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EE 475 Project 1   

Getting Familiar with SRAM and the Logic Analyzer 
University of Washington - Department of Electrical and Computer Engineering 

James K. Peckol, Chad R. Heinemann…with suggestions from previous students 

 

Thank-You  

Lab Objectives: 

This lab has three objectives: learn how to operate the new MSOs and specifically, the logic 
analyzer, learn to write to and to read from a Static Random Access Memory, SRAM, begin 
thinking about the design process. We will do this by designing and building a test circuit to 
generate the necessary addresses, data patterns, and control signals then using the logic 
analyzer to confirm that the data is properly written to and read from the SRAM. 

This project, like the others this quarter, will give you the opportunity to bring together the 
knowledge and skills that you have been acquiring and developing over the last several years 
and to apply them to real world types of problems.   

In addition to analyzing the circuits once they are working; we will see that the logic analyzer 
is also a very powerful tool when it comes to debugging a circuit. Hopefully this lab will also 
serve as a basic review of digital components and a quick introduction to circuits you may 
not have encountered before. 

Prerequisites: 

Solid electrical engineering skills, the ability to think, to use your imagination, and to be 
creative, did well in EE 474, and a note from your mother. 

Read the cautions and warnings. 

Background Information: 

The Logic Analyzer 

When debugging digital circuits, it is helpful to understand what each part of the circuit is 
does and exactly when certain events occur. The amount of information in contemporary 
digital systems can be huge and often we would like to filter out as much of the unnecessary 

The UW and the EE 478 (now EE 475) lab have received a very generous donation of 
twelve InfiniiVision 4000 X-Series Mixed Signal Oscilloscopes (MSO) from the Agilent 
Company and Mr. Gary Anderson.  

These state-of-the-art instruments can simultaneously support, among other things, 
four channels of analog measurement via its oscilloscope subsystem and sixteen 
channels of digital input measurement via its logic analyzer subsystem.  

A giant thank-you goes out to Agilent and to Mr. Anderson for their generosity. 
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data as possible. Sometimes we are interested in timing measurements while at other times 
we are more concerned with comparing the different states of various parts of the circuit. A 
logic analyzer is a machine designed to do all of this, and much more. 

At the same time that we learn a new tool, it’s important to understand its limitations as well.  
The familiar oscilloscope gives an accurate representation (voltage level and timing) of the 
physical signal being measured.   In contrast, the logic analyzer displays state, state changes, 
and timing information.  If the input signal to the logic analyzer is greater than a 
predetermined threshold, the signal is displayed as a logical 1. Otherwise it appears as a 
logical 0.  Thus, any signal (including noise) exceeding that threshold will be interpreted as a 
logical 1.  Note, it is not possible to obtain accurate signal level information from a logic 
analyzer display – we only get state. 

The oscilloscope allows us to trigger on one signal, the logic analyzer allows us to trigger on 
a pattern appearing in a long data stream, and also enables us to specify a set of logical 
relationships in such a stream that must occur before we begin a data capture. 

In the lab, as noted, we have 12 new, state-of-the-art of Mixed Signal Oscilloscopes (MSO). 
You will similarly encounter different kinds of equipment when you head to industry or to 
graduate school.  The manual for these devices are on the class web page under 
documentation/Agilent/ …it’s a good place to start 
from.  Also, there is a touch selected quick menu 
here – select the star. 

Laboratory: 

Learning the Logic Analyzer 

The manual for the Agilent 4000 X-Series 
Oscilloscopes is found is found on the class web 
page under 
documentation/Agilent/4000_series_users_guide.  It is strongly suggested that you work with 
the manual as we explore and learn how to use the new tool. 

The analog and digital portions of the MSO view the input signals differently.  Signals on the 
analog channels are sampled and displayed as they physically appear in your circuit.  Like 
the familiar basic oscilloscope, the MSO gives an accurate representation (voltage level and 
timing) of the physical signal being measured. A sine wave, for example, appears as a sine 
wave.   

