHz x 2) is offered by 125 PLLAvhile 180.6336MHz (=45.1584MHz x 4) by PCM PLL.

23.3.2.2 Manual Mode

If fine tuning PLL clock is required, users could switch the 12S or PCM PLL to manual mode. In this mode, users could control the output
frequency of 125 PLL max + 100ppm around 196.608MHz or PCM PLL max £ 100ppm around 180.6336MHz by calling the corresponding APIs.

As the adjusted step of fou: equals to fin/2%5, fi, decides‘the exact ppm per step ((fin/216)/196.608 or (fin/216)/180.6336).

The relationship between fi, and ppm per step is listed in Table 23-2.

Table 23-2 Relationship.between fi, and ppm per step

fin (MHz) 12S ppm per step PCM ppm per step
10 0.78 0.84
12.5 0.97 1.06
13 1.01 1.10
9.6 0.75 0.81
10 0.78 0.84
13 1.01 1.10
9.6 0.75 0.81
8.832 0.69 0775
8 0.62 0.68
14.318 1.11 1.21
12 0.93 1.01
13 1.01 1.10
12 0.93 1.01
13.5 1.05 1.14
12 0.93 1.01

23.4 Audio Codec APIs

23.4.1 PLLAPIs

API Introduction
<PLL_Div> Divider to generate 256*fs or 128*fs clock
<PLL_Sel> Selects 125 PLL or PCM PLL

<PLL_I2S_Set>

Enables or disables 12S PLL

<PLL_PCM_Set>

Enables or disables PCM PLL

<PLL_I2S_ClkTune>

Tunes I2S PLL output faster or slower, or resets it to auto mode
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| <PLL_PCM_CIkTune>

Tunes PCM PLL output faster or slower, or resets it to auto mode

23.4.1.1 PLL_Div

Parameter Type

Introduction

<div> u32

Divider to generate 256*fs or 128*fs clock.

23.4.1.2 PLL_Sel

Parameter Type

Introduction

<sel> u32

®  Selects I2S PLL if fs=8/16/32/48/96kHz
®  Selects PCM PLL if fs=44.1/88.2kHz

23.4.1.3 PLL_I2S_Set

Parameter Type

Introduction

<new_state> u32

Enables or disables 12S PLL

23.4.1.4 PLL_PCM_Set

Parameter Type

Introduction

< new_state > u32

Enables or disables PCM PLL

23.4.1.5 PLL_I2S_ClkTune

Parameter Type Introduction
<ppm> u32 Required fine tuning ppm value
<action> u32 Faster or slower,or'reset to auto mode

23.4.1.6 PLL_PCM_ClkTune

Parameter Type Introduction
<ppm> u32 Required fine tuning ppm value
<action> u32 Faster or slower, or reset to auto mode

23.4.2 SPORT APIs

API

Introduction

<AUDIO_SP_Structlnit>

Fills each SP_StructInit member with its default value

<AUDIO_SP_Init>

Initializes the audio SPORT registers according to the specified parameters in SP_initStruct

<AUDIO_SP_TxStart>

Starts or stops SPORT Tx path

<AUDIO_SP_RxStart>

Starts or stops SPORT Rx path

<AUDIO_SP_TdmaCmd>

Enables or disables SPORT Tx DMA request

<AUDIO_SP_RdmaCmd>

Enables or disables SPORT Rx DMA request

<AUDIO_SP_SetWordLen>

Sets the AUDIO SPORT word length

<AUDIO_SP_GetWordLen>

Gets the AUDIO SPORT word length

<AUDIO_SP_SetMonoStereo>

Sets the AUDIO SPORT channel number

<AUDIO_SP_TXGDMA_Init>

Initializes GDMA peripheral for Tx data

<AUDIO_SP_RXGDMA_Init>

Initializes GDMA peripheral for Rx data
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23.4.2.1 AUDIO_SP_Structlnit

Fills each SP_StructInit member with its default value.

Parameter Type Introduction

<SP_InitStruct > SP_InitTypeDef* SP_InitTypeDef structure that contains the configuration information for the specified
audio SPORT peripheral

23.4.2.2 AUDIO_SP_Init

Initializes the audio SPORT registers according to the specified parameters in SP_InitStruct.

Parameter Type Introduction

<SPORTx> AUDIO. SPORT_TypeDef* | The base address of audio SPORT peripheral

<SP_InitStruct > SP_InitTypeDef* SP_InitTypeDef structure that contains the configuration information for the specified
AUDIO SPORT peripheral

23.4.2.3 AUDIO_SP_TxStart

Starts or stops SPORT Tx path.

If playing with audio codec, it starts SPORT Tx path.

Parameter Type Introduction
<SPORTx> AUDIO_SPORT_TypeDef* | The base'address of audio SPORT peripheral
<NewsState> u32 State (enableor disable) of the SPORT Tx

23.4.2.4 AUDIO_SP_RxStart

Starts or stops SPORT Rx path.

If recording with audio codec, it starts SPORT Rx path.

Parameter Type Introduction
<SPORTx> AUDIO_SPORT_TypeDef* The base address of audio SPORT peripheral
<NewsState> u32 State (enable or disable) of the SPORT Rx:

23.4.2.5 AUDIO_SP_TdmaCmd

Enables or disables SPORT Tx DMA request.

If Tx DMA request is not enabled, you should start Tx when GDMA completes every time.

Parameter Type Introduction
<SPORTx> AUDIO_SPORT_TypeDef* The base address of audio SPORT peripheral
<NewsState> u32 State (enable or disable) of the SPORT Tx DMA request

23.4.2.6 AUDIO_SP_RdmaCmd

Enables or disables SPORT Rx DMA request.

If Rx DMA request is not enabled, you should start Rx when GDMA completes every time.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.

208



54REALTEK

Audio Codec Controller Guide

Parameter Type Introduction
<SPORTx> AUDIO_SPORT_TypeDef* The base address of audio SPORT peripheral
<NewsState> u32 State (enable or disable) of the SPORT Rx DMA request

23.4.2.7 AUDIO_SP_SetWordLen

Sets the audio SPORT word length.

Parameter

Type

Introduction

<SPORTx>

AUDIO_SPORT_TypeDef*

The base address of audio SPORT peripheral

<SP_WordLen>

u32

The value of word length

23.4.2.8 AUDIO_SP_GetWordLen

Gets the audio SPORT word length¢

Parameter

Type

Introduction

<SPORTx>

AUDIO_SPORT~TypeDef*

The base address of audio SPORT peripheral

23.4.2.9 AUDIO_SP_SetMonoStereo

Sets the audio SPORT channel number.

SPORT only supports stereo channel and mono channel.

Parameter

Type

Introduction

<SPORTx>

AUDIO_SPORT_TypeDef*

The base address.of audio SPORT peripheral

< SP_MonoStereo>

u32

Mono or stereo channel

23.4.2.10 AUDIO_SP_TXGDMA_Init

Initializes GDMA peripheral for sending data.

Parameter Type Introduction

<Index> u32 GDMA index

<GDMA_InitStruct> GDMA_InitTypeDef * GDMA_InitTypeDef structure that contains the configuration information for the GDMA
peripheral

<CallbackData> void * GDMA callback data

<CallbackFunc> IRQ_FUN GDMA callback function
<pTxData> us * Tx buffer that stores Tx data
<Length> u32 Tx data length

23.4.2.11 AUDIO_SP_RXGDMA_Init

Initializes GDMA peripheral for receiving data.

Parameter Type Introduction

<Index> u32 GDMA index

<GDMA_InitStruct> GDMA_InitTypeDef * GDMA_InitTypeDef structure that contains the configuration information for the GDMA
peripheral

<CallbackData> void * GDMA callback data

<CallbackFunc>

IRQ_FUN

GDMA callback function

<pRxData>

usg * Rx buffer that stores the received data
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I <Length> | u32 Rx data length

23.4.3 SI APIs

SI APIs are used to read and write codec register.

API Introduction

<AUDIO_SI_Cmd> Enables or disables the specified audio Sl peripheral
<AUDIO_SI_WriteReg> Sl writes codec register

<AUDIO_SI_ReadReg> Sl reads codec register

<AUDIO_SI_CIkCmd> Turns on or turns off the clock of register bank of audio codec

23.4.3.1 AUDIO_SI_Cmd

Enables or disables the specified audio.SI peripheral.

Parameter Type Introduction

<new_state> u8 New state of the S| peripheral

23.4.3.2 AUDIO_SI_WriteReg

Uses Sl interface to write codec register.

Parameter Type Introduction
<address> u32 Codec register address
<data> u32 Data value written to the register

23.4.3.3 AUDIO_SI_ReadReg

Uses Sl interface to read codec register.

Parameter Type Introduction

<address> u32 Codec register address

23.4.3.4 AUDIO_SI_CIkCmd

Turns on or turns off the clock of register bank of audio codec.

Parameter Type Introduction

<new_state> u8 New state of the clock of register bank of audio codec

23.4.4 Codec APIs

API Introduction

<CODEC_Init> Initializes codec peripheral according to the application mode
<CODEC_SetVolume> Sets codec volume by controlling mon DAC channel DVOL gain
<CODEC_GetVolume> Gets codec mon DAC channel gain control

<CODEC_SetSr> Sets codec ADC and DAC sample rate

<CODEC_SetAdcGain> Sets codec ADC gain

<CODEC_SetAmicBst> Set codec AMIC boost

<CODEC_SetDmicBst> Set codec DMIC boost
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<CODEC_SetMicBias>

Sets MIC_BIAS output voltage

<CODEC_MuteRecord>

Mutes or unmutes per AD channel

<CODEC_MutePlay>

Mutes or unmutes per DA channel.

<CODEC_Delnit>

De-initializes codec peripheral

23.4.4.1 CODEC_lInit

Initializes codec peripheral according to the application mode.

Parameter Type Introduction

<sample_rate> u32 Codec ADC and DAC sample rate

<word_len> u32 Codec data sample bit

<mono_stereo> u32 Codec mono channel or stereo channel

<application> u32 Codec application mode, such as APP_AMIC_IN, APP_LINE_OUT

23.4.4.2 CODEC_SetVolume

Sets codec volume by controlling mon DAC-channel DVOL gain.

Parameter Type Introduction

<vol_Ich> u8 Codecmon DAC left channel DVOL gain control (0.375dB/step)
® 8'hAE70dB
® 8'h00:-65.625dB

<vol_rch> u8 Codec mon DAC right\.channel DVOL gain control (0.375dB/step)

®  8'hAF:0dB
®  8'h00:-65.625dB

23.4.4.3 CODEC_GetVolume

Gets codec mon DAC channel gain control.

Parameter

Type

Introduction

<vol>

ulé *

Mon DAC channel DVOL gain (high 8 bits is RCH gain, low 8 bits are LCH gain)

23.4.4.4 CODEC_SetSr

Sets codec ADC and DAC sample rate.

Parameter

Type

Introduction

<sample_rate>

u32

Codec ADC and DAC sample rate

23.4.4.5 CODEC_SetAdcGain

Sets codec ADC gain.

Parameter Type Introduction
<ad_gain_left> u32 ADC left channel digital volume gain
<ad_gain_right> u32 ADC right channel digital volume gain

23.4.4.6 CODEC_SetAmicBst

Sets codec AMIC boost.

Application Note
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Parameter Type Introduction
<amic_bst_left> u32 AMIC left channel boost gain
<amic_bst_right> u32 AMIC right channel boost gain

23.4.4.7 CODEC_SetDmicBst

Sets codec DMIC boost.

Parameter Type Introduction
<dmic_bst_left> u32 DMIC left channel boost gain
<dmic_bst_right> u32 DMIC right channel boost gain

23.4.4.8 CODEC_SetMicBias

Sets MIC_BIAS output voltage.

Parameter Type

Introduction

<mic_bias> ug

Microphone bias voltage setting

23.4.4.9 CODEC_MuteRecord

Mutes or unmutes per AD channel.

Parameter Type Introduction
< mute_Ich> u32 Mutes for left AD channel
< mute_rch> u32 Mutes for right AD channel

23.4.4.10 CODEC_MutePlay

Mutes or unmutes per DA channel.

Parameter Type Introduction
< mute_Ich> u32 Mutes for left DA channel
< mute_rch> u32 Mutes for right DA channel

23.4.4.11 CODEC_Delnit

De-initializes codec peripheral.

