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COPYRIGHT

©2022 PanKore Integrated Circuit Technology co. Ltd. All rights reserved. No part of this document may be reproduced, transmitted,
transcribed, stored in a retrieval system, or translated into any language in any form or by any means without the written permission of
PanKore Integrated Circuit Technology co. Ltd.

DISCLAIMER

Please Read Carefully:

PanKore Integrated Circuit Technology co. Ltd, (PanKore) 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 significant portions in PanKore data sheets is permissible only if reproduction is without alteration and is accompanied by
all associated warranties, conditions, limitations, and notices. PanKore 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 PanKore 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 PanKore 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 PanKore
products, Customer will thoroughly test such applications and the functionality of such PanKore products as used in such applications.

PanKore’s provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation kits, (collectively, “Resources”) are intended to assist
designers who are developing applications that incorporate PanKore products; by downloading, accessing or using PanKore’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 PanKore
Resources solely for this purpose and subject to the terms of this Notice.

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

Customer is authorized to use, copy and modify any individual PanKore Resource only in connection with the development of applications
that include the PanKore product(s) identified in such PanKore Resource. No other license, express or implied, by estoppel or otherwise to
any other PanKore intellectual property right, and no license to any technology or intellectual property right of PanKore 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 PanKore 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 PanKore Resources
may require a license from a third party under the patents or other intellectual property of the third party, or a license from PanKore under
the patents or other PanKore’s intellectual property.

PanKore’s Resources are provided “as is” and with all faults. PanKore 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.

PanKore 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 PanKore Resources or otherwise. In no event shall
PanKore be liable for any actual, direct, special, collateral, indirect, punitive, incidental, consequential or exemplary damages in connection
with or arising out of PanKore’s Resources or use thereof, and regardless of whether PanKore has been advised of the possibility of such
damages. PanKore is not responsible for any failure to meet such industry standard requirements.

Where PanKore 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 PanKore 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 Il devices and equivalent classifications outside
the U.S.

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
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requirements in connection with such selection.

Customer will fully indemnify PanKore 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

PanKore is a trademark of PanKore Integrated Circuit Technology co. Ltd. Other names mentioned in this document are trademarks/registered
trademarks of their respective owners.

USING THIS DOCUMENT

This document is intended for the software engineer’s reference and provides detailed programming information.

Though every effort has 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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Contact Us

®  Official website: https://www.realmcu.com

®  Development documents: https://www.realmcu.com/en/Home/DownloadList

®  Official forum: https://www.realmcu.com/community/cimd

®  Sample purchase: https://shop467975900.tacbao.com

[ ] Business cooperation: sales@pankore.com

®  Technical support: support@pankore.com
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1 Module Overview

1.1 General Description

The PKM8720DF-C13-F10 is a multi-radio MCU module. With the open CPU architecture, customers can develop advanced applications
running on the dual-core 32-bit MCU. The radio provides support for Wi-Fi 802.11 a/b/g/n in the 2.4GHz/5GHz band and BLE 5.0
communications. The rich set of peripherals and high performance make it an ideal choice for smart homes, industrial automation, consumer

electronics, etc.

1.2 Features

Chipset and Memory:

(] RTL8720DF-VT1-CG (named RTL8720DF thereafter) chipset embedded, dual-core processor: KM4 up to 200MHz, KMO up to 20MHz
[ ] KM4 on-chip memory: up to 512KB SRAM

® KMO on-chip memory: up to 64KB SRAM

®  AMB Flash

Wi-Fi:

® 802.11 a/b/g/n 1x1, 2.4GHz & 5GHz

L] Center frequency range of operating channel: 2412MHz ~ 2462MHz, 5180MHz ~ 5240MHz, 5745MHz ~ 5825MHz
®  Support 20MHz/40MHz bandwidth, up to the data rate of MCS7

[ J Wi-Fi WEP, WPA, WPA2, WPA3, WPS; open, shared key, and pair-wise key authentication services

L] Support low power Tx/Rx for short-range application

® Frame aggregation for increased MAC efficiency (A-MSDU, A-MPDU)

Bluetooth Low Energy:

® Bluetooth LE: Bluetooth 5.0

®  Speed: 1Mbps, and 2Mbps

[ ] Support LE secure connections

[ ] Support LE scatternet

®  Support 3 Master links/1 Slave link

®  Co-existence RF design between Wi-Fi and Bluetooth

Peripherals:

[ ] 4x UART interface, baud rate up to 6MHz

[ ] 2 x 12C, two speed modes: standard up to 10Kbps, fast up to 400Kbps
® 2 xSDIO Host/SDIO 2.0 Device, clock up to 50MHz

[ ] 3 x SPI Master/Slave, baud rate up to 50MHz

[ ] 1 x USB 2.0 HS/FS/LS mode

® 11 x PWM with configurable duration and duty cycle from 0 ~ 100%
° 19 x programmable GPIOs

[ ] KM4 and KMO both have a GDMA controller, each with 6 channels

Antenna Option:
® On-board PCB antenna
Operating Conditions:

®  Operating input voltage: (3.3 £ 10%)V
L J Operating ambient temperature: -40°C to 105°C
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2 Module Block Diagram

This module includes the chipset, crystal component, R/L/C components for RF matching, decoupling and RF radio antenna.

TxD/RxD PCB Antenna
4—:—> RTL8720DF J

GPIOs |
<——— D

4—|—>

L]
=
T

40MH:z PKM8720DF-C13-F10 Module

Figure 1. Block Diagram
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3

3.1

Module Pin Definition

Module Pin Layout

This module has 22 pins.

PCB ANTENNA

EN

PKM8720DF-C13-F10

vcc

A18 A5 A26 A25 A27T A28

Figure 2. Module Pin Layout (Top View)

B_18

20 EEE

) ERH]

N 6 21

) B_20

| GND

3.2 Module Pin Description
3.2.1 Pin Description
Table 1. Pin Description
Pin Name Pin No. Type Description
B 2 1 I/0 GPIOB_2/UART_RXD
B 1 2 I/0 GPIOB_1/UART_TXD
EN 3 | ®  High: Enable the chip.
° Low: Module power off.
B 3 4 I/0 GPIOB_3/SWD_CLK
A8 5 I/O GPIOA_8/UART_LOG_RXD
A 12 6 1/0 GPIOA_12/SPI_MOSI
A_13 7 I/O GPIOA_13/SPI_MISO
VCC 8 P Power Supply
A_14 9 1/0 GPIOA_14/SPI_CLK/UART_RTS
A_15 10 1/0 GPIOA_15/SPI_CS/UART_CTS
A_26 11 1/0 GPIOA_26/HSDP
A_25 12 1/0 GPIOA_25/HSDM
A 27 13 1/0 GPIOA_27/SWD_DAT
A_28 14 I/0 GPIOA_28/RREF
GND 15 P Ground
B_20 16 1/0 GPIOB_20/SDIO_CMD
A7 17 1/0 GPIOA_7/UART_LOG_TXD

Datasheet

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

© PanKore 2022. All rights reserved.

