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This application note describes how to create a portable washing machine using HVPAK. In addition, the device 

has three timer modes, a constant number of revolutions per minute regardless of the load, and battery discharge 

notification. 

The application note comes complete with design files which can be found in the Reference section.
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1. Terms and Definitions

DC Direct current 

DFF D Flip-Flop 

HV High voltage 

LUT Look-up Table 

OSC Oscillator  
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2. References

For related documents and software, please visit: 

https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-

mixed-signal-products/greenpak-high-voltage-programmable-mixed-signal-matrix 

Download our free Go Configure Software Hub [1]  to open the .hv files [2] and view the proposed circuit design. 

Use the development tools [3] to freeze the design into your own customized IC in a matter of minutes. Renesas 

provides a complete library of application notes [4] featuring design examples as well as explanations of features 

and blocks within the Renesas IC. 

[1] Go Configure Software Hub, Software Download and User Guide, Renesas Electronics

[2] AN-CM-359 Portable Washing Machine.hv, HVPAK Design File, Renesas Electronics

[3] Development Tools, GreenPAK & HVPAK Development Tools Webpage, Renesas Electronics

[4] Application Notes Library, Application Notes Webpage, Renesas Electronics

[5] SLG47105 Datasheet, Renesas Electronics

[6] Portable Washing Machine Video, Renesas Electronics

https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-high-voltage-programmable-mixed-signal-matrix
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-high-voltage-programmable-mixed-signal-matrix
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/document/scd/cm-359-gp-file
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products#development_boards
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products#document
https://www.renesas.com/eu/en/document/dst/slg47105-datasheet?r=1563736
https://www.renesas.com/video/portable-washing-machine
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3. Introduction

The main goal of this application is to design a Portable Washing Machine using the SLG47105V. The system is 

designed using the HV macrocells and other internal and external components within the HVPAK to drive a 12 V 

DC-DC Motor.

A Portable Washing Machine is a must-have when you need to wash a small number of clothes, when there is not 

enough space for a full-fledged washing machine, or when you are traveling and only have a 12 V battery. 

The proposed Washing Machine has three timer modes – 10 min, 20 min, and 40 min, these modes are switched 

with a rotary switch. 

In addition, this portable washing machine provides a constant number of revolutions per minute regardless of the 

load. 

The device can be powered with any 12 V voltage supply, it also has under-voltage protection with indication. 

4. Operating Principle

The portable washing machine consists of a 10 L silicone collapsible bucket (Figure 1) and a 12 V DC-DC Motor 

with a pulsator wheel.  

Figure 1: Silicone Collapsible Bucket 

A motor with a two-stage gearbox is attached to the bottom of the bucket from the outside (Figure 2), and a pulsator 

wheel is attached to the motor shaft inside. 

Figure 2: DC-DC Motor with a Two-Stage Gearbox 
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The Full Circuit Schematic of the Portable Washing Machine is shown in Figure 3. 

Figure 3: Full Circuit Schematic 

The SLG47105 sets the PWM to the motor to keep the rpm constant using feedback from an optical end-stop 

switch (Figure 4).  

Figure 4: Optical End-Stop Switch 
Шо 

The green LED notifies about normal device operation. The red LED notifies about the end of the program. An 

alternate strobe of green and red LEDs means that the battery is discharged. 

The device is powered with a 12 V voltage supply, the R4 resistor, and the D1 Zener Diode converts the voltage 

to ~ 4.7 V needed for an SLG47105. 

Resistors R6 and R7 form the resistive divider for controlling the battery charge. 

The resistor R1 is current feedback to avoid overcurrent. 

The rotary switch SW1 is used to ON/OFF the device and switch timer modes - 10, 20, and 40 min. 

Here is proposed a PCB design (Figure 5 and Figure 6) for this application, which is based on the schematic in 
Figure 3. 
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Figure 5: Top Side 

Figure 6: Bottom Side 
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5. HVPAK Design

The HVPAK design is shown in Figure 7. 

Figure 7: HVPAK Design 

The PWO0 block provides a ~100 kHz signal with a PWM depending on the motor`s rpm. The CNT2/DLY2 ensures 

stable functionality of the motor by smoothing the UP/DOWN motor speed signal. The CCMP0 checks the current 

on the HV OUT CNTR 0. If the current is higher than the maximum allowable current, the PWM Chopper 0 chops 

the PWM to avoid overcurrent. Then this final PWM signal goes to enable input of the HV OUT CTRLs blocks. 

They are both configured as Full Bridges. PIN 7 and PIN 9 are in parallel and connected to the first motor`s 

terminal. PIN 8 and PIN 10 are in parallel as well and connected to the second terminal.   

The DFF6 and MF3 form the signal of rotating duration and direction - 10 s for both directions. This signal goes to 

PH inputs of HV OUT CTRLs. The MF4 provides the delay of direction changing – 250 ms. This time is enough to 

create eddy currents of water and not overload the motor. Through this delay, HV OUT CTRLs, PWM0, and OSC1 

are powered down due to a HIGH signal on the Sleep stage (3-bit LUT2). 

Input PIN 14, PIN 3, and PIN 17 are timer selectors of 10, 20, and 40 min, respectively. 3-bit LUT4, 4-bit LUT0,   

3-bit LUT5, DFF2, DFF3, and MF0 provide selection functions depending on a chosen time mode and create a

signal with the corresponding duration. After this time, the Sleep signal is HIGH and the system is powered down.

The ACMP0 checks the VDD2 charge, if the voltage is less than 11.8 V the Sleep signal is HIGH and the system 

is powered down till the voltage is higher than 12.05 V.  

The 2-bit LUT3 is a selector for the LED state between the Pipe Delay signal and the timers` signal. The green 

LED notifies about normal device operation. The red LED notifies about the end of the program. An alternate 

strobe of green and red LEDs means that the battery is discharged. 
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6. Device Testing

The following Figure 8 - Figure 11 shows the resulting signal on the PIN 7 and PIN 9 motor`s terminal. The supply 

voltage is 13 V.  

Figure 8: Initial duty cycle ~20% 

Figure 9: I = 450 mA, duty cycle 60% 
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Figure 10: I = 700 mA, duty cycle 70% 

Figure 11: I = 1 A, duty cycle 78% 

Please, see also the video of the working Portable Washing Machine device. 

https://www.renesas.com/video/portable-washing-machine
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7. Conclusion

The application note provides a step-by-step guide on how to use the HVPAK as the control module for a Portable 

Washing Machine. The circuit has been tested and proven to function as expected with a 12V DC-DC motor.  

Its internal resources, such as the HV, oscillators, logic, and GPIOs, are easily configurable to meet specific design 

requirements. The flexibility of the HVPAK allows for the efficient implementation of complex control functions, 

making it an ideal choice for a wide range of projects. 



AN-CM-359 Portable Washing Machine 

R19AN0225EU0100 Rev.1.00 
Apr 27, 2023 

Page 10 

8. Revision History

Revision Date Description 

1.00 Feb 24, 2022 Initial release. 
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