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Abstract
The CCE4502 application note.
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CCEA4502 Application Note

Introduction

The CCE4502 transceiver is suitable for I/O Link Device applications and is compliant with the 10-Link Interface
and System specification Version 1.1.2 from July 2013 accessible via www.io-link.org. This application note
contains information complementary to the CCE4502 product specification and is subject of permanent
improvement. Please consult the CCE4502 product specification for most recent and detailed information.

Typical Application
Typical applications of the CCE4502 include 10-Link enabled sensors or actors.

The 10-Link interface can provide power for the CCE4502 and other circuitry of the application, such as
microcontrollers and sensor or actuator controlling circuit.

The first channel of the CCE4502 controls the 10-Link CQ line. A second channel is available to drive an optional
in- or output for compatibility with a wide range of communication interfaces.
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Figure 1: Typical Application — 1/Q optional
In general, a microcontroller is required for I0-Link Device applications, albeit the 10-Link Framehandler of
CCE4502 reduces the MCU load of the external microcontroller. The microcontroller needs to interface the sensor
or actuator and provide data requested by the 10-Link interface of the CCE4502.
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Power supply

The IC is supplied by 9V to 36V between L+ and L- pins. An internal protection circuit prevents damage to the
CCE4502 if power is applied in reverse polarity. Thus, the pin VSS serves as the reference ground for all pins
except L+ and L-. Connecting L- and VSS will tamper the reverse polarity protection function.
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Figure 2: CCE4502 power supply block diagram

9V...36V
supply

The CCE4502 integrates several regulators to provide internal and external supply voltages:

A 5V output voltage LDO at pin VDD5 providing up to 10mA.

DC/DC regulator provides 7V at pin LEXT providing up to 50mA.

A factory programmed regulator, which provides 3.3V or 5V up to 50mA.
A 1.8V LDO to supply internal logic, no external load allowed.

5. A 1.2V reference voltage output can provide up to 100uA load current.

el N

The DC/DC regulator also provides the input voltage for the 3.3V/5V LDO, do not draw more than 50mA from both
regulators together.

Thermal capabilities of the device and PCB limit the current driving capability of the regulators.

VDD5 -5V LDO

A constant 5V is available at VDD5. This pin can drive a maximum load current of 10mA. A 100nF capacitor to
VSS is required at this pin, even if no external load is connected.

DC/DC regulator

A DC/DC regulator is available to generate a 7V output voltage at VHH from the supply. The voltage at VHH
serves as input to the 3.3V/5V and 1.8V LDO.

The DC/DC regulator runs in either linear regulation or buck regulation mode. The regulation mode of the DC/DC
regulator is factory programmed into the CCE4502. Consult the product specification for corresponding order
codes!

Always check the power budget to select the DC/DC regulator option suitable to your design.
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Buck Mode

The buck regulation mode improves the efficiency of the CCE4502 and allows limiting the on chip power
dissipation at the cost of additional external components. In buck regulation mode, the following external

components are required:

1. 22pH inductor from LEXT to VHH.
2. 22pF low ESR capacitor from VHH to VSS.
3. 10pF capacitor from L+ to L-.

In buck mode, the DC/DC regulator switches at a frequency of 2.0MHz (x500kHz). This clock is generated

internally.
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Figure 3: Application schematic with DC/DC in Buck Mode
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Linear Mode

In linear regulation mode, the pins LEXT and VHH have to be connected externally. A 100nF capacitor from VHH
to VSS is required for a stable 7V output voltage.
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Figure 4: Application schematic with DC/DC in Linear Mode
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External Supply

If neither the buck regulator mode nor the linear regulator mode can be used, an external 6V to 36V supply must
be connected to VHH. A 100nF capacitor is recommended from VHH to VSS. Leave LEXT unconnected.
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Figure 5: Application schematic with DC/DC bypassed

VDD - 3.3V/5V LDO

The output voltage of the LDO at pin VDD is factory programmed. Consult the product specification for
corresponding order codes! A 470nF capacitor is required between VDD and VSS for a stable output voltage. All
digital 10s (INTX, SDX1, TXD1, MOSI, MISO, TXEN1, RXD1, SCLK, SSX, TXD2, SDX2, K1, CLK_EXT) are
supplied by this voltage, thus defining their input threshold and output voltage.

External circuitry can be supplied by this LDO. Up to 50mA can be drawn. Keep in mind, that the maximum load
current at VHH and VDD must not exceed 50mA in total.

VDD1V8 - 1.8V LDO

This output voltage is fixed to 1.8V and is used by internal logic of the IC. A 100nF capacitor is required between
VDD1V8 and VSS.
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Clock

A calibrated internal 14.7456MHz (x2%) oscillator provides the system clock used by the core logic. This clock
signal is available at the CLK_EXT pin of the IC if the pin K1 is connected to VSS or left open.