8



tlllll
] Piam'Kor'e’l B _
m gEA! BEH (BH) R5IES&E 8 1 ERFIREEEERRIISCE -
B_21 18 1/0 GPIOB_21/SDIO_CLK
B_22 19 1/0 GPIOB_22/SDIO_DO
B_23 20 1/0 GPIOB_23/SDIO_D1
B_18 21 1/0 GPIOB_18/SDIO_D2
B_19 22 1/0 GPIOB_19/SDIO_D3
@ ot
u P: power supply
u I: input

u O: output

3.2.2 Strapping Pins

This module has 2 strapping pins.

Table 2.  Strapping Pin

Pin Name Pin No. Default State Description
1: Normal mode (default

A7 17 Pull up ( )
0: Flash download mode
1: Normal mode (default)

A_27 13 Pull u

~ P 0: Test mode
Datasheet All information provided in this document is subject to legal disclaimers. © PanKore 2022. All rights reserved.
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4 RF Characteristic

4.1 Wi-Fi Radio Standard

Table 3.  Wi-Fi Radio Standard

Wi-Fi Wireless Standard

Description

Wi-Fi frequency range

[ 2412MHz ~ 2462MHz (2.4GHz ISM Band)
® 5180MHz ~ 5240MHz, 5745MHz ~ 5825MHz(5GHz)

Wi-Fi wireless standard

IEEE 802.11 a/b/g/n

Wi-Fi wireless standard Modulation

DSSS, DBPSK, DQPSK, CCK and OFDM
(BPSK/QPSK/16-QAM/64-QAM)

Wi-Fi wireless data rate

802.11b: 1/2/5.5/11 Mbps

®  802.11a:6/9/12/18/24/36/48/54 Mbps

([ ]
®  802.11g:6/9/12/18/24/36/48/54 Mbps
®  802.11n: HT20 MCS0-7, HT40 MCSO-7

4.1.1 Wi-Fi 2.4GHz Band RF Transmitter Specification

Table 4. Wi-Fi 2.4GHz Transmitter Performance Specification

Parameter Condition Min. Typ. Max. Unit
Frequency Range - 2412 - 2484 MHz
1 Mbps DSSS - 20 - dBm
11 Mbps DSSS - 18 - dBm
6 Mbps OFDM - 19 - dBm
Tx power at the antenna port for | 54 Mbps OFDM - 17 - dBm
the highest power level (25°C) HT20 MCSO - 18 - dBm
HT20 MCS7 - 16 - dBm
HT40 MCSO - 18 - dBm
HT40 MCS7 - 16 - dBm
1 Mbps DSSS - 8 - %
11 Mbps DSSS - 8 - %
6 Mbps OFDM - -5 - dB
54 Mbps OFDM - -25 - dB
Tx EVM
HT20 MCSO - -5 - dB
HT20 MCS7 - -28 - dB
HT40 MCSO - -5 - dB
HT40 MCS7 - -28 - dB
Carrier Suppression - - -30 dBc
Harmonic Output Power 2nd Harmonic - - -45 dBm/MHz
3rd Harmonic - - -45 dBm/MHz
4.1.2 Wi-Fi 2.4GHz Band RF Receiver Specification
Table 5.  Wi-Fi 2.4GHz Receiver Performance Specification
Parameter Condition Min. Typ. Max. Unit
Frequency Range - 2412 - 2484 MHz
1 Mbps DSSS - -96 - dBm
802.11b 2 Mbps DSSS - -94 - dBm
Rx Sensitivity (8% PER) 5.5 Mbps DSSS - -92 - dBm
11 Mbps DSSS - -89 - dBm
6 Mbps OFDM - -93 - dBm
802.11g 9 Mbps OFDM - -92 - dBm
Rx Sensitivity (10% PER) 12 Mbps OFDM - -91 - dBm
18 Mbps OFDM - -88 - dBm
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24 Mbps OFDM - -85 - dBm
36 Mbps OFDM - -82 - dBm
48 Mbps OFDM - -77 - dBm
54 Mbps OFDM - -75 - dBm
HT20 MCSO - -93 - dBm
HT20 MCS1 - -90 - dBm
HT20 MCS2 - -87 - dBm
HT20 MCS3 - -84 - dBm
HT20 MCS4 - -81 - dBm
HT20 MCS5 - -76 - dBm
HT20 MCS6 - -75 - dBm
802.11n HT20 MCS7 - -73 - dBm
Rx Sensitivity (10% PER) HT40 MCSO - -91 - dBm
HT40 MCS1 - -87 - dBm
HT40 MCS2 - -84 - dBm
HT40 MCS3 - -81 - dBm
HT40 MCS4 - -78 - dBm
HT40 MCS5 - -73 - dBm
HT40 MCS6 - -72 - dBm
HT40 MCS7 - -70 - dBm
1 Mbps DSSS - - 0 dBm
11 Mbps DSSS - - 0 dBm
. . 6Mbps OFDM - - 0 dBm
Maximum Receive Level 54Mbps OFDM 3 - 0 4Bm
MCS 0 - - 0 dBm
MCS 7 - - 0 dBm
4.1.3 Wi-Fi 5GHz Band RF Transmitter Specification
Table 6.  Wi-Fi 5GHz Transmitter Performance Specification
Parameter Condition Min. Typ. Max Unit
Frequency Range - 5180 - 5825 MHz
6 Mbps OFDM - 17 - dBm
54 Mbps OFDM - 13 - dBm
Tx power at the antenna port for | HT20 MCSO - 15 - dBm
the highest power level (25°C) HT20 MCS7 - 12 - dBm
HT40 MCSO - 15 - dBm
HT40 MCS7 - 12 - dBm
6 Mbps OFDM - -5 - dB
54 Mbps OFDM - -25 - dB
HT20 MCSO - -5 - dB
TxEVM HT20 MCS7 - 28 - dB
HT40 MCSO - -5 - dB
HT40 MCS7 - -28 - dB
Carrier Suppression - - -30 dBc
4.1.4 Wi-Fi 5GHz Band RF Receiver Specification
Table 7. Wi-Fi 5GHz Receiver Performance Specification
Parameter Condition Min. Typ. Max Unit
Frequency Range - 5180 - 5825 MHz
6 Mbps OFDM - -91 - dBm
802.11g 9 Mbps OFDM - -91 - dBm
Rx Sensitivity (10% PER) 12 Mbps OFDM - -0 - dBm
18 Mbps OFDM - -87 - dBm
24 Mbps OFDM - -84 - dBm
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36 Mbps OFDM -81 - dBm
48 Mbps OFDM -76 - dBm
54 Mbps OFDM -74 - dBm
HT20 MCSO - -91 - dBm
HT20 MCS1 - -89 - dBm
HT20 MCS2 - -86 - dBm
HT20 MCS3 - -83 - dBm
HT20 MCS4 - -80 - dBm
HT20 MCS5 - -75 - dBm
HT20 MCS6 - -73 - dBm
802.11n HT20 MCS7 - -72 - dBm
Rx Sensitivity (10% PER) HT40 MCSO - -89 - dBm
HT40 MCS1 - -86 - dBm
HT40 MCS2 - -83 - dBm
HT40 MCS3 - -80 - dBm
HT40 MCS4 - -77 - dBm
HT40 MCS5 - -72 - dBm
HT40 MCS6 - -71 dBm
HT40 MCS7 - -69 - dBm
6Mbps OFDM - - 0 dBm
. . 54Mbps OFDM - - 0 dBm
Maximum Receive Level MCS 0 3 - 0 4Bm
MCS 7 - - 0 dBm
4.2 Bluetooth LE Radio Standard
4.2.1 Bluetooth LE RF Transmitter Specification
Table 8.  Bluetooth LE Transmitter Performance Specification
Parameter Condition Min. Typ. Max. Unit
Frequency Range - 2402 - 2480 MHz
LEIM
Tx Output Power -10 4.5 10 dBm
LE2M
AF1 Avg. 225 - 275 kHz
Modulation Characteristics (LEIM) AF2 Max. 185 - - kHz
Modulation Index (AF2 Avg./AF1 Avg.) 0.8 - -
AF1 Avg. 450 - 550 kHz
Modulation Characteristics (LE2M) AF2 Max. 370 - - kHz
Modulation Index (AF2 Avg./AF1 Avg.) 0.8 - -
Modulation Characteristics AF1 Ave. 2475 - 2525 kHz
Stable Modulation (LEIM) AF2 Max. 185 - - kHz
Modulation Index (AF2 Avg./AF1 Avg.) 0.8 - -

