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TI Designs：：TIDA-01478
具具有有数数字字输输出出和和直直流流/直直流流转转换换器器的的 IO-Link 参参考考设设计计

说说明明

随着工业自动化的不断发展，迫切需要强大的收发器模

块。此高密度参考设计演示了采用 IO-Link 收发器模块

的可能性。借助 IO-Link 收发器模块、数字输出通道和

直流/直流降压转换器，此参考设计为不同 应用提供了

广泛的灵活性。这一受到可靠保护的设计可用于可能存

在大量静电放电 (ESD) 的工业环境。凭借该直流/直流

降压转换器，此模块可为诸如微控制器 (MCU)、传感

器、显示器等各类外部设备供电。此参考设计仅实现了

IO-Link 的物理层。

资资源源

TIDA-01478 设计文件

TIOL111 产品文件夹

TIOS101 产品文件夹

LM5165X 产品文件夹

咨询我们的 E2E 专家

特特性性

• IO-Link 和数字输出（M12 A 型）

• 用于 MCU 和外部设备的 10 引脚接头

• 功率输出为 500mW

• 设计符合以下标准：±16kV IEC 61000-4-2、±4kV
IEC 61000-4-4、±1.5kV/40Ω IEC 61000-4-5

应应用用

• 工厂自动化和过程控制

• 楼宇自动化

• 传感器和现场发送器

• 其他工业应用

该 TI 参考设计末尾的重要声明表述了授权使用、知识产权问题和其他重要的免责声明和信息。

http://www-s.ti.com/sc/techlit/TIDUD77.pdf
http://www.ti.com.cn/tool/cn/TIDA-01478
http://www.ti.com.cn/product/cn/TIOL111
http://www.ti.com.cn/product/cn/TIOS101
http://www.ti.com.cn/product/cn/LM5165
http://e2e.ti.com
http://e2e.ti.com/support/applications/ti_designs/
http://www.ti.com.cn/lsds/ti_zh/applications/industrial/factory-automation/overview.page
http://www.ti.com.cn/lsds/ti_zh/applications/industrial/building-automation/overview.page
http://www.ti.com.cn/solution/cn/field_instrumentation
http://www.ti.com.cn/lsds/ti_zh/applications/industrial/other-industrial/overview.page
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(1) Digital output (DO) can be referred to as SIO, but this reference design will refer to digital output as DO.
(2) This DO output is the same as DI/DQ pin of IO-Link.

1 System Description

This reference design demonstrates the ability to have a high-density, IO-Link transceiver module, digital
output (DO) (1) channel, and a DC-DC buck converter. With the DC-DC this module can power a wide
array of external devices, such as microcontrollers (MCUs), sensors, displays, and more. IO-Link and DO
communication channels offer a wide range of flexibility for different applications. This reference design
will fit applications that require a combination of sensors, such as a flow meters, level sensors, motion
sensors, light sensors, or ultrasonic sensors. The TIOL111 and TIOS101 have high tolerances to ESD as
outlined in IEC 61000-4-4 and IEC 61000-4-5 (500 Ω), allowing them to be used in industrial settings
where there is a potential for high amounts of ESD. With the addition of transient voltage suppression
(TVS) diodes, the level of ESD protection can be raised substantially. This reference design only
implements the physical layer of IO-Link.

1.1 IO-Link Interface

This system includes an IO-Link physical layer interface (TIOL111), the standard M12, four-position,
connector, and 10-pin header for an MCU to interface with the module. This interface has NFault and
Wake function pins. Wake pins allow a master controller to initiate communication with the device. NFault
pins indicate whether the device is in undervoltage lockout (UVLO), thermal shutdown, or overcurrent.

1.2 Power Supply

The TIOL111 and TIOS101 include a built-in, high-voltage, linear voltage regulator (LDO) that powers the
IC from L+ with a range of 7V to 36V.

A wide-input voltage range DC-DC buck converter (LM5165X) can generate 5-V Vcc for the external
system from the nominal 24V from the IO-Link L+ line. This device powers an external MCU and a variety
of accessories that the end user can choose. This output is accessible using the 10-pin header.

