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摘要 这篇应用笔记介绍了如何通过 USB 4G 模块（例如 Quectel 的 EC200A-CN）将 i.MX RT1060 EVK 

连接到互联网。 
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1 介绍 
 

在 i.MX RT1060 评估套件（EVK，Evaluation Kit）的软件开发套件（SDK，Software Development Kit）中，有

一个 SDK 例程 evkbmimxrt1060_lwip_dhcp_usb_bm。该例程使用指南中提到的三部手机将 USB 连接到互联

网。但是，如果客户想要使用 USB 4G 模块而不是指南中列出的手机来连接互联网，在这种情况下，这个例程可

能无法实现。因此，我们必须调整这个例程以适配新的 USB 4G 模块。 

这篇应用笔记介绍了当终端变成一个 USB 4G 模块（如 Quectel 的 EC200A-CN）时，如何实现适配，继而用这

个 USB 4G 模块连接到互联网。 
 

2 基本知识 
 

 

2.1 RNDIS 介绍 

远程网络驱动接口规范（RNDIS）是由微软定义的一个 USB 协议。Windows 操作系统能够自动识别遵循该规范

的 USB 设备，并将其视为一个网络设备，如图 1 所示。 
 

 
 
 
 
 
 
 
 

图 1. USB 4G 模块连接到 Windows 

 

2.2 USB RNDIS 的网络层模型 

图 2 所示为 USB RNDIS 的网络层模型。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
图 2. USB RNDIS 的网络层模型 

 

2.3 RNDIS 的接口/端点分析 

原本的 SDK 例程使用两个接口和三个端点。 
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图 3. 默认 SDK 例程使用的端点 

此处，数据接口用于以太网包通信，每个方向都有一个端点。RNDIS 接口用于设备状态轮询。 

 

2.4 EC200A-CN 的接口/端点分析 

EC200A-CN 实现了五个接口，其中包括上面介绍过的接口。 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
图 4. EC200A-CN 的接口/端点分析 

此处使用的附加接口是 AT 接口。 
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图 5. AT 接口 

AT 接口用于拨号（发送 AT 命令并获取响应）、轮询和控制 USB 4G 模块。使用者需要轮询 USB 4G 模块的状

态，并向它发送命令，将其设置为在线模式。接着，来自于或发送到 RT1060 EVK 的 IP 包就可以发送到互联网

或从互联网接收。 

为了启用/适配新的 4G 模块，我们必须： 

• 启用 AT 接口 

• 在 AT 接口上拨号 

EC200A-CN 定义的其他接口此时对我们来说并不重要，所以在本文档中不做介绍。 

 

2.5 通过恩智浦 SDK 实现 USB 主机应用的一些基础知识 

• 恩智浦 SDK USB 协议栈会自动解码配置描述符。它可以识别配置描述符中的所有接口和端点。 

详情参见 usb/host/usb_host_devices.c 中的 USB_HostParseDeviceConfigurationDescriptor()。 

图 6 所示为相关的调用栈。调用栈的分析对我们理解 SDK USB 协议栈的组织方式很有帮助。 

 
 
 
 
 
 
 
 
 
 
 
 
 

图 6. USB_HostParseDeviceConfigurationDescriptor()的调用栈 

 

• 关于事件回调，请参见 lwip/port/usb_ethernetif_bm.c 中的 USB_HostEvent()。 

图 7 所示为相关的调用栈。 
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图 7. USB_HostEvent()的调用栈 

• 打开每个接口的管道。 

详情参见 usb_host_cdc.c 中的 USB_HostCdcOpenDataInterfac()和 

USB_HostCdcOpenControlInterface()。 

图 8 所示为相关的调用栈。 
 
 
 
 
 
 
 
 
 
 
 

图 8. USB_HostCdcOpenDataInterfac()的调用栈 

• 状态机维护 

关于状态机维护，请参见 lwip/port/usb_ethernetif_bm.c 中的 USB_HosCdcRndisTask()和
USB_HostCdcRndisControlCallback()。 

