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1. Foreword 

This guideline is intended for developers of 32-bit universal MCU GD32VW553 series of 

RISC-V-based highly-integrated 2.4GHz Wi-Fi6 + BLE system on chip (SOC). It gives a 

general introduction to development of hardware of GD32VW553 series, like power supply, 

resetting, clock and RF circuits. The purpose of the Application Notes is to enable developers 

to quickly get started with GD32VW553, quickly develop and use the product hardware, and 

save time for studying the manual, thus accelerating the product development progress. 

The Application Notes is described in six parts: 

1. Power supply: It mainly introduces the design of the power management, and power 

supply of GD32VW553 series. 

2. Resetting: It mainly introduces the design of resetting function and mode selection of 

GD32VW553 series. 

3. Radio frequency: It mainly introduces the design of RF circuits of GD32VW553 series. 

4. Clock: It mainly introduces the design of the high and low speed clock functions of 

GD32VW553. 

5. Reference circuit and PCB layout design: It mainly introduces the precautions for 

hardware circuit design and PCB layout design of GD32VW553 series. 

6. Package description: It mainly introduces the types and names of packages included in 

GD32VW553. 

This document also introduces the minimum system hardware resources used in 

GD32VW553 application development. 

Table 1-1. Applicable product 

Type Model 

MCU GD32VW553 Series 
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2. Hardware design 

The schematic diagram of reference design of MCU module of GD32VW553 series is shown 

as Figure 2-1. Circuit diagram of MCU module of GD32VW553 series (taking version 

HMQ7 as an example). Pay attention to the following items in the schematic diagram design: 

 Circuit design for power supply 

 Circuit design for resetting and mode selection 

 RF circuit design 

 XTAL circuit design 

 LXTAL circuit design 

Figure 2-1. Circuit diagram of MCU module of GD32VW553 series 

 

2.1. Circuit design for power supply 

Power supply pins of MCU module of GD32VW553 series include two types: power supply 

pins for the MCU RF part and for the MCU digital and analog part. The former includes RF 

VCO power supply AVDD33_ANA (Pin8), RF PA&LNA power supply AVDD33_PA (Pin11), 

and RF XTAL power supply AVDD33_CLK (Pin12). The latter includes the MCU analog power 

supply pin VDDA (Pin15) and the MCU and Wi-Fi digital power supply pin VDD (Pin40). The 

standard working voltage of all power supply pins above is 3.3 V. 

It is recommended to place two capacitors (one large and one small) at the entrance of the 
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module's power supply (as shown in Figure 2-2. Circuit at the entrance of module power 

supply. Only the large capacitor is placed by default (like 10 uF). At the same time, filter 

capacitors are placed individually at each power supply pin. It is recommended to use 1 uF 

filter capacitors for RF power supply pins like AVDD33_ANA, AVDD33_PA, and AVDD33_CLK 

(as shown in Figure 2-3. Circuit of RF power supply pins of the chip. For other power 

supply pins like VDDA and VDD, it is accepted to use 0.1 uF filter capacitors (as shown in 

Figure 2-4. Circuit of other power supply pins of the Chip. 

Figure 2-2. Circuit at the entrance of module power supply 

 

Figure 2-3. Circuit of RF power supply pins of the chip 

 

When the WiFi or BLE function of GD32VW553 is not used, AVDD33_CLK supplies power 

normally and a 1 uF decoupling capacitor is installed. It is recommended that AVDD33_PA 

and AVDD33_ANA should supply power, but decoupling capacitor may not be installed to 

save BOM. 
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Figure 2-4. Circuit of other power supply pins of the Chip 

 

2.2. Circuit design for resetting and mode selection 

GD32VW553 pins PU (Pin7) and NRST (Pin6) are chip power supply enable and reset pins 

respectively. The chip can operate only when both are pulled up. A filter capacitor and a pull-

up resistor can be placed near the pins in the design. If a bottom board is used, a pull-up 

resistor and a filter capacitor can also be placed on the bottom board. In actual use, only one 

is required to be selected as the enable pin while the other one still needs to be connected 

with pull-up resistor and filter capacitor. If GD32VW553 is used as the master MCU, it is 

recommended to use NRST as the enable pin and always pull up PU. If GD32VW553 is used 

as the slave device, it is recommended to use PU as the enable pin and always pull up NRST. 

The selected pins for the boot mode of GD32VW553 are BOOT0 (Pin1) and BOOT1 (Pin25). 