1.3 Digital Output (DO)

Along with the IO-Link interface, this module implements DO (TIOS101) for a second line of
communication for sensor data and other one-way data streams. (2) This second output channel can be
used in applications that require different outputs for two different levels on a sensor. The DO is
accessible using the 10-pin header.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
http://www.ti.com/product/TIOL111
http://www.ti.com/product/LM5165
http://www.ti.com
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1.4 Key System Specifications

表表 1. Key System Specifications

PARAMETER SPECIFICATIONS
IO-Link PHY Meet the physical layer specifications of IO-Link

System level protection ±16-kV IEC 61000-4-2, ±4-kV IEC 61000-4-4, ±1.5-kV/40-Ω IEC 61000-4-5
Small board design Easy to use in a wide variety of situations

Sensor front end Digital output, Standard Input Output (SIO) using header pins
DC-DC power 100-mA output current

2 System Overview

2.1 Block Diagram

图图 1. TIDA-01478 Block Diagram

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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2.2 Highlighted Products

2.2.1 TIOL111

The TIOL111 family of transceivers implements the IO-Link interface for industrial, bidirectional, point-to-
point communication. When the device is connected to an IO-Link master through a three-wire interface,
the master can initiate communication and exchange data with the remote node while the TIOL111 acts as
a complete physical layer for the communication.

These devices are capable of withstanding up to 1.2 kV (500 Ω) of IEC 61000-4-5 surge and feature
integrated reverse polarity protection.

A simple, pin-programmable interface allows easy interfacing to the controller circuits. An external resistor
can configure the output-current limit.

Fault reporting and internal functions provide protection for undervoltage, overcurrent and overtemperature
conditions.

图图 2. Block Diagram of TIOL111

• 7-V to 36-V supply voltage

• Tolerant to ±65-V transients < 100 µs

• Reverse polarity protection of up to 55 V on L+, CQ, and L–

• Integrated electromagnetic compatibility (EMC) protection on L+ and CQ

– ±16-kV IEC 61000-4-2 ESD contact discharge

– ±4-kV IEC 61000-4-4 electrical fast transient

– ±1.2-kV or 500-Ω IEC 61000-4-5 surge (1.2/50 μs)

• Fast demagnetization of inductive loads up to 1.5 H

• Large capacitive load driving capability

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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2.2.2 TIOS101

The TIOS101 devices are configurable as high-side, low-side or push-pull drivers. These devices are
capable of withstanding up to 1.2 kV (500 Ω) of IEC 61000-4-5 surge and feature integrated reverse
polarity protection.

A simple pin-programmable interface allows easy interfacing to the controller circuits. The output current
limit can be configured using an external resistor.

Fault reporting and internal protection functions are provided for undervoltage, over circuit current and
overtemperature.

图图 3. TIOS101 Functional Diagram

• 7-V to 36-V supply voltage

• Tolerant to ±65-V transients < 100 µs

• Reverse polarity protection of up to 55 V on VCC, OUT, and GND

• Integrated EMC protection on L+ and CQ

– ±16-kV IEC 61000-4-2 ESD contact discharge

– ±4-kV IEC 61000-4-4 electrical fast transient

– ±1.2-kV/500-Ω IEC 61000-4-5 surge (1.2/50 μs)

• Fast demagnetization of inductive loads up to 1.5 H

• Large capacitive load driving capability

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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2.2.3 LM5165X

The LM5165X is a compact, easy-to-use, 3-V to 65-V, ultra-low IQ, synchronous buck converter with high
efficiency over wide input voltage and load current ranges. With integrated high-side and low-side power
MOSFETs, up to 150 mA of output current can be delivered at fixed output voltages of 3.3 V or 5 V or an
adjustable output. The converter simplifies implementation while providing options to optimize the
performance the target application. Pulse frequency modulation (PFM) mode is for optimal light-load
efficiency, or constant on-time (COT) control is for nearly constant operating frequency. Both control
schemes do not require loop compensation while providing excellent line and load transient response and
short PWM on-time for large, step-down, conversion ratios.

