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The following tutorials are meant to help the user become more familiar with the different
interfaces on the Altera DE1-SoC board. We will be concentrating on the FPGA interfaces of the
DE1-SoC.

The objective of each tutorial is to learn and understand how each interface works and using
Verilog code to write drivers. We will use the MSO-X-3024A oscilloscope to verify and look at
various signals associated with the interface.

The DE1-SoC board uses the following FPGA [Cyclone V 5CSEMA5F31C]. For more information
on this FPGA, go to the following link;

https://www.altera.com/products/fpga/cyclone-series/cyclone-v/overview.html

There are 5 different interfaces on the DE1-SOC board [FPGA portion].

Composite Video Input — connects to a camcorder with composite video output
VGA Video Output — connector to a VGA monitor

PS2 Interface

Audio Interface — mic input, line input, speaker output

40 pin general purpose ports — GPIO-0 (JP1), GPIO-1(JP2)
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Figure 1 shows where all the interfaces are located.
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Figure 1-Description and location of interfaces.

Let us examine each of the interfaces individually.

Composite Video Interface
The chip used on the DE1-SoC board is an Analog Devices ADV7180. For a description of this
interface follow the link below;

http://www-ug.eecg.utoronto.ca/desl/manuals/ADV7180.pdf

Figure 2 is a block diagram of how the interface is connected to the FPGA on the DE1-SoC
board. Video is collected from a composite video source such a camcorder with a composite
video RCA jack output.
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Figure 2-block diagram of the DE1-SoC FPGA to video Decoder

Table 1 is the pin assignments

Signal Name FPGA Pin No. Description
TD_Data[0] Pin_D2 TV Decoder Data[0]
TD_Data[1] Pin_B1 TV Decoder Data[1]
TD_Data[2] Pin_E2 TV Decoder Data[2]
TD_Data[3] Pin_B2 TV Decoder Data[3]
TD_Data[4] Pin_P1 TV Decoder Data[4]
TD_Data[5] Pin_E1 TV Decoder Data[5]
TD_Data[6] Pin_C2 TV Decoder Data[6]
TD_Data[7] Pin_B3 TV Decoder Data[7]

TD_HS Pin_A5 TV Decoder H_SYNC
TD_VS Pin_A3 TV Decoder V_SYNC
TD_CLK27 Pin_H15 TV Decoder Clock Input

TD_RESET Pin_F6 TV Decoder Reset
TD_SCIk Pin_J12 12C Clock
TD_SDAT Pin K12 12C Data

e [TV Decoder Data (7:0)]- 8 bits of video data are connected from the video chip to the

Table 1- pin assignments on DE1-SoC FPGA

FPGA. Pins are assigned according to table 1.

e [TV Decoder H_SYNC] -Horizontal sync pulse which is generated by the ADV7180 video

decoder chip. Pin is assigned according to table 1.

e [TV Decoder V_SYNC]- Vertical sync pulse which is generated by the ADV7180 video

decoder chip. Pin is assigned according to table 1.




e [TV Decoder Clock input]- Thisis a 27 MHZ clock which is generated by the ADV7180
video chip. In order to enable the clock the TD_RESET pin must be asserted to an active
high logic level.

e |2C Data- This is a bi-directional serial data bus pin to program the internal serial
register of the ADV7180 video decoder. More detailed information about the 12C serial
protocol will be given later in this tutorial.

e 12C Clock- This is the serial clock pin that is used to clock the serial data. The frequency
that must be generated is typically below 400 KHz. More detailed information about
the I12C serial protocol will be given later in this tutorial.

Background Video Decoding signals.

As described above the ADV7180 video decoder generates 3 pulse signals, the Clock pulse, the
horizontal sync pulse and the vertical sync pulse. Figure 3 shows multiple vertical sync pulses. Note
that there are many horizontal pulses and pixel pulses between each vertical pulse.
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Figure 3-video decoder output signals (vertical, horizontal and clock pulses)

Figure 4 shows a single vertical pulse several horizontal pulses and many single pixel pulses.
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Figure 4-zoomed in view horizontal pulses

Figure 5 shows the beginning of a video decoder frame
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Figure 5-zoomed in view pixels pulses




The 8 bits of pixel data found at the bottom of figure 5 represents the pixel colour value being sent by
the video source, in this case it is a camcorder.

