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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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Keep safety first in your circuit designs! 

* RENESAS TECHNOLOGY CORPORATION puts the maximum effort into making semiconductor products better and more reliable, but there is 

always the possibility that trouble may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage. 

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of 

substitutive, auxiliary circuits, (ii) use of non-flammable material or (iii) prevention against any malfunction or mishap. 

 
 

Notes regarding these materials 

l These materials are intended as a reference to assist our customers in the selection of the RENESAS 
semiconductor product best suited to the customer’s application; they do not convey any license under any 
intellectual property rights, or any other rights, belonging to RENESAS TECHNOLOGY CORPORATION or a 
third party. 

l RENESAS TECHNOLOGY CORPORATION assumes no responsibility for any damage, or infringement of any 
third-party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit 
application examples contained in these materials. 

l All information contained in these materials, including product data, diagrams, charts, programs and algorithms 
represents information on products at the time of publication of these materials, and are subject to change by 
RENESAS TECHNOLOGY CORPORATION without notice due to product improvements or other reasons. It is 
therefore recommended that customers contact RENESAS TECHNOLOGY CORPORATION or an authorized 
RENESAS Semiconductor product distributor for the latest product information before purchasing a product 
listed herein. The information described here may contain technical inaccuracies or typographical errors. 
RENESAS TECHNOLOGY CORPORATION assumes no responsibility for any damage, liability, or other loss 
rising from these inaccuracies or errors. Please also pay attention to information published by RENESAS 
TECHNOLOGY CORPORATION by various means, including the RENESAS Semiconductor home page 
(http://www.renesas.com/eng/). 

l When using any or all of the information contained in these materials, including product data, diagrams, charts, 
programs, and algorithms, please be sure to evaluate all information as a total system before making a final 
decision on the applicability of the information and products. RENESAS TECHNOLOGY CORPORATION 
assumes no responsibility for any damage, liability or other loss resulting from the information contained herein. 

l RENESAS TECHNOLOGY CORPORATION semiconductors are not designed or manufactured for use in a 
device or system that is used under circumstances in which human life is potentially at stake. Please contact 
RENESAS TECHNOLOGY CORPORATION or an authorized RENESAS Semiconductor product distributor 
when considering the use of a product contained herein for any specific purposes, such as apparatus or 
systems for transportation, vehicular, medical aerospace, nuclear, or undersea repeater use. 

l The prior written approval of RENESAS TECHNOLOGY CORPORATION is necessary to reprint or reproduce in 
whole or in part these materials. 

l If these products or technologies are subject to the Japanese export control restrictions, they must be exported 
under a license from the Japanese government and cannot be imported into a country other than the approved 
destination. Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the 
country of destination is prohibited. 

l Please contact RENESAS TECHNOLOGY CORPORATION or an authorized RENESAS Semiconductor 
product distributor for further details on these materials or the products contained therein. 
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1.1 Introduction 

This reference note describes implementing RENESAS 38K0/38K2 Group MCUs for USB application 

systems through various example circuits. The reference value of each component used in these example 

circuits needs to be adjusted when applying to your system. Therefore, RENESAS recommends calibrating 

each value to fit the target application, 
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1.2 38K0/38K2 Group Standard USB Circuits 
This section describes the standard USB circuits for the 38K0/38K2 Group. For more details concerning other 

peripheral functions, refer to the 38K0/38K2 Group data sheet. 

1.2.1 USB-related Pins 
Table 1.2.1 shows USB-related pin functions of 38K0/38K2 Group MCUs. 

 

Table 1.2.1 38K0/38K2 Group USB –related Pins 

Pin No. Symbol Name Function 
23 USBVREF USB reference power 

source 
Power source pin for USB port circuit (3.00~3.60V). 

*Power supply source can be selected in register 
setting. 

24 TrON USB reference voltage 
output 

Output pin to pull-up D0+ by 1.5k-ohm external resistor. 
Outputs USBVref voltage when register is enabled. 

25 D0+ 
26 D0- 

USB upstream  
I/O 

USB upstream I/O port. USB input level. USB output level 
output structure. 

 

(1) USB Reference Power Supply Pin (USBVref) 

The USB ports of the 38K0/38K2 MCU operate at 3.00~3.60V. The supply voltage is provided from the 

USBVref pin (USB reference power source pin). Normally, the built-in USB reference voltage circuit 

generates 3.30V. But the 38K0/38K2 Group allows the user to enable/disable this circuit through VREFE 

(USB reference voltage enable bit), bit 4 of USBCON (USB control register). When the circuit is disabled, 

supply 3.00~3.60V from this pin. 