The high-side, p-channel MOSFET can operate at 100% duty cycle for lowest dropout voltage and does
not require a bootstrap capacitor for gate drive. Also, the current limit setpoint can adjust to optimize
inductor selection for a particular output current requirement. Selectable and adjustable startup timing
options include minimum delay (no soft start), internally fixed (900 µs), and externally-programmable soft
start using an external capacitor. An open-drain PGOOD indicator can be used for sequencing and output
voltage monitoring. The LM5165X is qualified to automotive AEC-Q100 grade 1 and is available in a
VSON-10 package with 0.5-mm pin pitch.

图图 4. LM5165X Block Diagram

• Wide input voltage range of 3 V to 65 V

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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• Fixed (3.3 V, 5 V) or adjustable output voltages

• Maximum output current as high as 150 mA

• –40°C to 150°C junction temperature range

• Selectable PFM or COT mode operation

• Switching frequency as high as 600 kHz

• 10-lead, 3-mm × 3-mm VSON package

2.3 Design Considerations

The main design consideration is to have a high-density board with a lot of functionality with protection
against ESD, EFT, and surge.

This reference design has two communication channels that use the TIOL111 and TIOS101: IO-Link and
Digital Out. These two channels support a wide variety of applications on which these board can work.
These parts were chosen of their integrated ESD, EFT, and surge protection and small size. TIOL111 and
TIOS101 already have ±16-kV IEC 61000-4-2, ±4-kV IEC 61000-4-4, and ±1.2-kV/500-Ω IEC 61000-4-5.

The use of a DC-DC buck converter provides more power than what could be provided by the integrated
LDOs in the TIOL111 and TIOS101. This switching DC-DC will help with thermal effects. The LDO in the
TIOL111-5 could dissipate a high amount of heat if the device had to convert 24 V to 5 V. The efficiency
(η) of an LDO is approximately 公式 1. 公式 1 implies that the efficiency is proportional to the ratio of the
output to input voltage. In this case the reference design goes from 24 V to 5V, which gives an η of
approximately 20%. All of this power is dissipated as heat.

(1)

Where:

• Vi is input voltage

• Vo is output voltage

• Io is output current

公式 2 shows a comparison to a DC-DC buck converter. As described in 3.2 节, this system has an
efficiency of about 75%, which helps with thermal performance of this system.

(2)

Where:

• Po is the output power

• PD is the power dissipated in the buck converter

– Based upon the switching frequency, duty cycle, and the RDSON of the integrated MOSFETs in the
converter.

2.4 System Design Theory

There are many design aspects to consider in this reference design. The one with most impact to the
overall size would be the DC-DC LM5165X. This section will mostly discuss the design theory of the DC-
DC buck converter.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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(1) Note that in PFM mode, the inductor current ramps from zero to the chosen peak threshold every switching cycle. Consequently, the
maximum output current is equal to half the peak inductor current.

2.4.1 TIOL111 and TIOS101

This reference design uses TIOL111 and TIOS101 for their high ESD, EFT, and surge protection. These
parts come in a very small package (2.5-mm × 3-mm, 10-pin, VSON package), which makes them well
suited for small designs. TIOL111 and TIOS101 can accept a wide range of supply voltages from 7 V to
36 V.

2.4.2 LM5165X

LM5165X provides a small package with a high range of input voltage and high switching frequency. This
reference design uses this part for the current the device can supply, the wide range of supply voltages
over which the device can work with, and the switching frequency the device can support. A more in-depth
design theory for this part can be found in the datasheet for the LM5165X. The LM5165 3-V to 65-V Input,
150-mA Synchronous Buck Converter With Ultra-Low IQ [1] datasheet will provide an overview of the
design process taken for this board design.

2.4.2.1 Application Specific Assumptions and Choices

For this application size is the major concern, so the chosen switching frequency is to be around 350 kHz.
Because this device is made to be powered off of the L+ line of IO-Link, efficiency is not as big of a
concern as size. The output voltage is to be 5 V, and the output current is to be Iout = 100 mA.