Parameter Type

Introduction

<application> u32

Codec application mode

23.5 How to Use AC APIs?

23.5.1 Audio Play

To play the audio data through audio codec, follow the steps below:

(1) Open audio codec clock and function
PLLx_Set (0, ENABLE); (x is0 or 1)

RCC_PeriphClockCmd (APBPeriph_AUDIOC, APBPeriph_AUDIOC_CLOCK, ENABLE);

Application Note
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RCC_PeriphClockCmd (APBPeriph_SPORT, APBPeriph_SPORT_CLOCK, ENABLE);
(2) Enable pin for audio codec function
PAD_CMD (PinName, DISABLE);
(3) Initialize codec with desired parameters
CODEC_lInit (SampleRate, WordLen, MonoStereo, Application); (Application is APP_LINE_OUT)
(4) If you need to change codec volume, use
CODEC_SetVolume (vol_Ich, vol_rch);
(5) If you want to adjust microphone bias output voltage, use
CODEC_SetMicBias (mic_bias);
(6) Fill the SPORT desired parameters
AUDIO/SP)InitStruct (&SP_InitStruct);
(7) Configure audia"SPORT with the corresponding configuration
AUDIO_SPInit(AUDIO_SP_DEV, &SP_InitStruct);
(8) Start Tx path
AUDIO_SP_TdmaCGmd (AUDIO_SPORT_DEV, ENABLE);
AUDIO_SP_TxStart (AUDIO_SPORT_DEV, ENABLE);
(9) Activate GDMA to Tx data
AUDIO_SP_TXGDMA_Init (Index, &GDMA _InitStruct, *CallbackData, CallbackFunc, pTxData, Length);

23.5.2 Audio Record

To record the audio data through audio codec, follow the steps below:
(1) Open audio codec clock and function
PLLx_Set (0, ENABLE); (x is 0 or 1)
RCC_PeriphClockCmd (APBPeriph_AUDIOC, APBPériph_AUDIOC_CLOCK, ENABLE);
RCC_PeriphClockCmd (APBPeriph_SPORT, APBPeriph_SPORT_CLOCK, ENABLE);
(2) Enable pin for audio codec function
PAD_CMD (PinName, DISABLE);
(3) Initialize codec with desired parameters
CODEC_lInit (SampleRate, WordLen, MonoStereo, Application);
Application can select APP_AMIC_IN for analog microphone, select APP_DMICL! IN for digital microphone, or select APP_LINE_IN.
(4) If codec needs to change volume, use
CODEC_SetVolume (vol_Ich, vol_rch);
(5) If codec needs to change ADC gain, use
CODEC_SetAdcGain (ad_gain_left, ad_gain_right);
(6)  Fill the desired parameters
AUDIO_SP_InitStruct (&SP_InitStruct);
(7) Configure audio SPORT with the corresponding configuration
AUDIO_SP_Init (AUDIO_SP_DEV, &SP_InitStruct);
(8) Start Rx path
AUDIO_SP_RdmaCmd (AUDIO_SPORT_DEV, ENABLE);
AUDIO_SP_RxStart (AUDIO_SPORT_DEV, ENABLE);
(9) Activate GDMA to Rx data
AUDIO_SP_RXGDMA_Init (Index, &GDMA_InitStruct, *CallbackData, CallbackFunc, pRxData, Length);

23.5.3 Example List

Example Location
Playback /project/realtek_amebaD_va0_example/example_sources/Audio/dac
Record and playback AMIC /project/realtek_amebaD_va0_example /example_sources/Audio/adc
DMIC /project/realtek_amebaD_va0_example /example_sources/Audio/dmic
Record and store AMIC /component/common/example/audio_sport/audio_recorder
Record and upload DMIC /component/common/example/audio_sport/audio_pcm_upload
Decode algorithm AC3 /component/common/example/audio_sport/audio_ac3
AMR /component/common/example/audio_sport/audio_amr
FLAC /component/common/example/audio_sport/audio_flac
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Helix AAC /component/common/example/audio_sport/audio_helix_aac
Helix MP3 /component/common/example/audio_sport/audio_helix_mp3
HLS /component/common/example/audio_sport/audio_hls

M4A /component/common/example/audio_sport/audio_m4a

MA4A self-parse /component/common/example/audio_sport/audio_m4a_selfparse
MP3 /component/common/example/audio_sport/audio_mp3

Note: In the example code, we don’t disable the GDMA even if no valid data are available. If you want to disable the GDMA, it should be done
in a GDMA related interrupt routine. Disabling the GDMA outside of an interrupt routine may cause an exception if the GDMA is still
transferring data.

23.6 Hardware Design Guide

23.6.1 Line-out

The line-out connection of audio codec’iswillustrated in Fig 23-13. The capacitors between 3.5mm jack and IC should be 47uF tantalum
capacitors rather than ceramic capacitors. The reason is that capacitance value of ceramic capacitors may decrease when bias voltage is
applied to them, which causes audio performance bad.

|

D2 -
- > n e
AOQUT_L |/ 47uF 502 7 0 HP_DET a i’
I\ g | K]
AOUT_R A." 47uF C40 FB1 70 2
Y T\ Y5 T

A

D3 F&En‘m Custom

P

Fig 23-13 Line-out connection

23.6.2 AMIC-in

The AMIC-in connection of audio codec is illustrated in Fig 23-14. The capacitor between analog micrephohe and IC should be 1uF. Larger
capacitance value makes longer period needed for capacitor charging.

MIC1_P

1uF ]l I_CBS

7

MIC_BIAS

R6
c66 C67
0.1uF 1uF

Fig 23-14 AMIC-in connection

MIC_BIAS connects to the positive side of microphone through a 2.2kohm resistor to offer bias voltage.

®  Short the negative side of microphone to ground if working at single-ended mode, or connect to ground through a 2.2kohm resistor at
differential mode.

®  Connect the negative side of microphone to MIC_N through a 1uF capacitor at differential mode.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.

214



54REALTEK

Audio Codec Controller Guide

23.6.3 Power

The power connection of audio codec is illustrated in Fig 23-15.

®  The capacitor between AUDIO_VREF and ground should be 4.7nF. Larger capacitance value makes longer period needed for AVCC's
stabilization.

®  The capacitor between AVCC or AVCC_DRIV and ground should be 1uF or a little larger to keep voltage stable.

AUDIO_VREF

(o 1]
1uF C24

]

4.7nF

“P44

AVCC_DRIV

———— {AVCC_DRIV

W“ C61 || 1uF
[ I

Fig 23-15 Power connection

23.7 Performance of Encoding & Decoding

The performance of decoding or encoding audio files of different formats are listed in Table 23-3 ~ Table 23-9. Data listed in these tables are
obtained when the dynamic memory is allocated in SRAM. Dataymay be different if memory is allocated in PSRAM.

23.7.1 AC3 Format

The performance of decoding AC3 format audio data is listed in Table 23-3.

Table 23-3 Performance of decoding AC3 format audio data

AC Channel | Bit Rate (kHz) | Sample Rate (kHz) Output Channel | Average MIPS Measured! | MIPS Simulated?
Average Maximum

5.1 640 48 1 50.5 53.7 54.5
5.1 448 48 1 72.2 70.8 76.8
5.1 448 48 1 69.9 68.2 90.8
5.1 448 48 1 68.7 65.9 92.3
2.1 192 48 1 54.8 506 52.2
2.0 192 48 1 TBD 50.7 49.6

1.  Thevalues are evaluated on the AmebaD_QFN88_EVB_V1.
2. Thevalues are evaluated with the Keil simulator.

23.7.2 OPUS Format

The simulated CPU load of encoding and decoding of OPUS audio data is listed in Table 23-4. Keil simulator is used during the whole process.
The decoding files used in the measurement process are created with opus-tools-0.2-opus-1.3.

Table 23-4 Simulated CPU load of encoding and decoding of OPUS audio data

Rate (kHz) Channel Bit Rate (kbps) Complexity MIPS Measured

Decoding Encoding Decoding Encoding
48 2 256 10 63 153.5 82.7 261
48 2 256 3 58 122.5 71.4 142.2
48 2 256 0 53 102 67.6 129.8
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48 1 256 3 38 74.5 53.4 81.8
16 1 48 3 8.5 46.5 TBD 108.6
16 1 20 3 7 44.5 TBD 101.6

If users decide to use libopus library to deal with their data, the code size requirement is listed in Table 23-5. The version used here is libopus
1.1.4.

Table 23-5 Code size requirement using libopus

Type Program Size Data Size
SILK encoder 77.1k 8.5k
Original Source Codé‘(Encode + Decode) 133k 23.6k

In Table 23-6, CPU load on‘using Silk encoder is listed.

Table 23-6 CPU load on using Silk encoder

Test Condition Complexity Average CPU Load (MHz) Remarks
SILK encoder, 16k, 1ch, 20kbps 3 42 SILK VBR
10 182

23.7.3 FLAC Format

The simulated (with Keil simulator) and measured CPU load for decoding FLAC audio data is listed in Table 23-7. The tested file lasts for
279.64s, and the decoding time is 13.51s, which means 2.89s’decoding time for 1-minute audio data.

Table 23-7 CPU load’of/decoding FLAC audio data
Rate (kHz) Channel Word Length MIPS Simulated MIPS Measured
44.1 2 16 19 9.66

23.7.4 AAC Format

The measured CPU load for decoding AAC audio data is listed in Table 23-8. The tested file lasts for 24.576s, and the decoding time is 3.55s,
which means 8.68s decoding time for 1-minute audio data.

Table 23-8 CPU load of decoding AAC audio data
Rate (kHz) Channel Bit Rate (kbps) MIPS
48 2 320 28.93

23.7.5 MP3 Format

The measured CPU load for decoding MP3 audio data is listed in Table 23-9. The tested file lasts for 5.58s, and the decodingitime is 849ms,
which means 9.13s decoding time for 1-minute audio data.

Table 23-9 CPU load of decoding MP3 audio data
Rate (kHz) Channel Bit Rate (kbps) MIPS
32 2 320 30.43
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23.8 Q&A

23.8.1 How to Connect the Output of DAC to A Power Amplifier?

In our SDK, the output of DAC is configured as single-ended by default. The N-end should be left alone. The P-end of L/R should be connected
to the amplifier respectively. Choose either the P-end of L or R if only one channel is needed.

® If the power amplifier is an AB type amplifier, refer to the design shown in Fig 23-16 (power amplifier is LM4991).
® [f the power amplifier is a D type amplifier, refer to the design shown in Fig 23-17 (power amplifier is ALC1003).
VBAT
SPERFER AMP 0
U9 SPEAFER CONNECTOR
£UoN_AMP_SHDN P2
77— R24 1K é SHDN V02 ? 1
€53 3 BYPS  GND [ 219
Speak_Amp' | # R25 20K ’_:4 IN+ VDD [5 | O
€ | IN- VO1
p y HEADER 2x1
1uf - LM4991 S -
1uF \uF
R27 33.2k

Fig 23-16 Reference design of using AB type power amplifier

Reserve for Input attenuation '”W‘Close to IC

To have optimization output power ‘

22

AAN
o
|
N

CloSe) toIC

YPASS?

'\‘ Reéserve | for EMI Depression

o
| ¢

Fig 23-17 Reference design of using D type power amplifier

23.8.2 What’s the Difference between Single-ended MIC Input and Differential MIC
Input?

The SNR of differential mic input is better than single-ended input, but one more pin is needed. Ameba-D supports 2 mics. @ne supports both
single-ended input and differential inputs, but another only supports single-ended input.

23.8.3 How to Play Local Audio Files?

If audio files are stored in SD card, you can use APIs related to SD card and file system to read and play audio files. If audio files are stored in
flash, you need to copy the audio files to SRAM or PSRAM first, then call AUDIO_SP_TXGDMA _Init() to play them. Passing address directly to
AUDIO_SP_TXGDMA_Init() doesn’t work. The reason is that flash doesn’t support GDMA transfer, but SRAM or PSRAM supports.
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24 Cap-Touch

Ameba-D Cap-Touch provides 4 channels for capacitive sensing. The sensitivity and threshold for each channel are configurable. For different
applications and surroundings, users should tune parameters to achieve the best performance.

This chapter introduces how to use Cap-Touch and design touch key.

24.1 Pinmux

The pin assignments.of Gap-Touch channels are listed in Table 20-4.

Table 24-1 Cap-Touch pin assignments

Channel Port Name Pin Name QFN48 QFN68 QFN88
0 PB[4] TOUCH_KEYO x v v
1 PB[S] TOUCH_KEY1 x v v
2 PB[6] TOUCH_KEY?2 x v v
3 PB[7] TOUCH_KEY3 x v v

24.2 APIs

24.2.1 CapTouch_Structinit

Items

Description

Introduction

Initializes the parameters in the CapTouch_InitStruct with default values.

Parameters

CapTouch_InitStruct: pointer to a CapTouch_InitTypeDef structure which is initialized.

