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Introduction

Ethernet connectivity of embedded devices is a growing trend in industrial and 
consumer applications. Ethernet is a medium of choice because of its 
competitive performance and relatively low price of implementation. Ethernet is 
ease to use, widely available, and has a scalable and established 
infrastructure. Ethernet is described by IEEE Standard 802.3�.

With Ethernet, embedded devices can be connected to the Internet, which 
allows access to the embedded device from across the world. Figure 1 shows 
a simplified illustration of an embedded device that is connected to a remote 
host via the Internet. Figure 1 shows that the embedded device and remote 
host can operate on different networks, but the connection between the devices 
is transparent.

Figure 1. Embedded Device on Internet
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Acronyms and Terms
Table 1. Acronyms and Terms

Acronym/
Term Description Definition

ARP Address resolution protocol Translates an Internet address into a hardware address

AN Auto-Negotiate
Mechanism that detects the modes of two devices and 
automatically configures the devices to the highest 
common performance mode

BOOTP Bootstrap protocol Enables a diskless device to discover its own IP address

DHCP Dynamic host configuration protocol Allocates IP addresses dynamically

DNS Domain name server 
Program/computer that converts a domain name into its 
IP address

FTP File transfer protocol Used to transfer files across a network

HTML Hyper text mark-up language Used to create web pages

HTTP Hyper text transfer protocol Used to transmit web pages

ICMP Internet control message protocol Used to report errors from IP level and above

IP Internet protocol Mechanism for delivering packets across a network

ISP Internet service provider Company that links an end user to the Internet 

LAN Local area network
Group of devices that share a common communication 
line

NETBEUI
Network BIOS enhanced user 

interface protocol
Standardizes how computers on a network communicate

OSI Open systems interconnection
Standard for how messages should be communicated 
across a network so that devices will consistently work 
with other devices

Ping A diagnostic program
Utility that tests whether a specific IP address is 
accessible

RFC Request for comments
Series of numbered Internet informational documents and 
standards that are widely followed by Internet software 
developers and others

SMTP Simple mail transfer protocol Used for sending and receiving email

SNMP Simple network management protocol
Used by computers that monitor and manage network 
activity to communicate with one another and the 
computers they are monitoring

TCP Transmission control protocol Guarantees delivery of data

TFTP Trivial file transfer protocol
Subset of FTP that does not require valid username and 
password

UDP User datagram protocol

Found at the network layer along with the TCP protocol. 
UDP does not guarantee reliable, sequenced packet 
delivery. If data does not reach its destination, UDP does 
not retransmit, but TCP does.
2 Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack
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Connectivity 
Example 
Applications

Connectivity systems that obey the TCP/IP stack model (see TCP/IP Stack 
Model Refresher), such as the example in Figure 1, can be implemented for 
a wide range of applications, including:

• Database data logging or queries

• Web servers for remote embedded devices

• Remote monitoring (data collection/diagnostics)

• Remote control of devices in the field

• Use of email by remote device

• Remote reprogramming of FLASH memory

Scope of the 
Application Note

This application note details the creation of a basic web server for an 
embedded device. The components of this embedded web server system 
include:

• MC9S12E128 microcontroller unit (MCU)

• Technological Arts� 9S12ADAPT� MC9S12E128 evaluation board

• Technological Arts LAN interface card

• Motorola stand-alone low-level LAN91C111 Ethernet drivers

• CMX-MicroNet� TCP/IP stack

The goal of this application note is to help familiarize first-time users of the 
CMX-MicroNet TCP/IP� stack with its API and its Metrowerks� CodeWarrior� 
project organization. To do this, a walk-through of developing a simple web 
server is provided. This understanding will help speed initial CMX-MicroNet 
TCP/IP stack software application development. Network-specific acronyms 
and terms used in this document are described in Table 1.

Figure 2 is a simplified diagram of the web server that will be developed. This 
diagram shows a PC remote host that requests a web page from an embedded 
device running on a CMX-MicroNet web server. The embedded device is able 
to serve the requested information back to the PC. The remote host can also 
GET and POST information to the embedded device.

 

Figure 2. Web Server Example TCP/IP Stack Application
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TCP/IP Stack Model 
Refresher

The TCP/IP stack model is derived from the OSI 7-layer communications 
development methodology. The TCP stack model defines both TCP/IP stack 
software and the network interface (as shown in Figure 3). In this discussion, 
the network interface is Ethernet, which is implemented by the Ethernet 
controller and Ethernet controller device drivers.

A TCP/IP stack defines a set of protocols that allows network devices to 
connect to a specific device and exchange data on a network. These protocols, 
defined by RFC (request for comments), enable an embedded device to send 
email, serve web pages, transfer files, and provide other basic connectivity 
functions. Figure 3 is a simplified illustration of a user application working 
through the TCP stack model.

Figure 3. Block Diagram of TCP/IP Model
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MC9S12E128 and Technological Arts Ethernet Reference Design

This section will briefly describe the MC9S12E128 MCU and the Technological 
Arts MC9S12E128 Ethernet reference design.

MC9S12E128 The MC9S12E128 is a 16-bit MCU with 8K of RAM and 128K FLASH. It is 
designed for the low-cost general-purpose distribution market. It is the first of a 
series of low-cost general-purpose products to address the UPS 
(uninterruptible power supply) and home appliance markets.

The MC9S12E128 has a rich set of features. In the 112-pin package, an 
expanded bus is available that can be used to interface external peripherals 
such as an Ethernet controller. More information on the MC9S12E128 is 
available from the Motorola website: http://motorola.com/semiconductors. A 
block diagram of the MC9S12E128 is provided in Figure 4.