A frame represents one picture of video. Figure 6 shows a pictorial view of a frame, which is “X”
number video bits per horizontal row by “Y” number of vertical rows.
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Figure 6- block view of a video frame

As an example say each horizontal row has 640 pixels and there are 480 vertical rows. This means the
frame size is 640 X 480 = 307200. This is important to know because it tells you how much memory is
needed to save one frame of video data. So in this case we would need ~ 307k x8 or 307K bytes. The 8
represents the 8 bits of colour data per pixel.

NTSC- National Television System committee

The format in which video is received by the ADV7180 decoder is NTSC. This standard was originally
established by the FCC (Federal communications council) in 1940. The format has gone through many
changes over the years. For more information go to the following link:

http://en.wikipedia.org/wiki/NTSC




This format is slowing being phased out in place of the more common Digital Video format. However
the DE1-SoC still uses the NTSC format. The key features of the format are as follows:

e The clock frequency is 27MHz.
e The cycle frequency is 60 Hertz.

e Video is sent interlaced. This means two frame cycles are required to capture a full video
display, where the first frame are all the odd horizontal lines and the second frame are all the
even lines. This then get repeated. See figure 7 below.

odd lines even lings odd lines even lines odd lines

— AR ] — — TANE ] —

|

Figure 7- interlacing frames

I12C- Inter-Integrated Circuit

This is a very common serial protocol that is used in industry to serially program internal registers. The
DE1-SOC board has two devices that use this protocol, the video decoder chip ADV7180 and the audio
CODEC chip WM8731. The serial bus is shared by both chips but each chip has its own command select
address. Table 2 shows the command addresses and their function.

Command address chip function

HEX 0X40 Video chip | Write data to the internal video registers
ADV7180

HEX 0X41 Video chip | Read data from the internal video registers
ADV7180

HEX 0X34 Audio chip | Write data to the internal audio registers
WM8731

HEX 0X35 Audio chip | Read data from the internal audio register
WM8731

Table 2 address value for command read and write

Figure 8 shows how the bus is connected pictorially. The serial clocks and serial data lines are
connected to the FPGA 1/0 pin at the location specified in table 1 column 2. The serial clock and serial
data will have to be generated using Verilog code. The FPGA is generating the clock and data signals, so
they are called the master device. The video encoder and the audio CODEC are called the slave devices.
This is because they are receiving the serial data and serial clock signals.
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Figure 8-interface of 12C devices

The timing diagram for the serial data and serial clock lines must look like figure 9. The timing is very
specific otherwise the values will not get loaded properly to the slave device. At the end of the transfer
the slave device sends an Acknowledge pulse to indicate that it properly received the serial data.
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Figure 9- timing for serial data and clock

e Start- represents the beginning of serial load cycle. The data line goes from a high to a low
transition and then shortly after the clock line goes from a high to a low transition.

e Setup- represents the period that the data bits become valid.

e Load - The serial clock goes from a low transition to a high transition. At that time the data
value on the data bus is accepted by the internal data register of the slave device. This
continues on until the last bit is loaded into the internal register.

o After all the data bits have been clocked into the slave device it sends an acknowledge pulse.

e Stop- This indicates the end of the load. The clock goes high first and the cycle after that the
data line goes high. Once this is complete another load can occur using the same procedure
just described above.

Figure 10 shows an example of a single load to the video encoder (ADV7180) chip on the DE1-SoC
board.



Acknowledge bit from video encoder

- =

End of previous _ _ | Beglmng of next
load cycle Start of load cycle nd of load cycle load cycle

U T llllmmlﬂmfmﬂﬂlﬂﬂ L IHHHW
o e | T

o

Figure 10 — single serial load 12C protocol

As you can see each load consists of a command, address, and data.

o Command serves two purposes. It acts as the identifier for the serial device that will be loaded.
It also tells the device if it will read or write a value to or from the chip. In this case 40 indicate
a write to the video encoder chip. ( see table 2 for explanation of command values)

e Address serves as the location where the data will be loaded.
e Data is the value that will be written into that address location.

e Acknowledge is the bit that the slave device sends back to the master device to indicate all 8
bits were sent properly.