If an external clock is required, connect a 14.7456MHz clock source to CLK_EXT and connect K1 to VDD. An
absolute accuracy of +3% or better is required for proper 10-Link communication. If VDD is programmed for 3.3V
output voltage, a 3.3V CMOS clock signal is required at CLK_EXT. Hence, a 5V CMOS clock signal is required at
CLK_EXT, if VDD is programmed for 5V output voltage.
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Figure 6: Clock system

UC Interface

Two interfaces are available to control the CCE4502, depending on the target application

Logic IO-Interface

The pins TXEN1, SDX1, TXD1, RXD1, TXD2, SDX2 allow direct access to the channell (CQ1) infoutput and the
channel2 (DIO) output. By using these pins only, all 10-Link protocol handling has to be implemented in the
externally connected MCU. However, this allows using the CCE4502 as a simple levelshifter from 3.3V/5V logic
signals to 10-Link compliant levels.

SPI

The SPI (SSX, SCLK, MOSI, MISO and INTX) interface can be used to control the channell (CQ1) and channel2
(DIO) in and outputs. It allows to access internal supervisor circuitry, such as the over temperature, overvoltage
detector and output overcurrent protection.

Furthermore 10-Link communication is eased by the on chip logic (Framehandler, Wakeup detect). So the
computation overhead for the external MCU is reduced.

Power Budget

The ability of conducting heat from the chips core to the environment (thermal resistance) and highest allowable
chip (junction) temperature limit the maximum power dissipation the CCE4502 can handle.

To minimize the temperature gradients at the chip, the total power dissipation is limited to 1W, see Absolute
Maximum section of the product specification.

Keep in mind, that the internal temperature detection will flag over temperature at Tj=(120+10) °C.

System assembly, PCB layout and package determine the thermal resistance (Rj-a) from junction to ambient of
the IC measured in K/W. For the QFN24 package, by connecting the exposed pad to a copper plane at the
backside of the PCB using thermal vias, good thermal coupling is possible. A junction to ambient thermal
resistance of 40K/W can be achieved for the QFN24 4x4 package. System assembly will influence the R4, like
free airflow at the PCB vs. thermal isolation of the PCB when assembled in the final product.
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Calculate the junction temperature as follows:

Tj =Ta+Rthj—a'PD
Assuming ambient temperature (Ta) of 105°C, an Rinj-a of 40K/W and 1W of dissipated power (Pp) inside the chip,
the junction temperature (Tj) will rise to 145°C.

The on-chip power dissipation of the CCE4502, hence the junction temperature, is influenced by:

1. Input voltage.

2. External load currents at the regulator outputs and digital 10s.
3. Operation mode of the DC/DC regulator.

4. Output current at CQ1 and DIO.

5. Internal power consumption.

Use the “CCE4502 Power Budget” Excel sheet to calculate the total on chip power dissipation:

CCE4502 Power Budget
Supply Voltage
Supply Voltage 24,0V
Static output current at CQ1 200,0 mA Power at channel 1 Bl 80,0 mW
Static output current at CO2 200,0 mA Power at channel 2 Bl 20,0 mW
Internal current at supply 3,0 mA Internal circuitry at supply [ 72,0 mW
VDD5 (5V) Regulator
WDD5 external current 0,0 mA VDD5 regulator | 17,1 mW
WDD5 internal current 0,9 mA Internal at VDDS | 4,5 mW|
DC/DC Regulator
DC/DC Operation mode Buck DC/DC-Regulator | 0,9 mW|
DC/DC Buck Mode efficency a0%
External current at WVHH 0,00 mA
VDD (3.3V/5V) regulator
VDD output voltage 50V VDD regulator | 0,2 mW|
External current at VDD 0,0 mA
Internal current at VDD 0,1 mA Internal circuitry at VDD | 0,5 mW|
VDD1VE (1.8V) Regulator
YDD1VE external current 0,0 mA VDDIVE regulator | 5.2 mwW
VDD1VS internal current 1.0 mA Internal at VDD1VE 1,8 mW
Total
Ambient Temperature 105 *C On-Chip power dissipation
Thermal Resistance (j-a) 40,0 KW Junction Temperature

Figure 7: Screenshot of Power Budget Calculator
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Reference Schematic
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Figure 8: CCE4502 10-Link Device Reference Schematic
I0_Link7 Rev1.6 RENESAS Page 9

Feb 28, 2022



CCEA4502 Application Note

Revision History

Revision Date Description

1.6 29-Jan-2022 | Rebrand

15 01-Nov-2019 | Updated Template

1.4 04-Dec-2017 | Update of application schematics
Replaced capacitor LP/VSS with LP/LM
Removed Reference PCB layout

1.3 15-Nov-2016 | In line with spec

1.2 17-Oct-2016 | Fixed PCB layout view

1.1 12-Sep-2016 | Fixed VHH input voltage in bypass mode

1.0 07-Sep-2016 | Initial revision
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)
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TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
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