2.4.2.2 Inductor Sizing

Inductor sizing is an important step in designing a DC-DC converter. In this reference design the DC-DC is
operating in PFM (1)mode(Rt=0Ω to ground) with a target frequency of 350 kHz. In PFM mode the chosen
filter inductance dictates the PFM pulse frequency. To choose the right size inductor 公式 3can be used to
find the inductance required to operate at this frequency. I L(peak) is the peak-to-peak ripple current
corresponding to R ILM value. In this reference design, 240 mA (RILIM = 0 Ω) is the I L(peak); therefore using 公

式 3, L f = 47µH. On this board the Fsw ≈ 320 kHz. Make sure to choose an inductor with a current rating
higher than the peak current limit; in this case, Ipeak = 240 mA.

(3)

Where:

• Vin = 24 V

• Vout = 5 V

• Fsw = 350 kHz

• Ipk(PFM) = 240 mA

2.4.2.3 Output Capacitance Selection

The output capacitance must be large enough to accept the energy stored in the inductor without a large
deviation in output voltage. The approximate output voltage ripple is given by 公式 4.

(4)

Setting this voltage change equal to 0.5% of the output voltage results in 公式 5.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
http://www.ti.com/product/TIOL111
http://www.ti.com/product/TIOS101
http://www.ti.com/product/LM5165
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(5)

Where:

• L f = 47 µH

• I pk(PFM) = 240 mA

• V out = 5 V

This calculation results in a Cout = 10.8 µF. To add headroom and help with load transients, this design
uses a 22-µF, 10-V ceramic output capacitor with X7R dielectric and 0805 footprint.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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3 Hardware, Testing Requirements, and Test Results

3.1 Required Hardware

This design is meant to be used with an MCU and accessories in an IO-Link application.

For initial setup the following hardware is recommended

• M12 cable

• MCU

• Sensors, displays, and other peripherals

3.2 Testing and Results

3.2.1 Tests Results for LM5165X

In this system implementation, the LM5165X had an efficiency of 75%, an output voltage ripple of <2%
during no load condition, and about 5% during full load.

图图 5. Efficiency

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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图图 6. Start-Up, Full Load (100 mA)

图图 7. Output Ripple 图图 8. Switch Node, Full Load

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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图图 9. Load Transient, 25 mA to 75 mA 图图 10. Load Transient, 75 mA to 25 mA

3.2.2 TIOL111 and TIOS101

3.2.2.1 Data Rates

The TIIOL111 and TIOS101 can support data rates up-to 230 kbps, as outlined in IO-Link specifications.

图图 11. CQ and DO PRBS-7 230 kbps 图图 12. CQ, TX, and RX PRBS-7 230 kbps

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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3.2.2.2 Thermal Performance

图 13 and 图 14 show the thermal performance. The ambient temperature of the room was 25ºC.

图图 13. No Load 图图 14. 100-mA Load on DC-DC, 240-mA Load on CQ and
DO Each

3.2.2.3 Surge (IEC 61000-4-5)

For the TIOL111 and TIOS101 to have a higher level of surge protection per IEC 61000-4-5 (40 Ω), TVS
diodes are required to accomplish this. In this application the SMJA30 was used. With the addition of the
SMJA30, the system can withstand up to 1.5 kV in surge protection without compromising on size.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01478.

4.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-01478.

4.3 PCB Layout Recommendations

The primary layout recommendation for this reference design is to have as small a current path for the
DC-DC as possible, which will reduce the radiated EMI generated by high di/dt components relating to the
pulsing currents in switching converters. The larger the area covered by the path of a pulsing current, the
more electromagnetic emission is generated. The key to minimize radiated EMI is to identify the pulsing
current path and minimize the area of that path.

图图 15. Small Current Loop

For detailed PCB layout recommendations, refer to the LM5165 3-V to 65-V Input, 150-mA Synchronous
Buck Converter With Ultra-Low IQ [1] datasheet.