Return

N/A

Note: CapTouch_lInitStruct contains the configurable parameters for Cap-Touch and(each channel, which includes the debounce control, ETC
parameters, mbias current and threshold for channels.

24.2.2 CapTouch_Init

Items

Description

Introduction

Initializes the Cap-Touch peripheral according to the specified parameters in the'GapTouch_InitStruct.

Parameters ®  CapTouch: which should be CAPTOUCH_DEV.
®  CapTouch_InitStruct: pointer to a CapTouch_InitTypeDef structure that contains the configuration information
for the specified Cap-Touch peripheral.
Return N/A

24.2.3 CapTouch_Cmd

Items

Description

Introduction

Enables or disables the specified Cap-Touch peripheral.

Parameters ®  CapTouch: which should be CAPTOUCH_DEV.
®  NewsState: new state of the Cap-Touch peripheral. This parameter can be ENABLE or DISABLE.
Return N/A
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24.2.4 CapTouch_INTConfig

Items Description
Introduction Enables or disables the specified Cap-Touch interrupts.
Parameters ®  CapTouch: which should be CAPTOUCH_DEV.
®  CapTouch_IT: specifies the Cap-Touch interrupt to be enabled or masked. This parameter can be one or
combinations of the following values:
| BIT_CT_OVER_N_NOISE_THRESHOLD_INT: Cap-Touch negative noise overflow interrupt
| BIT_CT_FIFO_OVERFLOW_INT: Cap-Touch FIFO overflow interrupt
L BIT_CT_OVER_P_NOISE_THRESHOLD_INT: Cap-Touch positive noise overflow interrupt
B CT_CHX_PRESS_INT(x): Cap-Touch channel(x) press interrupt, where x can be 0~3
B CT_CHX_RELEASE_INT(x): Cap-Touch channel(x) release interrupt, where x can be 0~3
® NewsState: new state of the specified Cap-Touch interrupts mask. This parameter can be ENABLE or DISABLE.
Return N/A

24.2.5 CapTouch_GetISR

Items

Description

Introduction

Gets Cap-Touch interrupt.status.

Parameters

CapTouch: which should be CAPTOUCH_DEV.

Return

Interrupt status

24.2.6 CapTouch_INTClearPendingBit

Items Description
Introduction Clears the specified Cap-Touch interrupt pending bit.
Parameters ®  CapTouch: which should be CAPTOUCH_DEV.
®  CapTouch_IT: specifies the Cap-Touch interrupt to be'cleared. This parameter can be one or combinations of
the following values:
B BIT_CT_N_NOISE_OVERFLOW_INT_CLR: Cap-Toueh.negative noise overflow interrupt
B BIT_CT_FIFO_OVERFLOW_INT_CLR: Cap-Touch FIFO-0verflow interrupt
B BIT_CT_P_NOISE_OVERFLOW_INT_CLR: Cap-Touch positive noise overflow interrupt
| CT_CHX_PRESS_INT(x): Cap-Touch channel(x) press interrupt,)where x can be 0~3
B CT_CHX_RELEASE_INT(x): Cap-Touch channel(x) release interrupt,where x can be 0~3
Return N/A

24.3 How to Use CTC

24.3.1 CTC Initialization

The Cap-Touch initialization is implemented by the app_captouch_init() function in main.c . You can follow these steps to use’it.

(1) Setthe km0O_enable_key_touch in ps_config (RtI8721dlp_sleepcfg.c) to BIT_CAPTOUCH_ENABLE to enable Cap-Touch when KMO boots.

Application Note

PSCFG_TypeDef ps_config = (
.km@_config_wifi_enable = TRUE,
.km8_enable_key_touch =
.km@_tickles_debug = FALSE,/% if open WIFI FW, should close it, or beacon will lost in WOWLAN =/
km@_osczZm_close = TRUE,
.km@_pg_enable = FALSE,
.km@_rtc_calibration = FALSE,
.km@_audio_pad_enable = TRUE,

FALSE, /7877 KEV ENBBLE [ BIT CAPTOHEH ENGHLE,
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(2) Set configuration parameters in the following structure (touch_key.c), which includes touch threshold, noise threshold, mbias current,
enable control for each channel. The method to tune parameters for each channel can be found in 24.3.2.

static CapTouch_CHInitTypeDef CTCChan[4] =
{
/%DiffThrehold, MbiasCurrent, ETCHNoiseThr, ETCPNoiseThr, CHEnablex/
{35, Oxl6, 3, 18, ENABLE}, /x Channel 0 x/
{500, 0x08, 250, 250, DISABLE}, /= Channel 1 =/
{500, 0x08, 250, 250, DISABLE}, /* Channel 2 x/
{500, 0x0b, 250, 250, DISABLE}, /* Channel 3 x/
}s

(3) Rebuild SDK and.re-burn images, the Cap-Touch would work after boot up. When finger touch or proximity is detected, the Cap-Touch
would send a “Key-Press” interrupt to system.

24.3.2 CTC Calibration

To achieve the best performance (sensitivity, reliability or response time), users need to tune touch threshold, noise threshold and mbias
current during development. The reference value of parameters is shown in Table 24-2. Of course, users can tune other parameters manually
to fit special requirements.

The parameters for each channel should be tuneddndividually. To calibrate for channel 0, for example, users can follow these steps:
(1) Initialize the parameter of CapTouch_lInitStruct with default values using CapTouch Structinit() to enable channel 0.
CapTouch_Structinit(&CapTouch_InitStruct);
CapTouch_InitStruct.CT_Channel[0].CT_CHEnable= ENABLE;
(2) Initialize the Cap-Touch peripheral according to CapTotgch:_InitStruct in step (1).
CapTouch_Init(CAPTOUCH_DEV, &CapTouch_InitStruct);
(3) Enable Cap-Touch.
CapTouch_Cmd(CAPTOUCH_DEV, ENABLE);
(4) Call CapTouch_GetChAveData() to read the sample data from channel 0 periodically.
CapTouch_GetChAveData(CAPTOUCH_DEV, 0);

Table 24-2 Reference value of parameters

Parameters Description Reference Range
Finger Touch Detection Proximity Detection
mbias Set to a value which makes the baseline within Baseline: 2500~3500 Baseline: 3500~3800
the reference range.
Difference Threshold | Set to 80% of the touched difference value. 500~600 30~80
Noise Threshold Set to no more than 50% of the difference 200~255 0~40
threshold, and it can be adjusted according to the
actual situation.
Maximum value: 255

24.4 Cap-Touch Schematic Design and PCB Layout Guidelines

The CTC of Ameba-D has 4 Cap-Touch channels, and all the four channels support buttons and proximity sensors. Both the schematic design
and PCB layout are important for Cap-Touch application. This chapter provides guidelines of Cap-Touch schematic design and P€B layout.

24.4.1 Cap-Touch Schematic Design

The CTC supports 4 channels, each channel supports button and proximity sensor, while only 2 channels are used. When designing the Cap-
Touch schematic, you shouldn’t select the sensor pins that are next to each other for better stability. Also, do not make the sensor trace run
parallel to a clock signal or driven signal, which may result in cross-talk, and may cause the sensor next to those signals to make trigger false.
Refer to PCB Layout in getting started with PCB layout design guidelines to avoid cross-talk.
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All Cap-Touch channels must have a 47Q series resistance (placed close to the chip) to improve noise immunity both for button and proximity
sensor. If any Cap-Touch channel is not used, it is recommended to disable this channel and connect it to ground. Refer to How to Use CTC for

details of disabling a channel.

For example, Fig 24-1 is a schematic in which only 4 channels are enabled.

TOUCH_KEYD >

TOUCH_KEY1 >

TOUCH_KEY2

TOUCH_KEY3 >

R82
TOUCH_KEY0 1 ButtonC
THJ35
R83
TOUCH_KEY1 1 ButtonC
TIJ36
R84
TOUCH_KEY2 1 ButtonC
THJ37
R85
TOUCH_KEY3 1 ButtonC
THJ38

24.4.2 PCB Layout

In a typical Cap-Touch application, sensors are constructed with traces on a FR4/FR2 or flexible printed circuit (FPC). Cap-Touch layout design is

Fig 24-1 4 Channels enabled schematic

an important step in the design phase, following the PCBayout design guidelines can help your design achieve higher noise immunity, lower

parasitic capacitance (CP), and higher signal-to-noise ratio (SNR). The following factors must be considered during layout.

®  Sensor parasitic capacitance: Sensor CP depends on sensor dimensions, PCB overlay and trace length. A high sensor CP makes it more
difficult to sense small changes in sensor capacitance and thereby reduces sensitivity.

®  Sensor dimensions: The sensor dimensions depend on the overlay-thickness and suitable dimension for human touch. For touch
convenience, a larger dimension is needed. A thicker overlay requiresa larger sensor dimensions. But a larger dimension causes a higher
parasitic capacitance.

®  Sensor trace length: Longer trace lengths add the sensor CP and reduce thesensor sensitivity. Also, a long trace acts like an antenna and
reduces the noise immunity of the sensor.

[ ] Power consumption: The power consumption of the sensor depends on scan‘period and sensitivity (mbias), while the sensitivity depends

on the CP of the sensor. Higher CP results in higher sensitivity; higher sensitivity and’smaller scan period results in higher power
consumption. To achieve a lower power consumption, reduce the sensor CP. To achieve a lower CP, higher SNR, and lower power
consumption, follow the layout design guidelines.

For better performance, the follow guidelines provide recommendations of the sensor shape, minimdm and maximum sensor dimensions,
placement of the sensor, and routing traces on the PCB or FPC. Table 24-3 summarizes the sensor layout.guidelines while designing a Cap-

Touch application, both of button application and proximity application.

Table 24-3 Sensor layout recommendations

clearance

Category Item Min. Max. Description
Button Button parasitic capacitance 4pF 50pF Lower CP, lower sensitivity, lower power consumption
Button shape N/A N/A Round or rectangle with round corners
Button size 5mm 15mm Larger size causes more power consumption, the recommended size is
8mm~12mm for round shape.
Button-Button spacing Button-Ground N/A Depending on button application, for better stability, the recommended spacing
clearance is larger than 8mm.
Button-GND clearance 0.5mm 2.54mm The recommended clearance is equal to the overlay thickness.
Proximity | Proximity parasitic capacitance 8pF 50pF Proximity needs lower CP and higher mbias for better sensitivity, which causes
more power consumption.
Proximity sensor shape N/A N/A [ J Circular or rectangular loop (with round corners) on PCB for large area.
[ J Circular or rectangular solid fill (with round corners) for small area.
[ ] Line with recommended sensor trace width.
[ A GND loop surrounding the sensor results in better noise immunity but
worse sensitivity.
Proximity sensor trace width 2mm The recommended width is 2mm~3mm.
Proximity sensor-GND loop 1.5mm 2.5mm The recommended width is 2mm.
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GND loop trace width 1.5mm 1.5mm
Proximity sensor loop diameter The recommended loop diameter needs to be larger than the proximity
distance.

Table 24-4 summarizes the layout guidelines for placement of components, routing of sensor, sensor trace and GND layer while designing a
Cap-Touch application, both button application and proximity application.

Table 24-4 Other layout recommendations

Category Item Min. Max. Description
Placement 2 layer PCB N/A N/A [ ] Top: Sensors, devices, and components; VDD and GND
traces, other signal traces
([ ] Bottom: Sensor traces, devices and components; VDD
and GND traces, other signal traces
Note:
[ ] Avoid VDD traces, clock traces, and driven traces over
sensor traces.
®  Avoid sensor trace run parallel to a clock signal or driven
signal.
4 layer PCB N/A N/A ®  Top: Sensors, devices, and components
®  Second layer: Hatched ground
®  Third layer: Sensor traces, VDD layer
[ ] Bottom: Devices, and components
Note: Avoid VDD traces, clock traces, and driven traces run
parallel under or over sensor traces.
Routing Sensor trace length Not limited, make sure the trace capacitance and sensor
capacitance is less than 50pF.
Sensor trace width 6mil 9Imil The recommended value is 7mil (FR4/FR2/FPC).
Sensor trace routing N/A N/A The best choice for sensor is routed on the non-sensor side.
Otherwise, make sure the sensor trace area is a touch
forbidden area.
Note: Avoid sensor trace run parallel to a clock signal or driven
signal. If any non-sensor trace crosses the sensor trace ,ensure
that the’intersection is orthogonal.
Via position N/A N/A Via should be’placed near the edge.
Via number 0 3 1 via is needed, more via results other parasitic capacitance.
Via hole size 12mil/6mil 24mil/12mil | The recommendedvia hole size is 16mil/10mil.
Trace series resistor a7 560 Series resistors ¢loseto the chip for better suppression and
ESD.
Trace-GND layer distance | 10mil 20mil 20mil
GND GND-Top layer Hatched pattern 7mil trace‘and 35~45 mil grid
GND-Bottom layer Hatched pattern 7mil trace and 65~75 mil grid or no ground
Overlay Overlay thickness N/A 3mm Depends on your product, 3mm far glass or plastic; higher
thickness may decrease the sensitivity.
Overlay material N/A N/A Non-conductive material
For example, Fig 24-2 is a PCB design of button and proximity application.
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Fig 24-2 PCB design of button and proximity application

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.