Figure 11 shows multiple cycles. In this case we see that three write commands have been sent to
the video encoder [address 15, data 00], [address 17, data 41], [address 3A].
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Figure 11- multiple loads of 12C protocol

Tutorial 1 —Investigating and developing code for 12C on Video decoder.

The Verilog code will be written and compiled using Quartus and the result will be displayed using
the Agilent MSO-X-3024A.
Please note that in order to do the following tutorial you will have to have knowledge of the following;

e Altera CAD package Quartus. We are using version 15.

e Verilog programming language. If you are not familiar with Verilog go to the following link for
tutorials and example;

http://www-ug.eecg.utoronto.ca/desl

Select NIOS Il (DE2/DE1)>reference>Verilog

e Operation of the MSO-X-30024A. For reference on how to use this scope follow the link below,
which has both an explanation and tutorial on how to use it;

http://www-ug.eecg.utoronto.ca/desl

Select Equipment>scopes>Instructions and Tutorials [under MSO-X-3024A]
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Table 3 identifies the signals on the video decoder ADV7180 that will be needed for this tutorial.

TD_CLK27 Pin_H15 TD_Decoder Clock Input
TD Reset Pin_F6 TD_Decoder Reset
12C_SCLK Pin_J12 12C Clock
12C_Data Pin_K12 12C_Data

Table 3- pin assignments to generate 40 KHz clock

Part 1- The following tasks will need to be accomplished.

1) Enable the 27 MHz Clock. (TD_CLK27). In order for this to happen we need to assert a logic
level high to the (TD_RESET) input pin. We can use one of the switches on the DE1-SOC board
for this purpose.

2) Write Verilog code, to divide the 27 MHz clock so we get a clock frequency that is compatible
with the SCLK. Page 10[table2] of the ADV7180 data sheet (the link can be found on page 2 of
the manual), says that the Max frequency for the SCLK is 400 KHz. For the purpose of this
tutorial we will reduce the frequency to 40 KHz.

3) Finally display the 40 KHZ clock on the MSO-X-3024A scope for verification. This will be done
by routing the 40 KHz clock signal to the output of one of the 40 pin GPIO headers.

Down load the following Verilog code found at this location;

http://www-ug.eecg.utoronto.ca/desl

Select- DE1-SoC>DESL Online Tutorials>clock.generator.v
The pin assignments can be found at the same web location;
Select- DE1-SoC>DESL Online Tutorials>clock_generator.qsf

Create a new project called clock_generator using the new project wizard in Quartus (version 13 or
greater). Once the Verilog code has been compiled and downloaded to the DE1-SoC board, connect the
digital leads of the MSO-X-3024A as in figure 12.
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Figure 12 - connecting digital leads to GP10 0 on DE1-SOC board.
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Table 4 describes how the digital leads on the MSO-X-3024A should be connected to the 40 pin header
JP1 (GPIO-0) on the DE1-SOC board.

Name of pin Verilog Pin location JP1(GPI0-0) description
Clock_en GPIO-1pin 0 Enables 27 MHz clock
Clk_27 GPIO-1 pin 1 27 MHz clock
SCLK GPIO-1 pin 2 40 KHz clock

Table 4- pin assignments on GP10-1

Make sure to put switch 0 in the up position. This will enable the 27MHz clock which then will generate
the resulting 40 KHz clock generated by the Verilog code.

e Press Trigger.

e Set SCLK as trigger source.

e Setslope to rising edge (low to high transition).

e Setdelayis0.0s

e Setfrequency to 5.000u/s.

e Press the Single button in the run control area of the MSO-X-3024A.

e Presscursors

e Using X1 and X2 measure the delta frequency of the SCLK signal. It should be 40.000 KHz.

