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AF . esson Outline

AIR FORCE
ACADEMY

1. Comparator Construction
2. Gated and Non-Gated Circuit
3. Lab 1 Intro

L3} Combinations of elements, lab intro 7.2 HW #5 BOC L6
L6 Lab1 - VGA Synchronization Gate Check 1 COB L6
L7 Lab1 - VGA Synchronization Gate Check 2 COB L7
L8 Lab1 - VGA Synchronization Lab1 Functionality COB L8
L9 Finite State Machines 10.2.1,10.3.2, 10.4,10.6.1  Lab1 Write-up COB L9
HW #6 BOC L10
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AF Comparator Construction

AIR FORCE
ACADEMY

m You will generate a signal similar to this CSA in Lab 1.
h_blank <="1"when ((h_count >= 100) and (h_synch < 200)) else '0’;

m This is a Non-Gated output Signal
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AIR FORCE
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Gated and Non-Gated Circuit
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Ap

Gated and Non-Gated Circuit

AIR FORCE
ACADEMY

Take a look at lec05.vhdl

[ clk )
nd IT;SCS reset (r:elei;et counter
e B btn(4)
G4 ] reset .:kbm(“)processQ
—> btn(4 downto 0) |
B22, D22,
C22, D14, &,(C”(gated (Sequential) ungated (combinational)
F15 | "eSeL, reset
process (clk).. JB <= “0001” when..
clk
‘ JB(7) JB(6 downto 4) JB(3 downto 0)
L y7 } vs, yo, wo Y w7vr-ve
processQ
| 0 | LO | L1 | L2 255 |

' 0001 I 0010 J'B 0100 ' 1000 '

8
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AF Gated and Non-Gated Circuit
AIR FORCE — PMOD Connector

ACADEMY

VCC GND 8 signals

m’@“ﬁ!
‘vw
.C XILINX.W S
T

TR Toe
?‘( SR e
» ]

JB PMOD
Connector

PMOD connector (see page 20 (Chapter 10) of
the Nexys Video Board Reference Manual)

Integrity - Service - Excellence


George York


George York


George York






AF Gated and Non-Gated Circuit
— PMOD Connector

UNITED STATES

AIR FORCE
ACADEMY

Figure 12. Pmod ports: front view as looded on PCE.

PMOD Pinouts

JAl: AB22 JB1: V9 IC1: Y6 IXADC1: 114

IA2: AB21 IB2: VB IC2: AAB IXADC2: H13

IA3: AB20 Lk PMOD connectors (see page

1A4: AB18 IXADC4: J15 20 (Chapter 10) of the Nexys

IA7: Y21 ‘W3 JC7:R6 IxADC7:H14 Video Board Reference

IAB:AAD - Bs:a - [MCETE [ IXADCE: 613 Manual) corresponding to

IA9: AA20 1BO: Y8 IC9: AB7  jxADCO: G16 JB(S) and JB(Z) (the most 2

IA10: AA18  JB10:Y7  JCI0:AB6  JXADC10: H15 significant bits of the non-
Table 10. Nexys Video Pmod pin ossignments. gated Comparator OUtpUtS)

0
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AF Gated and Non-Gated Circuit

T _N_W_u_]

Combinational Realization — Non-gated

JB(3 downto 0) <= "0001" when ((processQ >= 0) and (processQ < L0)) else
"0010" when ((processQ >= L0) and (processQ < L1)) else
"0100" when ((processQ >= L1) and (processQ < L2)) else
"1000";

Sequential Realization — Gated

process(clk)
begin
iIf (rising_edge(clk)) then
if (reset ='0') then
JB(6 downto 4) <= "000";
elsif ((processQ >= 0) and (processQ < L0)) then
JB(6 downto 4) <= "001";
elsif ((processQ >= L0O) and (processQ < L1)) then
JB(6 downto 4) <="010";
elsif ((processQ >=L1) and (processQ < L2)) then
JB(6 downto 4) <="100";
elsif (processQ >= L2) then
JB(6 downto 4) <="111";
end if;

11




UNITED STATES

AIR FORCE

ACADEMY
5 th ? X
wh LecS.vhd | (Y LecS.axde 3 | @hi lecS_thovhd x| BE lecSawclg X PO 2 =

0.000000 us

- B processQ[7:0]
1 1B(7)

-JB(6 downto 4)

-JB(3 downto 0)

20 January 2021 Integrity - Service - Excellence 12



UNITED STATES

AIR FORCE
ACADEMY

lecs_th —

wh LecS.vhd 3 | @3 LecS.axede | @ lecs_thowhd ¢ | BB lecS.wcfg X T O =

1 ok
1k reset
- bin[:0]
- ™ 1B[7:0]
E-® processQ[7:0]
1 1B(7)