223



%/REALTEK Ameba-D

25 Infrared Radiation (IR)

Ameba-D Infrared Radiation (IR) provides hardware modulation for Infrared Radiation sending and hardware auto capture for receiving.

This chapter introduces how to use IR.

25.1 Pinmux

The pin assignments of IR are listed in Table 25-1.

Table 25-1 IR pin assignments

Port Name Pin Name QFN48 QFN68 QFN88
PA[25] IR_TX 3 v \
PA[26] IR_RX 3 \ \
PB[23] IR.TX X \ \
PB[22] IRLRX X \ \
PB[31] IR_TX X \ \
PB[29] IR_RX X v )

25.2 Data Format

This section introduces the data format of Tx FIFO and Rx FIFO.

25.2.1 IRTx

To send IR data, you should write the data into IR Tx FIFO register, so it’s important.to understand the data format to be sent to Tx FIFO
register. Before sending data, you should convert the data into the appropriate format that Tx FIFO register can recognized. The size of Tx FIFO
register is 32 bits, where:
(] Bit[31] indicates data type.
u 0: inactive carrier
| 1: active carrier
° Bit[30] is data end flag.
B 0:normal packet
| 1: last packet
(] Bit[27:0], represented by cycle, stores the data to be sent and the data format is the number of carrier cycles. Let f,4,ior represents the
carrier frequency (the unit of f,4rier i kHz), Tauration represents the duration of carrier or no carrier symbol (the unit of Tyyration IS US)-
Then,
bit[27:0] = fearrier * Tauration/ 1000

Take NEC protocol for example, the carrier frequency is 38kHz. The format of NEC is shown in Fig 25-1 and the modulation-ef NEC is shown in
Fig 25-2. The NEC format consists of 2 start symbols, 64 data symbols and 1 stop symbol.

=

Fig 25-1 NEC format

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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Fig 25-2 NEC modulation

®  To send logical#1”, you should write two data into Tx FIFO register.
B For the first-data, bit[31] = 1, bit[30] = 0, bit[27:0] = 38*560/1000 = 21.
[ | For the second data, bit[31] = 0, bit[30] = 0, bit[27:0] = 38*(2250-560)/1000 = 64.
® To send logical “0”, you'should write two data into Tx FIFO register.
B For the first data, bit[31] = 1, bit[30] = 0, bit[27:0] = 38*560/1000 = 21.
B For the second data, bit[31] = 0, bit[30] = 0, bit[27:0] = 38*(1120-560)/1000 =21.
At last, you need to send the stop symbol. In this symbol, set bit[30] = 1 because the stop symbol indicates the data end of the current
transmission.

25.2.2 IRRx

To receive IR data, you should read the data in Rx FIFO register, so it’s important to understand the data format to be received in Rx FIFO
register. The size of Rx FIFO register is 32 bits, where:
(] Bit[31] indicates data level
u 0: high level
| 1: low level
(] Bit[30:0] stores the data to be received and the data format is cycle duration. Let fsumpiing represents the sampling frequency (the unit
of foampiing 15 kHz), Tiepe represents the duration of each high/low Jevel (the unit of Teyeis us). Then,

— bit[30:0F .
tevet fsampling

With the use of Tjeye;, You can do further processing to get the information you need:

25.3 APIs

25.3.1 IR Setting APIs

25.3.1.1 IR_Structlnit

Items Description

Introduction Fills each IR_InitStruct member with its default value.

Parameters IR_InitStruct: pointer to an IR_InitTypeDef structure which will be initialized.
Return N/A

25.3.1.2 IR_Init

Items Description
Introduction Initializes the IR peripheral according to the specified parameters in the IR_InitStruct.
Parameters ®  |Rx: selected IR peripheral.
®  |R_InitStruct: pointer to a IR_InitTypeDef structure that contains the configuration information for the specified IR
peripheral.
Return N/A
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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25.3.1.3 IR_Cmd

Items Description
Introduction Enables or disables the selected IR mode.
Parameters ® IRx: selected IR peripheral.
® mode: selected IR operation mode. This parameter can be the following values:
u IR_MODE_TX: Transmission mode.
u IR_MODE_RX: Receiving mode.
® NewsState: new state of the operation mode.
| ENABLE
| DISABLE
Return N/A
25.3.1.4 IR_INTConfig
Items Description
Introduction Enables or disables the specified IR interrupts.
Parameters ®  |Rx: selected |R/peripheral.
®  |R_INT: specifies the IR interrupt sources to be enabled or disabled. This parameter can be one or combinations
of the following valdes:
[ | IR_TX_FIFO_EMPTY_INT_EN: Tx FIFO empty interrupt.
B [R_TX_FIFO_LEVEL/INT.EN: Tx FIFO threshold interrupt.
B [R_TX_FIFO_OVER_INTZEN: Tx FIFO overflow interrupt.
B [R_RX_FIFO_FULL_INT EN“Rx FIFO full interrupt.
| IR_RX_FIFO_LEVEL_INT_EN:,Rx FIFO threshold interrupt.
| IR_RX_CNT_OF_INT_EN: Rx counter overflow interrupt.
u IR_RX_FIFO_OF_INT_EN: Rx FIFO"overflow interrupt.
B |R_RX_CNT_THR_INT_EN: Rx counter'threshold interrupt.
| IR_RX_FIFO_ERROR_INT_EN: Rx FIFO enrorread interrupt. Trigger when Rx FIFO empty and read Rx FIFO.
®  NewsState: new state of the specified IR interrupts.
| ENABLE
| DISABLE
Return N/A

25.3.1.5 IR_MaskINTConfig

Items Description
Introduction Mask or unmask the specified IR interrupt.
Parameters ®  |Rx: selected IR peripheral.
(] IR_INT: specifies the IR interrupt sources to be mask or unmask. This parameter can’be one or combinations of
the following values:
u IR_TX_FIFO_EMPTY_INT_MASK: Tx FIFO empty interrupt mask.
u IR_TX_FIFO_LEVEL_INT_MASK: Tx FIFO threshold interrupt mask.
B |R_TX_FIFO_OVER_INT_MASK: Tx FIFO overflow interrupt mask.
B |R_RX_FIFO_FULL_INT_Msk: Rx FIFO full interrupt mask.
u IR_RX_FIFO_LEVEL_INT_Msk: Rx FIFO threshold interrupt mask.
u IR_RX_CNT_OF_INT_Msk: Rx counter overflow interrupt mask.
B |R_RX_FIFO_OF_INT_Msk: Rx FIFO overflow interrupt mask.
B |R_RX_CNT_THR_INT_Msk: Rx counter threshold interrupt mask.
B |R_RX_FIFO_ERROR_INT_Msk: Rx FIFO error read interrupt mask. Trigger when Rx FIFO empty and read
Rx FIFO.
(] NewsState: new state of the specified IR interrupt mask.
| ENABLE
| DISABLE
Return N/A

Application Note
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25.3.1.6 IR_GetINTStatus

Items

Description

Introduction

Get the specified IR interrupt status.

Parameters

IRx: selected IR peripheral.

Return

The new state of IR interrupt
[ ] SET
[ ] RESET

25.3.1.7 IR_GetIMR

Items Description

Introduction Getthe specified IR interrupt mask status.
Parameters IRx: selected IR peripheral.

Return The new masksstate of IR interrupt

®  SET
® RESET

25.3.1.8 IR_FSMRunning

Items

Description

Introduction

Get the specified IR FSM status.

Parameters

IRx: selected IR peripheral.

Return

The new state of FSM:
[} TRUE: RUN
[} FALSE: IDLE

25.3.1.9 IR_ClearINTPendingBit

Items Description
Introduction Clears the IR interrupt pending bits.
Parameters (] IRx: selected IR peripheral.
®  |R_CLEAR_INT: specifies the interrupt pending bit to clear. This parameter can be any combination of the
following values:
u IR_TX_FIFO_EMPTY_INT_CLR: Clear Tx FIFO empty interrupt.
u IR_TX_FIFO_LEVEL_INT_CLR: Clear Tx FIFO threshold interrupt.
B |R_TX_FIFO_OVER_INT_CLR: Clear Tx FIFO overflow interrupt.
B |R_RX_FIFO_FULL_INT_CLR: Clear Rx FIFO full interrupt.
u IR_RX_FIFO_LEVEL_INT_CLR: Clear Rx FIFO threshold interrupt.
u IR_RX_CNT_OF_INT_CLR: Clear Rx counter overflow interrupt.
B |R_RX_FIFO_OF_INT_CLR: Clear Rx FIFO overflow interrupt.
B |R_RX_CNT_THR_INT_CLR: Clear Rx counter threshold interrupt.
B |R_RX_FIFO_ERROR_INT_CLR: Clear Rx FIFO error read interrupt. Trigger when Rx FIFO empty and read Rx
FIFO.
Return N/A
25.3.2 IRTx APIs
25.3.2.1 IR_SendBuf
Items Description

Introduction

Send data buffer.

Parameters

®  |Rx: selected IR peripheral.

Application Note
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®  pBuf: data buffer to send.
len: buffer length.
® IsLastPacket: this parameter can be the following values:
| ENABLE: The last data in IR packet and there is no continuous data. In other words, an infrared data
transmission is completed.
u DISABLE: There is data to be transmitted continuously.

Return

N/A

Note: the difference between IR_SendBuf() and IR_SendData() is that IR_SendBuf() send a data buffer once and the number of sending data is
the length of data buffer, while IR_SendData() only send one data once.

25.3.2.2 IR_SendData

Items Description

Introduction Send one data.

Parameters ®  |Rx:Selected IR peripheral.
®  data: data'to send.

Return N/A

25.3.2.3 IR_SetTxThreshold

Items Description
Introduction Set Tx threshold. When Tx FIFO depth <= threshold value, trigger interrupt.
Parameters ® IRx: selected IR peripheral.
®  thd: Tx threshold.
Return N/A

25.3.2.4 IR_GetTxFIFOFreeLen

Items

Description

Introduction

Get free size of Tx FIFO.

Parameters

IRx: selected IR peripheral.

Return

The free size of Tx FIFO.

25.3.2.5 IR_ClearTxFIFO

Items

Description

Introduction

Clear IR Tx FIFO.

Parameters

IRx: selected IR peripheral.

Return

N/A

25.3.3 IRRx APIs

25.3.3.1 IR_ReceiveBuf

Items

Description

Introduction

Read data from Rx FIFO.

Parameters ®  |Rx: selected IR peripheral.
® pBuf: buffer address to receive data.
[ J len: read data length.

Return N/A

Application Note
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Note: the difference between IR_ReceiveBuf() and IR_ReceiveData() is that IR_ReceiveBuf() read a data buffer once and the number of
receiving data can be defined by users but shouldn’t be larger than the data size in Rx FIFO, while IR_ ReceiveData() only read one data once.

The data size in Rx FIFO can be required by calling IR_GetRxDatalLen().

25.3.3.2 IR_ReceiveData

Items Description

Introduction Read one data.

Parameters IRx: selected IR peripheral.
Return Data which read from Rx FIFO.

25.3.3.3 IR_SetRxThreshold

Items Description
Introduction Set Rx threshold. When Rx FIFO depth > threshold value, trigger interrupt
Parameters ®  |Rx: selected IR peripheral.
®  thd: Rx threshold.
Return N/A

25.3.3.4 IR_GetRxDatalLen

Items Description

Introduction Get data size in Rx FIFO.
Parameters IRx: selected IR peripheral.
Return Current data size in Rx FIFO.

25.3.3.5 IR_ClearRxFIFO

Items Description

Introduction Clear IR Rx FIFO.
Parameters IRx: selected IR peripheral.
Return N/A

25.3.3.6 IR_SetRxCounterThreshold

Items Description
Introduction Configure counter threshold value in receiving mode. You can use it to stop receiving-IR.data.
Parameters ®  |Rx: selected IR peripheral.

®  |R_RxCntThrType: This parameter can be the following values:

®  |R_RxCntThr: Configure IR Rx counter threshold value which can be 0 to Ox7fffffff.

