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Tonight’s Agenda: 

Final Exam Info
Where to Go From Here...
Test equipment and Tools
Student Project Presentations
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Final Exam

Details will be e-mailed the day after the class ends
Take the exam in any 3 hour period from the day after 
class ends to seven days thereafter
When you’re ready, request the exam with e-mail to 
exam@hte.com with “ecp1final” on the subject line
You will receive the exam in PDF and Word DOC format 
within a few minutes
You have 3.5 hours total: 3 to take the exam and 30 
minutes to acquire and return it via fax or e-mail
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Where To Go From Here

Some Potential Follow-up Courses:
ECP II: Embedded C
ECP III: Real Time Programming
Embedded Real Time Operating Systems I, II
Intro to Embedded Systems
Embedded Controller Hardware/Interfacing

Embedded Certificates: (see catalog)
Specialized: Embedded Software
Professional: Embedded Computer Engineering
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What Else Can I Do?

Opportunities
Learning by Experimentation
Educational Resources
References
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Embedded Course Map

Introduction to 
Embedded
Systems

ECE-40153

Embedded Controller
Hardware Design

ECE-40001

Embedded
Computer
Hardware 
Interfacing
ECE-40098

Electives
Analog-Digital Conversion - ECE-40165
Applied DSP ECE-40164
DSP I ECE-40016
DSP II ECE-40169 
Embedded RTOS I - ECE-40089
Embedded RTOS II - ECE-40158
Embedded Linux ECE-40105
Emb. Sys. Prog. w VxWorks ECE-40182
Emb. Sys. Prog. w C++ CSE-40453
FPGA Programming ECE-40170
Hardware Design with VHDL ECE-40159
Hardware Design with Verilog ECE-40155 
High Speed Digital Design ECE-40104
J2ME Application Development CSE-40745
Open Source Engineering ECE-40174
Overview of VLSI & ASIC Design ECE-40166
Programmable Logic Deisgn
Real-Time Embedded Linux ECE-40172

And many others, with 
prior department approval

C Programming II
CSE-40476

Core CoursesEntry Points

Embedded Controller
Programming I:

Assembly
ECE-40084

Embedded Controller
Programming II:

Embedded C
ECE-40084

Embedded
Controller

Programming III:
Real-Time

Programming
ECE-40097
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Related Courses:

Software:
ECP II: Embedded 
Programming in C
ECP III: Real Time 
Programming
Embedded Real Time 
Operating Systems I, II
Embedded Interfacing
Embedded Linux
Embedded USB

Hardware:
Intro to Embedded 
Systems: Electronics and 
Digital Logic
Embedded Controller 
Hardware Design (live and 
on-line)
High Speed Digital Design
Programmable Hardware 
Design
VHDL/Verilog
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Overview - ECP II

Focus on Applications
Learning to use C for Embedded Systems
Polite, Reliable, Invisible Embedded Systems
Handling Basic Peripherals 

Displays
Switches/Keypads
Motors/Controls

Student Projects !
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ECP II: Embedded C

Prerequisites: 
ECP I – been there, done that!
C Programming II (thru pointers)

Compilers:
SDCC – Free, Open Source, Unlimited

See: sdcc.sourceforge.com
IDEs: OpCube MIDE and CodeBlocks

Keil – Commercial, Professional IDE: uVision
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The Development Process

IDE: Integrated Design Environment

C Compiler (C51) Assembler (A51)

C 
Library

Linker/Locator (BL51)

RTX51 
RTOSLib 51

Library Manager

dScope-51
Source Level Debugger

Hex File for
Emulator or 
ProgrammerCPU & Peripheral

Simulator
Monitor-51

Target Debugging
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C (and 8051) References

Embedded C, by Michael Pont (the ECP2 Text)
Circuit Cellar Ink ($ubscription magazine)
Embedded Systems Design (Free Trade magazine)
The C Programming Language – Kernighan and Richie 
(a.k.a. K&R C, the first book on C)
The Final Word (on programming the 8051 in C)
C and the 8051, volume I– Thomas Schultz
The Standard C Library – P.J. Plauger
Programming in ANSI C – Stephen G. Kochan
SDCC and Keil Documentation
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Tools…

Test and Development Tools
Logic Probe, Logic Analyzer
ICE - uses, capabilities and limitations
Flash/PROM/PLD Programmer/Eraser
Test Equipment Problems and Solutions
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Logic Probe

Displays One/Zero
Must Select Input Logic Level: 

TTL = 1.5V,  CMOS = Vdd/2

Select Pulse/Memory Mode
Pulse Blinks for Changes, Memory Stores Pulse

Some Have an Audible Signal
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Logic Analyzers