4.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-01478.

4.4 Altium Project

To download the Altium project files, see the design files at TIDA-01478.

4.5 Gerber Files

To download the Gerber files, see the design files at TIDA-01478.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD77.pdf
http://www.ti.com/tool/TIDA-01478
http://www.ti.com/tool/TIDA-01478
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4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01478.

5 Related Documentation
1. Texas Instruments, LM5165 3-V to 65-V Input, 150-mA Synchronous Buck Converter With Ultra-Low

IQ , LM5165 Datasheet (SNVSA47)

5.1 商商标标

All trademarks are the property of their respective owners.
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有有关关 TI 设设计计信信息息和和资资源源的的重重要要通通知知

德州仪器 (TI) 公司提供的技术、应用或其他设计建议、服务或信息，包括但不限于与评估模块有关的参考设计和材料（总称“TI 资源”），旨在
帮助设计人员开发整合了 TI 产品的 应用； 如果您（个人，或如果是代表贵公司，则为贵公司）以任何方式下载、访问或使用了任何特定的
TI 资源，即表示贵方同意仅为该等目标，按照本通知的条款进行使用。
TI 所提供的 TI 资源，并未扩大或以其他方式修改 TI 对 TI 产品的公开适用的质保及质保免责声明；也未导致 TI 承担任何额外的义务或责任。
TI 有权对其 TI 资源进行纠正、增强、改进和其他修改。
您理解并同意，在设计应用时应自行实施独立的分析、评价和 判断， 且应全权负责并确保 应用的安全性， 以及您的 应用 （包括应用中使用
的所有 TI 产品））应符合所有适用的法律法规及其他相关要求。你就您的 应用声明，您具备制订和实施下列保障措施所需的一切必要专业知
识，能够 (1) 预见故障的危险后果，(2) 监视故障及其后果，以及 (3) 降低可能导致危险的故障几率并采取适当措施。您同意，在使用或分发包
含 TI 产品的任何 应用前， 您将彻底测试该等 应用 和该等应用所用 TI 产品的 功能。除特定 TI 资源的公开文档中明确列出的测试外，TI 未进
行任何其他测试。
您只有在为开发包含该等 TI 资源所列 TI 产品的 应用时， 才被授权使用、复制和修改任何相关单项 TI 资源。但并未依据禁止反言原则或其他
法理授予您任何TI知识产权的任何其他明示或默示的许可，也未授予您 TI 或第三方的任何技术或知识产权的许可，该等产权包括但不限于任
何专利权、版权、屏蔽作品权或与使用TI产品或服务的任何整合、机器制作、流程相关的其他知识产权。涉及或参考了第三方产品或服务的信
息不构成使用此类产品或服务的许可或与其相关的保证或认可。使用 TI 资源可能需要您向第三方获得对该等第三方专利或其他知识产权的许
可。
TI 资源系“按原样”提供。TI 兹免除对 TI 资源及其使用作出所有其他明确或默认的保证或陈述，包括但不限于对准确性或完整性、产权保证、
无屡发故障保证，以及适销性、适合特定用途和不侵犯任何第三方知识产权的任何默认保证。
TI 不负责任何申索，包括但不限于因组合产品所致或与之有关的申索，也不为您辩护或赔偿，即使该等产品组合已列于 TI 资源或其他地方。
对因 TI 资源或其使用引起或与之有关的任何实际的、直接的、特殊的、附带的、间接的、惩罚性的、偶发的、从属或惩戒性损害赔偿，不管
TI 是否获悉可能会产生上述损害赔偿，TI 概不负责。
您同意向 TI 及其代表全额赔偿因您不遵守本通知条款和条件而引起的任何损害、费用、损失和/或责任。
本通知适用于 TI 资源。另有其他条款适用于某些类型的材料、TI 产品和服务的使用和采购。这些条款包括但不限于适用于 TI 的半导体产品
(http://www.ti.com/sc/docs/stdterms.htm)、评估模块和样品 (http://www.ti.com/sc/docs/sampterms.htm) 的标准条款。
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