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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 significant portions in Realtek data sheets is permissible only if reproduction is without alteration and is accompanied by all
associated warranties, conditions, 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 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 Realtek 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 changes to 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, or 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 event shall 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 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
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
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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

This document is intended for the hardware engineer’s reference and provides detailed hardware design 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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1 Introduction

This document provides the Hardware design guide and notes for the RTL8721Dx.
Please refer to RTL8721DA_RTL8721DC_RTL8721DG_PCB_Layout_and_Assembly_Guide.pdf for layout

2 Power supplement

2.1 Power Structure

Only an external power supply is required for the RTL8721Dx. All the other required voltages can be converted and output by two
embedded low-dropout regulators (LDO) and one embedded DC-DC switching regulator (DCDC). Embedded LDO and DC-DC have voltage-
scaling function, which can effectively reduce power consumption. It is suggested to use embedded LDO and DC-DC powering RTL8721Dx.
RTL8721Dx supports wide range input voltage from 1.71 to 3.63V, there is little difference in power structure between different input

voltage range. Please refer to the datasheet for the operating voltage range of ICs with different part numbers.

2.1.1 1.95~3.63V Input Range

The DCDC outputs typical 1.25V or 1.35V for RF circuits and LDO core (LDOC) input.
The LDOC outputs typical 0.9V or 1.0V for digital core circuits.
The LDO memory (LDOM) outputs typical 1.8V for optional embedded PSRAM or 1.8V Flash based on different part numbers. The
LDOM can also supply power for external 1.8V Flash if needed. LDOM_ OUT only has output pin in specific part numbers. When
there is a LDOM_OUT output pin, a capacitor of at least 4.7uF is required near the pin for LDO voltage stabilization

[ ] VDH_IO contains up to three separate power pins VDH_I01, VDH_IO2 and VDH_IO3 for different 10s. Specific power supply
relationships can be found in pinmux table. VDH_ 101 and VDH_ 102 can independently select the power supply voltage without
exceeding the external power supply voltage. Generally, if 1.8V power supply is required, the 1.8V power supply output from LDOM

can be selected.

Hardware Design Guide All information provided in this document is subject to legal disclaimers. © REALTEK 2023. All rights reserved.
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VAM_AFE
VRM_SYN
Wi-Fi & BT RF
VAH_DCDC X . '
_| j 25V/1.35V
I
VAM_LDOC LDOC_OUT 0.9v/1.0V VDL_CORE
- _|_ Digital System
L
VAR LDOM tbOM_ouT 18 Embedded
T T TIT T T T T T T L8vPsRAW/Flash
1.95V~3.63V I | |
— External
| 1.8V Flash
VDH_I03 |
- — VDH_IO1
VAH_XTAL —! mux |7
- i 10GROUP 1
VRH_PAD_A |
High Voltage Circuit —_—— ! ] VDH_102 I0GROUP 2
mux
VRH_PA_A
10 GROUP 3
VRH_PA_G XTAL
Wi-Fi & BT RF
VRH_SYN AUX ADC
VAH_ADC
VDH_RTC

Figure 2-1 Power structure for input from 1.95 to 3.63V

2.1.2 1.71~1.95V Input Range

®  The DCDC outputs typical 1.25V or 1.35V for RF circuits and LDO core (LDOC) input.
The LDOC outputs typical 0.9V or 1.0V for digital core circuits.
The LDOM cannot work normally under all working conditions when input voltage is under 1.95V because of low dropout voltage. It
is suggested to power this pin with external power supply and turn off this LDO by software. Similarly, LDOM_ OUT only has output
pin in specific part numbers. When there is a LDOM_OUT output pin, a capacitor of at least 4.7uF is required near the pin for LDO
voltage stabilization.

® VDH_I01 and VDH_IO2 can be only powered by external power supply in this situation.

Hardware Design Guide All information provided in this document is subject to legal disclaimers. © REALTEK 2023. All rights reserved.
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VAM_AFE

VRM_SYN
Wi-Fi & BTRF
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I
VAM_LDOC 0.9v/1.0v VDL_CORE
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VAH_LDOM 1.8v Embedded
D 1.8V PSRAM/Flash
171V~1.95V | |
—_— — — e External
1.8V Flash
VDH_I03
VDH_IO1
VAH_XTAL
— I0GROUP 1
VRH_PAD_A
High Voltage Circuit VDH_102 10 GROUP2
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VRH_SYN AUX ADC
VAH_ADC
VDH_RTC

2.2  Capacitors and Inductance for Power Pins

Generally, for DCDC or LDO regulator’s input and output, and RF PA power pins, large capacitor should be placed. For other pins, 0.1uF

capacitor is needed.

2.2.1 LDOM

[ ] For package QFN48/QFN68, pin2 has different definition for different IC part number. Please refer to datasheet for more details.
®  Taking QFN68 SCH for example, C7/C9 is for LDOM input and output. Capacitor 4.7uF is recommended. If pin2 function is GPIO PAS for
certain part number, you can remove C9 directly.

Hardware Design Guide
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2.2.2 LDOC
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C3/C4 is for LDOC input and output, capacitor 4.7uF is recommended.
Generally, the layout trace length from DCDC output to LDOC input is short enough, so you can remove C3 from your BOM list for lower

cost. But C3 should be reserved in schematic.

2.2.3 DCDC

VD125

R1, 10K vD1833
AWy

3
A
4
| JC5 || 10uF vD1833 ~ | w,
i al g gl e =5 g 8 5 g 2
6 0.1uF Q o o I o @ @ @ @ o
- [=] > > (5] ol o a o o o
[=2] @ ~ & [w] — Q [=2] @
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VD18 R4, o » ORING VAH_LDOM
|_co ||4.7uFiNC M_OUT: MCM 1.8 /FLASH V
"ll 1L LDOM_OUT/PAB  ppg. MCM 3. Version
PAT2
PA12

[ ] C5/C6, C1/C2 are for DCDC input and output, capacitor 0.1uF+10uF is recommended.
® L1 is power inductor for DCDC regulator. You should chose the inductor carefully. The inductor specifications recommended are as
follows.
Inductance (uH) Tol. (%) Saturation Current, 4 Temperature Current, 4 Rdc(Q)
L=30%(mA) T=40°C(mA)
typ.
2.2 20 >= 1400 >= 1400 0.1

All information provided in this document is subject to legal disclaimers.
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2.2.4 RF PAPins
(] C20is for 5G PA, C21 is for 2.4G PA and C16 is for BT PA. Capacitor 2.2uF or larger is recommended.
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9 3 Y = XTAL
; ;' OI [a sl O‘ ; u2
pfgEergaet "o x
w| 9 ~ o o = o @ = X‘i“XTALP {
40MHz
gl <| < ol .
= ) - vp1g3z R6 OR
c19 /czg __(:21
0.1uF 2.2uF, 2.2uF
2.3 Embedded Regulators Characteristics
The characteristics of embedded regulators including LDOC, DCDC, and LDOM are guaranteed by design.
Table 2-1 Embedded regulators characteristics
Regulators Symbol Parameter Condition Min. Typ. Max. Unit
LDOC VIN Input voltage range LDO mode 1.20 1.25/1.35 | 1.45 Vv
Bypass mode 0.6 0.7 0.9
VOUT Output voltage range LDO mode 0.81 0.9/1.0 1.05 Vv
VoUT-RIPPLE Output voltage ripple LDO mode +/-50 mV
DCDC VIN Input voltage range 1.71 1.8/3.3 3.63 \Y
VOUT Output voltage range 0.6 1.25/1.35 1.45 \Y
F Switching frequency PWM mode - 2 - MHz
VouUT-RIPPLE Output voltage ripple PWM mode +/-30 mV
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Output voltage ripple PFM mode +/-62.5 mV
LDOM VIN Input voltage range 1.71 3.3 3.63 \Y
VOUT Output voltage range 1.7 1.8 1.9 Vv

VOUT-RIPPLE Output voltage ripple +/-50 mV

2.4 External Voltage Regulator Module Recommendation

VXHI js the main power supply for Wi-Fi, BT, USB, embedded DC-DC switching regulators, etc. Recommended specification for external VRM

is listed in Table 2-2.

