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Laboratory Eight
Latches and Static Memory

Basic Concepts

1. Static memory (SRAM) is a type of memory storage that
does not require refreshing of capacitive charges, such as
required by dynamic memory (DRAM). SRAM is
constructed from logic gates, and is much faster than
DRAM. Typical applications include L1 type cache.

2. The most basic element of binary storage constructed
form gates is the /atch, consisting of 2 cross-coupled
NAND (or NOR) gates.

3. The D-latch with Enable input is a rudimentary "clocked"
storage element employing a latch. The Enable serves to
enable or inhibit the operation of the latch, and forms the
basis of a clock, explored in a later experiment. The D-
Latch is employed in some form in SRAM

Note: There is no prelab for this experiment

Task One: The Basic Latch

1. Draw the latch circuit in your lab notebook, and build it in S_C DQ— —{ Q
the Xilinx Schematic editor, using inputs $and R and
outputs Qand Qnot: HANDZ

2. Assign ucf pins for 2 switches and 2 LEDs and download
your latch into the Digilent board. Experiment with your
latch and draw a truth table for the latch circuit identifying R D__} —LQ_
the Not allowed (NA), Set, Reset and No Change (NC) - NANDZ

modes of operation.

3. Finally, exercise the Sand R inputs of your latch to try to
replicate the input waveforms shown below as well as to
generate the simulated outputs. Record all 4 waveforms
in your lab notebook. Mark the positions where N4, Reset,
Set and NC modes of operation start on the waveforms.
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Task Two: D-Latch with Enable

1.

Draw the D-latch with Enable circuit in your lab
notebook, and build it in the Xilinx Schematic editor,
using inputs £and D and outputs @and @not. This circuit
stores a data input under the control of an enable signal.
Download the D-latch into the Digilent board, using the
same ucf designations as before. Derive a truth table for
the D-latch, showing where the Reset, Set and NCmodes
of operation begin to take place.

Exercise the Eand D inputs of the D-latch and try to
replicate the input waveforms shown below as well as to
generate the simulated outputs. Record this data in your
lab notebook. Mark the positions where the Reset, Set
and MC modes of operation start on the waveforms. Notice
that when E'is low, the latch is put into a NC state.
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Task Three: SRAM Design ﬁ

We are going to build a 4 word, 4 bit memory (4 x 4) from an array of D-latches.
The block diagram of the 4 x 4 memory is shown below. Here are the pertinent
inputs and outputs:

a) 4 data inputs/outputs: D3-D,

b) 2 address inputs: A; A,

¢) 1 write enable: WE

The memory will operate as follows: For a write operation, the WE (write enable)
line is set high and data specified by D3-D,is moved into a word location selected
by the decoder. For a read operation, WE is first set low, and a memory word is
selected. The data output may then be read from D3-D, To allow D3-D,to handle
both read and write data transfers, special tri-state logic buffers are employed at
the output port, as shown in the memory block diagram.

Using the block diagram of the 4-bit memory system given below, complete a logic

schematic and download your design in Xilinx for your memory as follows:

1. The blue square cell positions contain a D-Latch. The D, Fand @ signals
should be connected to the blue data line D;, the orange write-enabled select
line and green MUX data line respectively.

2. The orange square logic enables the write enable to pass to one row of D-
latches. The orange box should contain an AND gate.

3. Now construct this memory as per instructions from the instructor. (You will
need to first enlarge the size of the schematic window.)

4. Download the memory design into the PLD and test the operation of your
memory by first writing some 4-bit data into each of the 4 memory locations,
followed by reading the contents of each of the locations back. Show these
results to your lab instructor.
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