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This application note describes the typical external circuitry to use the 4-Channel IO-Link Master Transceiver 

with integrated Frame Handler. 
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1. References 

[1] CCE4511, Datasheet, Revision 1.00, Renesas Electronics. 

Note 1 References are for the latest published version, unless otherwise indicated. 

2. External Circuitry 

2.1 Basic External Circuitry 

This chapter describes the external basic circuitry necessary to ensure proper functionality of the CCE4511. 

It is recommended that any design is carefully evaluated, and that the basic external circuitry is extended to 

meet all the requirements of the finished product. 

2.1.1 Power Supply 

For proper power supply, a decoupling and stabilization network at the power supply pins of the CCE4511 is 

required. Figure 1 shows the required decoupling and stabilization capacitors at VS, VDDIO, VDDD and VDDA. 

S

 
Figure 1. Power Supply Decoupling and Stabilization Network 

 

It is recommended to use Class 2 X5R, X7R or higher graded MLCC capacitors. Capacitor values might need to 

be adapted to fit the target application. Place all capacitors as close to the corresponding pin as possible, with 

the smallest capacitor placed closest to the pin. 

Do not connect any external load to VDDA and VDDD! 
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2.1.2 Crystal Oscillator 

The CCE4511 uses an external 14.7456 MHz crystal at pins XTAL1 and XTAL2 for clock generation. Figure 2 

shows the typical connection of the external crystal using two load capacitors (CP1 and CP2) and the option to 

daisy chain multiple CCE4511.   

 
Figure 2. Crystal Oscillator Connection 

 

The load capacitor values depend on the crystals requirements which can be found in the crystals datasheet and 

can be calculated using Equation 1 and Equation 2, where: 

▪ CL = crystal load capacitance 

▪ CP1 / CP2 = external load capacitors 

▪ CPX = stray capacitance + capacitance of XTAL1 and XTAL2 pins 

▪ CS = capacitor for daisy chain clock signal 

 

CS should always be selected as 100 pF. If the crystal is placed close to the CCE4511, a value of CPX ≈ 2 - 3 pF 

can be assumed. 

 

No Daisy Chain 𝐶𝑃1 = 𝐶𝑃2 = 2𝐶𝐿 − 3𝐶𝑃𝑋 Equation 1 

Daisy Chain 
 

𝐶𝑃1 = 𝐶𝑃2 = 2𝐶𝐿 − 4𝐶𝑃𝑋 Equation 2 

Example calculation without daisy chain, with CL = 18pF and CPX = 3pF: 

𝐶𝑃1 = 𝐶𝑃2 = 2𝐶𝐿 − 3𝐶𝑃𝑋 = 2 ∙ 18 𝑝𝐹 − 3 ∙ 3 𝑝𝐹 = 27 𝑝𝐹 

 

Please be aware that this calculation is for reference only and designers need to make sure that the calculation 

is specifically done for each design. 
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2.1.3 IO-Link Channel 

The CCE4511 has four independent IO-Link channels. Each channel can utilize its own external circuitry to 

accomplish any specific application use case. However, it is very common for all channels to use the same 

external circuitry. In this chapter, the basic circuit is shown as an example for channel 0. 

Please be aware that additional external circuitry is needed to switch inductive loads! For more information see 

2.2.2 IO-Link Channel. 

 
Figure 3. IO-Link Channel 0 

 

An external N-Channel MOSFET (NMOS) is used to switch the power supply (LP) of the channel. For safe 

operation, a shunt resistor (R1) is used to monitor the current for the internal overcurrent protection and enable 

the CCE4511 to shut down the power supply of the channel if safe limits are exceeded.  

An overcurrent (ISENSE_OVC) is flagged if the voltage across this shunt resistor exceeds VSENSE_OVC (240 mV). 

To calculate the necessary shunt value for the application specific overcurrent detection threshold, Equation 3 

can be used. 