®  The output voltage of external voltage regulator module can be from 1.71 to 3.63V. Output voltage noise is included in output voltage

range.

®  The stability of the output power supply is important for RTL8721Dx. Suggested output voltage ripple should be under +/-100mV.
Output voltage ripple should be considered in all possible working states such as WIFI initialization, WIFI TRX, etc. If the VXH is shared
with other high power consuming circuits, such as audio amplifiers, IR circuits, etc., output voltage ripple also needs to be under +/-
100mV during the operation of these circuits.
(] Continuous output current should be higher than 1A, which excluding power consumption in circuits other than RTL8721Dx.
(] Suggested output voltage rise time is from 0.1 to 3ms, more specific power sequence can be found in datasheet.

Table 2-2 External VRM recommended specification

Symbol Parameter Operation conditions Min. Typ. Max. Unit

Vour Output voltage Including Vout-rippLe 1.71 3.3 3.63 Vv

VouT-rippLE Output voltage | Including all possible operation +/-100 | mv
ripple conditions!!!

lout Continuous Excluding power consumption in circuits | 1 A
output current other than RTL8721Dx

Trise!? Output voltage 0.1 1 3 ms
rise time

[1] VXH refers to power supply including VAH_LDOM, VDH_I01, VDH_102, VDH_103, VRH_PAD_A, VRH_

VAH_XTAL, VAH_ADC, VDH_RTC and VAH_DCDC.

3  Chip Enable Pin

®  Chip enable pin should be pull high with a 10K resistor by default.

\

0.1uF
10uF

C3| | 4.7uF/NC| |‘
4.7uF
oKy

C1

|\ c2||

)J L1 ||22uH
C4 .
ANV

D125

D1833

_— -
CS || 10uF vD1833 0 W,

l\l Q N o o = o o | o
o | S| gl g z| & & 3| § 8
C6 | [0.1uF ol 3| 3] O o] o of of o

D (oo N~ o wn < (32 o~ - o (2}
U1 © © ©of © © © ©|
[ pd - o N - o
<D( 8 o 8 D W ® ®© o o o
a o 2 ©° | @ @ © @ @
-8 Q & o a a a
woo o T
O *3 38t
< < 0
> |

4  Crystal Characteristics

PA_A, VRH_PA_G, VRH_SYN,

The chip has a built-in 40MHz crystal oscillation circuit to provide a stable, controllable system clock. With the built-in capacitor, the frequency

offset can be fine-tuned.

Please connect crystal XI/XO to main IC directly. There is no need to add extra capacitors on net XI/XO.
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X0
X0 39 (0]
38 Xl
XI
Y
VRM SYN 37 VD125 14/ [0.1uF ||.
VRH SYN 36 VD1833 _C15][0.1uF ||.
VD125
VRM_RF 35 VD125  C16] |2.2uF ||.

[

The characteristic requirements of external crystal are listed in Table 4-1 .

Table 4-1 Characteristic requirements of external crystal

Parameters Min. Typ. Max. Unit
Frequency 40 MHz
Frequency stability -10 10 ppm
Frequency make tolerance -10 10 ppm
Supported driving level 100 uW
ESR 40 Q
Load capacitance CL 9 pF
Shunt capacitance Co 2 pF

5 RTC Reference Design

The RTC can keep working independently when other power supply pins in the system are powered off, and the VDH_RTC power supply pin
is powered by a capacitor for short time (the accuracy of the RTC is not guaranteed in this process). The reference design circuit is as follows:

Diode
reverse RTCIO AmebaD
current current Plus

m VDH_RTC
& :

Capacitor

The above circuit has the following points to note:

1. The minimum voltage on the VDH_RTC pin is not lower than 1.62V.

2. The function of the diode is to prevent the capacitor from being reversely drained by the shutdown power source when the RTC works
alone to draw power from the energy storage capacitor.

3. The diode needs to ensure the smallest possible forward voltage drop and the smallest possible reverse leakage current.

4. The capacity of the energy storage capacitor needs to be appropriately selected based on the actual duration that the RTC needs to work
alonel.

@ ot

[1]: The capacitor value needs to be calculated based on the following parameters:
1. The time of the module working alone.
2. The ambient temperature when working alone.
3. The reverse leakage current of the diode at this ambient temperature.
4. Power consumption of the RTC |0 at this ambient temperature.
Please refer to the following table for high and low temperature power consumption data when the RTC 10 circuit works alone:
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VDH_RTC/V Typical RTC 10 current @ -40 | Typical RTC 10 current @ 25 | Typical RTC 10 current @ 85
degrees/uA degrees/uA degrees/uA

1.62 1.34 1.33 1.32

1.8 1.52 1.54 1.52

3.3 2.78 2.82 2.78

3.63 3.11 3.13 3.11

@ ot

Only BGA100 package has VDH_RTC pin, so only on this package can the function of RTC working independently be used.

6 1/0 Pins Characteristics

6.1 Features

The following electrical properties are configurable for standard 1/0 pins:
Function ID

Internal Pull-up/Pull-down Resistor

Driving strength

Slew rate control

Schmitt trigger

Shutdown & RESET

Open drain mode

6.2 Functional description

The I/0 diagram is given in Figure 6-1. There are many kinds of 1/Os in RTL8721Dx, different I/Os have different configurations.

' |
' |
: On/off |
Input path l )/I I
0 | ! VDD
' |
| N
| Schmitt trigger : On/off
|
- |
1/0
|
i' _____________________ a
|
I vDD | On/off
|
| _o| |
Output path I [
| Output | END
: Control |
|
| |
| |
| |
| GND I
. - I
Figure 6-11/0 diagram
6.2.1 1/0 Types
All 1/Os are listed in Table 6-1. The Human Body Model (HBM) of all 10s are above 3.5KV.
Table 6-1 1/0 Types
| Pin name | 1/0 power pin | Driving (mA)* | Internal pull resistor (ohm)? Internal Pull Resistor |
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1.8V (+10%) | 3.3V (+10%) [ Min. Typ. Max. available in deep
sleep mode?

PAO~PA11 VAH_LDOM | 4/8 8/16 40K 80K 120K Yes

PA12 VAH_LDOM | 2/4 4/8 40K 80K 120K Yes
PA13~PA18 VDH_IO1 4/8 8/16 40K 80K 120K Yes
PA19~PA25 VDH_IO1 4/8 8/16 2.3K/25K 4.7K/50K 7.1K/75K Yes
PA26~PA27, VDH_I02 4/8 8/16 2.3K/25K 4.7K/50K 7.1K/75K Yes
PA30~PB3

PA28~PA29 VDH_I02 2/4 4/8 PU:1.1K/25K PU:2.2K/50K PU:3.3K/75K Yes

PD:10.75K PD:21.5K PD:32.25K

PB4~PB12 VDH_l033 4/8 8/16 2.3K/25K 4.7K/50K 7.1K/75K Yes
PB13~PB19 VDH_I03 2/4 4/8 40K 80K 120K Yes
PB20~PB28 VDH_I03 2/4 4/8 40K 80K 120K Yes
PB30~PB31 VDH_I03 4/8 8/16 40K 80K 120K Yes

© ot

1. The I/0 power supported by different I0s is different, and the driving capability is related to the I/0 power.

2. The pull up and pull down values of other IOs in the table are the typical values at 3.3V. The values at 1.8V are twice the typical
values at 3.3V. The range is +50%.
3. All groups support both 3.3V and 1.8V I/O power.
4. The typical voltage of VDH_I03 can be 1.8V or 3.3V, and is related to the operating voltage of the chip. It is required to be no
lower than the operating voltage of the chip.
For example, if the operating voltage of the chip is required to be 1.8V, the typical voltage of VDH_103 can be 1.8V or 3.3V; if the operating
voltage of the chip is required to be 3.3V, the typical voltage of VDH_I03 cannot be 1.8V, but only be 3.3V.