B-JB{5 downto 4)
E-JB(3 downto O)

20 January 2021 Integrity - Service - Excellence 13
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Lab 1 Intro
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H sync and V_sync VGA: 640x480 pixels
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AF HW 5 - Lab 1 Prelab

AIR FORCE
ACADEMY

1. Draw a detailed diagram of the oscilloscope grid
required for Labl. A detailed diagram must be drawn
on green engineering paper (or computer) and include

m (X,y) corners of the monitor.
m (X,y) each of the four major corners (already given).
m y-coordinates for all the major horizontal grid lines.

m (X,y) coordinates for one set of three horizontal of hatch
marks. Indicate with an arrow which set of three.

m x-coordinates for all the major vertical grid lines.

m (X,y) coordinates for one set of four vertical of hatch
marks. Indicate with an arrow which set of four.

-_—m19
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VGA: 640x480 pixels

HW 5 = Lab 1 Prelab

LH0ge Hins 4 hatch marks
Marker
20,20
(0,0) ( ) 3 hatch marks (620,20)
Trigger Level -
Marker

C
(0,479)

(620,420)

(639,479)






AF HW 5 - Lab 1 Prelab

UNITED STATES

AIR FORCE — —
ACADEMY T=1F

2. Given that the pixel clock is runningrét[ZSMhz{add the
durations of the h_synch and v_synch signals show in
Labl. Set time=0 on the blue dashed line on the left
side of the region labeled "Active Video".

w.w3schools.com/colors/
mes.asp

Active Video

640 Pixels

h sync

or

i 16 Pixels |

Cﬁlumns

blank
O -
&
-
i
O -
o |
o~
-
o
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AF HW 5 - Lab 1 Prelab

AIR FORCE
ACADEMY

2. Given that the pixel clock is running at 25Mhz, add the
durations of the h_synch and v_synch signals show in
Labl. Set time=0 on the blue dashed line on the left
side of the region labeled "Active Video".

v sync

480 Lines
Or

Rows

blank

Integrity - Service - Excellence
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AF Lab 1 Intro = VGA Overview

AIR FORCE
ACADEMY

- https://www.wischools.com/colors/colors_names.asp

RGB

Black R = G= B=
White R = G= B =
Green R = G= B=
Blue R= G= B=
YellowR = G= B=

-_—8]8,58\823
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Not complete!

Lab 1 Intro — Architecture

/1ab1

I
clk clk Process tr_volt clk —{clk Process o
reset_n reset_n reset_ n —jreset_n
btn > btn btn =——| btn
. B
/V|deo e
- ixel_c
clic:=—l clk Clock_Wiz_0 clk_ouﬂ\‘p,——,>
serialize_clk
reset_n —| resetn clk ou2 ———=
serialize_clk_n
—| btn g clk_ouB)—v
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AF VGA Module

AIR FORCE
ACADEMY

entity vgais
Port( clk:in STD_LOGIC;

reset n:in STD_LOGIC;
h_sync : out STD_LOGIC;
v_sync : out STD_LOGIC;
blank : out STD_ LOGIC;
r: out STD_LOGIC _VECTOR(7 downto 0);
g: out STD_LOGIC_VECTOR(7 downto 0);
b: out STD_LOGIC_VECTOR(7 downto 0);
trigger_time: in unsigned(9 downto 0);
trigger_volt: in unsigned (9 downto 0);
row: out unsigned(9 downto 0);
column: out unsigned(9 downto 0);
chl:in std_logic;
chl enb: in std logic;
ch2:in std_logic;
ch2_enb: in std_logic);