In contrast, the logic analyzer or digital input portion of the Agilent MSO supports up to 16 
channels of digital input.  The signals on the digital channels are displayed as the familiar 
timing diagram waveforms.  Such signals appear as states, state changes, and timing 
information.   

If the input signal to a digital channel is greater than a predetermined threshold (which we 
can set), the signal is displayed as a logical 1. Otherwise it appears as a logical 0.  Thus, any 
signal (including noise) exceeding that threshold will be interpreted as a logical 1.  Note, it is 
not possible to obtain accurate signal level information from a logic analyzer display – we 
only get state. 

The typical oscilloscope allows us to trigger on the rising or falling edge of a single analog 
signal. In the digital world, particularly in embedded systems, serious nefarious problem 
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events often occur very rarely, at strange times, and as the result of the temporal collusion of 
combinations of input signals.  These are particularly difficult to find.  To aide in tracking 
down such demons, the logic analyzer allows us to trigger on a pattern appearing in a long 
data stream, and also enables us to specify a set of logical relationships in such a stream that 
must occur before we begin a data capture.  Further, it provides support for looking at the 
sequence of events that occurred prior to the evil beastie and those that followed.  Knowing 
how to do this is helps to expedite the debugging and troubleshooting process, freeing up 
extra time for a wee beer.  Let’s get down to work. 

Configuring the Logic Analyzer 

In this section, we will start to learn how to configure the logic analyzer and to use the pods 
and menu system.  Then we will apply these concepts by first looking some basic signals 
then move on to the more complex.  Specifically, in subsequent sections, we will analyze 
more complicated counting circuits. 

Making Basic Measurements – Part I 

Connect the digital probe to the Digital connector on the MSO back panel.   

 Connect Digital Input Channel 0 to the Demo 2 pin on the MSO front panel.   

 Select the Digital Mode. 

 Select Auto Scale. 

 Select Run    

That’s a lot of confusing lines. 

After selecting Auto Scale and Run, you should see a single square wave labeled D0 on the 
bottom of the display screen. 

 Verify the activity indicator for D0. This will be a 
vertical double headed arrow. 

 Explore the Front Panel controls by turning ON and 
OFF various Digital Channels. 

 Change the view of D0 to that of a Bus and back. 

 Alter the Digital time base. 

 Change the size of the displayed signal. 
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 Turn off Digital Channels 1..15 and change the label from D0 to Bit0. 

Let’s now try some more complex measurements. 

Making Complex Measurements – Part 2 

We will now configure the MSO to capture and display the signal outputs from a CD4040B 
12 bit ripple binary up counter.  As we did in part 1, set the labels on 12 of the digital input 
channels to Q1..Q12.  Then connect each of the corresponding digital probes to the 
corresponding pin on the CD4040B counter.  Make certain that you have the grounds on the 
probe pods connected properly. 

 Verify the activity indicators for all 12 Digital Channels 

 Change the view to that of a Bus and back. 

 Display in HEX then back to binary. 

 Working with the user’s guide, configure the Pattern Trigger to trigger on the state 
binary 3 of the counter. 

 Modify the Pattern Trigger to trigger on the rising of bit 2 of the counter. 

 Change the view to that of a HEX Bus and configure the Pattern Trigger to trigger on 
the state HEX A8 of the counter. 

 Configure the OR Trigger to trigger on the rising edge of counter bits 2, 4, or 6. 

Making Even More Complex Measurements – Part 3 

We will be using the Static Random Access Memory, SRAM, in future projects, so, this is a 
good time to learn something about it.  This is also a good first step to take in learning how to 
properly execute a design.  Note, this does not mean learning how to do it my way.  This 
means learning how to think about and formulate a design before writing software or drawing 
logic diagrams. 

In this project, we will learn how to write data to a simple memory system and to read data 
from it.  Such basic operations also give us the means to test it in future as well.   