6.2.2

IOCTRL Register

Each 1I/O pin has one IOCTRL register assigned to control the pin’s electrical characteristics. I/O Register base address 0x41008800. For
example, the register address of PAO is 0x41008800, the register address of PA1 is 0x41008804. The bit[4:0] field in the 1/O register can be
set to GPIO (typically value 00000) or a special function.
® For pins set to GPIO, the GPIO IP registers determine whether the pin is configured as input or output.
(] For any special function, the pin direction is controlled automatically depending on the function.

[ ] For specific information about PINMUX function, please refer to the PINMUX documentation.

Table 6-2 IOCTRL register

Offset

Bit Access

INI

Symbol

Description

0000h

[15] R/W

Oh

gpio@_dis

10 shutdown

Only when the shutdown signals of the entire group of 10s are all 1, will
all the 10s of this group be disabled.

1. disable

0. enable

[13] R/W

Oh

gpio@_srt

GPIO slew rate control.
0: fast slew rate
1: low slew rate

[12] R/W

1h

gpio@_smt

GPIO Schmitt control

[11] R/W

1h

gpio@_e2

GPIO driving strength control.
0: low
1: high

[10] R/W

Oh

gpio@_pupdc

Some GPIO may have two types of PU/PD resistors, this bit can select it.
1: small resistor
0: big resistor

8] R/W

1h

gpio@_ie?

GPIO input enable control.

(7.0 | R/W/ES

Oh

gpio@_sel

GPI10 PINMUX function id select

1. This bit is valid except for PAO-PA14.

2. This bit is only valid for PA12&PB13~PB19.
10 internal pull up and pull down are controlled by separate registers. The 32 bits of each register control the status of 32 I0s respectively.
Refer to Table 6-3 for details

Table 6-3 10 pull up & pull down register

Offset

Bit Access

NI

Symbol

Description

100h

[31:0] | R/W

40022h

PA_PU

PAO~PA31 pull up enable when system is in active.
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104h [31:0] | R/W C0000020h | PB_PU PBO~PB31 pull up enable when system is in active.
108h [31:0] | R/W Oh PA_PD PAO~PA31 pull down enable when system is in active.
10Ch [31:0] | R/W Oh PB_PD PBO~PB31 pull down enable when system is in active.
110h [31:0] | R/W Oh PA_PU_SLP PAO~PA31 pull up enable when system is in sleep.
114h [31:0] | R/W Oh PB_PU_SLP PB0O~PB31 pull up enable when system is in sleep.
118h [31:0] | R/W Oh PA_PD_SLP PAO~PA31 pull down enable when system is in sleep.
11Ch [31:0] | R/W Oh PB_PD_SLP PB0~PB31 pull down enable when system is in sleep.

6.2.3 FunctionID

Change the 1/0 function ID through gpio@_sel in Table 6-2, refer to the PINMUX documentation for details.

6.2.4 1/0 Pull Resistor Control

The PU/PD of the I/O in Active & Sleep mode is controlled by the PU&PD register. Allows selection of on-chip pull-up or pull-down resistors
for each pin. For Specific information, please refer to the PU&PD register table.

Pull-up and Pull-down resistor’s value is different between different I/Os. The resistor value is changed by controlling the gpio@_pupdc of
register table (Table 6-2). For I/Os with only one resistance value, gpio@_pupdc is not valid.

RTL8721Dx

—(+)
GPIO v

= GND
Figure 6-2 1/0 Pull up resistor test

1/0 pull-up resistor test procedure:

(1) Configure the GPIO to be tested as input mode.

(2) Configure the GPIO registers to be tested as 1 for gpio@_pu and 0 for gpio@_pd.

(3) For GPIOs with multiple pull-up resistance values, it is necessary to change the configuration of the register gpio@_pupdc and test
them separately.

(4) When the ammeter is not connected, measure the voltage of the GPIO pin to be tested, and the voltage value is V.

(5)  According to Figure 6-2, only connect the ammeter to test. At this time, the current value is I;, and the pull-up resistor is Rpy=V1/l1.

RTL8721Dx

GPIO A

Figure 6-3 I/O Pull down resistor test

= GND

1/0 pull-down resistor test procedure:

(1) Configure the GPIO to be tested as input mode.

(2) Configure the GPIO registers to be tested as 0 for gpio@_pu and 1 for gpio@_pd.

(3) For GPIOs with multiple pull-down resistance values, it is necessary to change the configuration of the register gpio@_pupdc and test
them separately.

(4) When the ammeter is not connected, measure the voltage of the GPIO pin to be tested, and the voltage value is OV.

(5) According to Figure 6-3, use an external power supply to provide the same voltage (V;) as the GPIO power, and measure the current
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(12) at this time, and the pull-up resistor is Rpg=V2/l5.

6.2.5 1/0 Driving Strength

The I/O driving strength can be configured through gpio@_e2 in the IOCTRL register. |/O driving strength is different between different 1/0
types.

GPIO output high driving strength test procedure:

(1) Configure the GPIO to be tested as Output mode.

(2) Connect the power supply that can be poured back to the pin of the GPIO to be tested, and set the power supply voltage to 0.85*VDDIO.
(3) Set the driving Strength to high or low through gpio@_e2.

(4)  lnien is the driving strength of GPIO output high.

Output enable VDDIO

Driving strength control

i Vout
Output High

Power supply
V=0.85*VDDIO

Figure 6-4 GPIO output high driving strength test

GPIO output low driving strength test procedure:

(1) Configure the GPIO to be tested as Output mode.

(2) Connectthe power supply that can be poured back to the pin of the GPIO to be tested, and set the power supply voltage to 0.15*VDDIO.
(3) Set the driving Strength to high or low through gpio@_e2.

(4) liow is the driving strength of GPIO output Low.

Output enable VDDIO

Power supply

Driving strength control V=0.15*VDDIO

= GND

Figure 6-5 GPIO output low driving strength test

6.2.6 1/0 Schmitt Trigger

The 1/0 pin contains a schmitt trigger as a digital function, which can be selectively disabled by setting gpio@_smt in the IOCTRL register. The
specifications of the schmitt trigger are shown in Table 6-4.

Table 6-4 Digital 10 pin DC characteristics

Symbol | Parameter Conditions Min. Typ. Max. Unit

VIL 10 input low level voltage VI0=1.8V+10% -0.3 - 0.35*VIO Vv
VIO =3.3VE10% -0.3 - 0.8

VIH 10 input high level voltage VI0=1.8V+10% 0.65* VIO - -
VI0=3.3V+10% 2 - -

VOL 10 output Low level voltage VI0=1.8V + 10%,I0L Max - - 0.15*VIO
VI0=3.3V +10%,I0L Max - - 0.15*VIO
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VOH 10 output high level voltage VI0=1.8V % 10%,I0H Max 0.85*VIO - -
VI0=3.3V+10%,I0H Max 0.85*VIO - -

@ o

u VIO is the power supply for 10 pin.
B [fthe Schmitt trigger is disabled in IOCTRL register, VIH=VIL=0.5*VIO.
| Refer to Table 6-1 for 10 driving strength.

6.2.7 Slew Rate Control

Each 10 port of RTL8721Dx has independent slew rate control function except for PAO~PA14. Refer to Table 6-2 for specific control settings.
Different slew rate control settings will mainly affect the rise/fall time corresponding to 10 port output high/low. When the user's application
scenario is sensitive to EMI and there is a problem with the default setting (faster rise/fall time), users can adjust the slew rate corresponding
to the 10 port to a low gear (slower rise/fall time).

Please refer to for the impact of different slew rate settings on rise/fall time under the same external loading conditions.

