Description .
i this experiment, you will implement the circuit shown in Figure 1, The circuit consists of two
and a 3-bit shift register. Note that the clock input
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Inain components: a 3-bit synchronous coun | oct
hf the counter is obtained from the FPGA oscillator (after heing slowed down by dividing the

frequency). The clock of the 3-bit register, on the other hand, is obtained from the zero_count
butput of the 3-bit counter, which is 0 for all count values and 1 for count 0 only.
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Figure 1.Counter-controlled Register Block Diagram

[n this part, you are required to design a (count-down) 3-bit counter that counts 7.6,5,4,3,2,1,0
7,6,5, 4,..., using D flip Aops.
L. Fill the following state table according to the required counter design. (PreLab)
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2. Write the Input equations of the three lip Naps, (PreLab)
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3. Draw the sequential circuit that implements the 3-bit counter, Then, add to your circuit the

gate(s) required in order to generate an output signal called zero_count which is one only
when the count is 0. (D
f_ﬂo’k_ - 'G."'I-v

4. In the file‘threebitcounter.v’, write a Verilog module that implements the 3-hit counter with
the zero_count signal structurally.

5. Convert _the 3-bit counter schematic diagram you built to a black as in Figure 2. This block will
be used in the final circuit implementation in part 3.

File = Create/Update ->Create Symbol Files for Current Files
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Flgure 2. Block symbol for the three-hit counter.

1. Inthe file reg3b.v, write a Verilog module that implements the 3-bit register shown in Figure 3
structurally.

Note:You will need to use the 4-to-1 MUX module implemented in the file mux1.v and the D-fip
flop with reset module, which you implemented in experiment 7, in the file dffl.v.

Note that the register has 4 modes of aperation according to the following table:

ml ma Operation

0 0 Hald

0 | Parallel Load

1 0 Rotate Right
1 1 Rotate Left
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3. Clockinput of the register:

In your schematic diagram connect the clock in
the counter. This means that the state of the r

put of the register to the output zero_count of

egister will be updated each time the counter
reaches count 0 according to the maode setting.

4o

o

Connect the outputs (€2, C1, €0) of the counter to the inputs of the segdecoder. Note that A
is the MSB.

Connect seven output ports to the outputs of the segdecoder (a, b, ¢, d, ¢, [ g) with the
same names. These will be assigned to a seven segment display when you do pins
assignment.

Connect an input pin called restart, which

resets the counter to count 7 and the register to
0!

Perform the following pins assignment for your input and outputs,

Input

clk PIN_E16
restart | iSW[1] | PIN AB26
m0 iSWi2] | PIN_AR25
| m1 iISW(31 | PIN_AC27
PO ISW{4] | PIN AC26
| P1 ISW5] | PIN_AC24
P2 ISW[6] | PIN_AC23

Outputs of the segdecader

a HEX0 PIN_AES
HEX0D PIN_AF9
HEX0( PMN_AHY
HEXO0. | pIN_AD10 |
HEX0 PIN_AF10
HEX0 PIN_ADI1
g HEX0 PIN_ADI12
Outputs of the register
Out0 | oLEDR[1] | PIN_AKS
Outl | oLEDR[2] PIN_A|S
Out2 | oLEDR[3] | PIN_A[4

=Inlan |

8. Download your circuit on the FPGA and test it,
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Figurel. 3-bit Reglster Diagram

Convert the 3-bit registerVerilog module you implemented to a block as in Figure 4. This block
will be used in the final circuit implementation in part 3.

File > Create/Update = Create Symbol Files For Current Files
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Figure 4. Block symbol for the t'hree-hlt register.,

[n the file circutt1.bdf, build the schematic diagram shown in Figure 1. The following steps detail
how to add needed blocks to yvour diagram,

1. Add one segdecoder symbol, clock symbol, 3-bit counter (threebitcounter) symbol and 3-

bit register (reg3b) symbol ta your bdf file.

Note:ln order to add these symbols to your design, se
bar (from where you get the ICs usu
of the two symbols under the proje
the text box below,

lect the symbol of AND gate on the tool
ally) then expand the project menu. If you cannot find any

ctmenu, you can add them by typing the symbol name in

2. Clockinput of the counter:

Note that the block ‘clock.bsf has one input *os_clock’ and one output ‘out_clock’. This module
implements a frequency division circuit which will be used to divide the high frequency clock
of the FPGA oscillator (28 Miz) ta obtain a slower clock (10 Hz) so that changes in the counter
value can be detected on the 7-segment display and provide sufficient time for register setup.
Hence, in your schematic diagram you are required to connect the “os_clock _tn an ml'"fdl:‘“"'
called “cli¢" (which will be assigned to the oscillator clock when you da pins assignment)
connect "out_clock” to the counter clock input.
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