The resulting trigger captured on the MSO-X-3024A should look like figure 13.

Delay setting frequency setting
[l Trigger point

0.0s _  5.000s/ stop 2

| % Agilent
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1.00:1
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~ +25.000000us
| 1/AX:
___{+40.000kH:

resulting
clock for sclk
Trigger Menu

i rigger © Sowes s Slopeuiin Trigger mode, source and slope

Edae SCLK ¥

Figure 13 - using cursors X1 & X2 to evaluate delta clock frequency
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e Press the zoom button in the horizontal section of the MSO-X-3024A.
e Set the delay to 200 ns

The result will look like figure 14. Note that the 40 KHz clock is just multiple divides of the 27 MHz
clock.

200.0%/ 5.000%/ Stop § D, T
4+ Agilent

Acquisition

Peak Detect

1.00GSa/s

| 1/AX:
|—

_ +40.000kH,

Trigaer Menu

Trigger ) Source
Edge SCLK

Figure 14 - magnified view of 40 KHz clock generation

Now we have generated the SCLK signal and also used the MSO-X-3024A to verify that the frequency is
correct. This concludes part 1.

Part 2- Create registers to store the 8 bit command, 8 bit address and 8
bit data.

The following tasks will have to be done;

1. Create an 8 bit register to store HEX data values. There will be three registers one for
command, one for address and one for data.
2. Using switches on the DE1-SoC board to generate and select the HEX data values.
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3. Using the HEX displays on the DE1-SoC board to give a visual display of what data is stored in
the registers created in step 1

Before writing the Verilog code we need to make a few observations;

1. The command value will never change. It will always be HEX 40 for the video decoder. See

table 2.

2. We will use 4 switches to write a single HEX value (4 bits)
3. We will use 3 switches to select and enable the location where the HEX value will go. See figure
15 and table 5 for further explanation.

Command Register Address Register Data Register
HEXS HEX4 HEX3 HEx2 HEX1 HEX0

Swa Swa SW7

Select Register

HEXS & HEX4 are fixed to 40.
Switch 35¥W9 is used as load enable.
Switch SW8 & 5W7are used as
selects for HEX3 downto HEXD.

Uy \dy gy o

SWs SWs  Swa SW3

Generate desired HEX value

SW& is high bit and 5W3 is low bit
As an example if SW6& downto SW3
is "1010" where 1 repesents switch
up and 0 represents switch down
the HEX value would be HEX A

There represent the switches and HEX displays on the DE1-SoC board

Figure 15 -Truth table for HEX decoder

SW9 up equals Sw8 Sw7 SW6 down to SW3 HEX register
enable down enabled and
disabled displayed
Up Down Down HEX value HEXO0
Up Down up HEX value HEX1
Up Up Down HEX value HEX2
Up Up Up HEX value HEX3
Down Does not matter Does not matter N/A none

Table 5 -Switch decoder settings for HEX displays and registers

With this information we can now write the Verilog code.

Down load the following Verilog code found at this location;
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http://www-ug.eecg.utoronto.ca/desl

Select- DE1-SoC>DESL Online Tutorials>HEX_decoder.v
For pin assignments Select- DE1-SoC>DESL Online Tutorials >HEX_decoder.qgsf

Create a new project called HEX_decoder using the new project wizard in Quartus. Compile the
Verilog code and downloaded it to the DE1-SOC board.

Figure 16 shows an example of what the output looks like. Note HEX5 and HEX4 are fixed to 40. The
rest HEX3 down to HEXO can have their HEX values changed and stored according to the switch settings
SW9 down to SW7. SWO is used as a circuit enable.

LRLRRLE

I[$Iilial

command Bl address data
register register register
_L a E S q B 4b|t value selector i s

]
reglster select for HEX3-HEX0 = ; | ht

a-;JHJk_l[j_ij—'J

I

Figure 16 — HEX data values displayed on DE1-SoC board

This concludes part 2.
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Part 3 - we will generate the SCLK and SDATA signals so we can serially
shift clocked data into the video decoder.

The key points for part 3 are as follows;

Generate a start

S o o

pulse

Generate an 8 bit value for command, address and data.
Generate SCLK pulses.