Table 6-5 Effect of different slew rate settings on rise/fall time

Pin name Conditions Rise/fall time typical value(ns)

SR =0 SR =0 SR =1 SR =1

10 power = 3.3V 10 power = 1.8V 10 power = 3.3V 10 power = 1.8V
PAO~PA11 Loading of 10 port = | 0.7/0.7 1.2/1.2 - -
PA12 15pF 1.4/1.4 2.6/2.5 4.1/4.2 8.3/9.0
PA13~PA18 0.7/0.7 1.3/1.3 5.0/4.8 10.9/10.9
PA19~PA25 0.8/0.9 1.5/1.4 4.7/4.8 10.2/10.9
PA26~PA27 0.8/0.9 1.5/1.4 4.7/4.8 10.3/11.0
PA28~PA29 1.2/1.3 2.2/2.3 4.3/4.5 8.8/9.6
PA30~PB3 0.8/0.9 1.5/1.4 4.7/4.8 10.2/10.9
PB4~PB12 0.8/0.9 1.5/1.4 4.7/4.8 10.2/10.9
PB13~PB19 1.4/1.4 2.6/2.5 4.1/4.2 8.3/9.0
PB20~PB28 1.4/1.4 2.6/2.5 4.1/4.2 8.3/8.9
PB30~PB31 0.8/0.9 1.5/1.4 4.7/4.7 10.2/10.8

@ o

When setting the SR of the 10 port to 1 (slower level), the timing of all functions will not be guaranteed.

6.2.8 1/0 Shutdown & RESET

The power of I/O can be shut down through the GPIO_BIT_SHUT_DOWN bit in the IOCTRL register. You can use this function to conserve

power.

For 1/O shutdown, only when the whole group 1/O shut down signals are all 1, the I/0 SHDN will pull down to shut down the group 1/0.

Customer can also directly control the Group shutdown register and directly control the /O shutdown of this group. For Specific information,

please refer to the I/O SHDN&RSTB register table.

[ ] When RSTB is set to 0, the I/O is in tri state. At this time, the level of the I/0 is determined by the external pull-up and pull-down. If the
external pull-down is connected, the I/O level is low. If the external pull-up is connected, the I/O level is high.

®  When SHDN=1 and RSTB=1, the PU/PD state of the I/O is determined by register configuration.

[ ] When RSTB=1, SHDN changes from 1 to 0, the state of I/O will latch the current state. At this time, the change of the 1/0 pull-up/pull-
down register will not change the state of the 1/0 pull resistor.

Table 6-6 1/0 Shutdown & RESET register

Address Bit | Access | INI | Symbol Description
0x41008000 [25] | R/W 0 LPGPIO_RSTB 1: Release LP 1/0 RSTB33 (except Group 5)
0: Global Assert LP I/O RSTB33
[24] | R/W 0 LPGPIO_SHDN 1: Global Enable LP I/O (except Group 5)
0: Shutdown LP I/O
[21] | R/W 1 GROUP_5_RSTB 1: Enable group 5 1/0
0: Reset group 5 1/0
[20] | R/W 1 GROUP_4_RSTB 1: Enable group 4 1/0
0: Reset group 4 1/0
[19] | R/W 1 GROUP_3_RSTB 1: Enable group 3 1/0
0: Reset group 3 1/0
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[18] | R/W 1 GROUP_2_RSTB : Enable group 2 1/0
: Reset group 2 1/0

: Enable group 1 1/0
: Reset group 11/0

: Enable group 0 1/0
: Reset group 0 1/0

: Enable group 5 1/0
: Shutdown 1/0
Note: AON PMC will auto release this bit in power on init seq.
1: Enable group 4 1/0
: Shutdown 1/0

: Enable group 3 1/0
: Shutdown 1/0

: Enable group 2 1/0
: Shutdown 1/0

: Enable group 11/0
: Shutdown 1/0

: Enable group 0 1/0
: Shutdown 1/0

171 | R/'W |1 | GROUP_1_RSTB

[16] | /W |1 | GROUP_O_RSTB

[13] | R/W 0 GROUP_5_SHDN

O Rr|ORFR|OFR|O K

[12] | R/'W |1 | GROUP_4_SHDN

[11] | R/W 1 GROUP_3_SHDN

[10] | R/W 0 GROUP_2_SHDN

@ |rR/W |1 | GROUP_1_SHDN

[8] R/W 1 GROUP_O_SHDN

O rRr|OFR|OFRL|O R|O

O o

] GROUP_0: PAO~PA12

GROUP_1: PA13~PA25

GROUP_2: PA26~PA31 & PBO~PB3
GROUP_3: PB4~PB12

GROUP_4: PB13~PB28

GROUP_5: PB30~PB31

6.2.9 Open Drain Mode

The 1/0 is default to push pull mode, and can be configured to implement open drain mode. For more details, refer to the software APIs.

6.3 1/0 Pins Internal Pull Resistor Control Configuration

Each 1/0 has an Internal Pull-up and Pull-down Resistor. Please refer to section 6.2 for details. This section describes how to configure it.
During the process of boot, sleep and deep-sleep, I/O pull control is needed, and the chip will load the 1/0 internal pull status of each I/0
from the “pinmapcfg.c” file.

The correct configuration of pinmap can achieve low power consumption. Otherwise, the unsuitable configuration may lead to leakage.
Principles for 1/0 internal control configuration:

1. If the I/0 is not used, it is recommended to set it to pull down.
2. If 1/0 is used as input, it cannot be left floating. please refer to the following chapters for configuration of different functions.
3. IfI/Ois used as output, please refer to the following chapters for configuration of different functions.

In the SDK, customers should set the internal pull status of I/O according to the above rules.

In the “pinmapcfg.c” file, PMAP_TypeDef pmap_func[] should be configured. In which,

®  Pin Name: indicates the 1/0.

[ ] Func PU/PD: is used to configure the 1/0 internal pull status when the IC is in active mode.

®  Slp PU/PD: is used to configure the I/0O internal pull status when the IC is in sleep mode.

The following configuration is only applicable to RTK EVB, and customers need to configure it according to the external circuit.
const PMAP_TypeDef pmap_func[] = {

//Pin Name Func PU/PD Slp PU/PD

{_PA_O, GPIO_PuPd_UP, GPIO_PuPd_UP}, //
{_PA_1, GPIO_PuPd_UP, GPIO_PuPd_UP}, // flash cs pin
{_PA_2, GPIO_PuPd_KEEP, GPIO_PuPd_UP}, //
{_PA_3, GPIO_PuPd_KEEP, GPIO_PuPd_UP}, //
{_PA_4, GPIO_PuPd_KEEP, GPIO_PuPd_UP}, //
{_PA_S, GPIO_PuPd_KEEP, GPIO_PuPd_KEEP}, //
{_PA_B, GPIO_PuPd_DOWN, GPIO_PuPd_DOWN}, //
{ PA_7, GPIO_PuPd_DOWN, GPIO_PuPd_DOWN}, //
{_PA_S, GPIO_PuPd_KEEP, GPIO_PuPd_DOWN}, //
{_PA9, GPIO_PuPd_DOWN, GPIO_PuPd_DOWN}, //
{_PA_10, GPIO_PuPd_DOWN, GPIO_PuPd_DOWN}, //
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GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_UP,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_KEEP,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_UP,
GPIO_PuPd_UP,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_NOPULL,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_DOWN,
GPIO_PuPd_UP,
GPIO_PuPd_UP,
GPIO_PuPd_KEEP,

There are four states of the 1/0.
®  GPIO_PuPd_UP: Indicates that the 1/0 is through the internal resistor pulled up to VDDIO.
(] GPIO_PuPd_DOWN: Indicates that the 1/0 is through the internal resistor pulled down to GND.

(] GPIO_PuPd_NOPULL: Indicates that the 1/O does not have an internal pull-up or pull-down configured.

GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_UP},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_UP},
GPIO_PuPd_UP},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_NOPULL},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_DOWN},
GPIO_PuPd_UP},
GPIO_PuPd_UP},
GPIO_PuPd_KEEP},

®  GPIO_PuPd_KEEP: Indicates that the I/O will maintain the last status.
The following section illustrates the recommendation of 1/0 status configurations according to the function of different pins.
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6.3.1 Normal GPIO

When a pin is used as a normal GPIO connecting with external circuit, the GPIO PU/PD status depends on the state of the external circuit.
If the GPIO is used to driver LED, and pin status is ‘External pull up’, the GPIO status need to be ‘PULL UP’ in sleep and DSLP mode.
Configure the state of the internal PU/PD according to the GPIO external circuits.

Table 6-7 Normal GPIO status

1/0 type Pin status Active PU/PD Sleep PU/PD

Input External Pull UP GPIO_PuPd_UP / GPIO_PuPd_NOPULL GPIO_PuPd_UP / GPIO_PuPd_NOPULL
Input External Pull Down GPIO_PuPd_DOWN / GPIO_PuPd_NOPULL GPIO_PuPd_DOWN / GPIO_PuPd_NOPULL
Input Floating GPIO_PuPd_DOWN GPIO_PuPd_DOWN

Output Output High GPIO_PuPd_UP / GPIO_PuPd_NOPULL GPIO_PuPd_UP

Output Output Low GPIO_PuPd_DOWN / GPIO_PuPd_NOPULL GPIO_PuPd_DOWN

6.3.2 LOGUART Pin

The pins PB4 and PB5 are LOGUART function by default. The 1/0 status are listed in Table 6-8.
Table 6-8 LOGUART 1/0O status

Pin function Pin name Func PU/PD Sleep PU/PD
UART_LOG_RXD PB4 GPIO_PuPd_UP GPIO_PuPd_KEEP
UART_LOG_TXD PB5 GPIO_PuPd_UP GPIO_PuPd_KEEP

6.3.3 ADC & Cap-touch Pin

For PB13~PB19, if customer need to configure it for ADC or cap-touch function, customers need to configure IE to O first (please refer to Table
6-2), and configured as internal no pull.
If the customer needs to configure other functions, IE needs to be set to 1. For other configurations, please refer to 6.3.1.

6.3.4 SWD Pin

The pins PA30 and PA31 are SWD function by default. The 1/0 status are listed in Table 6-9.
Table 6-9 SWD I/O status

Pin function Pin name Func PU/PD Sleep PU/PD

SWD_DATA PA31 GPIO_PuPd_UP GPIO_PuPd_KEEP

SWD_CLK PA30 GPIO_PuPd_UP GPIO_PuPd_KEEP
@ o

PA30&PA31 is the SWD function by default. If they need to be used as GPIOs or other functions, besides switching the PINMUX function
ID, users also need to set 0x410089F4[0] = 0.

6.3.5 Flash Pin

When a pin is configured as SPI_FLASH function, the 1/0 status is listed in Table 6-10.
Table 6-10 Flash I/O status

Pin function Func PU/PD Slp PU/PD

SPI_DATA_X GPIO_PuPd_UP GPIO_PuPd_KEEP
SPI_CS GPIO_PuPd_UP GPIO_PuPd_KEEP
SPI_CLK GPIO_PuPd_DOWN GPIO_PuPd_KEEP

6.4 1/0 Pins Output Description

If customers need to use 1/0 to drive other devices, such as LEDs, they should first set the I/O to output 1 or 0, and then set the I/0 to output
mode. Because if you set the I/0 to output mode without first setting output 1 or 0, the I/O will output O first, which may cause the LED light
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to flash due to the incorrect status of the I/0 output.

After the system enters sleep mode (PG or CG), the status of the 1/0 output will maintain the status before sleep. For example, before sleep,
the I/0 is set to output 1. After the system enters PG or CG, this /0 will still remain output 1 unchanged.

However, if the system enters deep sleep, the status of the 1/0O output set under active will become invalid. For example, if the 1/0 in active
is set to output 1, and the system enters deep sleep, the I/O will not be able to maintain the output 1 state.

7 PINMUX Instructions

7.1 Introduction

RTL8721DX provides a PINMUX circuit to maximize the user's freedom of use under limited pin-out conditions. Each pin can be connected to
different internal IP circuits through configuration. For the specific correspondence between each pin and IP circuit, refer to the provided
PINMUX document.

Before users apply the chip for further development, please read the following precautions about PINMUX to avoid inconvenience due to
unexpected behavior.

7.2 Trap Pins

When users power on the chip, the internal circuit will latch several pins conditions to decide whether enter into different mode. The trap
pins and their descriptions are as below.

Table 7-1 Trap pin description and precautions

Pin Trap pin | Active Descriptions Note

name name level

PB31 TM_DIS Low Enter test mode (Internal | Please make sure that the pin is in the pull-up state during
use). normal use.

PB5 UD_DIS Low Enter flash download mode | Download flash content in this mode through LOGUART.

PB30 OTP_DIS Low Load OTP settings Please make sure that the pin is in the pull-up state during

normal use.
@ ot

The Trap pin needs to select the external pull-up and pull-down voltages according to the 10 power supply.

7.3 Wake Pins

PB30 and PB31 are directly connected to the wake up circuit which is used to wake up system from deep-sleep state. When users need to
use other functions on this pin, please disable the wake up function.

7.4 Special pin

PA12 is a special pin in process of use. If the chip embedded a 1.8V flash or psram, then PA12 can only work at 1.8V, and all functions that
use PA12 can only work at 1.8V. If the chip embedded a 3.3V flash, then PA12 can only work at 3.3V, and all functions that use PA12 can only
work at 3.3V.

7.5 Function Mux

7.5.1 Function ID 0-18

For functions whose ID number among 0-18, each pin can only be connected to a fixed signal of a certain IP. The functions that can be
configured on each pin are very limited, but a dedicated design can maximize the performance of each IP.

O o

For example, function id 8 and function id 29-32 are both SPI functions. Since function id 8 is a dedicated pin, the maximum speed of the
SPI function reaches 50MHz (Master mode). And the maximum speed of the pins (full-cross pins) corresponding to function id 29-32 is
only 25MHz(Master mode).

Take PB31 as an example. If users configure function ID of PB31 to 1, then the pin will be directly connected to the UART1_TXD signal of the
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UART1 IP via PINMUX. Please refer to the PINMUX document for the specific function distribution available on each pin.

7.5.2 Function ID 19-81

PB31

Pinmux sel: Function id

——

| varm |
UART1_TXD e

| I |

OSPI I

13

OSPI_CSN _l_ ]

HOST_WAKE_BT -I ot |

Figure 7-1 Schematic diagram of PINMUX connection of PB31

For functions whose ID number is after 19, each pin can be connected to different signals of a certain IP. This method maximizes the freedom
of use, but the scope of use and some IPs' performance (max transfer speed) is limited.

© ot

These function IDs can only be configured in PA6-PA31, PBO-PB11 and PB13-PB31.
Take PA6 as an example. According to the PINMUX document, users can connect PA6 with the UARTO_TXD signal of UARTO by configuring
the PA6 function ID as 19. Users can also configure the PA6 function ID as 20, and connect PA6 with the UARTO_RXD signal of UARTO. For
details, please refer to the PINMUX documents.

7.6  PINMUKX Signal Descriptions

PA6

Pinmux sel: Function id

3

oo oofv]:

N

2 uarrox0  —d I
UARTO_RXD I
” - =t yarro
UARTO_CTS =i |
I

UARTO_RTS —|_

KEY_COL5 — I
KEY_COL6 -} Kev-scan |

KEY_cOL7 - |

Figure 7-2 Schematic diagram of PINMUX connection of PA6

For all signal descriptions, please refer to PINMUX-SPEC for detailed information.

8 Audio

8.1 DMIC-in

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.
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8.1.1 DMIC-in Mono Mode

Tie the L/R of a digital microphone to ground or VDD if only one digital microphone is placed.