Definitions of several modes are shown in Table 2-1. BOOT mode. It is generally 

recommended to place the pull-up or pull-down resistor on the bottom board. If it is used for 

a single module, it is required to reserve a pull-up or pull-down resistor on the module. 

Reference design is as shown in Figure 2-5. Circuit for resetting and mode selection 

where pull-up and pull-down resistors are placed on the bottom board. 

Table 2-1. BOOT mode 

BOOT1 BOOT0 Start-up Mode 

x 0 Flash 

0 1 Legacy Bootloader 

1 1 SRAM 
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Figure 2-5. Circuit for resetting and mode selection 

 

2.3. RF circuit design 

GD32VW553 RF circuit reference design is as shown in Figure 2-6. RF circuit. RF pin of the 

chip is Pin10. In the path, there is one group of π-type (CLC combination) matching circuits 

which are mainly used to filter higher harmonics of radio frequency transmission signal (to 

meet certification requirements) and fit for impedance matching debugging. Both capacitors 

and inductors in the matching circuit are required to use materials in compliance with RF 

specifications with precision of ±0.1 pF (nH). By default, specification of the component 

combination of the matching circuit is 1.2 pF + 2.7 nH + 1.5 pF. The final specification is 

subject to actual debugging result of different PCBs. When matching components are not 

added, the default is series components. 0R resistors are recommended and parallel 

components are NC. For antenna, developers can use PCB antenna or external antenna. It 

is recommended to reserve RF test connector to conduct conduction test and external 

antenna test. In addition, it is required to reserve π-type network for antenna matching. Place 

a parallel TVS transistor between two π-type network if ESD characteristics are considered. 

Figure 2-6. RF circuit 
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2.4. XTAL circuit design 

GD32VW553 module supports patch passive transistors at frequencies like 40 MHz and 26 

Mhz. 40 MHz is used by default. 3225, 2520 and other options are available for packaging. 

The crystal circuit of MCU of GD32VW553 series is shown in Figure 2-7. Crystal circuit. The 

two load capacitors are normal close (NC). Frequency offset is corrected by adjusting internal 

capacitors of the chip. In consideration of load capacitor NC, the load capacitance index of 

the crystal is required to be 10 pF (or 9 pF) (see "Load Capacitance" in Figure 2-8. 

Recommended crystal indexes). For other index requirements, please refer to the contents 

in the red box. 

Figure 2-7. Crystal circuit 

 

Figure 2-8. Recommended crystal indexes 
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3. PCB Layout design 

Layout of the reference design of GD32VW553 module is as shown in Figure 3-1. 

GD32VW553 module layout. 

Figure 3-1. GD32VW553 module layout 

 

Pay attention to the following items in the layout design of GD32VW553 module: 

 PCB stack-up design 

 Circuit design for power supply 

 RF circuit design 

 XTAL circuit design 

 GND integrity and EPAD design 

 Shielding case design 

 Routing and copper pour design 

3.1. PCB stack-up design 

PCB stack-up of GD32VW553 module must be designed to use a four-layer board. For 

definition of layer, please refer to Table 3-1. Reference definition of PCB layer: 
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Table 3-1. Reference definition of PCB layer 

Number of Board Layers Four-Layer Board 

Reference definition of layer 

Layer 1: SMD & Signal & VCC 

Layer 2: GND 

Layer3: VCC 

Layer 4: GND & (Signal/VCC) 

Ensure that layer 2 is of complete GND, and minimize routing for power supply and sensitive 

signal of bottom layer (in consideration of bottom layer EMI) in the design. 

3.2. Circuit design for power supply 

Routing of 3.3 V power supply is recommended to use the "star-shaped" power supply mode 

as shown in the yellow highlighted part of Figure 3-2. Circuit layout design for power 

supply. Each power supply pin is individually routed from the 3.3 V power supply to the chip 

pin. A large capacitor is placed at the 3.3 V power supply. A copper plane can also be used at 

the power supply. Width of routing for the end from the 3.3 V power supply to the module is 

recommended to be 20 to 30 mil. For branch routing, width of routing of PA power supply pin 

(Pin11) should be at least 10 mil and width of routing of other power supply pins can be 6 to 

8 mil. 

Routing of 3.3 V power supply should be on VCC layer (layer3) as much as possible. Power 

supply cable of top layer should be installed inside the shielding case and away from the 

board edge. Routing of power supply should not in parallel with the high-speed signal wires. 

