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Lab 9b Final Design and Testing of an Embedded System  
This laboratory assignment accompanies the book, Embedded Microcomputer Systems: Real Time Interfacing, 
Second edition, by Jonathan W. Valvano, published by Thomson, copyright © 2006. 
 
Goals  • Build and test an embedded system, 
   • Obverse the read/write cycles of a computer/memory interface. 
   
Review  • Valvano Chapter 9 on interfacing to your microcontroller, 
   • Data sheets for your microcontroller, 
   • Data sheets for your memory. 
 
Starter files • RAMTEST project 
 
Background 
 This experiment includes the sequence of steps required to test an embedded system. Verification will 
involve many interrelated steps.  The first step is to verify power and ground signals are properly applied to all the 
chips. The second step is to test the ability to download and run a program. It is important that this program be so 
simple that if the system doesn’t work, then there is a hardware fault and not a software bug. One method to 
diagnose hardware failures is to do a side-by-side comparison with an operational system. Next, you run a program 
to test the microcomputer-memory interface. Finally, you will develop and test the final application as approved by 
your TA in Lab 7.  
 
Preparation (do this before your lab period) 
 1: Recheck the PCB layout on the actual board looking for dropout (missing traces) and inadvertent shorts. 
Follow the +5V and ground signals around the board verifying with an ohmmeter than there are no shorts to 
inappropriate places. Assemble the components required to complete the interface, and solder them to the PC board.  
 2: Verify that Read Data Available overlaps Read Data Required and that Write Data Available overlaps Write 
Data Required. Draw the combined READ timing diagram and draw the combined WRITE timing diagram, as 
described in Chapter 9 of the book.  
 3: Before plugging the microcomputer and memory chips into their sockets, check the power supply circuit. 
Look on the oscilloscope to verify the absence of noise in the power signal. Using a DVM make sure the voltage 
level is within tolerance of the microcomputer and memory.  
 4: Next, write a very simple program that interacts with the switch input and LED output on your system.  
 5: Write the main application that implements the final objective of the embedded system. If you want change 
what your system does please get approval from your TA.   
 
Procedure (do this during your lab period) 
1: First test your system with a very simple main program (preparation step 4). This will verify you can download 
and run software on your system. 
2: We have written a memory test program for our system (RAMTEST). Download this program, make any 
modifications and run it to verify that your RAM system is operating correctly. 
3: Experimentally measure the actual memory interface timing diagrams. For example if location 0x8000 is external 
RAM on your computer. Run programs like this (add code to initialize the interface if needed) 
#define memory *(unsigned char *)(0x8000) 
void ReadTest(void){    
  while(1){ 
    memory = 0xC3;     // write data to external RAM 
  } 
} 
void WriteTest(void){  unsigned char data;    // internal RAM  
  while(1){ 
    data = memory;     // read from external RAM 
  } 
} 
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While running these simple programs over and over, the memory interface signals can be observed on the 
oscilloscope using the dual channel capability of the scope. A pulse should be received from the CS1 line during 
accesses to the memory. Observe CS1 with the following signals in a pair-wise fashion: 
  • CS1 and E 
  • CS1 and A14 
  • CS1 and R/W 
  • CS1 and D0 
Trigger on the falling edge of CS1. Using the dual channel capability, verify the proper relation between E, A14, 
R/W and CS1. In this way you should be able to verify the timing diagram created as part of the lab preparation. 
Draw the read and write timing diagrams as actually measured. Include both data available and data required.  
Which one did you measure and which one did you derive?  Verify that all the microcomputer and RAM timing 
restrictions are met. Perform this measurement for both the read and write cycles. 
 
4: Finally debug your embedded system application. 
 
 
Deliverables (exact components of the lab report) 
A) Objectives (1/2 page maximum) 
B) Hardware Design 
  Detailed circuit diagram of the system (from Lab 7) 
C) Software Design (no software printout in the report) 
 Briefly explain how your software works  (1/2 page maximum) 
D) Measurement Data  
 Draw the theoretical read and write timing diagrams (preparation 2) 
 Draw the measured read and write timing diagrams (procedure 1) 
E) Analysis and Discussion (1 page maximum) 
 
At the end of the first week Checkout (show this to the TA)  
 You should demonstrate your very simple main program and our memory test program (procedures 1 and 2) to 
the TA. At this point you and TA should agree about exactly what your final system is supposed to do. 
 
Final Checkout (show this to the TA)  
 You should demonstrate the operation of the embedded system. 
Your software files will be copied onto the TA’s zip drive during checkout. 
 
Hints: 
1. If you need help soldering, please ask the TA or one of the 2nd floor lab staff.  There will be a +5point bonus if 
you show your soldering job to the 2nd floor lab staff, and they think your soldering work is high quality. 
2. The read access time (delay from address available to the start of read data available) can be determined by the 
number after the dash on the chip. For example,  –7 means 70 ns, –8 means 80 ns, –1 means 100 ns, and –12 means 
120 ns. The read access time is also the delay from the fall of CS1 to the start of read data available. 
3. Don’t try to create stuck high, stuck low, stuck together faults because it may damage the microcomputer or the 
memory. 
 