. L AF1 Avg. 495 - 505 kHz
Modulation Cha'wracterlstlcs AF2 Max. 370 a a KHz
Stable Modulation (LE2M) -

Modulation Index (AF2 Avg./AF1 Avg.) 0.8 - -
4.2.2 Bluetooth LE RF Receiver Specification
Table9.  Bluetooth LE Receiver Performance Specification
Parameter Condition Min. Typ. Max. Unit
Frequency Range - 2402 - 2480 MHz
. LEIM - -99 -
Rx Sensitivity @30.8% PER LE2M - o5 - dBm
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5 Module Electrical Characteristics
5.1 Module Operating Conditions
Module Operating Conditions
Symbol Parameter Min. Typ. Max. Units
VCC Power supply voltage 3.0 3.3 3.6 Vv
Ta Ambient operating temperature -20 - 85 °C
Ts Storage temperature -40 - 125 °C
5.2 Module DC Characteristics
Table 11. DC Characteristic (3.3V, 25°C)
Symbol Parameter Conditions Min. Typ. Max. Units
VIH Input-High Voltage LVTTL 2.0 - - Vv
VIL Input-Low Voltage LVTTL - - 0.8 Vv
VOH Output-High Voltage LVTTL 2.4 - - Y
VOL Output-Low Voltage LVTTL - - 0.4 \
VT+ Schmitt-trigger High Level - 1.78 1.87 1.97 Vv
VT- Schmitt-trigger Low Level - 1.36 1.45 1.56 Vv
lIiL Input-Leakage Current VIN=3.3Vor 0 -10 +1 10 HA
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6 Module Schematics

6.1 Module Internal Schematics
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Figure 3. Module internal schematics
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6.2 Module Reference Schematics
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Figure 4. Module Reference schematics
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Physical Dimensions

Module dimension: 24 + 0.2mm (L) x 16 £ 0.2mm (W) x 2.3 £ 0.1mm (H)

16+0.2

15.8+0.2

Datasheet

Top view

0.8
-
D q
o
3 q
p 4~

3 q
b q
5 q
b q

_I ! i

|| _II._ 1 E i
M,}i_ =

Side view Bottom view Unit : mm

Figure 5. Module Physical Dimensions
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8 Product Handling

8.1 Storage Conditions

The storage conditions for a delivered module:

[ ] Moisture sensitive level (MSL): 3

®  Calculated shelf life in sealed bag: 12 months at <40°C and <90% relative humidity (RH)
® Peak package body temperature: 260°C

® A humidity indicator card (HIC) in the packaging bag.

HUMIDITY INDICATOR
10% 20% 30% 40% 50% 60%

DANGER IF PINK fssiet
CHANGE DESICCANT Bk Bue

®  After bag is opened, the module that will be subjected to reflow solder or other high temperature process must be
n Mounted within: 168 hours of factory conditions <30°C/60% RH, or
B Stored per J-STD-033
®  The module needs to be baked in the following cases:
The packaging bag is damaged before unpacking.
There is no humidity indicator card (HIC) in the packaging bag.
After unpacking, circles of 10% and above on the HIC become pink.
The total exposure time has lasted for over 168 hours since unpacking.
More than 12 months have passed since the sealing of the bag.
If baking is required, refer to IPC/JEDEC J-STD-033 for bake procedure.

o NN

O o
Level and body temperature are defined by IPC/JEDECJ-STD-020.

8.2 Production Instructions

®  The PKM8720F-C13-F10 module can be packaged with the SMT process according to the customer's PCB designed to be SMT-packaged.
After being unpacked, the module must be soldered within 24 hours. Otherwise, it needs to be put into the drying cupboard where
the relative humidity is not greater than 10%; or it needs to be packaged again under vacuum and the exposure time needs to be
recorded (the total exposure time cannot exceed 168 hours).
B SMT devices needed:
Mounter
SPI
Reflow soldering machine
Thermal profiler
Automated optical inspection (AOIl) equipment
B Baking devices needed:
@ Cabinet oven
€@  Anti-electrostatic and heat-resistant trays
€ Anti-electrostatic and heat-resistant gloves
® Baking settings:
B Temperature: 40°C and < 5% RH for reel package and 125°C and <5% RH for tray package (use the heat-resistant tray rather than
a plastic container)
Time: 168 hours for reel package and 12 hours for tray package
Alarm temperature: 50°C for reel package and 135°C for tray package
Production-ready temperature after natural cooling: < 36°C
Re-baking situation: If a module remains unused for over 168 hours after being baked, it needs to be baked again.
If a batch of modules is not baked within 168 hours, do not use the wave soldering to solder them. Because these modules are
Level-3 moisture-sensitive devices, they are very likely to get damp when exposed beyond the allowable time. In this case, if they
are soldered at high temperatures, it may result in device failure or poor soldering.
® In the whole production process, take electrostatic discharge (ESD) protective measures.

L X X X X 4

Datasheet All information provided in this document is subject to legal disclaimers. © PanKore 2022. All rights reserved.
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®  To guarantee the passing rate, it is recommended to use the SPI and AOI to monitor the quality of solder paste printing and mounting.

8.3 Recommended Oven Temperature Curve

There are some differences between the set temperatures and the actual temperatures. All the temperatures listed in this datasheet are
obtained through actual measurements.

For the SMT process, set oven temperatures according to Figure 6.