Continue until data is sent
Wait for acknowledge from video decoder
Once command address and data have been sent generate stop pulse.

Figure 17 give us a pictorial description of the points just mentioned.
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Figure 17 — block diagram of serial 12C data transfer

Now that we have all of the information we can write the Verilog code.

Down load the following Verilog code found at this location;

http://www-ug.eecg.utoronto.ca/desl

Stop

Select-DE1-SoC>DESL Online Tutorials>sdata_sclk.zip. Unzip the files in a new directory.

This contains three Verilog files (HEX_decoder.v, clock_generator.v and sdata_sclk.v) and the pin
assignment file (sdata.sclk.gsf ).

Create a new project using the new project wizard in Quartus. Use sdata_sclk as the project name.
Once the Verilog code has been compiled, downloaded it to the DE1-SOC board,

We will use the MS0-X-3024A to check that the serial data (command, address and data) are being

transferred correctly.
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Connect analog probe from MSO-X-3024A to DE1-SOC GPIO-0 40 pin
header.

Get 2 probe pin leads found in a plastic bag inside the pouch at the top of the MS0-X-3024A.

Connect one to the ground alligator clip and the other to the analog probe. See figure 18;

probe pin leads

Figure 18 — description of how to connect probe pin leads to analog probe

Connect the digital leads from the MSO-X-3024A to the GP10-0 40 pin header. Use column 3and 4in
table 6 and figure 19 as reference. Connect ground pins (black lead) to pins 12 and 30 on 40 pin header
as shown on figure 19.

Now connect analog probe as described in Table 6 at the bottom. Also use figure 19 as a further
reference.

F_-
GPIO[0] AC18 1 (10 AQ) Digital Lead 0
GPIO[1] Y17 2 (10 Al) Digital Lead 1
GPIO[2] AD17 3(10A2) Digital Lead 2
GPIO[3] Y18 4 (10 A3) Digital Lead 3
GPIO[4] AK18 5 (10 Ad) Digital Lead 4
GPIO[35] Al21 40 (10 A35) Analog Probe 1

Table 6- pin assignments for GPIO 0 Tutorial 1 part 3
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Digital lead 0-7 connected
to GPIO-0 pins 18

ground pins (black lead)
connected to pin 12 GPIO-0

ground lead analog input 1{yellow)
connected to pin30 GPIO-0
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Figure 19 — digital and analog connections to GPIO 0 header
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e Press label and Label the DO, D1 and D4 digital leads as in table 7 below

Digital lead default name Rename label
DO GO
D1 CLK_27
D2 SCLK
D3 SDA
D4 CLOCK

Table 7- Renamed digital leads.

e Press Trigger

e Set trigger type to serial 1(12C)

e Press Serial

e Press Signals

e Change SCL to D2

e Change SDA to D3

e Press back

e Press Addr Size

e Change to 8 bit

e Press Trigger

e Change Trigger on: to Start Condition.

e Press Digital

e Setscale size to large.

e Setdelay from trigger point to 1.500 m/s.

e Setfrequency to 500.0 u/s.

e Make sure switch 1 is in the down position and switch 0 is in the up position.
e Switch O is the clock enable for the 27 MHz clock.

e Switch 1is GO (DO0).

e Press Single in the run section of the MSO-X-3024A.
e Toggle switch 1 from down to up position.

The result should look like figure 20.
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Figure 20 — label location delay trigger and frequency setting

From part 2 (HEX decoder) Switches 9 down to 3 are used to select and set the value to be transferred.
Set the value to be serial shifted as shown in table 8.