B |R_RX_Count_Low_Level: Low level counter value >= IR_RxCntThr, trigger IR_INT_RX.CNT_THR interrupt.
B |R_RX_Count_High_Level: High level counter value >= IR_RxCntThr, trigger IR_INT_RX_CNT_THR interrupt.

Return N/A

25.3.3.7 IR_StartManualRxTrigger

Items Description
Introduction Start trigger only in manual receive mode.
Note: manual receive mode is seldom used.
Parameters IRx: selected IR peripheral.
Return N/A
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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25.4 IR Usage

25.4.1 Sending

25.4.1.1 Tx Polling Mode

To use IR sending function, the following steps are mandatory.

(1) Configure the IR pinmux according to Table 25-1.

For example, in ofder to use PB[23] as IR Tx pin, call the following function. And it is the same for other IR pins.
Pinmux_Config(_PB_23, PINMUX_FUNCTION_IR);

(2) Call IR_Cmd() to disable IR.

(3) Set parameters, changé some parameter if needed.
IR_StructInit(IR_InitTypeDef *IR_InitStruct);

(4) Initialize hardware using'the parameters in step (3).
IR_Init(IR_InitTypeDef *IR_InitStruct);

(5) Write Tx data to FIFO using IR_SendBuf() or IR_SendData().

(6) Call IR_Cmd() to enable IR to starttransmission.

(7)  Write more data to FIFO if needed.

Note:

® Instep (2) and step (6), It is suggested that disabling IR at first, and then enabling IR after writing data to FIFO.

(] In step (5), pay attention to convert the data int6 the@ppropriate format that Tx FIFO register can recognized before writing data to FIFO.
You can refer to section 25.2.1.

25.4.1.2 Special Notes
25.4.1.2.1 Tx FIFO Offset Issue

If you want to judge whether Tx data in FIFO has been sent completely or not, you’d better check Tx FIFO empty flag rather than
TX_FIFO_OFFSET.

25.4.1.2.2 Tx Last Packet Cannot Let FSM Enter Idle Issue

if the last packet written to Tx FIFO cannot let Tx state machine enter idle, it is suggested that.before enabling IR Tx, writing some data packets
to Tx FIFO. You can refer to step (2) and step (6) in section 25.4.1.1.

25.4.2 Receiving

25.4.2.1 Rx Interrupt Mode

To use IR receiving function, the following steps are mandatory.
(1) Configure the IR pinmux according to Table 25-1.
For example, in order to use PB[22] as IR Rx pin, call the following function. And it is the same for other IR pins.
Pinmux_Config(_PB_22, PINMUX_FUNCTION_IR);
(2) Set parameters, such as sampling frequency, Rx FIFO threshold level, Rx counter threshold type, Rx counter threshold level, Rx trigger
mode if needed.
IR_StructInit(IR_InitTypeDef *IR_InitStruct);
(3) Initialize hardware using the parameters in step (2).
IR_Init(IR_InitTypeDef *IR_InitStruct);
(4) Configure interrupt if needed and register interrupt callback function.
IR_INTConfig(IR_DEV, IR_RX_INT_ALL_EN, ENABLE);
InterruptRegister((IRQ_FUN) IR_irg_handler, IR_IRQ, (u32)NULL, 10);
InterruptEn(IR_IRQ, 10);
(5) Call IR_Cmd() to enable IR.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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(6) Clear Rx FIFO by calling IR_ClearRxFIFO().
(7) When Rx FIFO threshold interrupt triggers, read data from Rx FIFO with the use of IR_ReceiveBuf() and IR_ReceiveData(), and make
further processing in interrupt handle function.

Note:

® In step (7), to decode the receiving data correctly, you should understand the data format in Rx FIFO register. You can refer to section
25.2.2.

®  Waveform inverse issue: in Rx ending, if the waveform is inverse, you should #define INVERSE_DATA in Ir_nec_protocol.h and set
IR_InitStruct.IR_RxCntThrType = IR_RX_COUNT_HIGH_LEVEL.

25.4.2.2 Rx Leéarning

The process of Rx learning is similar to common Rx introduced in section 25.4.1.2.1. As shown in Fig 25-3, the difference is that in interrupt
handle function, Rx learning.should store each pulse of the Rx waveform, while common Rx only needs to store the carrier or un-carrier
duration.

Waveform after dioxide receiving

Rx leaming

Common Rx

Fig 25-3 Difference of waveform betweéen'Rx learning and common Rx
Note:
® [tisadvised that putting the interrupt handle function code in RAM, and close‘other peripheral interrupt to avoid interfere.
®  |[f the carrier frequency of learning waveform is larger than 400kHz, hardware ‘may-cannot respond to interrupt in time, which will result
in decoding carrier frequency failed.

25.5 Tx Compensation Mechanism

25.5.1 Introduction

Tx waveforms are composed of some carrier symbols and no carrier symbols. Software calculates the duration of certain symbol by application
specification (such as NEC). But no carrier symbols cannot be divisible by carrier frequency accurately. If there is no“effective compensation
mechanism, the error will increase. So Tx compensation is proposed and used in IR Tx to decrease the error.

In most scenarios, it is not necessary to adopt compensation mechanism. Therefore, if you're not interested in compensationimechanism, just
skip this section. Next we would introduce the application of compensation mechanism.

25.5.2 Tx Compensation Mechanism Application

Take NEC application for example, the Tx NEC waveform shown in Fig 25-4 is with f,q,rier= 38kHz, and duty = 1/3. The system clock is 100MHz.

For 38kHz carrier frequency:
1 1
T, oy = —— = —— = 26.31
carrter fcarrier 38K u
Tcarrier_duty = Tearrier * duty = 8.77us

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2021. All rights reserved.
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Compensation frequency f.omp is a dependent clock, you can set f;,m,to any value you want. In this example, we set f;omp =1MHz, so

1
Teomp = f—mmp = 1lus.

1 1 1 1 1 1

r+—»126.31us i ' ' !

1 1 1 1 1 1

8.77usil | i i ! !

]

| LU L L L |

< —560us—P=! :4—560u5—>l !

- ' 2.25ms p-'t 1.12ms I

Carrier No carrier Carrier No carrier

Fig 25-4 Tx NEC waveform

We divided this waveform into four symbols: 560us carrier symbol, 2250us ~ 560us no carrier symbol, 560us carrier symbol, and 1120us ~
560us no carrier symbol.
(] If no compensation mechanism’is.adopted (IR_TX_COMPENSATION = 0), the real wave can be calculated as follows.
B The first carrier symbol: Reférring to section 25.2.1, cycle = 21, 560us =~ 21*26.31+8.77=561.28us.
B The second no carrier symbol: eycle = (2250 — 560) * 38/1000=64, (2250-560)us = 1690us == 64*26.31+(26.31-8.77)=1701.38us.
B The third carrier symbol is the same)as the first one.
B The forth no carrier symbol: cycle =/24; 560us ~ 21*26.31+(26.31-8.77)=570.05us.
(] If compensation mechanism is adopted (IR_TFX/CGOMPENSATION = 3), the real wave can be calculated as follows.
B The first carrier symbol: Referring to section25.2.1, cycle = 21, 560us ~21%26.31+8.77=561.28us.
B The second no carrier symbol: cycle = (2250/~-560) * 1000/1000=1690, (2250-560)us = 1690us = 1690 * 1us.
B The third carrier symbol is the same as the first'one:
B The forth no carrier symbol: cycle = 560, 560us = 560/*\1us.
Compare the above two calculating methods, we can find that by-using compensation mechanism, the accuracy can be improved.

Note:

®  Compensation mechanism can only be used for no carrier symbol.

® |[R_TX_COMPENSATION is bit[28:29] of IR_TX_FIFO register. Compensation method 1 (IR_TX_COMPENSATION = 1) and method 2
(IR_TX_COMPENSATION = 2) are not recommended. If you want to use compensation mechanism, refer to method 3
(IR_TX_COMPENSATION = 3).

25.6 IR Schematic Design Guideline

25.6.1 Leakage

To avoid the leakage problem, we suggest using the IR circuit which is shown in Fig 25-5.
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Fig 25-5 Circuit of IR

25.6.2 Carrier Problem in Rx Learning

Due to the characteristics of transistor, the response speéed'will slow down when the transistor works in deep saturation area. Therefore, when
carrier frequency is set too large, the hardware has the risk'of'receiving carrier waveform failed in receiving end. In Rx learning, the maximum
carrier frequency that can achieve is related to Rx circuit and the choice of transistor. The circuit we suggested in section 25.6.1 can support
the maximum carrier frequency 70kHz, but you can choose the bettéritransistor to acquire higher supported carrier frequency.
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26 Brownout Detector (BOD)

BOD is mainly used to notify a user that the voltage level is low for the applications which use batteries. Ameba-D provides many thresholds to
choose, the alternative levels and corresponding voltage value is shown in Table 26-1 and Note: The voltage value may have 5% error.
Table 26-2.

Table 26-1 High threshold of interrupt mode and reset mode (3.3V/1.8V)

Voltage Value Symbol Reset Interrupt

3.3V 001 BOR_TH_HIGH1 1.887 2.297
010 BOR_TH_HIGH2 1.970 2.397
011 BOR_TH_HIGH3 2.061 2.507
100 BOR_TH_HIGH4 2.139 2.602
101 BOR_TH_HIGH5 2.224 2.704
110 BOR_TH_HIGH6 2.315 2.815
111 BOR_TH_HIGH7 2.388 2.904

1.8V 001 BOR_TH_HIGH1 1.422 1.498
010 BOR_TH_HIGH2 1.480 1.560
011 BOR_TH_HIGH3 1.543 1.627
100 BOR_TH_HIGH4 1.598 1.684
101 BOR_JTH_HIGH5 1.656 1.746
110 BOR_ATH_HIGH6 1.719 1.812
111 BOR_TH” HIGH7 1.770 1.865

Note: The voltage value may have *5% error.
Table 26-2 Low threshold of intefrupt mode and reset mode (3.3V/1.8V)

Voltage Value Symbol Reset Interrupt

3.3V 001 BOR_TH_LOW1 1.784 2.194
010 BOR_TH_LOW?2 1.863 2.290
011 BOR_TH_LOWS3 1.949 2.395
100 BOR_TH_LOW4 2.023 2.486
101 BOR_TH_LOWS5 2.103 2.584
110 BOR_TH_LOW6 2.190 2.690
111 BOR_TH_LOW?7 24260 2.775

1.8V 001 BOR_TH_LOW1 1345 1.422
010 BOR_TH_LOW?2 1.400 1.480
011 BOR_TH_LOWS3 1.460 1.543
100 BOR_TH_LOW4 1.512 1.598
101 BOR_TH_LOWS5S 1.567 1.656
110 BOR_TH_LOW®6 1.627 1.719
111 BOR_TH_LOW?7 1.674 1770

Note: The voltage value may have 5% error.

26.1 Recommended Threshold Parameter

The recommended threshold parameters are shown in Table 26-3.

Table 26-3 Recommended Threshold Parameter

Work Voltage Reset Interrupt

High Threshold Low Threshold High Threshold Low Threshold
3.3V BOR_TH_HIGH7 BOR_TH_LOW6 BOR_TH_HIGH? BOR_TH_LOW6
1.8V BOR_TH_HIGH5 BOR_TH_LOWS3 BOR_TH_HIGH5 BOR_TH_LOWS3

Application Note
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Note: To avoid voltage fluctuation during work trigger BOD interrupt or reset by mistake, the difference between high and low threshold can

be appropriately increased.

26.2 BOD APIs

26.2.1 BOR_ModeSet

Items Description
Introduction Choose BOD mode and enable BOD function
Parameters [ ] Option:

| BOR_RESET: BOD reset mode

[ BOR_INTR: BOD interrupt mode
[ ] NewStatus:

B ENABLE

[ ] DISABLE

Return N/A

26.2.2 BOR_ThresholdSet

Items Description

Introduction Set BOD high and low thresholds

Parameters ®  Thres_Low: BOD low threshold
BOR_TH_LOW1
BOR_TH_LOW?2
BOR_TH_LOWS3
BOR_TH_LOW4
BOR_TH_LOWS5S
BOR_TH_LOW6
BOR_TH_LOW?7

®  Thres_High: BOD high threshold
BOR_TH_HIGH1
BOR_TH_HIGH2
BOR_TH_HIGH3
BOR_TH_HIGH4
BOR_TH_HIGH5
BOR_TH_HIGH6
BOR_TH_HIGH7

Return N/A

26.2.3 BOR_ClearINT

Items Description
Introduction Clear BOD interrupt.
Parameters N/A

Return N/A

26.2.4 BOR_DbncSet

Items Description
Introduction Set BOD interrupt mode debounce cycle
Parameters [ ] Option:

| BOR_INTR: BOD interrupt mode

Application Note All information provided in this document is subject to legal disclaimers.
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Dbnc_Value: debounce cycle, in unit of ANA4M clock cycles.