B

Figure 6. Reflow Soldering Curve Diagram

D: Rising speed = (1 ~ 3)°C/s, 20°C ~ 150°C, 60s ~ 90s
E: Average preheating temperature = 150°C ~ 200°C, 60s ~ 120s
F: Temperature fluctuation > 217°C, 50s to 70s; peak temperature = 235°C ~ 245°C
H: Drop speed = (1~ 4)°C/s
NOTE

Adjust the balance time to ensure the rationalization treatment of gas when tin paste solves. If there are too much gaps on the PCB
board, increase the balance time. Considering that the product is long placed in the welding area, to prevent components and bottom
plate from damage.

Datasheet All information provided in this document is subject to legal disclaimers. © PanKore 2022. All rights reserved.
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4 REALTEK

PKM8720DF-C13-F10

Build and Debug Environment Setup — IAR

This document illustrates how to build Realtek low power Wi-Fi software under IAR SDK environment.

All information provided in this document is subject to legal disclaimers. © REALTEK 2020. All rights reserve d.

1

Application Note



MREALTEK Ameba-D Application Note

1 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.

1.1 Requirement

1.1.1 I1AR 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 Security Extension (Ameba-D HS CPU, also called KM4), IAR version must be 8.30 or higher.

1.1.2 J-Link

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

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

1.1.3 Module or Development Board

PKE8720DF-C13-F10 is a development board designed by Realsil. The PKM8720DF-C13-F10 module is directly attached to the development board,
and development board is designed with USB, RGB, LED and key. These peripherals communicate with the module through GPIOs, and the
development board can be connected to the computer through USB. The module and peripherals can be controlled and tested by commands
from the computer.

After the module is installed, it can communicate with the computer to verify whether it is installed correctly, such as controlling the wifi/BT on
the module to TX/RX, or controlling GP10s to make RGB appear in different colors to determine whether the corresponding GPIOs control is
normal. Below is an explanation of module WIFI testing.

L
PKMAT200F-CI3F10
MAC:ClESBIIMAﬁl

3

A
PKMST200F-C13F10
MAC:CAESBI0IAAS

i

;

Power LED

Download KEY Reset KEY

Type-C USB
1.2 Hardware Configuration
The hardware block diagram of Ameba-D demo board is shown in Fig 1-1.
®  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.
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2020. All rights reserved.
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PKM8720DF-
C13-F10 module
@) O [0 O
H | | = oo |1
* % @|rsz3 g el | @
9 ? @|re22 g 52 | @
PBS]SWD_CLK@ ® @ ez 'g | 7es | @] Pe3/swo_cik

9 @] B2 4 a2 | @

, ? @] rev “‘3- s | @
® ® @|ren & e | @
® (® pazzjswo_pata | @]Paz7 | < outs | @
? ¢ , @|rr2s . LoG_RxD/PA8 | @
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R ? @|ras % cHe_eN | @
[ ] @] voo3s 2 voo3s | @

5.” % @] voosv ' g .0 voosv | @
1® ! GND GND !

O o ¢ O

Download USB
button button
Top view Bottom view

Fig 1-1 Ameba-D demo board

1.2.1 Antenna description

The DUT has one types of antenna, both of which are 2.4 & 5GHz dual band antennas. The information is as follows. PIFA & Dipole antennas
are connected with module by RF test point.
1)  PCB Onboard Antenna, 2.4G peak gain 2.4dbi, 5G peak gain 3.8dbi.

1.2.2 Connecting with J-Link

Refer to Fig 1-2 and Fig 1-3 to connect Ameba-D SWD interface with J-Link.

Q O —vee 1| [] [J |2 vccioptional)
| | EY = oo (| +—
@ | g w @ NU 3| ][]+ onNpDe+—
@ |rszz %, 2 |@
@|r & [Pes | @ Pl NU 5 D D 6 GND
o
@ |20 5 PA2 | N
ol g wsle swoata7| [] [ |¢ oD
=
®|ren g il b —sweik o L] O |10 e
swo_DATA L |@ Pl21| ers | @
@[ LOG_RXD/PAS | @) NU 11 I:l D 12 GND
=
@5 = Loc_mosear | @
b SWO 13 14 GND
@|rrz g cHP_EN | @ |:| |:|
@ s ] wos: @)« reser 15| ] [ |16 oo
@ | voosv g voosv | @
ol ¥ ° Y e ve 7| O O s e
@ ] (] O vewo| [ O [0 oo
J-Link
Fig 1-2 J-Link and SWD connection diagram
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2020. All rights reserved.
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Fig 1-3 J-Link and Ameba-D SWD connection

1.3 How to Use IAR SDK?

1.3.1 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_Ip_release.eww (KMO workspace) contains the following projects:
B kmO_bootloader
B kmO_application
(] Project_hp_release.eww (KM4 workspace) contains the following projects:
B km4_bootloader
B km4_application
| km4_secure

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

Table 1-1 Build configurations for KM4 project

Project Build Configuration Configure TrustZone

Enable MP

km4_bootloader km4_bootloader - ist

km4_bootloader - tz2

km4_application km4_application - is

km4_application - tz

km4_application - is (mp3)

km4_application - tz (mp)

km4_secure km4_secure - tz

<|<|=<|z|<|z]|<]|=

kmd4_secure - tz (mp)

<|Z|<|<|[zZ]|Z2|Z2|2

Note:

1.  The configuration items with “-is” are ignore secure configuration, which are designed for applications that do not use TrustZone.
2.  The configuration items 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 1-2 shows. The km4_secure project

which contains Trustzone-protected code, is not used.

L] For applications that use TrustZone, users should apply TrustZone configurations as Table 1-2 shows.

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

© REALTEK 2020. All rights reserved.
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Table 1-2 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 km4_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 you can choose a build configuration for a specific project.

Configuration
drop-down menu

1.3.2

‘Workspace Workspace x Workspace X
km4_application - is (‘D - kmd_application - is - kmd_application - tz -
) kmd_application - iz
Files B - km4_app ic.ation - is [mp Files e

B ClProject_hp_release
v
@ kmd_bootlioader-is

+
@ kmd_secure-tz v

- Iz
kmd_application - tz [mp)
kmd_bootloader - is
kmd_boatloader - tz
kmd_secure - tz

‘ kmd_secure - tz [mp)

Bl fIFroject_hp_release ®

*
® kmd_bootloader-is +
@ kmd_secure -1z +

Overview km4_apphc:ation| kmd_bootioad| 4 |+

| Overview km4_app|icati0n| kmd_bootload| 4 |+

Overview  kmd_application | kmd_bootload| 4 |

Fig 1-4 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.

13.21

Building KMO Project

The following steps show how to build KMO project:
(1) Open project\realtek_amebaD_va0_example\EWARM-RELEASE\Project_lp_release.eww.
(2) Make sure km0_bootloader and kmO_application are in Workspace. Click Project > Options, General Options > Target > Processor

Variant > Core, verify the CPU configurations according to Fig 1-5.
(3) Right click the project and choose “Rebuild All”, as Fig 1-6 shows. The kmO_bootloader and kmO_application should compile in order.