When the reference circuit is enabled, this pin must be pulled down to ground with a 0.1uF by-pass 

capacitor and a 2.2uF capacitor (electrolytic type), as shown in Fig. 1.2.1(1)-a. The capacitors must be placed 

as close to the pin as possible, When the reference circuit is disabled, the pin must be supplied with 

3.00~3.60V externally and connected to ground with a 0.1uF capacitor, as shown in the figure. 
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 Figure 1.2.1(1) USBVREF Pin Connection 

38K0/38K2 

USBVREF(23) 
+

2.2uF 

a. When built-in USB reference 

voltage circuit is enabled 

0.1uF 

38K0/38K2 

USBVREF(23) 

b. When built-in USB reference voltage 

circuit is disabled 

0.1uF 

3.00~3.60V 
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(1) USB Reference Voltage Output Pin (TrON) 

This is the pull-up voltage output pin for the up-port. The USBVREF voltage supplied either internally or 

externally is output from this pin. Connect the D0+ pin to the TrON pin through a 1.5k-ohm resistor. 

The output of the TrON pin can be turned ON/OFF by bit TRONCON (TrON output control bit: bit 1 of 

USBCON). Normally, the TrON pin must be turned ON after detection of the USBVBUS voltage (supply voltage 

from USB up-port bus). However, the 38K0/38K2 MCU does not perform this control through hardware. 

Therefore, the user must add external hardware to detect the USBVbus voltage and supply the TrON voltage, 

as shown in Figure 1.2.1 (2)-a.  Or the user must utilize an interrupt pin for the USBVBUS voltage detection as 

shown in Figure 1.2.1 (2)-b and turn on the TrON pin by software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-- Note -- 

Figure 1.2.1(3) shows the relation between the USBVBUS power source and the TrON signal when the USB 

reference voltage circuit is enabled for operation. 

 

Figure 1.2.1(2) TrON Pin Connection 

38K0/38K2 

TrON(24) 

1.5k-ohm 

a. Hardware detection of USB VBUS 

Analog SW 

D0+ 

USB VBUS 
Normal “H”
output 

38K0/38K2 

TrON(24) 

1.5k-ohm 

b. External interrupt detection of USB VBUS 

D0+ 

USB VBUS 

Controlling output 
with firmware. 

INT0/INT1 
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Figure 1.2.1(3) Relation between USBVBUS and TrON Signals 

Recomended Capacity: 

USB Reference 

Voltage Circuit 

Vcc 

USBVREF 
VREFE

VREFCON

TrON TRONCON

TRONE

2.2uF 
0.1uF 

External capacitors 

*When bus-powered: Vcc is supplied 
by USBVBUS. 
*When self-powered: Vcc is supplied 
by other source. 

Supply power to 
USB port circuit 

38K0/38K2 
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(2) USB Up-Stream I/O Pins (D0+/D0-) 

Pins D0+/D0- represent the USB up-stream signal pair D+ and D-. To enable proper impedance matching, 

serially insert 27-ohm (recommended value) resistors between the MCU pins and signal lines and 68pF 

(recommended value) capacitors between the pins and resistors, as shown in Figure 1.2.1. Because these 

values vary according to the board impedance, select optimal values by measuring the signal skew in actual 

evaluation. In addition, insert a 15-ohm pull-down resistor for each signal line and, if necessary, 

common-mode ferrite beads as an EMI countermeasure (reference: signal line is equal to or greater than 120 

ohms/100mA, supply line is equal to or greater than 120 ohms/2A at 100MHz). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For details concerning the Vcc pin, refer to Section 1.4.1 “Vcc and USBVref Voltages”. 

 

Figure 1.2.1 (4) D0+/D0- Pin Connection 

38K0/38K2 

TrON(24) 

1.5k-ohm
USB Up-Stream 

Analog 

D0+(25) 

USB VBUS

Always outputs “H” 

27ohm 

D0-(26) 
27ohm 

This value is for reference only. Select an 
optimum value that minimizes the signal 
skew. 

GND 

EMI countermeasure (optional) 

Not necessary when  
bus-powered 

Selector Ext. supply VCC 

68pF 68pF 

Connect as near as pin possible. 
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1.3 38K2 Down-Port Pin Reference Circuit 
This section describes the HUB down-port circuit of the 38K2 Group. For details concerning the USB 

standard circuit, refer to Section 1.2 “38K0/38K2 Group USB Standard Circuit”. For more details concerning 

other peripheral functions, refer to the 38K0/38K2 Group data sheet. 