Register names HEX Description
Value
Command 40 This is the write value as described on Page 62 ADV7180 data sheet
Address 8F Address location that we want to change data value
Data 00 HEX data value that we want to write to the address

Table 8 Value to be transferred (LLC frequency control)

Page 86 of the ADV7180 data sheet gives a description of the address value and the different data
option available. This address location HEX 8F controls the frequency of the LLC1 pin (This is the 27
MHz clock pin). By changing the values of bits 6-4 we can change the frequency of the LLC between 13.5
MHz to 27. 0 MHz and vise versa. If the data value is HEX 05 then the LLC output pin will be 13.5 MHz. If
the value is HEX 00 then the output is 27 MHZ. This happens to be the default value at reset.

e Make sure switch 1 is up and switch 2 is down.

e Press digital button and deselect digital channel DO and D1.

e Move D2 (SCL1), D3 (SDA1) and D4 (CLOCK) down on the scope. See figure 21.

e Connect analog probe to 1 input on the MSO-X-3024A.

o Select analog probe 1 (Yellow channel) and move it up to the top of the scope. See figure 21.
e Press Label and rename analog probe 1 analog_27.

21




e Set the voltage level for analog channel 1 to 5.00 V.
e Setdelay to 1.630 m/s.

e Set frequency to 500.0 u/s.

e Press Single on run section of MSO-X-3024A.

e Toggle switch 2 (GO) from a down to up position.

The result should look like figure 21. Analog_27 represents the 27 MHz clock. By zooming in and
using the cursors you can measure the frequency to verify if this is true or not. This is optional.

Analog probe 1 voltage setting

5.00V/ 1630s _ 5000/ _ Stop e Dy TIL

oo

whe H

- e

et l en

Acquisition
Peak Detect

trigger 100MSa/s
capture Frequency ;

Channels
10.0:1
1.00:1

Triacer Menu

© Trigger < Trigger: AR TS Trigger mode and [
5 (*C) Start event setting =

Figure 21 — add analog probe 1 input and remove DO and D1

Change the data value from HEX 00 to HEX 50 using switch 9 down to 3. With this data value change the
LLC frequency will change from 27 MHz to 13.5 MHz. To verify this we will use the MSO-X-3024A to not
only see this but verify it as well.

e Change the delay to 3.320 m/s.

e Change the frequency to 500 u/s.

e Make sure switch 2 is in the down position.

e Press the single button in the run section.

e Toggle the GO (switch2) from a low to high position.

This should trigger a new event. The result should look like figure 22.
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Note that at the point where the data value HEX 50 happens the frequency changes.

3.320% 500.05/ Stop

1 ANALOG_27

Change from 27 MHz to 13.5 MHz.

il i nc-
R I

Serial clock transfer rate has changed R

(To turn on cursors, press the [Cursors] key on the front panel.

Figure 22 — clk_27 frequency changed from 27 MHz to 13.5 MHXx

Also note that the serial transfer rate changed too. See Figure 22. The SCL1 and SDAL signals are
slower because the CLOCK frequency has been divided in half.

Now we can verify that the clock rate has changed by using the cursors (X1 and X2) and measuring the
delta value. Before making the measurement;

e Change the delay value to 5.310 m/s

e Change horizontal frequency to 50.00 u/s

e Make sure switch 2 is in the down position.

e Press the single button

e Toggling Go (switch2) from a low to high position.

e Presscursors.

e Using X1 and X2 measure the delta time of D4 CLOCK.

The result should be that the delta value is 20.000 KHZ. See figure 23.
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Figure 23 — using cursors to check delta frequency
Previously it was 40 KHz.

Now change the data value from HEX 50 to HEX 00 using switch 9 down to 3.

e Make sure switch 2 is in the down position.

e Change horizontal frequency 500 u/s

e Change Delay to 3.320 m/s.

e Press the single button.

e Toggling Go (switch?2) from a low to high position.

The result should be as in figure 24
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ANALOG_27
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Cursors Menu
Mode

Figure 24 — change back to default frequency 13.5 MHz to 27 MHz

e Change Delay to 2.628 m/s.

e Change Frequency to 20 .0 u/s.

e Make sure switch 2 is in the down position.

e Press the single button.

e Toggling Go (switch2) from a low to high position.

e Presscursors.

e Using X1 and X2 measure the delta time of D4 CLOCK.

The result should be the delta value is 40.000 KHZ. See figure 25.
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Figure 25 — checking delta Frequency for default CLK 27 output

This concludes tutorial 1. You should now be familiar with how 12C serial protocol works and also how
to verify if the transfer properly occurred with the aid of a logic analyser.