Application Note

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

© REALTEK 2020. All rights reserved.
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r - -
e Project_lp_release - IAR Embedded Workbench IDE - Arm 8.30.1

|l @] 8 )

File Edit View Project J-link Tools Window Help

Workspace

km0_application - Debug

Files
B MProject_lp_relsase

m
® km0_bootloader - Debug

Catagony

Static Analysis

Runtime Chedking
C/C++ Compiler
Assembler
Output Converter
Custom Build
Build Actions.
Linker

CMSIS DAP

GDB Server
T4et/TTAGjet
IHink/1-Trace

TI Stellaris.
Nu-Link

PE micro

ST-LINK
Third-Party Driver
TIMSPFET
TIXDS

IDverwaw kml_spplication | kmi_bootloader

Debug Log

Log

sed Apr 03, 2019 16:08:57: 1AR Embed |

Library Options 2 | MISRA-C:2004 |  MISRA-C:1988 |
Terget | Output | Library Cenfiguration | Library Options 1 |

Fracessor wvariant
@ Core
© Device
© OISTSPaci

Floating peint settings

Endian mode

OBig
BE32 ! )

@ BES

TrustZone

[1D2F Extension
[JAdvanced SIMD (WEOH)

v o x

< m

Build | DebugLog

Ready

Fig 1-5 KMO processor options

.
@ Project_lp_release - AR Embedded Workbench IDE - Arm 8.30.1

™ T e )

File Edit View Project J-link Tools Window Help

NN R j - b BNE = - =0
leml_application - Debug - (|
Files - i
B HProject_lp_release
[ Jkm0_application - D
@ km0_bootloader- Deh Options...

Make
Compile
| Rebuild All
Clean
C-STAT Static Analysis 3
Stop Build
Add 3
Remave
| Overview kmU_app\icat\onl k| Rename...
Debug Log Version Contral System 2 - O X |I
i
Log Open Containing Folder...
Thu Sep 05, 2019 13:48:02 File Properties... ogram Files (xBE)NAR Systems\Embedded Workbench . 1harmibinarmp
Set as Active
< m o
Build | Debug Log
I Clean and make the selected project Errors 0, Warnings 3 N

Fig 1-6 Building KMO project

All information provided in this document is subject to legal disclaimers.
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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 ‘i@éj

ug “Exe~kmB_image “kmB_application.map Debug“Exe“kmB_image“kmH_application.asm Dehjig
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"

m

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~tools~grep IMAGEZ Debug Exe-kmB_image-kmB_application.map i "D:“Code“AmehaD w
B3 _A983project~realtek_amehaDl_vaB_example ~\EWARM-RELEASE". ... . .“conponent\soc
“realteksamebadwmiscsiar_utilityscommon“tools>grep Base ! "D:“Code“AmehaD“wB3_@A%|
B3 “project realtek_amebaD_vaB_example “EWARM—RELEASE">_ .. .\..“component“soc“weal]
itek~amebadmischiar_utilityscommonstoolsSgawk *{print 513’ > do set ram2_start=|
B 1

(4) After compile, the images kmO_boot_all.bin and km0_image2_all.bin can be seen in project\realtek_amebaD_va0_example\EWARM-
RELEASE\Debug\Exe\kmO0_image.

1.3.2.2 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 1.3.1 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 1-7.

@ Praject_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1 == ES
File Edit View Project J-link Tools Window Help
N R = X4 < L = BRERN N - » il
Workspace r
Options for node "km4_application” —ti
[km4_application - is
Files
B O Project_hp_release Category:
[ lkm4_applicatio|
by 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
Linker Device Hone B
Debugger
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
Mu-Link R
Log PE micro 7| TrustZone
V|DSF Ext —_—
Thu Sep 05, 201916 ST-LINK hension Mode [Hon-seemre  w ich 8. 1%armibinarmp
Third-Party Driver Advanced SIMD (NEON) E—
TIMSP-FET
TIXDS
e
J
« i B
Build | Debug Log
Ready Errors 0, Warnings 96
Fig 1-7 KM4 processor options
Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2020. All rights reserved.
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(4) Right click the project and choose “Rebuild All”, as Fig 1-8 shows. The km4_bootloader, km4_secure and km4_application should compile

in order.

Note:

Debug Log

Log
Thu

1l

Rename..

B x

Version Contral System »

Sep 05, 2019 16:0] Open Containing Folder...

File Properties...

S

Build | Debug Log

Clean and make the selected project

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 | =NACE X
File Edit View Project Jlink Tools Window Help
DO | H =0 2:xl
Waorkspace > o x
‘ kid_spplication - is - |
Files L - T
B OProject_hp_releasse
[ ) -
@ kmd_bootloader-| Options...
@ kmd_secure -tz Make
Compile
E Rebuild All 3
Clean
C-STAT Static Analysis 3
Stop Build
Add »
Overview kmé_appication| | Remove

Fig 1-8 Building KM4 project

®  When TrustZone is enable, the km4_secure project must be built before the 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 shown in the figure below 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.

BER C\Windows\System32\cmd.exe

is_law = 1
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: B
jcopy size B
[Debug“Exe “\knd_inage‘axip_image2 . p_hin
[Debug“Exe “Jnd_inage>ran_2_.p._hin
[Debug “Exe “knd_inage“psran_2_p._hin
& 1
pad _exe, ing_len: 63318, pad_len: cef
[Debug “Exe “knB_inage “knB_inage2_all_hin
])e]Lug\Exe skmd_image Sknd_
EEH 4

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 km0_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.

Application Note
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133

IAR Download

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

Ameba-D demo board supports using J-Link 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 1-9 shows.

e Praoject_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1

File Edit View Project J-link Tools Window Help

NoRE &l xBREiloc 00 kQoseidBoRnr Bealo e

Workspace - o X
is he
Files & = -
EY k4 _opplication-is |+l
— & @PSRAM ~
H@SRAM o
Happ

B bluetaoth
B cmsis-dsp
o drivers

B fwlib

Hlib

B mbed

M misc

M user

i utilities i
B i

m

J-Link Driver

@ Could not find core in Coresight setup
Abort debug session?

Dverwew" kmd_application  kmd_bootloader DZ‘

Log
Thu Sep 05, 2019 16:03:34: IAR Embedded Workbench 8 30.1 (D4Program Files (<BEIMAR Systems\Embedded \Warkbench § harmibinarmp ||

<[ m v

Build | Debug Log bl

Ready

Fig 1-9 J-Link cannot find KM4

As a result, if the Flash memory is empty, the sequence to download images is:
(1) Download for kmO_bootloader and kmO_application projects

(2) Click Reset button on demo board to make KMO boots up

(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 updated images to KM4 directly,
and there is no need to re-download for KMO.

The following steps show how to download image for the target project with IAR. If there is an error like Fig 1-17 displayed in IAR window, refer

to 1.3.4.2.

