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The following code answers the quiz question.

up_count_button,
down_count_button,
> &seven_segments_data,
> &seven_segments _enable) {
ap_ctrl none port=
ap_none port=up_count_button
ap_none port=down_count_button
ap_none port=seven_segments_data
ap_none port=seven_segments_enable

<

<
INTERFACE
INTERFACE
INTERFACE
INTERFACE
INTERFACE

number =
state

5
wait_for_one;

next_number;
next_state;

out_local;
(state) {

walt_for_one:

(up_count_button
(number ==
next_number

{

next_number

}
}

next_state

(down_count_button ==

) A

(number ==
next_number

{

next_number

}
}

next_state
{
next_number
next_state

}
5
walt_for_zero:

(up_count_button
next_number
next_state
{
next_number
next_state
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number+1;

walt_for_zero;

DA

number-1;

wait_for_zero;

number;
wailt_for _one;

) A

|| down_count_button ==

number;
wailt_for_zero;

number;
wait_for _one;
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number = next_number;
state next_state;

seven_segments data = get_seven_segment_code(number);
seven_segments_enable = g

However, if you synthesis this code, the resulted hardware requires two clock
cycles to finish, which is against our single-cycle design approach.

Change the design clock period from 10 to 20. This changes the design clock
frequency from 100MHz to 50Mhz.

For doing this, right-click on the “Solution1” folder in the Explorer view, then
select “Solution Settings...” go to Synthesis Settings and change the clock
period.

-y Solution Settings (solutionT) x

Synthesis Settings
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Now synthesis the code. The following figure shows the synthesis summary
report.

* R updown_counter.h is Summary(solution1) X = Schedule Viewer{solution1) B updown_counter.cpp

Synthesis Summary Report of ‘updown_counter’

= General Information

fed Nov 18 09:12:45 MST 2020)

~ Performance & Resource Estimates )

rEABD = [ EE>a

hlevel-synthesis.com/

Now export the RTL IP ready for logic synthesis and bitstream generation.

Create a new Vivado project with the name of “updoune_counter-vivado” and
select the Basys3 board as the target FPGA.

Then create a new block design. And add two IPs to the Vivado repository:
updown_counter and debouncer. You can find the debouncer IP in the
Resources folder attached to this lecture.
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Add one updown_counter and two debouncer IPs to the design area.

Connect them together as follows

Diagram

e a 3 B e Q

+ S c o Default View

# Designer Assistances ava\labl% Run Connection Automation

down_count[0:0] [y

up_count[0:0] [y

debouncer_0

SIGMAL_I[0:0]

SIGNAL_O[0:0]
CLK_I

debouncer_v1_0

debouncer_1

SIGMAL_I[0:0]

SIGNAL_O[0:0]
CLK_I

debouncer_vi_0

updown_counter_0

ap_clk
ap_rst

up_count_button
down_count_button

witis™ HLS

seven_segments_data[7:0]
seven_segments_enable[3:0]

Updown_counter (Pre-Production)

m—{ > seven_segments_data[7:0]
m——]» seven_segments_enable[3:0]

Then we should generate the 50MHz clock frequency for the updown_counter.

For this purpose, click on the “Run Connection Automation” link above the
design area in the Diagram window.

Accept the default as the following figure and then press OK.
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¢ Run Connection Automation X

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on the
right.

Q - -
r -

v [ All Automation (1 out of 1 selected)

Description

R Connect clock-pin ({fupdown_counter_0/ap_clk}) to selected clock source. Also configure and connect clock-pins of
~ |v] #F updown_counter_0 connected bridge-IPs(AXI Interconnect, Smartconnect) as needed. Also infer Processor System Reset block and
[« = ap_clk connect synchronous reset source to associated reset pin(s) as needed.

Clock: jupdown_counter_0/ap_clk
Options

Source Clock Specification

Clock Source Mew Clocking Wizard

Freguency MHz

Reference Clocks
Ref_Clk0

Ref_Clk1

Ref_Clk2

Double click on the clocking wizard IP to customise that. In the “Re-customize”
dialog, go to the “Output clocks” tab and change the clock frequency from 100
to 50, as shown below. Then press OK.
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4 Re-customize 3 x
Clocking Wizard (6.0) '
@ Documentation IP Location
IP Symbol ~ Resource Component Name  cli_wiz
[) Show disabled ports
Board | Clocking Options | OutputClocks ~ MMCM Settings | Summary

The phase is calculated relative to the active input clock
Qutput Freq (MHz) Phase (degrees) Duty Cycle (%)

Output Clock PortN D
e ortName  Requested Actual Requested Actual Requested | Actual nves

[+ cik_out1 cli_outt 5b.000 100.00000 0.000 0.000 50.000 50.0 BUFG

[ clk_out2 clk_out2 00.000 0.000 50.000
cli_out 100.000 0.000 50.000

clk_outd 100.000 0.000 50.000
clk_outs 100.000 0.000 50.000
clk_outd 100.000 0.000 50.000
clk_out? 100.000 0.000 50.000
reset clk_out?
j CH»(JH'\ Bk t Clocking Feedback
Source Signaling
OutputClock  Sequence Number

1 ®) Automatic Gontrol On-Chip

1 Automatic Control OffF-Chip

1 ") User-Controlled On-Chip

d ~) User-Controlled Off-Chip

1

1

1

Enable Optional Inputs | Outputs for MMCM/PLL Reset Type N
< ?

Make the following ports external

clk_wiz>reset

clk_wiz—>clk_in1

debouncer_0—>SIGNAL |

debouncer_1->SIGNAL |

updown_counter—>seven_segments_data
updown_counter—>seven_segments_enable

Modify the exeternal ports as shown below.

Then connect debouncer_0->CLK_| and debouncer_1->CLK_| to clk_in.

Also connect rst_clk_wiz_100M->ext_rest_in to reset.
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rst_clk_wiz_100M

slowest_sync_clk mb_reset

clk_wiz - ext_reset in bus_struct_reset[0:0]

—@ g aux_reset_in peripharal_reset[0:0]

reset D = reset clk_out1 = mb_debug_sys_rst interconnect_aresetn[0:0]

clk_in D - clk_in1 locked dem_locked peripheral_aresetn[0:0]
Clocking Wizard Processor System Reset

debouncer_0 updown_counter_0

seven_segments_data[7:0]
up_count[0:0] [Cy=— SIGMAL_I[0:0] ap_clk - | D - -
- SIGNAL_O[0:0] Vitis™ HLS |
* CLK_I o] ap_rst . seven_segments_data[7:0] —l_D seven_segments_enable[3:0]
J up_count_button ~ seven_segments_enable[3:0]
debouncer_vi_0 down_count_button

debouncer_1

down_count[0:0] D——# SEELNE] oy o]

Updown_counter (Pre-Production)

CLK_I

debouncer_v1_0

Download the constraint file from the Resources folder attached to this lecture
and add that to the project.

Now generate the bitstream and program the board and play with the counter.
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