At signal intersection of adjacent layers, the routing should be vertical. Routing of each power 

supply pin should pass through the filter capacitor and then connect to the pin. The capacitor 

should be placed as close to the pin as possible. Holes (1 to 2 vias) of the capacitor GND pad 

is drilled down to the ground and the capacitors should not share GND vias. Holes of GND 

pads of filter capacitors of sensitive pins (like AVD33_ANA, AVDD33_PA, and AVDD33_CLK) 

should be drilled individually in the clearance area on the TOP layer to GND copper pour of 

Layer 2, 3 or 4 and should not connected to TOP GND copper pour. 
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Figure 3-2. Circuit layout design for power supply 

 

3.3. RF circuit design 

RF routing impedance should remain 50 ohm. In the design, routing width and distance should 

be measured according to dielectric constant of plates, PCB stacked structure, and other 

information to ensure consistent impedance for RF routing and avoid sudden change or offset 

of impedance. In consideration of errors due to process precision and other factors at plate-

making, it is recommended to be at least 10 mil wide for RF routing. 

As shown in Figure 3-3. RF circuit layout design, RF routing should be as short as possible 

to ensure the layer below is a complete GND (unlimited transmission routing) and avoid entry 

into any other layers and bending. When bending is required, the angle should be larger than 

90° and the routing should be curved. The routing should be away from any power supply 

cable and high-speed signal cable to avoid coupling of strong RF signals and interference 

with other components. On the two sides of the routing, two rows of GND vias are placed at 

a minimum interval for shielding. For some places where branching is required, the 0R resistor 

co-lay mode can be used (R2 and R3 in the figure). 

Third-order Π-type network should be as close to RF Pin as possible and placed in Z shape. 

The GND pad of capacitor C3 at the near end of RF PIN should be connected to GND through 

two vias against the pad in the clearance area on the TOP layer and a clearance area on the 

TOP layer is added to make it not connected to TOP GND copper pour. The GND pad of 

capacitor C4 at the far end should have one stub in the clearance area on the TOP layer and 

be then connected to GND through the vias. GND layer (Layer 2) should have the same 

clearance area (in other words, the stub should use the ground of VCC layer for reference 
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and the vias are only connected to GND copper pour of Layer 3 or 4). The total length of the 

stub plus the vias from TOP layer to VCC layer should be about 55 mil. The stub plus the 

longer grounding vias can be equivalent to a strong inductor. Two parallel short grounding 

vias can be equivalent to a weak inductor. In this case, the matching circuit structure can be 

equivalent to (C+L)+L+(C+L). The purpose of the above-mentioned means is to build an 

asymmetry in the matching circuit structure to easily filter out second-order and third-order 

harmonics and tune impedance matching at a smaller grounding capacitance, reducing the 

passband interpolation loss of the matching circuit. 

Figure 3-3. RF circuit layout design 

 

As shown in Figure 3-4. PCB antenna design, PCB antenna is required to be placed near 

the board edge, away from other transmission wires and components (particularly 

transmission wires or components for high-frequency signals) and isolated from any external 

circuit with one to two rows of GND vias (at a minimum interval). In the antenna area, all PCB 

layers are required to be cleared (namely no copper pour). It is recommended that no window 

should be open on the Solder mask Top layer (Solder mask should be used to protect the 

antenna copper plate). 

Figure 3-4. PCB antenna design 
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3.4. XTAL circuit design 

As shown in Figure 3-5. Crystal circuit design, the crystal should be as close to the chip 

pin (XI&XO) as possible, away from magnetic induction components (like power inductors) 

and radiation components (like antenna) and isolated from other signal routes on the same 

layer with GND copper pour and vias. The width of the input and output lines (XI&XO) of the 

crystal can be 6 mil. The routing should be as short as possible and have less bending. The 

routing can't be cross layers or cross over each other. The load capacitors on both sides can 

be connected to respective GND pads of the crystal and multiple GND vias can be placed to 

improve heat dissipation. Transmission routing should be minimized beneath the crystal to 

maintain complete GND copper pour. 

Figure 3-5. Crystal circuit design 

 

3.5. GND integrity and EPAD design 

Layer 2 (GND layer) should be a complete GND Plane to ensure that RF, XTAL and other 

parts on the TOP layer are not affected. At the same time, attention should be paid to the 

integrity of GND copper pour on the VCC and Bottom layers to avoid "isolation" as shown in 

Figure 3-6. GND integrity design on the VCC and bottom layers. 
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Figure 3-6. GND integrity design on the VCC and bottom layers 

 

For chip EPAD, it is recommended not to connect to external copper pour on the TOP layer. 