(1) Choose the target project display in Workspace window, for example, km4_bootloader as Fig 1-10 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 1-11 shows.
b)  Click Debugger > J-Link/J-Trace > Connection > Interface, and choose “SWD”, as Fig 1-12 shows.
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Project J-link Tools Window Help

kmé_application | kmd_bootloader

Debug Log > x
Log
Wed Apr03, 2019 19:39:05: AR Embededed Workbench 8301 (DAProgram Files (xBENAR Systems\Embedded Warkbench 8 1\armibinlarmproc dil)
I Build | Debug Log
|LReaay B

Fig 1-10 Switching to the target project view

File Edit View Project J-link Tools Window Help

km4_application - Diebug

Files
B CIFroject_hp_release

Categony: Factory Settings

General Options
Static Analysis
Runtme Checking
C/C++ Compler Setup |Download | Inages | Extra Options |Multicore | Plugins|
Assembler
Output Converter
Custom Build

T

b

Setup macros
[VUse macro filals)
SPROT_DIRSY. . L. \. . \eomponentisocireal tekhanebadin [

&

T

® km4_bootloader - De.. Liet/mAGiet Device description file

@ kmd_secure - Debug Iink/I-Trace Override default

T1 Stellaris SPROT_DIRS'. . \.. % . \componentisocirealtekbancbadin E]
Nu-Link

PE micro

STLINK
Third-Party Driver
TIMSP-FET
TIXDS

Build | Debug Log

Ready Errars 0, Warnings 0
Fig 1-11 J-Link debugger setup
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File Edit View Project Jlink Tools Window Help

A RAE B C <G %D

Workspace

kmd_appiication - Debug Options for node "km4_application
Files
B CIProject_hp_release
A Category
=k Jkm4d_application - ... | Factory Settings
i app General Options
B blustooth Static Analysis
B cmsis-dsp Runtime Checking
W drivers CfC++ Compiler Cormection |Breskpoints
i fwlib Assembler Communi cation
b Qutput Converter @ USH Deviee O w Serial
Hmbed Custom Buic CVTCE/TE: [TP adiress -
i misc Build Actions -
= Linker I addresst [asabbboces ddd [Serial | |
mos Debi
W user ougeer Tnterface JTAG scen chain
o Simulator i .
i utilities [V1JT46 scam chain with multiple tar
Y CADI i
i SIS DAR number
B Output GDB Server [[JSean chain contains nen-hrm devics
@ km4_bootioader- De Ljet/TTAGIt Precesding
@ km4_secure - Debug Jdink/I-Trace
11 Stellaris Log gommunication
Overvon_knd_aspication | kond i) NuLink [$PROT_DTRS espyeom k. Tog 1 0
PE micro
Build I ST-LINK
Third-Party Driver
Messages TIMSP-FET
TIXDS

| Builg | Debug Log

Ready Errors 0, Warnings 0

Fig 1-12 J-Link interface setup

(3) Click Project > Download > Download active application, image downloading starts.

When downloading, Ameba-D prints the log, as Fig 1-13 shows. You can check the log to see if download is successful.

FlashInit] image_size:f48, link_address:8eeeeee, flags:e
FlashErase] block_start:@, block_size:1000

FlashuWrite] block_start:@, offset_into_block:®, count:f48
FlashInit] image size: 82060, link_address: 8066066, flags:@
FlashErase] block start:6eee, block size:10008

FlashErase] block_start:700@, block_size:10ee

FlashErase] block start:8000, block size:100@

FlashErase] block_start:9e@@0, block_size:1008@

FlashErase] block_start:a0ee, block_size:1000

FlashErase] block_start:beee, block_size:10ee

FlashErase] block_start:c@ee, block_size:1000

FlashErase] block_start:deee, block_size:1000

FlashErase] block_start:ee00, block_size:10ee

FlashErase] block_start: feeo, block_size:1000

FlashErase] block_start:10000, block_size:1000

FlashErase] block_start:11000, block_size:1000

Flashirite] block_start:6000, offset_into_| block @, count:ceee
FlashErase] block start:lzooo block_size: 100!

FlashErase] block_start:13000, block size:1960

FlashErase] block start:14eee, block_size:1000

FlashErase] block_start:15000, block_size:1000

FlashErase] block_start:16000, block_size:1000

FlashtErase] block start:17096, block_size:1000

FlashErase] block_start:18000, block_size:1000

FlashErase] block start:19060, block size:1006

FlashErase] block_start:1ae08, block_size:1000

FlashErase] block_start:1b@ee@, block_size:1000

FlashErase] block_start:1c@ee, block_size:1806

FlashErase] block_start:1deee, block_size:100

FlashWrite] block_start:12000, offset_into_block:®, count:ceee
FlashErase] block_start:1e008, block_size:10e@

FlashErase] block_start:1f@ee, block size:1000

FlashErase] block start:20000, block size:1000

FlashErase] block_start:21000, block_size:1000

FlashErase] block start:22060, block_size:1006

FlashErase] block_start:23000, block_size:1000

FlashErase] block start:2400@, block size:1000

|
|

|

|

Fig 1-13 Downloading log

(4) You can also erase all parts of the Flash memory if necessary.
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1.3.4

, ]
(©Foi e B amasos

File Edit View | Project | J-Link Tools Window Help

Add Files...
Add Group..
:Debug Import File List...
— ]  AddProject Connection...
Files Edit Configurati
anfigurations...
BYYmi_apoii 2
H app Remove
I M bluetooth
M crmsis-ds Create New Project...
M drivers Add Existing Project...
W fwlib
Hlib Options... Alt=F7
B mbed
o misc Version Control System
L LH P o
W user ake
W uiilties | B compile Ctri=F7
il Rebuild All
{3
— & Output Clean
Batch build... F8
C-STAT Static Analysis
Overview | [ kmd_ag £ Stop Build Ctrl=Break
Debug Log © Download and Debug ctri+D X
» Debug without Downloadin
irog 9 9
Thu Apr 04, Attach to Running Target 5.30.1 (DAPragram Files (xBB)MAR Systems\Embedded Workbench 8 Tarrmibirarmproc.dil)
(® | Make & Restart Debugger Cirl=R
© | Restart Debugger Ctrl=Shift=R
| Download v Download active application
e Download file...
Build | Debug Lag Erase memory
w
Erase all or parts of f B8 | CMSIS-Manager B
Aan Mavira Nacrintinn Sils . =

IAR Debug

Fig 1-14 Erasing Flash memory

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

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.

13.4.1

J-Link Debug

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

(1)
(2)

Set the target project as active project and verify the debugger configurations as step (1) and (2).
Click Project > Download and Debug or Project > Debug without Downloading.

u 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.
B Debug without Downloading: debug the project object file

3)
(4)

Breakpoint” button is on the debug toolbar, as Fig 1-16 shows.