end vga;
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VGA Module

AIR FORCE
ACADEMY
clk This is the 25Mhz pixel clock generated by the DCM in the video module.
reset_n This is the same active low reset signal passed into the top level Lab1l module.
tr volt This is a 10-bit unsigned value representing the trigger voltage. This va]ue is passed to the scopeFace module so that a
- yellow arrow (see Trigger Level Marker in the screen show) on the vertical axis.
. This is a 10-bit unsigned value representing the trigger time. This value is passed to the scopeFace module so that a
tr_time yellow arrow (see Trigger Time Marker in the screen show) on the horizontal axis.
This 1-bit signal signals the VGA module to draw the channel 1 signal on the scope for this row, column pixel. When the
elnil value is 1, draw a yellow pixel on the display at the current row,colum position. When 0, do not draw a pixel.
chl enb This 1-bit signal enable the chl signal to be drawn.
This 1-bit signal signals the VGA module to draw the channel 2 signal on the scope for this row,column pixel. When the
ch2 : . . o :
value is 1, draw a green pixel on the display at the current row, column position. When 0, do not draw a pixel.
ch2_enb This 1-bit signal enable the ch2 signal to be drawn.
R The 8-bit red intensity for this row,column pixel on the screen.
G The 8-bit green intensity for this row,column pixel on the screen.
B The 8-bit blue intensity for this row,column pixel on the screen.
Row The current row being drawn on the display.
Column The current row being drawn on the display.
blank  The blank signal for the current row,column position. Its the logical OR of the h_blank and v_blank signals.
h_synch The h_synch signal for the current row,column position.
v_synch The v_synch signal for the current row,column position.
The VGA component contains a pair of cascaded counters which generate the row and column values of the current
pixel being displayed. The row and column values are used to generate the blank, h_synch and v_synch signals
Behavior according to the Figures above. The scopeFace component (more on this below), takes the row and column values

(along with some other information) and generates the R,G,B color of that pixel. The three muxes on the output of the
R,G,B output of the scopeFace component output the scopeFace R,G,B values for row,column values within the
640x480 displayable region, or O's for values outside this region. 26
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AF scopeFace Module

UNITED STATES
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entity scopeFace is
Port (row : in unsigned(9 downto 0);

column : in unsigned(9 downto 0);
trigger_volt: in unsigned (9 downto 0);
trigger_time: in unsigned (9 downto 0);
r . out std _logic_vector(7 downto 0);
g : out std_logic_vector(7 downto 0);
b : out std_logic_vector(7 downto 0);
chl: in std_logic;
chl enb: in std _logic;
ch2:in std_logic;
ch2_enb: in std_logic);

end scopeFace;
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ScopeFace Module

AIR FORCE
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clk This is the 25Mhz pixel clock generated by the DCM in the video module.
reset_n This is the same active low reset signal passed into the top level Labl module.
This is a 10-bit unsigned value representing the trigger voltage. This value is passed to the scopeFace module so
tr_volt that a yellow arrow (see Trigger Level Marker in the screen show) on the vertical axis.
_ This is a 10-bit unsigned value representing the trigger time. This value is passed to the scopeFace module so that
tr_time a yellow arrow (see Trigger Time Marker in the screen show) on the horizontal axis.
This 1-bit signal signals the VGA module to draw the channel 1 signal on the scope for this row, column pixel. When
chl the value is 1, draw a yellow pixel on the display at the current row,column position. When 0, do not draw a pixel.
chl enb  This 1-bit signal enable the chl signal to be drawn.
This 1-bit signal signals the VGA module to draw the channel 2 signal on the scope for this row,column pixel. When
ch2 the value is 1, draw a green pixel on the display at the current row, column position. When 0, do not draw a pixel.
ch2_enb  This 1-bit signal enable the ch2 signal to be drawn.
R The 8-bit red intensity for this row,column pixel on the screen.
G The 8-bit green intensity for this row,column pixel on the screen.
B The 8-bit blue intensity for this row,column pixel on the screen.
Row The current row being drawn on the display.
Column  The current row being drawn on the display.
The scopeFace component takes in the current row,column coordinates of the display and generates the R,G,B
values at that screen coordinate. For example, if row,column = 20,20 then the R,G,B output should be
Behavior

OxFF,0xFF,0xFF (white) because the upper left corner of the O'scope grid display is white. Note, you can get the
RGB values for common colors at web site.
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http://www.w3schools.com/htmL/html_colornames.asp

Scopeface: just CSA code

chl <=1 whin

ch2 <2 1Y when
mgridH <= “1’whenrow=__orrow=__ or...
mgridV<= “1’whencol=__ orcol = or ...

m white <= ‘1’ when gridH =1’ or gridV =1’ or ...

and chl_enable ° v

mr<=“11111111” when white = ‘1’ or ch1 = ‘1’ or...
g <=“11111111” when white = ‘1’ or ch1 = ‘1’ or

ch2=1or...