More GND vias can be drilled to facilitate heat dissipation, as shown in Figure 3-7. Chip 

EPAD design. 

Figure 3-7. Chip EPAD design 

 

3.6. Shielding case design 

All components and routes of the TOP layer of the module should be limited in the shielding 

case as much as possible. For routes (like RF routes) that need to be out from the shielding 

case on the TOP layer, the shielding case should have "wiring hole". Other routes can be on 

the Bottom or VCC layer. 

The width of the border of the shielding case should be at least 24 mil. More GND vias can 

be placed at the pad of the border. The distance between the shielding case and the pad on 

the edge of the board & the routing should be at least 15 & 10 mil respectively. The height of 

the shielding case depends on the height of components. When designing antenna, the effect 

of the height of the shielding case should also be considered. The reference design of the 

pad of the shielding case is shown by the yellow highlighted part in Figure 3-8. Shielding 
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case design. 

Figure 3-8. Shielding case design 

 

3.7. Routing and copper pour design 

In addition to the requirements for the width of power supply routing and RF routing mentioned 

above, it is recommended to choose 5 to 6 mil for the width of GPIO lines in the module and 

the width of GND lines should be at least 8 to 10 mil. 

The copper pour of the module PCB should be close to the size of the board frame. More 

GND vias can be drilled in the blank area in an irregular way before copper pour. One row of 

GND vias is required to be drilled on the edge of the board. Vias should be placed near each 

component GND pad. For areas where GND vias can't be placed due to space limitation, no 

copper is filled to avoid islanding. 
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4. Package description 

GD32VW553 has 2 package types, namely QFN40 and QFN32. 

Table 4-1. Description of package types 

Product model Package 

GD32VW553Hx QFN40(5x5, 0.4pitch) 

GD32VW553Kx QFN32(4x4, 0.4pitch) 

(dimensions in mm) 
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5. Revision history 

Table 5-1. Revision history 

Revision No. Description Date 

1.0 Initial release Nov.17, 2023 

1.1 Modify figure2.1&2.6 Mar.01, 2024 

1.2 Modify figure2.1&2.6 Jul.19, 2024 

1.3 
Modify Important Notice page 

content. 
Mar.28, 2025 
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Important Notice  

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This 

document, including any product of the Company described in this document (the “Product”), is owned by the Company 

according to the laws of the People’s Republic of China and other applicable laws. The Company reserves all rights 

under such laws and no Intellectual Property Rights are transferred (either wholly or partially) or licensed by the 

Company (either expressly or impliedly) herein. The names and brands of third party referred thereto (if any) are the 

property of their respective owner and referred to for identification purposes only.  

To the maximum extent permitted by applicable law, the Company makes no representations or warranties of any 

kind, express or implied, with regard to the merchantability and the fitness for a particular purpose of the Product, nor 

does the Company assume any liability arising out of the application or use of any Product. Any information provided in 

this document is provided only for reference purposes. It is the sole responsibility of the user of this document to 

determine whether the Product is suitable and fit for its applications and products planned, and properly design, program, 

and test the functionality and safety of its applications and products planned using the Product. The Product is designed, 

developed, and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and the 

Product is not designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities, 

atomic energy controller, combustion controller, aeronautic or aerospace applications, traffic signal instruments, 

pollution control or hazardous substance management; (ii) life-support systems, other medical equipment or systems 

(including life support equipment and surgical implants); (iii) automotive applications or environments, including but not 

limited to applications for active and passive safety of automobiles (regardless of front market or aftermarket), for 

example, EPS, braking, ADAS (camera/fusion), EMS, TCU, BMS, BSG, TPMS, Airbag, Suspension, DMS, ICMS, 

Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means a vehicle propelled by a self-

contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric cars, and other 

transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be expected 

to result in personal injury, death, or severe property or environmental damage (collectively "Unintended Uses"). 

Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company 

is not liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or 

distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses of the Product. 

Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well as its 

suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims 

for personal injury or death, arising from or related to any Unintended Uses of the Product.  

Information in this document is provided solely in connection with the Product. The Company reserves the right to 

make changes, corrections, modifications or improvements to this document and the Product described herein at any 

time without notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from 

future changes to them. Information in this document supersedes and replaces information previously supplied in any 

prior versions of this document. 

 

 

© 2025 GigaDevice Semiconductor Inc. – All rights reserved 
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