1.3.1 HUB-related Pins 
Table 1.3.1 shows HUB-related pin functions. 

 

Table 1.3.1 HUB-related Pin Functions 
Pin No. Symbol Name Function 

27 D1- 
28 D1+ 

USB down-stream 1 
I/O  

Down-stream 1 signal pair D+ and D- 

29 D2- 
30 D2+ 

USB down-stream 2 
I/O 

Down-stream 2 signal pair D+ and D- 

 

(1) USB Downstream 1/2 Input/Output (D1-/D1+/D2- D2+) 

These are the D+ and D- signal lines for USB hub downstreaming. To enable proper impedance matching, 

serially insert 27-ohm (recommended value) resistors between the MCU pins and signal lines and 68pF 

(recommended value) capacitors between the pins and resistors, as shown in Figure 1.3.1. Because these 

values vary according to the board impedance, select optimal values by measuring the signal skew in actual 

evaluation. In addition, insert a 15-ohm pull-down resistor for each signal line and, if necessary, 

common-mode ferrite beads as an EMI countermeasure (reference: signal line is equal to or greater than 120 

ohms/100mA, supply line is equal to or greater than 120 ohms/2A at 100MHz). (Note 1)    

Note 1: For 382K Group - when setting the downports (P020-P23), use the input (default) settings for Port 2 direction register (bit 0 – bit 3). 
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 Figure1.3.1 D1+/D1- (D2+/D2-) Pin Connection 

38K2 

15k-ohm

USB Down-Stream 

D1+ (28) or D2+ (30) 

USB VBUS 

27ohm

D1- (27) or D2- (29) 
27ohm

This value is for reference only. Select an optimum 
value that minimizes the signal skew. 

 

GND 

15k-ohm

EMI countermeasure (optional) 

68pF 68pF 

Connect as near as pin possible. 
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1.3.2 Over-Current Detection/Protection 
USB Version 1.1 (or later) Specification requires an ON/OFF switch for each bus-powered HUB down-port. 

Figure 1.3.2 shows an example of this requirement (down-port power ON/OFF, over-current 

detection/protection) with a standard current control IC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example functions of standard current control IC. 

Pin 
Name 

Functions 

EN1 Down-port 1 Supply SW 
OUT1 Down-port 1 Supply Output 
FLAG1 Down-port 1 Over-Current Detection 
EN2 Down-port 2 Supply SW 
OUT2 Down-port 2 Supply Output 
FLAG2 Down-port 2 Over-Current Detection 
IN Power Supply Pin 
GND  

 

 

 

 

 

 

Figure 1.3.2 Standard Current Control IC Connection Example 

38K2 

Down-Port 1 

P62 

P63 

IN 

OUT1 

OUT2 

EN1

FLAG1

EN2

FLAG2

GND 

10k-ohm 

VCC VCC 

Down-Port 2 

P60 

P61 

0.1uF 

USB VBUS 

USB VBUS 
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1.4 Cautions 
This section describes various cautionary items to be aware of when designing a board with 38K0/38K2 

MCUs. 

1.4.1 Vcc Pin and USBVref Pin Voltage 
The guaranteed range of the MCU supply voltage (Vcc) will change depending on the MCU operation speed 

(defined by the system clock and main clock-phi), as shown in Table 1.4.1. When Vcc = 3.00~4.00V, the USB 

reference voltage circuit must be turned off and USB power (3.00~3.60V) must be supplied from the USBVref 

pin. Please note that the voltage level of the USBVref pin cannot exceed the level of the Vcc pin.   

Figure 1.4.1 shows two examples of the connection between USBVref and Vcc pins (when Vcc = 

3.00~4.00V). 

 

Table 1.4.1 Relation between Clock, Supply Voltage Vcc, and USB Ref. Power Supply USBVREF 
System Clock Main Clock-phi Supply Voltage VCC 

(Dev. Status) 
USB Ref. Power 
Supply USBVREF 

12MHz 4.50~5.25V 
(Planning) 

12MHz 

6MHz 
(divide-by-2) 

4.00~5.25 
(Under development) 

8MHz 8MHz 4.00~5.25 
4.00~5.25 

Internal USB 
Reference Voltage 

Circuit enabled 

6MHz 6MHz 
3.00~4.00 
(Under development) 

3.00~3.60V 
supplied from 
USBVREF pin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1.4.1 Vcc (3.00~4.00V) Connection 

38K0/38K2 

USBVREF(23) 

0.1uF 

VCC(14) 