Return

N/A

Note: Only BOD interrupt mode can set debounce cycle.

Application Note
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27 Flash Translation Layer (FTL)

27.1 Overview

NOR-Flash is comprised of blocks, which contains pages, and they contain individual cells of data. Flash read/write operations take place at
page level. But erase operations take place at the block level. The flash needs to be erased before write. The memory portion for erasing differs
in size from that for reading or writing, resulting in the major performance degradation of the overall flash memory system.

Therefore, a type of system software termed FTL has been introduced, which is provided to make the flash a friendly medium to store data.

The architecture of Flash'memory system is shown in Fig 27-1.

Applications

File system API

1/0 with logical sector number

FTL (Flash Trans!ation Layer)

V3
-
1/0 with physical sector number

Fig 27-1 Architecture of Flash memory system

The FTL algorithm provides the following functionalities:

° Logical-to-physical address mapping: Convert logical addresses from the file system‘to physical addresses in flash memory.

(] Power-off recovery: Even when a sudden power-off event occurs during FTL operations, FTL data structures should be preserved and
data consistency should be guaranteed.

®  Wear-leveling: Wear down memory blocks as evenly as possible.

As Fig 7-1 shows, to write data to logical map, FTL would generate a data packet in specified format and'store it in flash. To modify data in
logical map, a new packet would be generated and appended to the end of physical map. When the physical pages are nearly full, the garbage
collection is triggered to recycle the old pages which would be erased.

To read data from logical map, FTL would search the physical map to find the newest packet, which contains the data of specified address.

When using FTL, users don’t need to care about physical map, which is maintained automatically by FTL.
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Physical Map

| header | payload I————— _________ I
| t ——p1 Logical data

Logical Map

header payload
16 24 31/ 0 70 70

70

70

Logical Address Length Valid Flag Byte 0 Byte 1

Byte N-2

Byte N-1

27.2 Features

®  Physical Map
u Physical page size:
u Configurable physi

Physical Data Packet

Fig 27-2 FTL overview

4096 bytes
cal page number

| Physical map size = 4096 * physical page number
®  |ogical Map: The maximum logical map size determined by physical map size is ((511 * (physical page number -1))-1) * 4.

Auto Garbage Collection

(] Abnormal Power-off Protection

27.3 FTLAPIs

API

Introduction

<ftl_init>

Initializes FTL

<ftl_load_from_storage>

Gets specified length of data from logical map.

<ftl_save_to_storage>

Writes specified length of data to logical map.

27.3.1 ftl init

Items Description
Introduction Initializes FTL
Parameters ® u32PageStartAddr: The start address of physical map

pagenum: The page number of physical map

Return N/A

27.3.2 ftl_load_from_storage

Items Description
Introduction Gets specified length of data from logical map.
Parameters ®  pdata_tmp: Pointer to a buffer to save logical data

offset: From which address read the logical map
size: The number of bytes to read

Return

0: Getting logical map values successfully
Others: Failed to get logical map value

Application Note
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27.3.3 ftl_save_to_storage

Items Description

Introduction Writes specified length of data to logical map.

Parameters ® pdata_tmp: Pointer to byte array of new logical data
®  offset: From which address to update the logical map
®  size: The number of bytes to update

Return ®  0: Writing logical map values successfully
®  Others: Failed to write logical map value

27.4 Howto\Use FTL

27.4.1 Precautions

When using FTL, you must know the precautions below.

®  Theoretically, the logical map area.can be extended to 64KB; but the maximum usable logical map area limited by the actual physical
space is ((511 * (physical page number’-1))-1) * 4.

®  The default physical page number is 3, and.it is not recommended to increase, because the default internal implement of FTL will malloc
a buffer to cache the content of FTL.
u For typical BLE application, each connection:needs about 256 bytes FTL memory, and SDK will maintain 3 connections’ information

by default.

B For BLE mesh, each node needs about 20 bytes FTL.memory. The maximum node number can be set by dev_key_num.

Table 27-1 lists there typical scenarios of BLE, refer to it to set the appropriate offset of application according to your actual situation.

Table 27-1 Examplesiof.recommended setting

Scenario Calculation Start address of application Remark
Configurable~| Recommended

® 3 connections ((3*256 + 20*50) + 1024) 1768 ~ 3060) |,2500 ® |tis recommended to reserve
® Less than 50 mesh nodes bytes (< 4084 bytes) are some memory for system
®  1KB FTL space for application | needed totally. extension. The recommended
® 5 connections (5*256 + 2048) bytes (< 1280~ 2036 | 1600 offset has some reservation for
®  2KB FTL space for application | 4084 bytes) are needed both system and application.

totally. (] For these two scenarios, 3

physical pages are enough.

® 5 connections ((5*256 + 20*60) + 6144) - - It'is not recommended to store so
® Less than 60 mesh nodes bytes are needed totally. much information in FTL. Try to find
® 6KB FTL space for application anothersolution, such as DCT.

27.4.2 General Steps

To use FTL in Ameba-D, the following steps are necessary.
(1) Define the macro CONFIG_FTL_ENABLED by yourself and set it to 1, the FTL initialization will be contained in main.
#define CONFIG_FTL_ENABLED 1
If Bluetooth is enabled in your system, CONFIG_FTL_ENABLED is defined automatically after defining CONFIG_BT_EN.
(2) Define FTL_MEM_CUSTEM to 1 in rtl8721dhp_intfcfg.c.

-1 #if defined(CONFIG_FTL EMABLED
—#1 _MEM_CUO =0

. #error "You should allocate flash sectors to for FTL physical map as following, then set FTL_MEM_CUSTEM to 1. For more information, Please refer to Application Note, FTL chapter. "
a6 - #else

&7: const ug ftl_phy_page_num = 3;
&2: const u32 ftl_phy_page_start_addr

/* The number of physical map pages, default is 3%/
/* The start offset of flash pages which is allocated te FTL physical map.
Users should modify it according to their own memory layout! ! */

70: #endif
71: #endif
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Note: If the memory layout is modified and overwrites FTL area 0x0810_2000~0x0810_4FFF, you also need to modify the physical page start
address. Otherwise, an error would be thrown out to remind you.

8721dhp_ Fef #error "You shou
1 ti N

r t 1 , FTL chapter.

The default configurations for logical & physical map is as follows:
® 3 pages allocated for physical map: 0x0810_2000~0x0810_4FFF
L4 Logical map size: 4084 bytes

(3) Callftl_load_fromzstorage/ftl_save_to_storage functions to read from/write to logical map.
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28 Audio Signal Generation and Analysis

28.1 Introduction

When developing digital mic (DMIC) related applications, you may need to generate a signal of a certain frequency to test whether the DMIC
works well or not. This chapter introduces how to generate a signal and how to analyze the frequency of a signal collected by the DMIC first.
Then, digital analog-analog digital (DAAD) loopback is explained. DAAD loopback is helpful in determining which part (codec or DMIC) doesn’t
work well when problems occur.

28.1.1 Compilation

You need to add the example_audio_signal_generate.c to your project before you can use all the commands mentioned in this chapter.
Related File used are placed under the path: /component/common/example/audio_sport/audio_signal_generate.

Follow two steps to use this function:
(1) Set the macro named “AUDIO_SIGNAL_GENERATE” to 1 in platform_opts.h under the path:
/project/realtek_amebaD_va0_example/inc/inc_hp.

(2) In Cygwin terminal, change to the directory /project/realtek_amebaD_va0_example/ GCC-RELEASE/project_hp, type make menuconfig,
and enable audio related configurations (MENWEONFIG FOR CHIP CONFIG > Audio Config > Enable Audio).

28.1.2 Generating a Signal of a Certain Frequency

Frequencies of signals supported by the program range from 20Hz~*.20000Hz, which is the frequency range that people can hear.

Type command “Audio_generate tone spkr (f)” to generate a signal whesefrequency is equal to f (20 < f <20000).

28.1.3 Analyzing Signals Collected by DMIC

One way of testing a DMIC is to analyze the signals collected by the DMIC in frequency/domain. If the detected frequency is the same as the
frequency of the signal, the DMIC works well.

Type command “Audio_generate dmic fft 1” to analyze the signal collected by DMIC in frequency domain. The main frequency and its relative

strength are printed out. Due to frequency leakage, the frequency detected may not be the same-as the one you play, but the number should
be closed. You can use this command to analyze signals whose frequencies range from 20~20000Hz.

28.1.4 DAAD

DMIC related problems can be caused by internal codec or DMIC itself. This section explains how to use DAAD loopback-to determine whether
the internal codec works in a normal way or not.

Fig 28-1 depicts how DAAD loopback works. The data transmitted from DA Digital IP is received directly by AD Digital IP witheutthe
interference of DMIC.

Type command “Audio_generate daad fft (f)” to generate a signal whose frequency is f. The main frequency detected and relative strength

calculated will be printed out. If the frequency detected is closed to the one you generate, it means that the internal codec works well. The
problem may be caused by DMIC.
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Fig 28-1 DAAD loopback diagram

28.1.5 Command

All the commands that can be used are listed in Table 28-1. Each command is composed of several parameters, and the parameters which are
surrounded by () should be set by users.

Table 28-1 Available commands in-audio signal generation and analysis

Command Format Command Function Example
Audio_generate tone spkr (f) Generates a tone whose frequency is f Audio_generate tone spkr 1000
Audio_generate dmic fft 1 Analyzes the signal collected by DMIE Audio_generate dmic fft 1
Audio_generate daad fft (f) DAAD loopback analysis Audio_generate daad fft 1000
Audio_generate stop Stops audio test Audio_generate stop
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29 Key-Scan

Ameba-D Key-Scan provides up to 6*6 (36) keypad array with 12 GPI1Os, which can be configured for different applications, for example: 5*7 or
3*4 keypad arrays. Also multi-key detection and low power mode are supported.

This chapter introduces the APIs of Key-Scan, and how to use Key-Scan.

29.1 Pinmux

The pin assignments.of Key-Scan are listed in Table 20-4.

Table 29-1 Key-Scan pin assignment

Port Name PinrName QFN48 QFN68 QFN88
PA[12] KEY/ROWO Y Y Y
PA[13] KEY_ROW1 Y Y Y
PA[14] KEY_ROW2 Y Y Y
PA[15] KEY_ROWS3/KEY-COL6 Y Y Y
PA[16] KEY_ROW4/KEY_COL5 N Y Y
PA[17] KEY_ROWSG6/KEY_CQL3 N Y Y
PA[18] KEY_ROWS5/KEY_COL4 N Y Y
PA[19] KEY_COL2 N Y Y
PA[20] KEY_COL7 N N Y
PA[21] KEY_ROW?7 N N Y
PA[25] KEY_COL1 Y Y Y
PA[26] KEY_COLO Y Y Y
29.2 APIs

29.2.1 keyscan_array_pinmux

Items

Description

Introduction

Initialization of pinmux settings and pad settings

Parameters ®  col: selected column number depending on KeyColumn (for example:‘col0&.col2, col is 5)
®  row: selected column number depending on KeyRow
Return N/A

29.2.2 keyscan

_getdatanum

Items

Description

Introduction

Gets data number of Key-Scan FIFO

Parameters

obj: Key-Scan object defined in application software

Return

Data number of Key-Scan FIFO

29.2.3 keyscan_read

Items

Description

Introduction

Reads data from Key-Scan FIFO

Parameters

®  obj: Key-Scan object defined in application software.
) pBuf: buffer to save data read from Key-Scan FIFO

Application Note
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[ ] num: number of data to be read

Return

N/A

29.2.4 keyscan_init

Items

Description

Introduction

Initializes the Key-Scan device.

Parameters

obj: Key-Scan object defined in application software

Return

N/A

29.2.5 keyscan set_irq

Items

Description

Introduction

Enables ordisables the specified Key-Scan interrupts mask.

Parameters ®  obj: Key-Scan object defined in application software.
[ J keyscan_IT: specifies the Key-Scan interrupt sources to be enabled or masked.
[} newstate: new state of the specified Key-Scan interrupts mask.

Return N/A

29.2.6 keyscan_clear_irq

Items

Description

Introduction

Clears the specified Key-Scan interrupt pending bit.

Parameters ®  obj: Key-Scan object defined in application\software.
[ J keyscan_IT: specifies the Key-Scan interrupt’to be cleared.
Return N/A

29.2.7 keyscan_get_irqg_status

Items

Description

Introduction

Gets Key-Scan interrupt status.