  

𝑅𝑆𝐸𝑁𝑆𝐸 =
𝑉𝑆𝐸𝑁𝑆𝐸_𝑂𝑉𝐶

𝐼𝑆𝐸𝑁𝑆𝐸_𝑂𝑉𝐶

=
240 mV

𝐼𝑆𝐸𝑁𝑆𝐸_𝑂𝑉𝐶

 

 

Equation 3 

Example calculation for ISENSE_OVC = 2 A: 

 

𝑅𝑆𝐸𝑁𝑆𝐸 =
𝑉𝑆𝐸𝑁𝑆𝐸_𝑂𝑉𝐶

𝐼𝑆𝐸𝑁𝑆𝐸_𝑂𝑉𝐶

=
240 mV

2 A
= 120 mΩ  

 

For detailed information about the overcurrent protection and overcurrent limitation feature, please see the 

CCE4511 Datasheet. 
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When choosing the external N-channel MOSFET, make sure VGS,MAX is ≥ +15 V and VDS is ≥ VIN of the 

application. 

To ensure a stable slew rate, a capacitor (C2) of 270 pF at CQ is required. Depending on the application and 

allowed device supply and switching current, a capacitor (C3) at LP is required. A minimum value of 100 nF is 

recommended. If a higher value for C3 is chosen, make sure to also adjust the value of C1 to guarantee stability 

of VIN. 

Example combinations of C1 and C3: 

Table 1: Example Combinations of C1 and C3 

C1 C3 

1 µF 100 nF 

100 µF 1 µF 

2.1.4 SPI / UART Interface 

Communication with the microcontroller can be done either by SPI, UART or a combination of SPI and UART. 

However, communication with UART is limited to direct channel control and does not allow to write or read the 

configuration registers of the CCE4511. 

 
Figure 4. SPI / UART Interface 

 

No additional external circuitry is required for SPI or UART.  
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2.2 Extended External Circuitry 

This chapter describes the recommended extended external circuitry to utilize the complete feature set of the 

CCE4511 and to successfully pass all necessary environmental and functional tests for IO-Link communication.  

Please note that all the information described in the previous chapter also applies to this chapter. 

It is recommended that any design is carefully evaluated, and that the circuitry is adapted to meet all the 

requirements of the finished product.  

2.2.1 Power Supply 

To extend the power supply decoupling and stabilization network, an additional 4.7 µF capacitor at VDDIO and a 

reverse polarity protection diode (D1) in series at VIN is used. See Figure 5 for details. 

 
Figure 5. Power Supply Decoupling and Stabilization Network 

 

An example for D1 would be SBRT5A50SA-13 (Diodes Inc.). With a high DC blocking voltage of 50 V, an 

average rectified output current of 5 A and a low forward voltage drop of max. 0.53 V it is suited for applications 

with a device supply current of 1 A per channel. 

An additional 4.7 µF capacitor at VDDIO ensures a more stable power supply. If space is not a limiting factor or 

of high significance, it is highly recommended to add the additional capacitor. 

At VDDD / VDDA, there are no changes to the external circuitry.  
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2.2.2 IO-Link Channel 

To switch inductive loads and to achieve additional protection for each channel, extended external circuitry is 

required. See Figure 6 for details. 

 
Figure 6. IO-Link Channel 0 Extended Circuitry 

 

If switching inductive loads is a required feature of the IO-Link channel, an additional compensation network (R2 

and C4) is necessary at GTx. This ensures the stability of the current limit feature. The values of R2 and C4 are 

not to be changed. 

Diodes D2, D3 and D4 are used for extended protection of the IO-Link channel. 

D2: Protects CQ pin from voltage levels higher than LP. It is mandatory to use a Schottky diode due to its low 

forward voltage. A suitable example is SBR2U60S1F-7 (Diodes Inc.) 

D3: Protects CQ pin from voltage levels lower than LM. It is mandatory to use a Schottky diode due to its low 

forward voltage. A suitable example is SBR2U60S1F-7 (Diodes Inc.) 

D4: Protects the IO-Link interface from surge pulses. An example for D4 is SMF4L33A (Littlefuse Inc.). With a 

breakdown voltage (VBR) of 36.7 V to 40.6 V and a reverse standoff voltage (VR) of 33 V, it allows for a supply 

voltage range of up to 36 V.  
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Revision Date Description 

01.00 Aug 07, 2024 Initial version. 
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1. 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 or any other use of the circuits, software, and information in the design of your 
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of 
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or 
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export, 
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for 
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key 
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas 
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to 
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system; 
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims 
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is 
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics 
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND 
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT 
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH 
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO 
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for 
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas 
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific 
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability 
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, 
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are 
responsible for evaluating the safety of the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these 
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance 
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.
(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled 

subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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