IVDD

VDD
Digital MIC 290hm p
CLOCK — DMIC_CLK
22o0hm
DATA = {_) DMIC_DATA

Figure 8-1 DMIC-in mono mode connection

For layout design, DMIC_CLK and DMIC_DATA should add ground isolation on both sides of the routing.

Ground

DMIC_CLK

Ground

Ground

DMIC_DATA

Ground

Figure 8-2 DMIC-in layout

8.1.2 DMIC-in Stereo Mode

Tie the L/R of two digital microphones to ground and VDD respectively if a stereo microphone is needed. The two microphones share the
DMIC_DATA according to the rising/falling edge. DMIC_CLK and DMIC_DATA layout design refer to Figure 8-2.

VDD
VDD
l Digital MIC
22ohm
CLOCK Chip
220hm

L/R G DATA

VDD

L/R

ND
O
I ——() bmic_cLk

—m™——C) DMIC_DATA
l Digital MIC
220hm
cLOCK —
220hm
GND DATA
I
1

Figure 8-3 DMIC-in stereo mode connection
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8.2 125

Reserve OR resistors on the clock and data paths of 12S. If layout space allows, increase ground isolation for clock and data as much as possible.

Ground shield
MCLK

BCLK

Chip LRCLK External codec
DIN

DOUT

Figure 8-4 12S layout

9 General Purpose ADC

The General purpose ADC (GP-ADC) and Capacitive Touch Sensor multiplexes pin. The signal sampling of Capacitive Touch Sensor itself is also
done through GP-ADC, and both of them are sensitive analog signal sensors, so we need to pay special attention to interference.

9.1 Net Arrangement

GP-ADC has multiple channels that use a set of fixed pins of IC. Care should be taken to avoid using GPIO in the same group of GP-ADC as
high-speed signal ports (12C, SPI, etc.), as shown in Figure 9-1. If unavoidable, it is necessary to set it reasonably on the software to ensure
that the high-speed signal has no action while GP-ADC sampling.

XN
210 ® 0av

Avoid toggle signal

o

Figure 9-1 GP-ADC net arrangement

In addition, even if the high-speed signal is not arranged in the same set of the GP-ADC GPIQ, it should not be arranged adjacent to the pin
of the GP-ADC.

9.2 Input impedance

In order to measure the voltage of 0 to 3.3V, a voltage divider is added to the front end of the GP-ADC. The resistance is fixed and cannot be
modified, and the accurate resistance value can be obtained by reading the calibration value written in each IC.

Due to the divider resistor, the input resistance of the GP-ADC will be affected by it, and the typical value is 491kohm. It is necessary to pay
attention to this situation in application. Take Figure 9-2 as an example, when the external resistance R2 of GP-ADC is about equal to the
internal resistance R, there will be a deviation in the voltage collected by GP-ADC. If R2 is a thermistor, the temperature measurement may
be inaccurate.

O o

Some products GP-ADC contain a battery dedicated channel for battery voltage detection, which receives 5V input voltage, the internal
input resistance is about 150 kohm, and it is not calibrated. In application, it is noted that the source resistance should be much less than
150 kohm.

Therefore, when designing the external circuits, we should consider:

(1) R2 should be sufficiently small (less than 1 / 100 of R) to minimize the impact of internal resistance.
(2) If the requirements (1) cannot be met, the Rin value of the IC can be obtained through the APl and incorporated into the circuit design.
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Typically GP-ADC normal channel are used to measure the voltage of different sensor, such as NTC thermistor. The simplified block is as
follows:

Vece

ADC

]

Figure 9-2 simplified application block

There is a 500 kohm resistor to ground inside the chip which will affect the accuracy of GP-ADC with the combination of peripheral circuit.
The ideal input voltage to GP-ADC is:

R
V... =V_xR / +R,)=3.3x —2—
ideal cc X 2 (Rl 2) X R1+R2
But the actual input voltage to GP-ADC is:
v _v R,//R R,

actual

X— = X
“"R,/IR+Rl “ R,+RxR,/R+R

Compare the two formals, Vactual is smaller than Videal due to the impact of internal R. And the greater the ratio of R1xR2/R is, the greater
the error between Vactual and Videal is. What's more, the resistance of internal R vary differently in multi chips which also can impact the
accuracy.

For better accuracy, internal R should be calculated and its resistance value will be stored in OTP.

After calibration, if R2 is NTC thermistor, the actual resistance of R2 is:

Rl ><Vadc
R, = R
Vcc _Vadc _Vadc g
R

By the way, it's optional for customers to choose another GP-ADC channel to measure the voltage of Vcc, which can reduce the impact that
Vcc changes while GP-ADC Vref doesn't change:

Optional

B

= b e e |
Figure 9-3 Optional application block

(3) R will be connected to the circuit only when the GP-ADC is sampling. Therefore, at the moment when the ADC sampling is turned on,
the circuit will be switched, and the parallel C of R2 may slow the transient process of the circuit. There are usually two ways to solve
this problem:

a)  When the requirement for sampling rate is not high, it can be sampled at intervals, and the interval time needs to exceed the
circuit time constant. In this case, the instantaneous value of sampling is the voltage at the beginning of switching, that is, the
voltage of the capacitor C. in this case, the circuit design requires that C be greater than 10nF.

b)  when the sampling rate is strict and interval sampling is not acceptable, a delay can be added before each sampling of a group of
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data, which should be greater than 5 times the circuit time constant, and pay attention to clear the conversion result FIFO before
reading the data.

9.3 ADC Calibration Principle

To improve the linearity of the input / output characteristics of the ADC, each IC will implement a nonlinear calibration of the ADC in the
factory. With the nonlinear calibration, the gain and offset error of the ADC can also be reduced.The user can use the API to directly obtain
the exact voltage conversion results that have been calibrated.

After calibration, each IC can find its own value of A, B and C and store them in one time program (OTP). The A and C are stored in the form
of binary complement, while B is stored as an unsigned integer. When acquiring ADC code, use the following formula to get the current
voltage with unit as mV, here parameter x is ADC code:

, Ay , (B c
y =ax +bx+c=<ﬁ)x +(2T)x+(ﬁ)

For example, if A, B, and C read from OTP are 0xff66, 0x6f91, and 0x53f, and ADC code is 1800. The original A is 0x809a, parameter a = -
(0x9A)/2726, parameter b = (0x6f91)/2715, and parameter c = (0x53f)/276. So, the current voltage y = 1582mV.

Users can obtain the calibrated results directly through API: ADC_GetVoltage or ADC_GetVBATVoltage.

10 Capacitive Touch Sensor

10.1 Net Arrangement

(] It is not recommended to reuse Capacitive Touch Sensor pins with other functions. High-speed signal lines (12C, SPI, etc.) should not
appear in the same group of Capacitive Touch Sensor pins. If unavoidable, it needs to be set reasonably on the software to ensure that
Capacitive Touch Sensor works with no high-speed signal action

® It is suggested to keep the Capacitive Touch Sensor away from high speed signal and switching power net

®  To prevent crosstalk, if only some Capacitive Touch Sensor channels are used, select channels at intervals and disable unselected
channels

® Do not design a pull-up or pull-down voltage on the signal line

° Do not design bypass capacitors on the signal line

O ot

Capacitive Touch Sensor's layout has a great impact on performance. For specific layout rules, please refer to layout guide.

10.2 Series Resistance

A resistor is connected in series in each Capacitive Touch Sensor channel (placed near the chip). This resistor and the parasitic capacitance
on the signal path form a simple RC filter, which can partially filter out the noise interference and improve the ESD resistance. Due to the
different circuit design, the resistance usually can not be accurately selected. The filter effect is poor when the resistance is too small, and
the sensitivity is reduced because the resistance is too large. It is recommended to choose a resistance of 47-560 ohms.

In addition to using series resistance to improve ESD resistance, the TVS of each sensor channel should be connected in parallel to attenuate
the impact of surge current on the sensor, but the junction capacitor of this TVS should not exceed 0.6 pF.