Parameters

obj: Key-Scan object defined in application software.

Return

Interrupt status

29.2.8 keyscan_set_irg_handler

Items

Description

Introduction

Sets Key-Scan interrupt handler.

Parameters ®  obj: Key-Scan object defined in application software.
®  func: the interrupt handler function.
Return N/A

29.2.9 keyscan_enable

Items

Description

Introduction

Enables the specified Key-Scan peripheral

Parameters

obj: Key-Scan object defined in application software.

Return

N/A
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29.2.10 keyscan_disable
Items Description
Introduction Disables the specified Key-Scan peripheral
Parameters obj: Key-Scan object defined in application software.
Return N/A

29.2.11

keyscan_clearfifodata

Items Description

Introduction Clears the FIFO data

Parameters obj: Key-Scan object defined in application software.
Return N/A

29.3 Key-Scan Usage

There are two ways to use the Key-Scan: using.default settings or using APIs listed in 29.2.

29.3.1 Using Default Configuration

When using default settings, only the keypad can be configtired:.

The Key-Scan initialization is implemented by the function app_keyscan_init() in main.c . User can follow these steps to use it.
(1) Setthe kmO_enable_key touch in ps_config (RtlI8721dlp_sleepcfg.c) to BIT_KEY_ENABLE to enable Key-Scan when KMO boots.

PSCFG_TypeDef ps_config = {
km0_config_wifi_enable = TRUE,
.kmO_enable_key touch = FALSE, //BIT_KEY ENABLE | BITLCAPTOUCH_ ENABLE,
km0_tickles_debug = TRUE, / * if apen WIFI FW, should elose it, or beacon will lost in WOWLAN */
km0_osc2m_close = TRUE,
km0_pg_enable = FALSE,
km0_rtc_calibration = FALSE,
.km0_audio_pad_enable = TRUE,

(2) Configure the GPIOs in the following structure (touch_key.c), and set valid to 1 for the pins which will be used in keypad.

static KeyMatrix_TypeDef KeyRow[s] =
I

v

* pinmux, valid */
_PA_12, 1}, /% row 0 */
_PA_13, 1}, / * row 1 ¥/
_PA_14, 1%,/ * row 2 */
_PA_15, 1}, / * row 3 ¥/
_PA_16, 1}, / * row 4 */
_PA_18, o}, /* row 5 ¥/
_PA_17, 0}, / * row 6 */
_PA_21, 0}, /* row 7 ¥/

o ety o o i

[

1.
I
static KeyMatrix_TypeDef KeyColumn[zs] =
I
v

/ * pinmux, valid */

{_PA_26, 1}, /* Col 0 %/
{_PA_25,1},/* Col 1 %/
{ PA_19, 1}, /* Col 2 %/
{_PA_17, 1}, / * Col 3 %/
{ PA_18, 1}, /* Col 4 %/
{_PA_16, 0}, /* Col 5 %/
{_PA_15, 0}, / * Col 6 %/
{ PA_20, 1}, /* Col 7 %/

(3) Rebuild SDK and re-burn images, the Key-Scan would work after boot up.
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29.3.2 Using APIs

When using APIs, more parameters can be configured.

(1) A Key-Scan object must be defined in application software first, then the necessary parameters must be configured.
For the parameter row, if row 0, row 2 and row 5 will be used, row must be set to 0x25 (100101), the same as parameter col. For the
parameter clk, scan clock=bus clock/(clk+1).

struct keyscan_s {
u3Z row;
u32 col;
u32 ck;
u32 workmode; // 0 for regular scan mode, 1 for event trigger mode
u32 keylimit;
u32 overctrl, //0 for discard new, 1 for discard oldest

(2) Use keyscan_init() in keyscan~api.c to initialize Key-Scan.

(3) Use keyscan_set_irqg() in keyscaniapi.c to enable the interrupt wanted.

(4) Use keyscan_set_irq_handler() in/keyscan_api.c to handle the triggered interrupt.

(5) Use keyscan_enable() in keyscan_api.cto enable the Key-Scan. Then the Key-Scan would work.
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30 Bluetooth

30.1 Overview

Bluetooth (BT) is one of the most popular short-range wireless communication technologies. The lower power feature of Bluetooth is
redesigned and greatly enhanced since Bluetooth 4.0. The latest version of Bluetooth Low Energy (BLE) core specification is 5.2. BLE enables
short-distance data exchange between fixed devices and mobile devices, and aims to build personal area networks (PAN) for its outstanding
low power features

In Ameba-D, BLE shares WLAN’s Radio Frequency (RF) circuit and antenna to transmit and receive data because BLE does not have a separate
radio system. Users must’ensure that WLAN is initialized before BLE’s initialization, and BLE is de-initialized before WLAN’s de-initialization.

When BLE is enabled for the first.time, there is a compile error to remind users to configure the start address of Flash Translation layer (FTL).
Users need to ensure that this area.does not overlap with other areas.

Two ways of debug log are offered for-BLE; the up level debug log and the low level debug log. The up level log is steaming out from PA[26],
and the low level log is steaming out from/PA[16]. Fortunately, these two GPIOs only work as UART pins when BLE log is enabled, so they can
be used as normal GPIOs, only if a 0 ohm resistance is placed between the GPIOs and the peripheral circuit.

30.2 BT Examples

Ameba-D BT examples provide a set of BT functionality, such.as*BT Config, BT Peripheral, BT Central and BT Beacon. For more information,
refer to UM0201 Ameba Common BT Application User Manual EN.pdf.

This section illustrates how to build and run BT examples in our SDK; including GCC and IAR environment.

30.2.1 GCC Project

(1) Enter SDK path: project/realtek_amebaD_va0_example/GCC-RELEASE/project_hp, input command make menuconfig to enable BT.

Arrow keys navigate the menu. <Enter> selects submenus ---». Highlighted i Arrow keys navigate the menu. <Enter> selects submepus ——->. M‘ Arrow keys navigate the menu. <Enters selects submenus --->. Highlighted
Tetters are hotkeys. Pressing <¥> includes, <N> excludes, <> modularizes Tetters are hatkee. - Pressing Cv3 includes, 0 excludes, S mockTarta Tetters are hotkeys. Pressing <> includes, <N> excludes, <> modularizes
features. Press <Esco<Esc> to_exit, <> for Help. Legend: [<] built-in [ 1 features. Press <Esca<Escx to_exit, <7> for Help. Legend: [<] built-in features. Press <Esc-<Esc> to exit, <7> feor Help. Legend: [*] built-in [
excluded <> module < > module capable EEEE T R < 2 TR e excluded <> module < > module capable
77777777777777777 CPU config Start---------—-—-
CONETG CPU A e
“oad an Alternate Configuration Fi == 1 Tcentral
ave Configuration to an Aternate File SEER L — [1 Tosea
“,L b [ 1 T simple Config
%05 config Start—--—----—- / [1 TAirsync_config
——————— ripheral config Start-----------—- * T
CONFIG SOC PS5 =-->
CONFIG SDIO Device --->
CONFIG PINMUX  ———>
MEED_AL
— —Perph config End

—Peripheral Test start--—-
TEST  ---

=
-Peripheral Test End---
~Secure Test start--

: s O
ure Test d
- -Network Config Start: -
N
CONFIC NETWORK -
e
— Config End:

My P 4
<Exit> < Help > < Exit > < Help > ‘ltf\ < Help >

(2) Allocate FTL physical map by setting FTL_MEM_CUSTEM to 1 and setting FTL start address in rtI8721dhp_intfcfg.c.

#if defined(CONFIG_FTL _ENABLED
#if FTL_MEM_CUSTEM == 0
#error "You should allocate flash sectors to for FTL physical map as following, then set FTL_MEM_CUSTEM to 1. For md

#else

const u8 ftl_phy_page_num = z; / * The number of physical map pages,

const u32 ftl_phy_page_start_addr = 0x00102000; / * The start offset of flash pages whidl
Users should modify it accor|

#endif

#endif

(3) Build images and use ImageTool to download images to your board.
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Note: You can select one BLE example or all the examples at once. If all the examples are selected at once, the integrated image can support all
BLE test commands, and the scatternet configuration will display only when both peripheral and central are selected.

30.2.2 IAR Project

(1) Enter SDK path: project/realtek_amebaD_va0_example/inc/inc_hp, edit platform_autoconf.h to enable BT by defining the
corresponding macro to 1.

p*
* <« CONFIG BT

g

#define CONFIG_BT_EN 1

#define CONFIG_BT 1

#define CONFIG_BT 1

Zdefine CONFIG_BT_PERIPHERAL 1
zdefine CONFIG_BT_CENTRAL 1

Zdefine CONFIG_BT_SCATTERNET 1
#define CONFIG_BT_BEACON 1

#define CONFIG_BT_CONFIG 1

#define CONFIG_BT_AIRSYNC_CONFIG 1

(2) Allocate FTL physical map by:setting FTL_MEM_CUSTEM to 1 and setting FTL start address in rtI8721dhp_intfcfg.c.

#if defined( CONFIG\FTI® ENABLED
#if FTL_MEM_CUSTEM ==40
#error "You should allocate flash sectors to for FTL physical map as following, then set FTL_MEM_CUSTEM to 1. For mg

#else

const u8 ftl_phy_page_num =3; / * The number of physical map pages,

const u32 ftl_phy_page_start_addr =0x00102000; / * The start offset of flash pages whidl
Users should madify it accor|

#endif

#endif

(3) Build image and use ImageTool to download images to your'board.

Note: You can select one BLE example or all the examples at once. Ifallthe examples are selected at once, the integrated image can support all
BLE test commands, and the scatternet configuration will display only when both peripheral and central are selected.

30.3 BT Debug

30.3.1 Introduction

This section focuses on how to use log tools to capture log files. When user wants to debug an issue of BT SDK, four log files are needed, as
shown in Table 30-1.

Table 30-1 Log files

File File type Description

FW LOG RawData_xxxx.log BT controller log

BT TRACE LOG .cfa & .bin BT host log

LOGUART LOG xt System log

APP.trace .trace The escaped index of BT host log

30.3.2 Hardware & Software Preparation
If user wants to capture log files to debug, the needed hardware and software are listed below.
30.3.2.1 Hardware

When using BT function, along with using the following GPIOs at the same time, it is best to series a 0 ohm resistor between these GPIOs and
peripherals, so that you can easily pull out a test point when debugging BT. For more information, refer to the design of HDK.

I Package Log Hardware pin Default baud rate I
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QFN48 (RTL8720xx) FW LOG PA[15] 115200
BT TARCE LOG PA[26] 150000
QFN68 (RTL8721xx)/QFN88 (RTL8722xx) | FW LOG PA[16] 115200
BT TARCE LOG PA[26] 150000

30.3.2.2 Software

Name

Path

Description

BTDebugger.exe

\tools\bluetooth\BTFWDebugger

Used to capture the FW LOG

DebugAnalyzer

\tools\bluetooth\DebugAnalyzer

Used to capture the BT TRACE LOG

SecureCRT = Terminal emulator supporting SSH (SSH1 and SSH2), used to capture the LOGUART
LOG
UartAssist - Serial port debugging tool, used to check that whether the log can be captured

30.3.3 Prerequisite —Opening the Log Switch

The log switch is closed by default. You need to open it when debugging the BT issue.

The debug bit is used to control the log switch. The-default value of all bits are 1.

® 1:The log switch is closed.
® 0: The log switch is open.

Bit Description Comment

Bit[1] The switch of FW LOG For Ameba-D, the debug bit is located in the address of 0x8003028 in Flash. The
Bit[5] The switch of BT TRACE LOG value of'theword is 0x9d, that is to say, bit[1], bit[5] and bit[6] are all 0.

Bit[6] The switch of DRIVER debug You can usesthe tool shown in Fig 30-1 to change the word value to 0x9d.

Application Note

All information provided in this document is subject to legal disclaimers.

© REALTEK 2021. All rights reserved.