0.1uF 

VCC = 3.00~3.60V 38K0/38K2 

USBVREF(23) 

0.1uF 

VCC(14) 

0.1uF 

VCC = 3.60~4.00V 

3.00~3.60V 

a. When VCC = 3.00~3.60 b. When VCC = 3.60~4.00 
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1.4.2 Vref and VccE Voltage Pins 
The Vref pin is an input pin that provides the reference voltage to the AD converter circuit. The VccE pin is an 

input pin that supplies power to the AD converter circuit and Ports 1, 3, and 4. (These ports supply the bus 

voltage when using the EXB function. Because the VccE pin is used for supplying power to the AD converter 

circuit, the Vref pin must be left open or the voltage of the pin must be equal to or lower than the voltage of the 

VccE pin, as shown in Figure 1.4.2. The VccE pin, which is a power supply pin, should be connected to Vcc 

when the corresponding circuits above are not in use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4.2 Connection Example of Vref and VccE Pins 

38K0/38K2 

VCCE(9) 

0.1uF 

VREF(10) 

0.1uF 

Leave open or connect to Vcc 

VCC 

b. When VREF <= VCCE 
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1.4.3 On-Board Flash Programming 
38K0/38K2 Group Flash memory version allows you to reprogram application F/W on-board by 

pre-programming the rewriting control program to the Flash memory boot ROM area (or user ROM area) in 

advance. Note 1 

This rewriting control program, as shown in Table 1.4.3, can be programmed with either a serial writer 

(MFW-1) or the FOUSB methodNote 2 (3V/5V, 6MHz/12MHz), by setting the port status at MCU reset. Note 3 

 

Table 1.4.3 Selection of rewriting control program through port settings 

P26 P27 P42 P16 Mode 
* * H H Serial Mode (note 4) 
* H L H FOUSB 3V/6MHz (Notes 5 & 6) 
H L L H FOUSB 5V/12MHz 
L L L H FOUSB 5V/6MHz 

*: Don’t care 
 
Note 1. The boot program in the Flash memory boot ROM area can be reprogrammed with either a 
program-writer or in the parallel mode. 
Note 2. “FLASH OVER USBTM” (abbreviation: “FOUSB”) is a registered trademark of Renesas Technology 
Corporation. 
Note 3. Renesas Technology software programs are in HEX code. The FOUSB function can be used 
during the trial period for evaluation purposes only. Please contact us directly concerning purchase of 
source code and modify functions. 
Note 4. The serial mode is not affected by power supply voltage or external oscillation frequency. 
Note 5. When using FOUSB at 3V, peripheral circuits must be converted to 3V operations as well. For 
more details, please refer to Page 7.  Note that even at 3V operations, programming voltage CNVSS must 
be at 4.50 – 5.25V.  
Note 6. FOUSB will not run on settings other than those listed above.  
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[Boot mode setup conditions] 

Signal Name Level 

CNVSS/VPP 4.50~5.25V 
P16 VCC 
P42/ExTC/SCLK VCC 
RESET VSS : VCC edge 

The level of CNVss/Vpp pin differs from Vcc during 

Flash programming. 

38K0/38K2 

P43/ExA1/SRDY

P42/ExTC/SCLK

P41/ExDACK/TxD
P40/ExDREQ/RxD

Analog SW 

Analog SW RS-232C 
or 

Exbus 

54 
53 
52 
51 

100k-ohm

VCC 

P16
5 

100k-ohm 

CNVSS/VPP
7 

4.50~5.25V

Programmer 
Connector 

1 2 3 4 5 6 7 8 9 10 

VCC 

RESET 41 

To RESET circuit

Not necessary with 
serial interface or 
EXB. 

Figure 1.4.3 (1) Example Circuit showing Boot ROM Area Standard Serial Interface and FOUSB Interface. 

ON when input 
is “H”. 
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Figure 1.4.3 (2) shows a configuration specific for the FOUSB interface operation. The specified switch must 

be set in the same manner as shown in Fig. 1.4.3 (1) and then a reset must be applied to invoke the firmware. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Boot mode setup conditions] 

Signal Name Level 

CNVSS/VPP 4.50~5.25V 
P16 VCC 
P42/ExTC/SCLK VCC 
RESET VSS: VCC edge 

The level of CNVss/Vpp pin differs from Vcc 

during Flash programming. 

38K0/38K2 

P43/ExA1/SRDY

P42/ExTC/SCLK
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Figure 1.4.3 (2) Circuit Example specific for FOUSB interface. 
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