Working with an SRAM 

Static Random Access Memory, SRAM, is used in digital systems to (temporarily) store 
information of various kinds.  Such information can range from instructions and data used 
during the execution of a program in a computer to digitized music or video. A memory 
system is at the core of just about every product we find on the market today.    

SRAM is different from the other commonly used memory structure, Dynamic Random 
Access Memory or DRAM.  The major difference is that SRAM will retain stored values as 
long as power is applied.  In contrast, DRAM must continuously be rewritten to ensure stored 
data is not lost (through various physical phenomenon such as 
charge leakage). 

The high level block diagram for an SRAM is given in the 
accompanying figure: 

SRAM

Address

Input/Output

~CS

~WE

~OE  
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 Read and Write Operations 

RAM supports two modes:  read and write.  Various control signals are utilized in 
conjunction to ensure that these two operations can be executed in a controlled way.  To such 
an end, we typically find the following signals: 

Read / ~ Write: During a write operation, a low going signal, write, identifies when 
incoming data is valid.  During read, the signal remains in the logical one state.  
Depending upon the design of the RAM, data may be written either on the leading or the 
trailing edge of the signal.  

~CS: Chip Select, a low true signal is used to enable read and write operations to the 
chip.  CS becomes useful in larger memory systems comprising many chips to allow us to 
direct read and write operations to the appropriate chip. 

~OE: Output Enable, a low true signal is 
used to control tri-state drives on the memory 
chip to enable data to be sent to the chip or to 
be taken from it. 

The high-level timing for the read and write 
operations is given in the accompanying timing 
diagram. 

Observe that the SRAM has a set of address lines, 
a set of bidirectional data lines (labeled 
Input/Output), and three active low control lines 
discussed earlier.  Data is written to or read from 
the SRAM as shown in the accompanying timing 
diagrams.  Detailed specifications for each 
different kind of SRAM are given in the data sheet for the specific part.  For this project, we 
will use the 16K bit CY7C128A organized as 2K x 8.  Get the data sheet and read through it 
so that you understand the operation and timing of the part. 

For the first part of the project, we will write data patterns to each of the 2K locations then 
read the data back.  We will display the data we read on the logic analyzer.  The high level 
block diagram for the system is given in the following figure.   

Read

Address

~CS

~OE

Data Output

~WE

Write

Address

~CS

~OE

Data Input

~WE
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To generate the address and data patterns for the SRAM, design and build or buy an 11 or 12 
bit binary counter. Buying is the better approach here.  The CD4040B will be a good choice.  

If we use a sufficiently slow clock, this can be a ripple counter. How fast can we clock the 
counter and yet ensure that the ripple delays will not be a problem?   

Connect the LSB through the MSB of the counter to address pins A0 to A10 on the SRAM.  
Connect the least significant 8 bits of the counter, through tri-state drivers, to the 8 
input/output lines of the SRAM.  Why are we doing this?   

Be sure to use pull-up (not pull-down why?) resistors on the outputs of the tri-state drivers. 

Design a state machine to generate all necessary control signals to write to all 2K locations in 
the SRAM or to read the data stored in those locations and display the results using the logic 
analyzer.  The state machine should allow you to select to continuously write to or read from 
the memory.  We’ll use that state machine in the following tests.  It will also serve in similar 
capacity in our upcoming designs.  

Testing Address Generation 

1. Set the labels on digital input channels D10 .. D0 to A10..A0.  

2. Use the 11 digital input channels D10 .. D0 to monitor the signals address lines on the 
counter.  Use your labels to help you keep track of your signals.   

3. Verify the activity indicators for all 12 Digital Channels 

4. Verify that proper the waveforms are displayed on the screen of your logic analyzer. 

5. Configure the 12 digital channels as a bus and to display in HEX. 

6. Your counter circuit is designed to count from 000 to 7FF.  Verify that these values are 
displayed on the screen of your logic analyzer. 