Figure 4. Block Diagram of the MC9S12E128
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Notes:
ATD = analog-to-digital converter
CPU = central processor unit
DAC = digital-to-analog converter
IIC = inter-integrated circuit
IRQ = external interrupt request (pin)
LVD = low-voltage detect
LVI = low-voltage interrupt

PMF = pulse modulator with fault protection
PWM = pulse-width modulator
SCI = serial communications interface
SPI = serial peripheral interface
TIM = timer interrupt module
VREG = voltage regulator
Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack 5
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Technological Arts 
MC9S12E128 
Ethernet Reference 
Design

Technological Arts provides a modular approach to an MC9S12E128 Ethernet 
reference design, resulting in two stand-alone boards that are connected via a 
50-pin header.

Adapt9S12E128� Adapt9S12E128, shown in Figure 5, is a compact and modular MC9S12E128 
microcontroller evaluation board that is compatible with other Technological 
Arts products including several application cards (such as the LAN interface 
card), prototyping cards, backplanes, and solderless breadboards. The 
Adapt9S12E128 includes an 8-MHz crystal, reset button, BDM connector, and 
RS-232C interface. 

See the Technological Arts website, http://www.technologicalarts.com, for 
optional features and more information. 

Figure 5. Adapt9S12E128 Evaluation Board from Technological Arts
6 Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack
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100-BaseT LAN 
Interface Card for 
Adapt9S12

The LAN interface card for Adapt9S12 uses the SMSC LAN91C111 Ethernet 
controller and works with Adapt9S12E128 in expanded wide mode via the 
Adapt9S12E128 H2 connector. 

Figure 6. Technological Arts 100-BaseT LAN Interface Card for Adapt9S12

Combining the Two 
Stand-Alone Boards

Adapt9S12E128 MC9S12E128 evaluation and 100-BaseT LAN interface card 
for Adapt9S12 boards are interfaced via the 50-pin header, H2. The connected 
boards are shown in Figure 7 with the Technological Arts multi-function demo 
card for Adapt9S12, which plugs into H1. The demo card for Adapt9S12 
provides light-emitting diodes (LEDs), speaker, dual in-line (DIP) switches, 
push-buttons, photocell, thermistor, and dual-logic metal oxide semiconductor 
field-effect transistors (MOSFETs). The demo card for Adapt9S12 will not be 
addressed any further in this document.

Figure 7. Technological Arts MC9S12E128 Ethernet Reference Design
Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack 7
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Board Versions and 
Settings

The version numbers of the boards used in this application note and their 
jumper settings are provided in this section. 

Important jumper settings for each board are provided in Table 3 and Table 4. 
The simplified layouts of the Adapt9S12E128 and 100-BaseT LAN interface 
card are provided in Figure 8 and Figure 9.

Settings for the 
Adapt9S12E128

When connecting the boards together, only one of the boards must be 
powered. In this case, apply power to the Adapt9S12E128.

The Adapt9S12E128 must be configured for normal single-chip mode 
(MODA=MODB=0, MODC=1) for the CMX-MicroNet stack. In the program, 
before the Ethernet controller is initialized, the program is set to operate in 
expanded mode. 

For detailed information on this evaluation board, view the Adapt9S12E128 
user’s manual from the Technological Arts web site.

Table 2. Board Versions

Board Revision

Adapt9S12E128 MC9S12E128 evaluation board 2.0

100-BaseT LAN Interface Card for Adapt9S12 1.0

Table 3. Settings for the Adapt9S12E128

Adapt9S12E128 Jumper/Switch Jumper Settings

Ch1 Don’t Care

JB1, MODB — mode select pin B 2–4

JB1, MODA — mode select pin A 1–2

JB4, XIRQ Off

JB5, U3 pull down Off

JB6, IR LED shutdown Don’t Care

JB7, IR sensitivity control Don’t Care

JB8 Don’t Care

JB9 2–3

JB9 header VCC

RS-232 select Don’t Care

RS-485 Don’t Care

SW2 — switch used for the serial monitor Run

TERM header On

VRH select 2–3
8 Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack
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Figure 8. Simplified Layout of the Adapt9S12E128
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Table 4. Settings for the LAN Interface Card

LAN Interface Card Jumper/Switch Jumper Settings

JB1 — Latch decoding (XCS/ECLK) XCS, 1–2

JB2 — LAN decoding 1–2

JB3 — Reset control selection header 1–2

JB4 — Power source selection header VCC, 2–3

JB7 — Latch decoding 2–3
Basic Web Server Development with the CMX-MicroNet� TCP/IP Stack 9
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Figure 9. Simplified Layout of 100-BaseT LAN Interface Card

CMX Stack Overview

This sections includes:

• CMX introduction
• Motorola low-level Ethernet drivers
• CMX-MicroNet installation and project organization
• CMX-MicroNet CodeWarrior project
• CMX-MicroNet TCP/IP Stack API

CMX Introduction CMX-MicroNet is a TCP/IP stack implementation that is tailored for 8-bit and 
16-bit embedded processors. Other CMX features include:

• Compatible with CodeWarrior tools
• Works with MCUs with low RAM/ROM resources
• Written entirely in standard C code
• Allows web pages to contain CGI calls 
• Allows sending email 
• Can serve Java applets 
• Runs stand-alone or with a real-time operating system (RTOS) 
• Supports as many as 16 sockets (mixed or matched with TCP or UDP)
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