10.3 Button LED Design

When the button is made into a hollowed-out type, a LED can be added in the middle, and the light and darkness of the LED can be used to
judge the situation of touching and leaving the finger. It is suggested that the power supply of LED should add RC filter to slow down the
change rate of the level edge.

10.4 Max input Voltage

The Capacitive Touch Sensor is an analog circuit, an ADC sample the input net continuously. The max input voltage of the input net is 0.85V.
In particular, the use of too large Mbias can cause a charging voltage exceeding 0.85V, which may cause damage to the ADC.
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11 Flash SPI

11.1 Introduction

The SPIC is used to communicate with SPI Flash Devices (Flash). Flash SPI can only be configured as master with Max. Baud rate: 100MHz.

11.2 Flash Selection Requirements

Some chips with MCM PSRAM package require external flash to function properly. For chips with MCM flash package, if users have a
requirement for dual flash usage, external flash should also be connected.

The applicable flash is divided into two operating gears: 3.3V and 1.8V. The operating voltage range that 3.3V flash must cover is
2.97V~3.63V, and the working voltage range that 1.8V flash must cover is 1.71V~1.89V.

Users must pay attention to the tysc. symbol of the flash power-on timing, and the time from the power on of the flash to the start of
operation cannot be longer than the time from the power on of the IC to booting of IC.

11.3 Schematic Reference Design

Suggest CS pin reserving a 10K pull-up resistor so that the CS pin has a certain high level state to avoid bus floating.

For dual SPI and standard SPI mode, suggest WS pin reserving an pull up 10K resistor so that the WS pin has a certain high level state
to avoid bus floating.

For dual SPI and standard SPI mode, suggest Hold pin reserving an pull up 10K resistor so that the Hold pin has a certain high level
state to avoid bus floating.

Vcce requires a filtering capacitor connected to ground, usually one large and one small capacitor connected in parallel, such as 10uF
and 0.1puF.

. SF_CS v SPI_DATA3
T o i = 5 (= 0 pogtey = T
FLASH 5} SPLCcs Y>———— (5} SPIDATA3}
) o AT P
. SPI_DATA1 _ ws, EPI_CLK
(5} SPI DATAIS>———— [B} SFICLK p——
| . SPI_DATA2 SPI_DATAD
VD33 "‘{F': Sl pATAD— = LOATAZ ) sAi _DATRG 5 SPLDATAD
R0

1EIh.-‘\lC = UG

SPI_CS 1 ) 8 VDD323_5

cs VCC o

SPI_DATA1 2 7 SFI_DATAZ B3 2_.[

———————— 2101 Hok/SIO3 My c4
VDD32 SR33  SPI_DATA2 se ok 10KING
=iy = 2 wesio2  solk [o—— == 10uF 0. 1uFINg
10KINC 4 5  SP|_DATAD
’_7 GND siop ———————— —

SOIC-WSONE-1.27INC

12 12C

12.1 Introduction

The 12C has the following features:

®  Two-wire I12C serial interface — a serial data line (SDA) and a serial clock (SCL)
®  Three speed modes:
B Standard Speed (SS), up to 100Kbps
B Fast Speed (FS), up to 400Kbps
B High Speed (HS), up to 3.4Mbps and up to 1.7Mbps
L J Master or Slave 12C operation
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12.2 Schematic Reference Design

Part of the pads used for I12C can switch to 4.7K pull-up resistor internally (PA19~PA27, PA30, PA31, PBO~PB12). However, the internal
pull-up resistance value of other pads is too large and not suitable for 12C communication. Suggest users to reserve pull-up resistors
externally to adjust the resistance value according to their own needs.
Different speed modes have requirements for the maximum allowable load of the 12C bus. In standard , fast and 1.7M high speed
modes, the bus load cannot exceed 400pF, and in 3.4M high speed mode, the bus load cannot exceed 100pF.
Calculation method for pull-up resistance of 12C bus:
The voltage value of 10 Power determines the minimum value of pull-up resistance. When |0 Power is 3.3V, the minimum allowable
value of pull-up resistance is 1K, and when |0 power is 1.8V, the minimum allowable value of pull-up resistance is 0.5k. The size of
the bus load determines the maximum allowable pull-up resistance, and the calculation formula is as follows:

¢

Rp(ma.\'_: = m
In the formula, t: represents the maximum signal rise time allowed under different speed modes (Standard: 1000ns, Fast: 300ns,
High Speed: 80ns), and Cy, represents the bus load.
The 12C protocol also defines resistors Rs connected in series on SDA and SCL lines. The function of this resistor is to effectively suppress
interference pulses on the bus from entering the slave device and improve reliability. The selection of this resistor is generally around
100~200 Q. This resistor is not necessary and can be used in harsh noise environments.

Vop Vop
l
[
12C I2C
DEVICE DEVICE
s (=
Rs Rs Re Rs
SDA
SCL

13 SDIO Device

13.1 Features

Full compliance with SDIO card specification version 2.0.
Support SDIO clock up to 25/50MHz

Support 4 bits I/O mode.

Dedicated DMA engine for data transfer to reduce CPU loading.

13.2 Schematic Reference Design

®  VCC_SDIO requires filtering capacitors connected to ground, usually one large and one small capacitor connected in parallel, such as
4.7uF and 0.1pF.

®  Suggest users to connect a resistor in series on the clock, cmd, and data lines. The customer can improve signal quality by adjusting
the resistance value.
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SDIO-CON1

SD D2 RO4 , 15D_D2 g
sD D3 R96 7. 1SD D3 1 | DAT2
SD_ CMD _R95 , 15D CMD 2 | DAT3
/ 3 CMD
VCC_sDIo 4 3331

SD_CLK _ R97 1SD_CLK___ 5

A &1 CLK

sD DI RE8 . . . iSD_ D1 7 gfﬁg
sb oo Re9 Y 1D b0 8 | A

connecting finger

vD1833 RB88 OR/NC vCC_SDIO C30 | |4.TuF/NC
AV - i I
Powered by SDIO Host C31 | | 0. 1uF/NE

14 General SPI

14.1 Introduction

®  The chip supports Motorola Serial Peripheral Interface (SPI) — A four-wire, full-duplex serial protocol.
(] Master or slave operation mode

® Provides two high-speed SPI ports: configured as master or slave with max. baud rate 50Mbps

O o

1. When the chip is configured as Master, SPI supports transmission with a maximum baud rate of 50Mbps. But when the chip is
configured as Slave, whether it can support a maximum baud rate of 50Mbps is controlled by the connected master. Due to the path
delay and pad delay of internal signals in the master and slave devices, as well as some delays that may be introduced by pads or PCBs,
the connected master needs to support delayed sampling function in order to correctly receive data sent by the slave at 50Mbps baud
rate.

2. Dedicated SPI has many groups and does not allow cross group use between signal lines.

14.2 Schematic Reference Design

Generally, four signal wires(CS, CLK, MISO, and MOSI) can be directly connected to external device. You can pull CS pin up to Vcc by a 10K
resistor, so that the CS pin has a certain high level state to avoid bus floating.

15 SWD

15.1 Introduction

Debug Interface supports Arm® standard bi-directional Serial Wire Debug (SWD) to pass data to and from the debugger and the target system
in a highly efficient and standard way. It provides a probe interface consisting of two signals—TCK and TMS. The TMS signal is bidirectional
and carries control information to the adapter and data in both directions. The TCK signal(max baud rate: 20MHz) is sourced from the probe.

15.2 Schematic Reference Design

(] Suggest ground shielding between SWDCLK and SWDIO signal traces to avoid signal crosstalk.

(] It is recommended to connect a 22R damping resistor in series at the source of both SWDIO and SWDCLK signals to suppress signal
reflection.

® It is recommended to connect one ESD protection device in parallel on each of the SWDIO and SWDCLK signal traces, as manual hot
swapping is required during debugging.