图 9 所示为默认状态机。调整它以启用 AT 接口并在 AT 接口上拨号。 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

图 9. 状态机维护 
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3 实现细节 
 

基于上述介绍，本节将讨论实现细节。此处给出一些代码，更多详情，请参见 AN13940SW。 

主要的代码变化在于： 

• usb_ethernet_bm.c 

• usb_ethernet.h 

一些关键的代码变化包括： 

• 为 AT 接口添加数据结构。 

此部分在 sdk_root\lwip\port\usb_ethernetif.h 中。 

 
 
 
 
 
 
 
 
 
 
 
 
 

图 10. 为 AT 接口添加数据结构 

 
• 在附加事件中添加类初始化代码。 

此部分在 lwip\port\usb_ethernetif_bm.c 中。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

图 11. 添加类初始化代码 

 
• 在拔出事件中添加去初始化代码。 

此部分在 lwip\port\usb_ethernetif_bm.c 中。 
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图 12. 在拔出事件中添加去初始化代码 

 

• 更新状态机枚举（enum）变量。 

此部分在 lwip\port\usb_ethernetif.h 中。 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

图 13. 更新状态机 

 
• 更新状态机实现函数。 

此部分在 lwip\port\usb_ethernetif_bm.c 中。 
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图 14. 更新状态机实现函数 

 
• 添加相关的 API 和回调。函数参数此处不作显示。更多细节，请参见 AN13940SW。 

 

USB_HostCdcRndisATInCallback(); 

USB_HostCdcRndisATOutCallback(); 

dial_tx(); // Send command on AT interface 

dial_rx(); // Receive message from AT interface 

lte_dial(); // Dial, then USB 4G module can connect to internet 

USB_HostCdcRndisEC200ACallback(); 

ep0_communicate(); // API used for AT interface enablement, to send/receive 

command/message to/from EP0 

init_ec200a(); // Initiate EC200A, then AT interface communication is available 
 

 

• 支持的最大接口数。 

连接不同的 USB 4G 模块时，最大接口数是不同的。需要更新接口数。 

例如，如果使用 LE910C1-EU，应将接口数更新为 8。 
 

 
 

图 15. 支持的最大接口数。 

而对于本文档中使用的 EC200A-CN，默认值 5 就可以直接工作。 

 

• 实现面向 AT 接口使能和拨号功能的新状态机。 

主要的代码变化在 lwip\port\usb_ethernetif_bm.c 中的 USB_HostCdcRndisControlCallback() 和

USB_HosCdcRndisTask()函数中。更多细节，请参见 AN13940SW。 

 

• 适配 AT 接口。 

AT 数据接口索引是在把 USB 4G 模块连接到 PC 时，从 USB 分析器中解码出来的。代码来自

lwip\port\usb_ethernetif_bm.c 中的 USB_HostCdcRndisEvent()函数，它把 interfaceList[3]赋值给

g_RndisInstance, dataInterfaceHandle_at，并实现绑定。 
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图 16. 绑定 AT 接口 

在所有代码更改完成后，运行该代码，可以看到 i.MX RT1060 EVK 通过 USB 4G 模块 EC200A-CN 成功地连接

到了互联网。 
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图 17. 通过 USB 4G 模块 EC200A-CN 连接到互联网 

 

4 注意 
 

确保 USB 4G 模块的电源供电充足。在本例中，i.MX RT1060 EVK 使用外部电源适配器供电，而不是 USB 线。

否则，当 USB 4G 模块试图启用射频（RF）连接到互联网时，该模块将会复位。 
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图 18. 用外部电源适配器给 i.MX RT1060 EVK 供电 

 

5 结论 
 

本应用笔记介绍了通过 USB 4G 模块 EC200A-CN 将 i.MX RT1060 EVK 连接到互联网的基本知识和细节。当用

户想要用相同的或其他 USB 4G 模块连接到互联网时，可以参考此笔记并从中获得帮助。 
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representations or warranties as to the accuracy or completeness of 

information included in a draft version of a document and shall have no 

liability for the consequences of use of such information. 
 