Acquisition and Display Modes:
Timing - Like a scope: logic level vs. time
State - List of Data Values for Each Cycle

Other Uses
Histograms - Frequency of Occurrence
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Timing Mode
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State Mode
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Typical Logic Analyzer
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LA Control Panel
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Analyzer Set Up

Connections: 
Data/Clock/Control 
Signals
Name the Signals

Attach Probes
Name Probe Signals
Acquisition Mode
Trigger Condition
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LA Operating Tips

Verify Connections
Attach ALL Probe Ground Pins
Label Clearly
Understand the CPU’s Bus Cycles
Verify Correct Operation Before Use
Conditional Acquisition Reduces Data
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In-Circuit Emulation - ICE

Types of In-Circuit Emulators:
ROM - Substitutes for a ROM Memory Chip

Download data from a PC via Serial Port

uP - Simulates a Processor Chip
Probe + Box + PC Connection

uC - Simulates uC chip

Copyright ©Ken Arnold 22

ROM ICE

ROM ICE Replaces EPROM/Flash Chip(s)
Data Downloaded from PC via Serial Port
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uP/uC ICE

Full Real Time ICE
Trace Buffer

Logic State Analyzer

Box, Cable to Pod
Pod Replaces CPU
Complex Breakpoints
Trigger Functions
Works with Compilers
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Device Programming

ZIF Socket
Zero-Insertion Force
Accepts DIP parts
Adapters for Other 
Packages (e.g. surface 
mounted devices)

PC Interface via Serial 
or Parallel ports
Erases Flash EPROM 
and EEPROMs
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Other Tools

Serial Port to PC Terminal Emulator or 
Data Logging
Include Monitor Program in ROM
LEDs, LCD Displays
Piezoelectric Speaker
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Display Types

Basic Displays
Simple On/Off Indicators LEDs
Simple Liquid Crystal Displays
Multiplexed LED Numeric Displays

Intelligent Displays
Parallel Alphanumeric LCD
Serial LCD
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Liquid Crystal Display

Simple Text Displays
Optional Back-lighting
Graphic Displays
Mono/Color

Touch-Screen Input 
Overlay and 
Controller
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Text LCD Parallel Interface

See LCD Application Note 51LCD.PDF
FAQ File lcdfaq.txt
“Bit-Banging” a Parallel Interface:

Sample files LCD*.*

Signals:
Enable, R/W, RS, D0..7, Bias (contrast)

Memory Mapped Interface
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LCD Connector Pinout

Pin#  Symbol  Level  Function

1     Vss     GND    Ground 
2     Vcc     +5V    Module power 
3     Vee    Liquid crystal drive (bias) 
4     RS_     H/L    Register select, 

H=data, L=instruction 
5     R/W     H/L    Read/Write, 

H=read (LCD->CPU)
L=write (CPU->LCD) 

6     E      Edge-sensitive Enable    

Pin#  Symbol  Level  Function

7      DB0    Data bit 0  (LSB) 
8      DB1      " 
9      DB2      ”
10     DB3      ”
11     DB4      ”
12     DB5      ”
13     DB6      ”
14     DB7      "
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Serial LCD Modules

Converts Async Serial Data to Parallel
Logic Level (5V) or RS-232 Level Versions
Reduced I/O Pins (as little as One pin)
No “Bit-Banging” Required
Much Simpler Interface, Much Higher Cost
Proprietary Serial Data Formats
Some are Like a Text Terminal Emulator
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Piezo Speaker

Piezoelectric Material
Converts Voltage <-> Motion <-> Sound

Pulse Output On Event (I/O, Interrupt, …)
Drive Piezo with Output Bit
Connect to Interrupt Request/Ack
Ear-Brain Signal Processing Advantages
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Debugging Techniques

Start Simple
Design: Top Down
Verify and Debug: Bottom Up
Minimum Constraints
Sequential vs. Binary Search
Separation of Apparent vs. Real Effects
Checking Assumptions



Embedded Systems

Copyright ©2006 Ken Arnold 17

Copyright ©Ken Arnold 33

Real-World Signals

Real World Signals Aren’t Perfect!
How Connections are Made DOES matter
Actual vs. Apparent Signals
Apparent Signals Can Be:

Missed
Distorted
Exaggerated 
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Summary

Final Exam Info
Where to Go From Here...
ECP II and Other Embedded Courses
References and Resources
Debugging Tools and Techniques
Thanks for Taking the Class!
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Presentations

Introduce Yourself
Describe What Your Project Does
High Level Description of How it Works
Optional Demonstration
You Have ~10 Minutes total!!

Please watch the time!