R he '-T“ ?
m b <= “11111111” when white = ‘1’ or .. FLowte = 1

T\-i-mjl-r- <z when
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Lab 1 Connections
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HDMI Out
Power
CPU Reset
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AF Setup code for lab1l
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m Create alab 1 project in Vivado

m Copy code from
H

(middle of the webpage) - Teoms —7 LQL\JM&_{.’@P
m Add files to the project

m Save to bitbucket repo

20 January 2021 Integrity - Service - Excellence
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https://georgeyork.github.io/ECE383_web/lab/lab1/lab1.html





















































































AF Digital Clocking Wizard

AIR FORCE
ACADEMY

How to convert a 100 MHz clock
to a 25 MHz clock and a 125 MHz clock?

m Xilinx Clocking Wizard Page:

m Clocking Wizard v5.3 - LogiCORE IP Product Guide:

20 January 2021 Integrity - Service - Excellence

32


https://www.xilinx.com/products/intellectual-property/clocking_wizard.html
https://www.xilinx.com/support/documentation/ip_documentation/clk_wiz/v5_3/pg065-clk-wiz.pdf

Ar

UNITED STATES
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Digital Clocking Wizard

m Click on IP Catalog
m Search for Clocking Wizard IP

4 Project Manager

o

B

-

#
v

Project Settings
Add Sources
Language Templates

| F 1P Catalog
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Digital Clocking Wizard
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ﬁ Re-customize [P =
Clocking Wizard (5.3) [
ﬁ Documentation [ IP Location [0 Switch to Defaults

TP Symbol | Resource Cumpﬂﬂ
Show disabled ports Board | Clocking Options | Output Clocks | Port Renaming | MMCM Settings | Summary
Assodate IP interface with board interface
= 1P Interface
zo|ar CLK_IN1 -
" H‘}‘ CLK_IN2 -
Il|= EXT_RESET_IN -
Il
Eeall
Clk_outl =
clk_nut2 =
Clk_out3 =
Qresetn
=lk_inl
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Digital Clocking Wizard

ﬂ Re-customize IP
Clocking Wizard (5.3)
ﬁ Documentation | IP Location [Lgl Switch to Defaults
IP Symbol | Resource
Show disabled ports
e
Il
llj
Il
]
cl_outl
chk_out2
chk_outz
Qresen
=rlk_inl

————

Component Name | ck_wiz_0

Board Clocking Options | Output Clocks | MMCM Settings | Port Renaming

Summary

Clock Manitor

[] Enable Clock Monitoring
Primitive

@ MMCM (%) PLL

Clocking Features Jitter Optimization

Frequency Synthesis [ Minimize Power @ Balanced

Phase Alignment [ Spread Spectrum () Minimize Output Jitter

|| Dynamic Reconfig || Dynamic Phase Shift (0 Maximize Input Jitter filtering

[ safe Clock Startup

Dynamic Reconfig Interface Options

77 Phase Duty Cyde Config ‘Wirite DRP registers
Input Clock Information
Input Clock Input Frequency(MHz) Jitter Options
Primary 100.000 10.000 - 300.000 ur
[[] | Secondary 100.000

Input Jitter Source
~ 10.010 Single ended dock capable pin -
0.010 Single ended cdock capable pin -

20 January 2021
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Digital Clocking Wizard

ﬂ_} Re-customize [P

Clocking Wizard (5.3)

IP Symbol | Resource

Show disabled ports

ﬁ”} Documentation | ) IP Location L Switch to Defaults

Sk
[I|=
[l| =
Il

Qresen

clk_in1l

clk_outl
clk_out2
clk_out3

Component Name | dk_wiz_0

Board | Clocking Options” Output Clocks | MMCM Settings | Port Renaming | Summary

The phase is calculated relative to the active input dock.
Output Freq (MHz) Phase (degrees)
Re

‘Output Clock quested Actual Requested Actual

A

P5.000 0.000 0.000

A

125.000 25.000 0,000 0,000

L ck_outs 125.000 25.000
[ ck_out4 100.000 0.000
ck_outs 100.000 0.000
ck_outs 100.000 0.000
ek _out7 100.000 0.000
USE CLOCK SEQUENCING Edmea bk
Source

Qutput Clock Sequence Humber )
@ Automatic Control On-Chip

1

5 *) Automatic Control Off-Chip
i *) User-Controlled On-Chip

1 *) User-Controlled Off-Chip

i

i

i

Enable Optional Inputs [ Outputs Reset Type

reset || power_down  [|input_dk_stopped

< [Fllocked [ dbsmnped

) Active High

Signaling

Duty Cycle (%)
Requested

50.000
50,000
50.000
50.000
50.000
50.000

50.000

(@ Single-ended

Differential

Actual
50.0

50.0

50.0

Drives

BUFG -

BUFG -

BUFG -

BUFG -

BUFG -

BUFG -

BUFG -
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Digital Clocking Wizard