 

6.2 Disclaimers 

Limited warranty and liability — Information in this document is believed 
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any representations or warranties, expressed or implied, as to the accuracy 

or completeness of such information and shall have no liability for the 

consequences of use of such information. NXP Semiconductors takes no 
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punitive, special or consequential damages (including - without limitation - 
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or replacement of any products or rework charges) whether or not such 

damages are based on tort (including negligence), warranty, breach of 

contract or any other legal theory. 

Notwithstanding any damages that customer might incur for any reason 

whatsoever, NXP Semiconductors’ aggregate and cumulative liability 

towards customer for the products described herein shall be limited in 

accordance with the Terms and conditions of commercial sale of NXP 
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Suitability for use — NXP Semiconductors products are not designed, 

authorized or warranted to be suitable for use in life support, life-critical or 

safety-critical systems or equipment, nor in applications where failure or 

malfunction of an NXP Semiconductors product can reasonably be expected 

to result in personal injury, death or severe property or environmental 

damage. NXP Semiconductors and its suppliers accept no liability for 

inclusion and/or use of NXP Semiconductors products in such equipment or 

applications and therefore such inclusion and/or use is at the customer’s own 

risk. 

 
Applications — Applications that are described herein for any of these 

products are for illustrative purposes only. NXP Semiconductors makes no 

representation or warranty that such applications will be suitable for the 

specified use without further testing or modification. 

Customers are responsible for the design and operation of their 

applications and products using NXP Semiconductors products, and NXP 

Semiconductors accepts no liability for any assistance with applications or 

customer product design. It is customer’s sole responsibility to determine 

whether the NXP Semiconductors product is suitable and fit for the 

customer’s applications and products planned, as well as for the planned 

application and use of customer’s third party customer(s). Customers should 

provide appropriate design and operating safeguards to minimize the risks 

associated with their applications and products. 

NXP Semiconductors does not accept any liability related to any default, 

damage, costs or problem which is based on any weakness or default 

in the customer’s applications or products, or the application or use by 

customer’s third party customer(s). Customer is responsible for doing all 

necessary testing for the customer’s applications and products using NXP 

Semiconductors products in order to avoid a default of the applications 

and the products or of the application or use by customer’s third party 

customer(s). NXP does not accept any liability in this respect. 

Terms and conditions of commercial sale — NXP Semiconductors 

products are sold subject to the general terms and conditions of commercial 

sale, as published at http://www.nxp.com/profile/terms, unless otherwise 

agreed in a valid written individual agreement. In case an individual 

agreement is concluded only the terms and conditions of the respective 

agreement shall apply. NXP Semiconductors hereby expressly objects to 

applying the customer’s general terms and conditions with regard to the 

purchase of NXP Semiconductors products by customer. 

 
Export control — This document as well as the item(s) described herein 

may be subject to export control regulations. Export might require a prior 

authorization from competent authorities. 

 
Suitability for use in non-automotive qualified products — Unless 

this data sheet expressly states that this specific NXP Semiconductors 

product is automotive qualified, the product is not suitable for automotive 

use. It is neither qualified nor tested in accordance with automotive testing 

or application requirements. NXP Semiconductors accepts no liability for 

inclusion and/or use of non-automotive qualified products in automotive 

equipment or applications. 

In the event that customer uses the product for design-in and use in 

automotive applications to automotive specifications and standards, 

customer (a) shall use the product without NXP Semiconductors’ warranty 

of the product for such automotive applications, use and specifications, and 

(b) whenever customer uses the product for automotive applications beyond 

NXP Semiconductors’ specifications such use shall be solely at customer’s 

own risk, and (c) customer fully indemnifies NXP Semiconductors for any 

liability, damages or failed product claims resulting from customer design and 

use of the product for automotive applications beyond NXP Semiconductors’ 
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English versions. 
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to reduce the effect of these vulnerabilities on customer’s applications 
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regularly check security updates from NXP and follow up appropriately. 

Customer shall select products with security features that best meet rules, 
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