249



W REALTEK Ameba-D

¥ ImageTool_v2.3.2_AmebaD(8721d) =8 %
Chip Select
| Download | Gemerate |Encrypt | Security|
Generate Target: TImage_a11 -
System Data
OTAL
x0080000 GFIO A - |[0 Low
1000Hz 0%0000
E 0=FFFF Ouad Addr/Data Read
0 0B0FFO00 008000000 0%0B000000
4080 s o 0
Load Existing System bin:  system biz Load ][ Save |
"g System Data Map | e S
Mddrest 0 1 2z 3 4 5 & 7 8 9 A B C O E F
0x00000000. FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
oxooo0ooio /-FF FF FF FF FF FF FF FF FE_FF FF FF FF FF FF FF

000000020 (FF_ FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0x00000030 ~ FR JFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0x00000040 PP~ FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0x00000050 FF - FF° FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0x00000080 FF FF( FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0x000000T0 FF FF FES FF FF FF FF FF FF FF FF FF FF FF FF FF
0x00000030 2 FF FF FF( FF. FF FF FF FF FF FF FF FF FF FF FF FF
0x000000%0 FF FF FF FF/ FF FF FF FF FF FF FF FF FF FF FF FF
[ 000000040 FF FF FF FF FF ¢FE FF FF FF FF FF FF FF FF FF FF '
0x000000B0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF '
0x000000C0 FF FF FF FF FFW/FE~~FF FF FF FF FF FF FF FF FF FF
0x000000D0 FF FF FF FF FF FF WFF_ FF FF FF FF FF FF FF FF FF
0x000000EQC FF FF FF FF FF FF (FE /FF FF FF FF FF FF FF FF FF
0:000000FO0 FF FF FF FF FF FF FF FF, FF FF FF FF FF FF FF FF
000000100 FF FF FF FF FF FF FF \FF FF_ FF FF FF FF FF FF FF
N OOONNT10 FF FF FE FF FF FE FF FE FF FF FF FF FF FF FF FF

Spme

Fig 30-1 Changing the world value'in Flash
Note:

® The debug bit can be written only once. You must erase the sector when writing the deblg.bit again, otherwise hardfault occurs.
® The debug bit is used to debug only. If you want to exit the debug mode, you need to erase thé Flash.

30.3.4 Capturing Log Files
As mentioned above, four log files should be captured when debugging, the operations are described below.
30.3.4.1 FW LOG

The FW LOG pin for Ameba-D is PA[15] or PA[16]. This is a hardware pin, you can’t change it. So remember to reserve the pin when debugging
the BT issue.

Follow the steps below to capture the FW LOG:
(1) Open the Device Manager of your PC to check the number of the UART COM (e.g. COM3).
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250



54REALTEK

Performance

™ Device Manager
v (&) Storage
= Disk Management
T4 Services and Wpplications

Keyboards

[B Mice and other pointing devices

[ Menitors

MNetwork adapters
v i Ports (COM & LPT)

FWiEE AR AT COMO]

W BEfEmL (com)

= Print queues

] Processors
s B Software devices

Bluetooth
File Action View Help
o= nmE HE 2
& Computer Management (Local | v % B34671516 Actions
il [
~ [ System Tools C.ompL.lter e .
@ Task Scheduler - Disk drives
f2] Event Viewer 4 Display adapters More Actions 4
2| Shared Folders Al Human Interface Devices
Je Local Users and Groups =z |DE ATA/ATAPI controllers

(2) Launch the software — BTDebugger:exe, then click Setting > Com Setting to choose the corresponding COM of UART.

]

File Edit View Debug Control  Help

[x] ''1In

COM Name:  |COML ']

Baud Rate: 115200

Data Bits: 8

Parity

Stop Bits: 1

Flow Control: Hardware

OK

(3) Click Debug > With Com to start the capture of FW LOG.

File Edit View | Debug | Setting Control

0.5
v

¢ 1 ¥

[Y] !11Important, please check logl h!!!

Help

If the log capture is successful, you can see that the FW LOG (RawData*.log) under the tool directory is constantly increasing during the
Bluetooth operation. Once the file size is found to be constant even though you refresh or operate the Bluetooth, re-check the above steps.

30.3.4.2 BT TRACE LOG

E BTDebugger.exe

=] RawData_20190416_111955.log

The BT TRACE LOG pin for Ameba-D is PA[26]. This pin shares the software pin of UART, it can be changed to another pin according to the

Datasheet.

Follow the steps below to capture the BT TRACE LOG:
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(1) Open the Device Manager of your PC to check the number of the UART COM.
(2) Launch the software — DebugAnalyzer.exe, then choose the corresponding COM of Serial Port, and configure the items.

o
Decoder Input Decoder Output Log
CoM1 ;
@ Decode From Serial Save Decoded File [] Line Number Timestamp Save Snoop File [/] Show Errors Auto Scroll ] RT Decode
(O Decode From USB
Save Raw File Sequence Number Internal Time Ellisys Inject Show Qutput Lo . Load
Start O Decode From File [+ [] seq [+ %] ] - tp g= Save Load Clear

(3) Click Settings to change the details of settings.
Note:
| For Ameba-D, the baud rate is 1500000.
B The outputidirectory of BT TRACE LOG can be defined by yourself.

Detail Settings

Serial Setting Decoder Output
SerialPort coM1 w

Max Display Rows |1I3U[][] |

Baud-pate 1500000

Max Log File Size[M) |10 |

Parity None B

Stop Bits One -

Flow Control |Non€ v Output Directory |E=\LﬂgP‘llE | |
ARM Trace File Path [

ROM Trace File |R0.\1.tr£e/)( ‘

ROM Index File [rorMh A ‘
App Trace File |App.|:race ~7 _ ‘
Patch Trace File |Patchrrace (O ) o~ ‘
Patch IndexFile  [Paichh ~ R ‘
Patch_extension Trace File ‘Patch_extensiun.trace \VA 2, ‘

|App.tr'ace J }' ‘

e Y. |

|\-’uice.trace 'n ‘
|Patchrr'ace /) _ ‘

[] show undecoded data

Parse HCI Command and Event

Save Load Cancel f Eon.fjrm

(4) Click Start to start the capture of BT TRACE LOG.
(5) Reset the device, and look over the log.

00009 04-16#14:23:38.916 008 01765 [APP] !**gaps_add_client: client ID = @ ,/
00010 04-16#14:23:38.916 009 01765 [APP] !**tp_client_add_client: client ID = 1 .
00011 04-16#14:23:38.917 010 01765 [APP] !**vendor_pxpext_client_add: client ID = 2

00012 04-16#14:23:39.414 151 02247 [APP] !**profile callback PROFILE_EVT_SRV_REG_COMPLETE result |
00013 04-16#14:23:39.416 154 02247 [APP] !**app_handle_dev_state evt: init state 1 scan state @ adv state © conn state @
00014 04-16#14:23:39.416 155 02247 [APP] !**GAP stack ready

00001 2019-04-16#14:29:32.913 Realtek Semiconductor Corporation <-> File Version [2.1.8.2]

00001 2019-04-16#14:30:21.613 Realtek Semiconductor Corporation <-> File Version [2.1.8.2]

The log files located in the LogFile folder are COM*.cfa and COM*.bin, select them according to the operation time. If the COM*.bin file is
constantly increasing, the log may be right.

‘h COM14_btsnoop_2019-04-16_14-33-14.cfa 2019/4/16 14:3 Protocol Analyze... 1KB
@ COM14_2019-04-16_14-33-14.bin 2019/4/16 14:36 UltraEdit Docum... 5 KB
) cOM14_2019-04-16_14-33-24.log 2019/4/16 14:36 1KB
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30.3.4.3 LOGUART LOG

The LOGUART LOG can be seen in UART log tools such as SecureCRT. If the hardware level initialization has been done successfully, the log of
“Start upperStack” will be printed.

The LOGUART LOG can be stored in a *.txt file.

"B Serial-COMB7 - SecureCRT - o B ]
(F) | 8B Z=(V) BEWO) FEO BEs)  IRL #mH) o -
AHELER anh B3B3 FXL 6@ 5
« Serial-COM37 4 b
#calibration_ok:[2:19:11] ~

#interface 0 15 initialized
interface 1 is initialized

Iritializing WIFT

RTLE721D[Driver]): set ssid [360WiFi-1A18C8-5G]

RTL87Z1DfBriver]: start auth to 2c:61:04:1a:18:ca
RTLE8721m[Driver]: auth success, start assoc

RTL8721D[Driver]: association success(res=1)
wlanl: 1 DL RsvD“page success! DLBcnCount:01, poll:00000001

Interface 0 IP address :
WIFI initialized

192.188.0.25

init_thread(58), Availlable ,heap 0x27b08ATBc=1
[ATBC] : _AT_BLE_CENTRAL=[ON]

BT BUILD Date: 2019/08/06-14:15:51
BT ADDRESS: 00:e0:4c:87:21:1b
BT Reset...
bt_igk_efuse_valid: no data
logic efuse: has data
bt_igk_dump: DUMP ,

the IQK_xx data is Ox108,
the IQK_yy data is 0x3ff,
the Qpac “data is 0x22,

the 1Tpac dara is oxif,

hei n onfig:g
Erart upperstack
b

ocal bd addr: Ox00:e0:4c:87:21:1b

INIT success 7

[mMEm] after do cmd, available heap 134520

#

m

30.3.4.4 APP.trace

APP.trace is for BT TRACE LOG. For BT debug, App.trace must be offered.

This file is located in project\*\asdk\image or tools\bluetooth\DebugAnalyzer after building-the project.

30.3.5 FAQ

Q: How to know quickly that whether the log can be captured?
A: UartAssist.exe tool can be used to check. Launch the UartAssist.exe, then select the corresponding serial poft-and baud rate.

Application Note

FW LOG: If you can receive a data packet in UartAssist every 10 seconds, the FW LOG can be captured.

SOEE RO #HR I
T B R
|oeovs -] 00 00 00 00 00 00 00 FF 00 00 00 FF 00 00 00 FF 00 00 00 FE 00
gz [115200 - 00 00 FF 00 00 00 7B 00 00 00 87 00 00 00 3F 00 00 00 FF 00 00
00 9F 00 00 00 F3 00 00 00 OF 00 00 00 A8 00 00 00 FE 00 00 00
#est INONE -] s o5 12 00 0B A 00 17 39 00 00 00 03 20 00 00 00 00 00 0O PP
+ [3 N 00 00 00 FF 00 00 00 FB 00 00 00 FF 00 00 00 FF 00 00 00 FF 00

> 8

iRl 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
ikt | z 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
. AS A5 AE 5A 04 0D 2B 00 CB 5B 1F 14 01 00 00 00 08 00 00 00 FF
@ %A 00 00 00 7TF 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 00 00 00 0D 00 00 00 00 00 00 00 00 00 00 D0 00 00 00 00 00 00
BEREE 00 00 00 00 00 00 00 00 00 0D 00 00 00 00 00 00 00 A5 AS 6E 5A
CB AB 02 DA 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
™ MR 01 00 00 40 01 00 00 07 00 00 00 00 00 00 00 00 00 00 00 A5 AS
~ T 3C 00 FA 15 06 OA 1F 00 00 00 00 00 00 00 03 00 00 00 40 01 00
v Bt 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 D0 00 00 00 OO 00 00
¥ +AHST [2019-07-11 21:35:34:420 ] A5 A5 2E 5A AE 23 3E 00 FA 28 03 03
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® BT TRACE LOG: If you can see a data packet starting with “7E” in UartAssist when resetting the device every time, the BT TRACE LOG can
be captured.

CRORE [ SROHRER
moe[coMe | | |[rz019-07-11 21:37:52:281 1 00

l_j [2019-07-11 21:37:52:406 7E 19 00 67 3F 00 3F 10 35 FO 64
AR 1500000 = 00 50 00 00 00 03 00 00 0O 7E 29 01 56 3F 00 3F 10 35 50 &

EQQINONE vl 00 1C 00 00 00 3C 00 00 00 5C 00 00 00 74 00 00 00 8C 00 O

7E 11 02 6D 3F 00 3F 10 35 28 6C 80 01 EO 02 00 00 7E 11 O
&ﬂ!fsﬂs :l' 17 BC 79 80 01 EO 02 00 00 7E 11 04 6B 40 00 3F 10 3C 08 O
@itfg [t =] | |00 7E 11 05 6A 40 00 3F 10 35 20 68 80 01 01 00 00 0D 7E O

10 35 04 67 80 7E 11 07 68 40 00 3F 10 35 94 68 80 01 00 Of
7A 40 00 3F 10 35 04 67 80 7E 11 09 66 40 00 3F 10 35 94 6
@ 00 7E OC OA 78 40 00 3F 10 35 04 67 80 7E 11 OB 64 40 00 3F|

01 02 00 00 00 7E OC OC 7E 40 00 3F 10 35 04 67 80 7E 10 O

(?/ CBRERE | |31 28 30 2E 31 2E 31 38 7E 11 OF 61 44 00 3F 10 35 IC 52 8§
/ [ . 7E OE OF 7F 44 00 3F 40 61 6D 65 62 61 64 7E 11 10 7F 44 O
Q,C B Bihiaes 80 01 DA DA DA DA 7E 20 11 4F 44 00 3F 40 46 72 69 20 46 6
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