Lab 16: Tri-State Busses and Memory
U.C. Davis Physics 116B
Note: We may use a more modern RAM chip. Pinouts, etc. will be provided.

I NTRODUCTION

2. THE D ATA B U S

In this lab, you will build a fairly large
circuit that will allow the user to write data to
any address in a RAM and read that data out
sequentially or using a DIP switch to specify the
address. Once again, this is a large circuit. Be
sure to use good circuit-building technique. That
is, build and debug each section of the circuit
separately and then connect them all together.
Since this circuit will eventually comprise 6
ICs, I suggest using the chip layout shown in
figure 2 so that all ICs fit on the board.

The goal of this section is to be able to
write data to any address in RAM and to read it
back. The block diagram in figure 3 shows how
to do this. First (and for your lab report), draw a
detailed circuit diagram for this circuit and write a
description of how you will test it by writing
data to several memory addresses and then by
reading it back. Then, build the circuit and test
it. In your lab report, note whether your circuit
passed all your tests or whether any of the tests
had to be altered.

1. TRI -S TATE O UTPUT C URRENT
First, we will measure the output current of
a tristate device, one buffer of a 74LS241 circuit.
Use the circuit in figure 1 to do this. For your
lab report, make a table of the current readings
for all combinations of switch settings. Also,
answer these two questions: What property of a
tristate output makes it useful for a bus? Which
switch causes zero output current, the "high
impedance state"?
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Figure 1: Circuit to measure tristate buffer output current.
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Figure 3: Block diagram for the circuit to read and write to
RAM.
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Figure 2: Recommended chip layout for the big memory circuit.
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3. THE A DDRESS B U S

4 . D IGITAL W AVEFORM
S YNTHESIZER

Next, you will alter the circuit so that you
can either give the address by hand or allow a
counter to sequence through all the memory
addresses. The block diagram for this modified
circuit is shown in figure 4. As before, draw a
detailed circuit diagram before you build the
circuit. Write a test procedure which includes
writing several 4-bit words to RAM and then
reading all 16 using the counter. Then build and
test the circuit, noting any difficulties during
testing.
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Now use your memory circuit to generate a
voltage pattern. Add the 1408 DAC to the data
bus as shown in figure 5. (That is, connect the 4
bit data bus to the DAC's 4 most significant
input bits.) Using the procedure you wrote
above, enter 16 numbers into memory then read
them out sequentially into the DAC at a clock
speed of about 10 kHz. Look at the output on
the oscilloscope. If you are ambitious, try
hooking this up to a speaker. Try to enter
numbers that make the output look like a sine
wave, a triangle wave, and any other shape you'd
like to see. If you used the speaker, try to get a
particular sound (a violin, trumpet, human voice,
etc.). For your lab report, describe what is
happening in your own words and include your
favorite wave shape and the 16 numbers that
made it.
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Figure 4: Block diagram for the complete big memory
circuit.
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Figure 5: Block diagram for the digital waveform
synthesizer.
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Discussion: Tri-State Busses and Memory
U.C. Davis Physics 116B

I NTRODUCTION
This is an introduction to tristate busses and memory. It is useful for lab 16. Note: we may use a
more modern RAM chip (pinouts to be supplied in any case).

1. DATA B U S S E S
Busses are fundamental to computer operation. Most of the internal parts of a computer communicate
using them. The data bus is named after the regular commuter bus on the streets. The commuter bus will
transport many people at once and the same vehicle and roads are used for many origins and destinations.
Similarly, a data bus transports many bits of data simultaneously from one digital circuit to another. To be
considered a bus, several circuits must be able to send data along the same wires (only one at a time,
though), and several circuits must be able to receive data from those wires. The data bus idea is also rather
analogous to a group of people talking in a room. Only one person at a time should talk, her voice (the
data) fills the entire room (the bus), and many people at a time can listen.
For devices to communicate on a data bus, they must be able to "shut up" and let another device send
data over the bus. Our logic gates so far are not very polite listeners; they are always outputting either a 1
or a 0. We need to give them a third state, a "shut up" state, if you will. This third state (hence the name
tri-state) is called the high impedance (high Z) state. The circuit that allows these three output states is
usually called a tristate buffer and is exemplified by the 74LS241 chip, an octal tristate buffer. In the first
(short) part of lab 15, you will look at the output current of the 74LS241 tristate buffer in each of its three
states, 0, 1, and high Z.

2. ME M O R Y
Recall that any sequential logic element has some sort of memory. A circuit designed to do nothing
but store and recall data is called a memory circuit. A memory circuit basically contains very many data
registers. Recall you built a data register from D flip flops in lab 13. In lab 15, you will use 16 data
registers contained in the 2114 memory chip. As you might imagine, 16 four bit data registers would take
very many pins on a chip if they were all available at once. So, a memory chip allows you to access only
one at a time. Each data register is assigned a number, called its address. To select a particular data register,
its address is applied to the address inputs of the memory chip. Then, data can be written to or read from
that register. Because the addresses can be selected in any order, this type of memory is called random
access memory or RAM. (In contrast, some types of memory, such as disk drives, must be accessed
sequentially.)
Once a given address on a memory chip has been selected, either read or write operations can be done on
it using the same data pins. (In our case, we'll use 4 data bits. Most computers today use 16 or 32 data
bits.) It may not be obvious how the same pins can be used as both input and output, but this can be done
using the tristate bus idea above. The two inputs, write enable WE and chip select CS , control the
memory data pins according to the following truth table:

WE

CS

1
0
1
0

1
1
0
0

Data Pins are in...
High Z state.
High Z state.
Read mode. Data pins are outputting previously stored data.
Write mode. Data pins are accepting data, writing to register.

The names "write enable" and "chip select" are descriptive. When CS=0 (which means CS="on" since
CS is active low as the bar indicates), the chip is selected and can read or write. When WE =0 (which means
WE ="on), the chip can write data to one of its registers.
Note also that write mode is "dangerous" in that data will be written to memory in write mode, even
if it not the intended data or the intended address. The timing diagram in figure 1 shows how to write data
to the memory chip safely. Figure 2 shows how to read data from the memory chip. You will be asked to
construct similar timing diagrams for the entire memory circuit in lab 15.
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Figure 1: W RITE cycle timing diagram.
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Figure 2: READ cycle timing diagram.
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