This design reflects a high-level view or architecture of the required system.  It’s a 
start.  It’s a concept.  It is not something that you should copy directly or try to 
replicate every signal.   

Your design should, and probably will, be different. 

For each block and signal, ask yourself:  ‘what is the purpose of this signal…what 
does it do…why is this block here…how can I design and implement the behavior 
required by each interface?’  
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Testing Write  

1. Move the digital input channels D7..D0 to the input / output lines on the SRAM.  
Connect D10..D8 to the 3 control lines, and D15..D11 to the 3 most significant address 
bits. 

2. Enable your state machine to repeatedly execute a write cycle to the SRAM.  Confirm 
that the sequence of all signals involved in the write operation agrees with that from the 
data sheet.   

3. Confirm that the block of patterns 00 to FF is written to the SRAM eight times.  Note:  
here we are only confirming that the data and write control signals are being properly 
generated.  We are not confirming that data is actually being written to the SRAM.  

Testing Read  

1. Without changing the digital input channel configuration from the previous test, ensure 
that the desired patterns are written to all 2K locations in the SRAM.  

2. Enable your state machine to repeatedly execute a read cycle from the SRAM.  Confirm 
that the sequence of all signals involved in the read operation agrees with that from the 
data sheet.    

3. Confirm that the block of patterns 00 to FF has been correctly written to the SRAM eight 
times.  By reading the stored data, we are confirming that data has being properly written 
to the SRAM.  

Working with a Trigger 

1. Without changing the digital input channel configuration from the previous test, and 
working with the user’s guide, configure the Pattern Trigger to trigger on the binary state 
10101010 on the SRAM data outputs. 

2. Change the view to that of a HEX Bus and configure the Pattern Trigger to trigger on the 
state HEX A8 on the SRAM data outputs. 

 

Lab Report: 

Write up your lab report following the guideline on the EE 475 web page.  

As a part of your report, please be certain to answer the following questions based upon your 
experiments: 
 

 

Learning the Logic Analyzer 

1. How does the waveform display of the sine wave input differ on the scope and on the 
logic analyzer?  

2. What is the reason for this difference? 

3. Describe briefly what the s/div, delay, and marker options do. 
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Testing Address Generation 

1. Reproduce an accurate hard copy of the waveform display from the logic analyzer 
and include it in your report. A good graphic will have the waveforms labeled 
meaningfully, as opposed to ‘A’, ‘B‘, and so on. 

2. Compare the theoretical timing diagram from the data sheet with that obtained from 
the logic analyzer output. How do your timing diagrams compare with the theoretical 
timing?  Explain any differences. 

3. Please describe, in a sentence or two, how you set-up your state machine and the 
logic analyzer for this portion of the lab. 

Testing Write 

1. What value did you use for the clock to the address counter?  Include your timing 
analysis showing that the delays in the ripple counter are not a problem. 

2. Why did we use tri-state drivers connected to the Input/Output lines? 

3. Reproduce an accurate hard copy of the waveform display from the logic analyzer 
and include it in your report. A good graphic will have the waveforms labeled 
meaningfully, as opposed to ‘A’, ‘B‘, and so on.   

4. Compare the theoretical timing diagram from the data sheet with that obtained from 
the logic analyzer output. How do your timing diagrams compare with the theoretical 
timing?  Explain any differences. 

5. Please describe, in a sentence or two, how you set-up the state machine and the logic 
analyzer for this portion of the lab. 

Testing Read 

1. Reproduce an accurate hard copy of the waveform display and include it in your lab 
report. A good graphic will have the waveforms labeled meaningfully, as opposed to 
‘A’, ‘B‘, and so on.   

2. Compare your theoretical timing diagram from the data sheet with that obtained on 
the logic analyzer output. How do your timing diagrams compare with the theoretical 
timing? Explain any differences. 

3. Please describe, in a sentence or two, how you set-up the state machine and the logic 
analyzer for this portion of the lab. 