®  According to the SWD standard, it is recommended to configure the SWD data pad to pull-up state after power on.
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O o

Port PA30 and port PA31 are default configured as SWD interface but users can configure relevant register to switch these two ports to other
functions. If users use PA30 and PA31 for other functions except SWD and connect the two ports to external circuits, users must avoid SWD

toggle behavior with a risk of misidentification before switching off the SWD function from the two ports.

16 USB

16.1 Pad Configuration

1. Pin mux to USB function
2. Pad is configured as no pull mode

16.2 Feature

(] Full speed only

(] Device mode only

16.3 The Type of Interface

16.3.1 Type A

The DP/DM can be directly connected

u1

Figure 16-1 USB type A interface

16.3.2 Type-C

[} DP1/DP2 short, DN1/DN2 short;
®  (CC1/CC2 pulls down the resistor by 5.1kohm respectively

O ot

See figure 14-3 for the schematic design requirement.

16.3.3 Micro USB

The DP/DM can be directly connected
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uz
— VBUS
DoP D+
DM O-
GND
usB_A

© REALTEK 2023. All rights reserved.

30



54REALTEK

us
UG
O—— vBUS
O—— 1D
DP DP
DM DM
GND
USB_MICRO
IC

Figure 16-2 USB micro interface
16.4 Schematic Design Requirements

1.  Add 10uF power filter capacitor to VBUS to prevent the instantaneous voltage of VBUS from being too large due to plugging and
unplugging, and place it close to the USB interface;

2. Electrostatic protection: In order to prevent static electricity from damaging the connector signal, hang ESD devices on DP/DM/VBUS/ID,
pay attention to device selection, and place them close to the USB interface;

3.  The resistor of the data line is connected in series to prevent the internal resistance damage caused by the micro interface D+/D-
mistake and VBUS short, the resistance value is generally 2.50hm, placed close to the USB controller, if the interface is type A or C, this
resistor can be replaced with 0 ohm without placement;

4.  The SHIELD is grounded by a resistor-capacitor network. This helps isolate the signal and reduces EMI and RFI emissions. Try to place

the resistor close to the USB connector.

1 16
usasy Il oo oND 15— sgey
o1 £ VBUS VBUS [
4] CC1 SBU2 43— PL2303 DN
£ DP1 DN2 5 PLZ303 DF
—————— DNi DP2 |7 =2
%——— SBU1 cc2 S - - -
UsBsY 7
‘ D1 D2 D3 c2 3
— z z g [TOuF T[OF
= E g
ol oo ol o o =
=5 =y TE = =
hal m I
o A
3 3
|4 Ipe @ ©

Figure 16-3 USB type-C interface

17 RF Circuit

(] Diplexer (U3) is needed for combining RFIO_A (5G) and RFIO_G (2.4G).

® L-shape or Pi-shape matching (C27/R20 and C28/R21) should be placed between diplexer and main IC to tune RF impedance and
harmonics rejection.

®  ATVS(C23)is reserved for ESD protection.

® R8 and R14 is co-lay in our HDK for selecting RFIO path to RF connector (CON1) or printed antenna (ANT1).

[ ] Pi-shape circuit (C26/R13/C25) is reserved for antenna matching.

®  You can add a RF test point between R14 and U3 for RF test in mass production.
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CON1

RF 2 anp

a Feed [
GND
Reserved for ESD
L TiPEX c23

ANT1
13 OR

R
Feed
o~
Co-la
1.2pFINC 1.2pFINC Y RFDIP1606LB598D1T

8
i

(]
R

z

RFIO_A

5G

[T N
@
Z
(=]
@
o
bl
5]
S
3
a

RFIO GND

Ji
b
by

0R RFIO_G

o
[

z

w
®
Z
Q
5]
[n]
£
5,8
1| ’-—w

® If you need only single band of the chip (2.4G only or 5G only), pi-shape low pass filter as follows is recommended to be placed at
RFIO pin to suppress Tx harmonics.
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3 %

N o

g g

o~ Z — Z|

8l 3| 5

S 1:'8

1nH S-0201 m = m
T W

[o% o

@ N

= «

18 Options in HDK

The HDK provided will cover different part numbers and different scenarios. So, there are same reserved components which may be
superfluous to your design. You can delete them to simply your schematic.

18.1 Wide-Range Voltage Supply

®  We have IC part number supporting wide-range voltage supply. You can check the datasheet for more details. So, we named the total
input net VD1833, which means the input DC voltage can be 1.8V or 3.3V.
[ ] If you use regular voltage IC (3.3V) in your design, you can name the total power supply net VD33 to avoid confusion.
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18.2 GPIO Power Option

® VDH_IO1is from VD1833 or from VD18 by placing R2 or R4 on. VD18 is from LDOM output if the IC you chose pin2 is supported.
®  So, if there is no need to reserve different voltage for VHD_IO1 in your design, you can remove the OR resistors (R2/R4) from your

schematic directly.

VDH_I01 m 3:
A\ e VD1833

e

D18

2

PA12 3

|||[ cmlllrc-.wp VD09 4
PA13 5

PA14 6

PA15 7

PA16 8

PA1T 9

PA18 10

||| C12]||_0.1uF m 11
PA19 12

PA20 13

PAZ21 14

PA22 15

PA23 16

VD1833 17

,|| 17 |_0.1uF

18.3 Pin2 Function Option

U1

O

VAH_LDOM

LDOM_OUT/PA8

PA12

VDL_CORE

PA13
PA14
PA15
PA16
PA17
PA18

VDH_IO1

PA19
PA20
PA21
PA22
PA23

VDH_I02

® As mentioned above, pin2 has different definition for different IC part number. Please refer to datasheet for more details.

your schematic.

If the IC you used pin2 function is PA8, there is no need to place C9 in your schematic.
If the IC you used pin2 function is LDOM_OUT, you should place C9 in your schematic and BOM list.

If the IC part number you used is definite, namely, pin2 function is definite, there is no need to keep the option OR resistors (R3/R4) in

L] If you use the wide-range voltage IC and supply the module total voltage with 1.8V and pin2 function is LDOM_OUT, you should supply

pin2 with 1.8V.
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18.4 Flash Option

® In our HDK, we keep the option that the flash GPIOs can be connected to module pins for certain IC MCM flash which there is no need

to use an external flash.

[} If the IC part number you used is definite, there is no need to keep the option OR resistors (R7/R10/R12/R16/R18/R19) in your schematic.

ud
VDH_IO1 R9 , , ,10KINC  F_CS 1 = VDH_IO1  C24 0.1uF
FIaSh M- cs vee |2 |
F_DATA1 —— F_DATA3 R11 10K/NC VDH_IO1
——" 2! soi01 AOLDIO3 |- 4%
R15,, OKINC  F DATA2 3 [__ 6 F_CLK
‘!”—'\N\,— WPO2  SCLK
4 5 F_DATAO
ﬁ GND SI100
=g GD25WQB4EWIG
R7 ORINC PA_13 R1 RINC PA_16
PA13 F_DATA3 PA16 F_DATA2
R10 ORINC _PA_14 R1 ORINC  PA_17
PA14 F_CLK PA17 F_DATA1
R12 ORINC PA_15 R1 ORINC __ PA_18
PA15 F_DATA0 PA18 F_CS

18.5 PA DC Power Option

®  This SoC series have the option to switch WiFi PA working at 1.25V to saving current consumption. Meanwhile, the WiFi Tx power will
be limited. For more details, please refer to 'RTL8721DA_RTL8721DC_RTL8721DG_RF DC Power Supply Modes Application

Guide_R00.pdf".

® For 2.4G PA switched to 1.25V, there is no need extra circuit change. It will be switched internally by parameter configuration.

For 5G PA switched to 1.25V, you should put R5 on and R6 off.

(] If your requirement is definite, there is no need to keep the option OR resistors (R5/R6) in your schematic. You can supply the 5G PA

pin (VRH_PA_A) directly.

VD125

- R6 (1] 34
VD1833
M
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