Application Note
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r o
@ Project_hp_release - 1AR Embedded Workbench IDE - Arm 8.30.1 —— o [ ]
File Edit View Project Debug Disassembly Jlink FreeRTOS-OpenRTOS Tools Window Help
DoEa = X80 0C 1< Q>%=<0 2> = @cOQ. N3 i ]
Waorkspace ¥ 2 X [mainc x| ¥ | Disassembly vax
[Debug +| /mainQ fo| Gow ~ [Memay
} else | - o
I Files o ° temp &= ~BIT_HSYS_SHARE_BT_MEM; D\sassembly
EX Jkm4_application-De..| v | | } 0xe04678s: 0=f7bc Ozfck
] pnu_release_vakslos )
i bluetooth HAL WRITE32 (SYSTEM CTRL BASE HP, REG HS PLATR Oxe0467a2: 0x2000
1 Oxe0467a4: 0xf7bc Oxfde
pmu_ticklsss dsbug(
0xe0467a8: 0x2001
//default main Oxe04673a: 0xf7bc Oxfsd
=  int main{void| '
{ Oxe0467as: Oxbd0l
v if (wifi_config.wifi_ultra_low_power ss int main(void)]
wifi config.wifi app ctrl tdma == FAL ‘
SystemSetCpuClk (CLK_KM4_100M) ;
) = nain
= InterruptRegister(IPC_INTEandler, IFC_IRQ, (uw
W Output InterruptEn(IEC IRQ, 10): F if (vifi_config.wifi_ul
3 vifi_config. wifi_ap
#ifdef CONFIG MBED TLS ENABLED 0x2046752: 0x4941
app_mbedtls_rom_init{); Ox=0467bd: Ox6848
$endif 0x=0467b6: 0x2800
kmd_application kmé_bootioader | kmé_g ([ | | « il o A | B :
Debug Log - o x
Log 0
Thu Apr 04, 2019 10:33:36: User Reset.
Thu Apr 04, 2018 10:33:48: 0 bytes downloaded (0.00 Kbytes/sed)
Thu Apr 04, 2019 10:33:48: Loaded extraimage: D:\Codelwl3_1114\projectyrealtek_amebaD_wval_example\EVWARM-RELEASE\Debug\Exe\kmd_imagel,
kmd_application.dbg.ax, image ID 2 [
< i G
Euild | Debug Log
Ready Ln 212, Col 15 System 7=

Fig 1-15 Running to main() when debug

r
© Project_hp_release - IAR Embedded Workbench IDE - Arm 8.20.1

:.Elg

File Edit View Project Debug Disassembly J-link FreeRTOS - OpenRTOS Tools Window Help

Do E@ = XN OC 24 Q> KrEC G >

®cO . |N 3 fem::

pru_tickless_dsbug(
Oxe0467a3: 0=2001

//default main 0xel467aa: Oxf7bc Dxfel
=  int main(wvoid) 3
t Oxe0467as: Ozbd0l
if (wifi config.wifi ultra low power &

int main{woid)
wifi config.wifi app ctrl tdma == FAL {

SystemSerCpuClk (CLE_KM4_100M) :
s = nain

InterruptRegister (IFC_INTHandler, IFC_IRQ, (w

Workspace > 3 x ‘m:'m,{ x\ w | Disassembly - @ X
Debug | |maing fo|  Gotwo ~ [Memay
- } else | - A
|| Files 8- temp = ~BIT_HSYS_SHARE_BT_MEM; Riczssanioly
1 Oxe0467%: 0xifTbc Oxfck
pru_release_nakelos ]
HAL WRITE32 (SYSTEM _CTRL BASE HF, REG_HS_FLATE: OxeD467a2: 0x2000
1 Oxe046724: 0xifTbc Oxfde

ThuApr04, 2019 10:33:36: Target reset
ThuApr04, 2019 10:33:36: User Reset
Thu Apr04, 2019 10:33:48: 0 bytes downloaded (0.00 Khytes/sec)

kmd _annlicatinn dho sl imana 0 2
< m ]

® — if (wifi_config.wifi ul
E wifi_config. wifi_ap
#ifdef CONFIG MBED TLS ENABLED Oxs0467b2: 0xd941
app_mbedtls_rom_init(): 02e0467b4 : 0=6848
#endif 0xe0467b6 : 0x2800
“ co o o NwsN4R7hA NwANNS ol
krnd_spplication  kmd_bootloader | kmd_q o [ | || « i i emasiias .
Debug Log -ax
Log .

Thu Apr 04, 201910:33:48: Loaded extra image: DXCodetw03_1114\projectirealiek_amehaD_val_exampletEWARM-RELEASE\Debug\Exetkmd_imagel ]

Euild | Debug Log

Ready Ln 219, Col1 System 5 4§

Fig 1-16 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.

1.3.4.2

IAR Debug or Download Error

Because Ameba-D has two CPU cores, and a post-build script will be run after make, sometimes the debug or download thread cannot get the
correct AXF file for debug or download, the error like Fig 1-17 happens.
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© Project_hp_release - IAR Embedded Workbench IDE - Arm 8.30.1 -— -— - b T S =

Fi Edit View Project J-link Tools Window Help

‘hoE@ =2 SE0DCc e Q2 K= PR B0 =0 Cidh

-

L s Mt

//app _skhared btmem (ENABLE) ;

IDverview kmd_appl\cationl kmd_bootlog| « |«

Workspace v & X | mainc x| -
kmd_application - is -| | main]) fiy
L= #ifdef CONFIG_FTL_ENABLED
B ClProject_hp_release app_ftl_init();
el Jlemd_i i #endif
~ #1f defined (CONFIG_WIFI_NORMAL) s: defined (CONFIG_NETWORK)
rtw_efuse_boot_write():
- /% pre-processor of application example +/
pre_example entry():
larldePm | % |
There were warnings while generating flash loader input.
See the Debug Log window for detalls.
#endif
Il
IT #1f defi
#endif - H
b4 app_start_autoicg({);

< 1] L
Debug Log v o x
Log
o T ] 3
Build | Debug Log

Ready Errors 0, Warnings 0
-

Ln 190, Col 45

i

system A5 #F M5

Fig 1-17 IAR debug or download error

To avoid this error, you should build manually before debug or download, and disable auto-build from Tools > Options > Project > Make before

debugging, as Fig 1-18 shows.
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E Project_hp_release - = . a0
File Edit Wiew Project J-link | Tools | Window Help
DO @ & % E [ Optns. < BN AB=0" int
]
Warkspace Filename Extensions... A
[kmd_app\icatinn -ig Configure Viewers... FU
Files & Configure Custom Argument Variables... ko i
B FIProject_hp_release % | Configure Tools...
=L Jkm4_application..]
— B @PSRAM < TAR Project Converter
HBERAM v 4if defined(CONFIG WIFI_NORMAL) ss defined(CONFIG NETWORK)
app rtw_efuse_boot_write();
applicatian " 3
iaﬁdpm | A - lﬁ
bluetonth Y
cmsis-dsp Commaon Fonts
& drivers - Key Bindings Stop build eperation on:
W ik ~Language Save editor windows before
Editor building
Meseoges S s s projucts btors
Il bleshooti
|2 S user Troubleshaoting Make before debugging:
-Project il
= [7]Reload last workspace at startup A L
i utilities --Source Code Contre E
= v Debugger [¥|Play a scund after build eperatiens —
] || i stack [#] Generate browss information
[ Dvenview _kmd_oppication Lkmd_bootioff ["Ho source browser and build status updates when the IDE is not the foreground p 052
Debug Log [/]Eneble project conmections v o x
(roig [7]Ensble parallel bu Proceszes: 2 (4 cores reported by 05 ) L
Thu Feb 27, 2020 14:34:44: ROMThI[D
Thu Feb 27, 2020 14:34:44: ROMTBI[0
ThuFeb 27. 2020 14:3444: Reset Hal | | o ] »
Thu Fehk 27, 2020 14:34:44: Reset Re:
Thu Feh 27, 2020 14:34:44. Hardware WE
Thu Fehk 27, 2020 14:34:44; Initial reseil ]

