ECT 313 
Spring 2008
Lab #1
Tri-State Buffers

Name:_____________________________

	Discussion:
	Tri-state buffers allow computer designers to connect multiple devices to a single wire but allowing only one device to use the wire at a time. Thus forming the “BUS ARCHITECTURE” used in modern computers.



	Purpose:
	This experiment will investigate Tri-State Buffers to give you a better understanding of how these devices work. 



	Procedure:
	For this lab you will need to have JAVA installed on your machine. You can get Java from http://jdl.sun.com/webapps/getjava/BrowserRedirect?locale=en&host=java.com:80  and follow the instructions to install. 

Now download the Hades Simulator from:

http://tams-www.informatik.uni-hamburg.de/applets/hades/archive/hades.jar
Hades is the simulation software already used in the class to demonstrate digital circuits. Today you will use this java program to draw and simulate digital circuits.

Please note that good schematic drawing practices dictate that lines should be horizontal or vertical but not diagonal. Also it is standard practice to draw the inputs towards the left hand side of the drawing and outputs on the left hand side.

Draw the following circuit using two BUFFERs from the Right-Mouse-Click | Create | Gates menu. Run the simulation and change the two inputs and see how the output is affected:
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Hint: You might want to turn on all the labels using Layers | All of the Above Layers. 

The truth table for a buffer is as follows:

Input

Output

0

0

1

1

Questions: 

1) Fill in the following table:
Input 1 
(top input)

Input 2 
(bottom input)

Output COLOR

0

0

0

1

1

0

1

1

1) If RED is a high, and GREY is a low, what do you think the magenta color means in this instance (hint: look at the outputs of each buffer as a VOLTAGE)?
Submit the circuit as Lab 1 – Buffer Circuit via online submission tool.
In, computer architecture, we want to use a “BUS” to carry all the address and data information through out the motherboard. But, as seen above, we cannot connect all the outputs of all the various memory devices to the same line. So we need some way that will electronically detach the output of one device from the bus while another devices has it’s output on the buss. To do this we use TRI-STATE BUFFERS. Unlike most digital logic circuits, tri-state buffers can disconnect the output when desired. 

Draw the following circuit in HADES:
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In Hades the Tri-State Buffer (Right Click | Create | Gates | TRI) is an Inverting Buffer with a ACTIVE LOW control line (marked as i2 above). When the control is active (low) the tri-state buffer acts like an inverter, but when the control line is high you will get a gold color output (indicating it is TRI_STATE). Tri-State can be thought of like an open switch after the output as shown below:
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The dotted line is the control line, and when active (low in the case of the simulation), the switch is closed, allowing the output of the inverter to appear at the output.

Do NOT confuse a LOW (which is zero volts, or ground) with a TRI-STATE output which is a FLOAT or infinite resistance. They are NOT THE SAME. 

Another name for TRI-STATE is HIGH-Z  (indicated in a truth table by a Z (the letter that is used for IMPEDENCE). If you recall from your AC Circuits class, impedance is the AC equivalent of RESISTANCE. 

2) Fill in the truth table for the Tri-State Buffer circuit above:
I1 (Input)

I2 (Control)

I3 (OUTPUT)

0

0

0

1

1

0

1

1

Submit the circuit as Lab 1 – Tri-State Circuit via online submission tool.
The 74LS244 is a Octal Buffer/Line Driver with Tri-State Outputs. This

means that it can handle 2 nibbles (octal meaning 8).
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These 8 tri-state buffers are split into two groups of 4 bits (one nibble)

each with the Output Enable (OE above or G on the schematic) of each

of the tri state buffers connected to a common pin. So when pin 1 is

LOW, the inputs on pins 2,4,6,8 will appear on pins 18,16,14,12. When

pin 19 is LOW, the inputs on pins 17,15,13,11 will appear on 3,5,7,9.

In the circuit you will simulate, you will place inputs on both nibbles of the 74LS244 then have common LEDs to display either the 1st or 2nd nibble

by manipulating an “ADDRESS Circuit” that will select between the

two nibbles. A NOT gate (Inverter) will insure that Pin 1 and Pin 19 are never active at the same time.

Draw the circuit in HADES as show below:
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For the 74LS244, select EDIT | OPEN COMPONENT BROWSER | Built-In / Hades / Models / TTL74 / SN74244.hds | right mouse button | add as sub-design (then place the part in the HADES window).

Place two different binary patterns on the two nibbles. With the A0 switch off, you should see the nibble placed on the top part of the circuit (marked ADDRESS 0 on the schematic). Note the gold color of the wires and the cyan colored 3 lines on the Hex Display on the bottom. This indicates that those line are in the Tri-State (High-Z)
Now press the switch (A0) which will turn will “turn off” the outputs

from the top nibble on the schematic and “turn on” the outputs from the

bottom nibble, so you should now see the second binary pattern on the

LED’s.

Now remove the second Hex Display and connect the 2nd set of Tri-State Buffer outputs to the remaining Hex Display (Leaving the 1st set of Tri-state Buffers connected). 
Again place two different binary patterns on the two nibbles. With the A0 switch off, you should see the nibble placed on the top part of the circuit (marked ADDRESS 0 on the schematic). With A0 switch on, you will see the value on the second input bock. If the addressing was expanded to allow for 4 discrete outputs, then we could place 1 of 4 values on the output “BUS”, add another line (making 3 bits of address) we could select 1 of 8 and so on. 

Submit the circuit as Lab 1 – 244 Circuit 1 via online submission tool.
Answer the following Questions:

3) What does a tri state buffer do (put it in your OWN WORDS)?
4) How does a Tri-State Buffer fix the problem that occurred in the 1st circuit in this lab? 

Now add another 74LS244 to the simulation. Connect all 4 output nibbles to one hexdisplay. Create the circuitry necessary to use two bits (A0 and A1) to select 1 of the 4 nibbles to be displayed on the HexDisplay. 
Submit the circuit as Lab 1 – Final Circuit via the online submission tool.
Submit this document as Lab 1 – Document via the online submission tool.