"
1F Re-custorize IP lﬂ
Clocking Wizard (5.3) '
ﬂ Documentation || IP Location ([ Switch to Defaults
IP Symbol | Resource Component Mame | clk_wiz_0
Show disabled ports Board | Clocking Options | Output Clocks MMCM Settings | Port Renaming | Summary
These are the settings based on inputs from previous pages. Any update on this page
- o will override the optimal settings calculated by the wizard
i (G}
Il
||| <= Attribute Value
||| <= BANDWIDTH OPTIMIZED -
CLKFBOUT_MULT_F 10.000
CLKFBOUT_PHASE 0.000
CLKIN1_PERIOD 10.0
CLKINZ_PERIOD 10.0
COMPENSATION ZHOLD A
f DIVCLK_DIVIDE 1
| REF_IITTER 1 0.010
aF I" REF_IITTER2 0.010
I STARTUP_WALT
i I CLKFBOUT_USE_FINE_PS
I CLKOUT4_CASCADE
Clk_outl m= Clk Wizard Port Renamed Port MMCM/PLL Port Divide Duty Cyde Phase Use Fine Ps
clk_out2 p= dk_out1 ck_out1 CLKOUTO 40.000 0.500 0.000
ch_outd = ck out2 ck_out2 CLKOUT1 8 0.500 0.000
dk_out3 ck_out3 CLKOUT1B 8 0.500 130.000
Qresetn
{
=rlk_inl

Integrity - Service - Excellence
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Digital Clocking Wizard

ﬂ_:': Re-customize [P

==

Clocking Wizard (5.3)

ﬁﬂ Documentation |5 IP Location [ Switch to Defaults

IP Symbol | Resource
Show disabled ports

Sk
Il| =
[l| =
[I|=

clk_outl
clk_out2
clk_out3

Qrosen

=lk_inl

Component Name | dk_wiz_0

Summary

Board | Clocking Options | Output Clocks | MMCM Settings< Port Renaming
Input Clock
Input Clock Port Mame Input Frequency (MHz)
Primary ck_in1 100.000
Output Clock
VCO Freq = 1000.000 MHz
Output Clock Port Name Qutput Freg (MHz) Phase {degrees)
ck_out1 dk_outl 25,000 0.000
ck_out2 dk_out2 125.000 0.000
ck_out3 dk_out3 125.000 180.000
Optional Port Names
Other Pins Port Mame
resetn resetn

Input Jitter (UL}

0.010

Duty Cyde (®%)
50.0
50.0
50.0

Tspread {ps)

Pk-to-Pk Jitter (ps)
175,402
125,247
125,247

Phase Error (ps)
98.575
98.575
98.575

20 January 2021
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Digital Clocking Wizard

-
{F Re-customize IP @
Clocking Wizard (5.3) ‘
ﬁﬂ Documentation | = IP Location ([J Switch to Defaults
IP Symbol | Resource Component Name | ck_wiz_0
Show disabled ports Board | Clocking Options | Output Clocks | MMCM Settings | Port Renaming: Summary
Attribute Value
e Input Clock (MHz) 100.000
” ah Phase Shift Fixed
Divide Counter 1
[]|em Mult Counter 10.000
” dh CLKOUTD Divider 40.000
CLKOUT1 Divider a
CLKOUT2 Divider a
CLKOUT3 Divider OFF
CLKOUT4 Divider OFF
CLKOUTS Divider OFF
CLKOUTS Divider OFF
|
2|l
clk_outl =
clk_out2 =
clk_outs =
Qresen
{ l
=clk_inl
< ESLEI
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AF Digital Clocking Wizard
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m Verify Component Declaration in video.vhd

component clk_wiz Ois

Port (
clk inl1:in STD_LOGIC;
clk_outl: out STD LOGIC;
clk_out2: out STD LOGIC;
clk_out3: out STD LOGIC;
resetn : in STD_LOGICO);

end component;

m Verify Component Instantiation in video.vhd

20 January 2021 Integrity - Service - Excellence 40



AF Digital Clocking Wizard
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m Verify Component Instantiation in video.vhd

-- Digital Clocking Wizard using Xilinx Vivado creates 25Mhz pixel clock and
-- 125MHz HDMI serial output clocks from 100MHz system clock. The Digital
-- Clocking Wizard is in the Vivado IP Catalog.
mmcm_adv_inst_display clocks: clk_wiz_0
Port Map (

clk_inl1 => clk,

clk_outl => pixel_clk, -- 25Mhz pixel clock

clk_out2 => serialize_clk, -- 125Mhz HDMI serial output clock

clk_out3 => serialize_clk_n, -- 125Mhz HDMI serial output clock 180
degrees out of phase

resetn =>reset_n); -- active low reset for Nexys Video
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1. Comparator Construction
2. Gated and Non-Gated Circuit
3. Lab 1 Intro
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