Thu Feb 27, 2020 14:34:44: — Prepare hardware for Flashloader —

Thu Fek 27, 2020 14:34:44: — setup start—

Thu Feb 27, 2020 14:34:44 — setup end —

Thu Feb 27, 2020 14:34:44: — execlserFlashinit done —

Thu Fek 27, 2020 14:34:44: 1312 bytes downloaded (20.34 Kiytesisec)

Thu Fek 27, 2020 14:34:44; Loaded debugee: D\wE.2b mpiprojectrealtek_amebal_val_examplelEWARM-RELEASES, 4.4 \componentisocirealtekiamebadimiscliar_utilinAcg =

Thu Feb 27, 2020 14:34:44: Target reset

Thu Fehk 27, 2020 14:34:44; Unloaded macro file: Diwh.2b.mpprojectrealtelk_amebal_val_sxamplel\EWARM-RELEASEY ), A Acomponentsocirealtekhamebadimis chiar_utility
¥4 Thu Feb 27, 2020 14:34:44 \Whiting outside flash memory at address (xA806020

< 1 | o »

Euild | Debug Log

Change optians Ln 190, Cal 45 System A5 HiF ME

"

Fig 1-18 IDE options

1.3.5 IAR Memory Configuration

1.3.5.1 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 and loaded 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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1.3.5.2 Configuring Memory from 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 1-19 Memory location configuration

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\ rtI8721dhp_image2_is.icf” for ignore secure project

(] “project\realtek_amebaD_va0_example\EWARM-RELEASE\ rtI8721dhp_image2_tz.icf” for TrustZone project

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

1.4 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 1-20 shows.
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1.5

). sdk-amebad-beta v6.0

| component
I doc
). project
I realtek_amebaD_va0_example
J. EWARM-RELEASE
| example_sources
I ADC
I Audio
J. BOD
i CRYPTO
J. DSLP
| FLASH
}. gdma
i GPIO
i 12C
I mbed
I 12¢_dual_master
) 12¢_dual_slave
| i2¢_int_mode
b src
| raw
)12

main

4 | sdk-amebad-beta_v6.0
| component

| doc
4k project copy
4 | realtek_amebaD_va0_example
| EWARM-RELEASE
example_sources
J. GCC-RELEASE
I inc

# § src
| stc_hp
) src_lp

main

Makefile

Used Memory Size Calculation

Fig 1-20 Building sample code

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

v 3 X

is

Files

— M (@PSRAM
M app

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

=) @km4_application - is

i application

[ km4_application.axf

L [B km4_application.map]

1.5.1 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.

1.5.2 Memory Size

1.5.2.1 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 memory space from SRAM (476KB).

® A4 has size 0x17ad7.

"A4": 0x17ad7
IMAGEZ 0x1000'5000 0Oxl1l7ad7 <Block>
.ram image2.entry 0x1000'5000 0x20 <Block>
.image2.entry.data rw data 0x1000'5000 Oxc rtlB72ldhp app start.o [1]

(] P1 has size Ox5dfc8.

"P1": 0x5dfc8
.ram heap.data 0x1001'cae0 0x50000 <Block>
.ram image2.bfsram.data
0x1001'cae0 0x50000 <Block>
.bfsram.data uninit 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.

1.5.2.2 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.
1.5.2.3 Memory Size in XIP

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

A5 has size Ox8afe8.

Application Note All information provided in this document is subject to legal disclaimers. © REALTEK 2020. All rights reserved.
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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.

1.5.2.4 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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1.6 warning

1.6.1 Federal Communication Commission Interference Statement

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to Part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment generates,
uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause harmful interference
to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If this equipment does
cause harmful interference to radio or television reception, which can be determined by turning the equipment off and on, the user is encouraged
to try to correct the interference by one of the following measures:
- Reorient or relocate the receiving antenna.
- Increase the separation between the equipment and receiver.
- Connect the equipment into an outlet on a circuit different from that

to which the receiver is connected.

- Consult the dealer or an experienced radio/TV technician for help.
This device complies with Part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause harmful
interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

FCC Caution: Any changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate this equipment.

IMPORTANT NOTE:

FCC Radiation Exposure Statement:

This equipment complies with FCC radiation exposure limits set forth for an uncontrolled environment. This equipment should be installed and
operated with minimum distance 20cm between the radiator & your body.

This device and its antenna(s) must not be co-located with any other transmitters except in accordance with FCC multi-transmitter product
procedures.
Refering to the multi-transmitter policy, multiple-transmitter(s) and module(s) can be operated simultaneously without C2PC.

This module is intended for OEM integrator. The OEM integrator is responsible for the compliance to all the rules that apply to the product into
which this certified RF module is integrated.
Additional testing and certification may be necessary when multiple modules are used.

List of applicable FCC rules

This module has been tested and found to comply with 15. 249, 15.247 and 15.407 requirements for Modular Approval.

The modular transmitter is only FCC authorized for the specific rule parts (i.e., FCC transmitter rules) listed on the grant, and that the host product
manufacturer is responsible for compliance to any other FCC rules that apply to the host not covered by the modular transmitter grant of
certification. If the grantee markets their product as being Part 15 Subpart B compliant (when it also contains unintentional-radiator digital
circuity), then the grantee shall provide a notice stating that the final host product still requires Part 15 Subpart B compliance testing with the
modular transmitter installed.

USERS MANUAL OF THE END PRODUCT:

In the users manual of the end product, the end user has to be informed to keep at least 20cm separation with the antenna while this end product
is installed and operated. The end user has to be informed that the FCC radio-frequency exposure guidelines for an uncontrolled environment
can be satisfied. The end user has to also be informed that any changes or modifications not expressly approved by the manufacturer could void
the user's authority to operate this equipment. If the size of the end product is smaller than 8x10cm, then additional FCC part 15.19 statement
is required to be available in the users manual: This device complies with Part 15 of FCC rules. Operation is subject to the following two conditions:
(1) this device may not cause harmful interference and (2) this device must accept any interference received, including interference that may
cause undesired operation.

LABEL OF THE END PRODUCT:

The final end product must be labeled in a visible area with the following " Contains TX FCC ID: 2BASB-PKM8720DFC ". If the size of the end
product is larger than 8x10cm, then the following FCC part 15.19 statement has to also be available on the label: This device complies with Part
15 of FCC rules. Operation is subject to the following two conditions: (1) this device may not cause harmful interference and (2) this device must
accept any interference received, including interference that may cause undesired operation.
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