Capturing video from a composite camcorder.

Earlier we described the manner in which video is transmitted. Using that principal our next step is to
write Verilog code to capture a video frame and store the data on the DE1-SOC board. . For this tutorial
we will use the internal on chip SRAM. The maximum size of on chip internal SRAM is 1,400 Kbyte. This
will reduced depending on the size of your design.

If we go back to the definition of a frame, it is “X” number of colour data pixels per row time “Y”
number of rows [XxY = frame]. There are two possible ways that we can store the pixel data in memory.

Method 1- is known as substitution. Here as you write data from memory to the monitor and then
update that location with a new value from the video source. The advantage to this method is you only
need enough memory to cover 1 frame. See figure26.
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Monitor

- d

dis;lzllay video from memory
to the monitor

Total memory size
256K Bytes

|

23 MHz clk

receive video data from
a camera or video encoder

[ Camcorder

On active low clock cycle update memory with new video data
On active high clock cycle send memory value to monitor pixel location

Figure 26 — block diagram of Substitution method

Method 2- is known as split memory. Here the memory is split into two equal halves. One half is used
to update a pixel frame from the video source while the other half is used to display video pixel data to
the monitor. At the end of the frame update the roles are reversed. See figure 27 for further
explanation. You need at least two times the frame memory size for this method to work.
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dis;;llay video from memory
256khytes to the monitor
Total memory size
512 Kbytes
Z58kbytes receive video data from
a camera or video encoder
[ Camcorder \—>
Frame 1 Frame 2
2G66Ebyte to 512Kbytes 256Ebyte to 512Kbytes
used for wmonitor o used to store camera data
0 to 256kbytes 0 to 256kbytes
used to store camera data used for monitor

Figure 27 — block diagram of split memory

Tutorial 2-Capturing video data from camcorder.

For the purpose of this tutorial we will use method 1 the substitution method. Each transfer will store 8
bits of pixel data. The colour format will be 4:2:2 RGB (4 Red, 2 Green and 2 Blue). This is the default
mode for the video decoder (ADV7180).

The video decoder chip (ADV7180) generates 4 signals;

Video data (8 bits)

Clock (27 MHz enabled if RESET is active high)
Hsync- video in horizontal sync

Vsync- video in vertical sync

Hw e
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Figure 28 shows an example of what the signals look like.

20.008/ 200.05/ Stop

1.00:1
1.00:1

Digital Channel Menu

. IL 4O Channel
. m| VSYNC

Figure 28 Video in signals from camera source

Our objective is to use these signals to capture a video frame and store them in memory. We will make
the frame size 624X420. Each pixel is 8 bits. If we recall from earlier video data from a camcorder is
sent interlaced, odd video line in one frame and even video line in the second frame. So we require two
frames to make a full frame to be displayed to a monitor. 2X (624X210X8).

Now we can make the following observations.

1. With each 27 MHz clock pulse an 8 bit video pixel will be stored into SRAM memory.

2. Hsync will represent each line of video data. So each line is 624 X8 that means we need 4992
memory location per horizontal line.

3. Vsync represents the number of lines (rows) for each frame. From above there will be 210 rows
per frame 4992X210 = 1,048,320 (~1 Mbit)

4. So to do one full frame requires 2 Mbits. This is within the memory capacity of the on chip
memory SRAM on the DE1-SOC board.

Now that we have this information we can use Verilog to create the address and data counter to
capture video pixels from a camcorder and store it in the DE1-SOC on chip SRAM memory. The
following counters, latches and enables will need to be created,;

e Address counter for the odd and even frames
e Create on chip SRAM memory chip (2Meg) . The ideal SRAM configuration is 16 address lines X
32 data bits which gives us 216X32= 2 Mbits of memory.
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e Video line counter for each line (horizontal)
e Video row counter to keep track of each row (vertical)
o Data latches for pixel data both for odd data lines and even data lines.

A working example of what the verilog code should look like can be found at the following link;

http://www-ug.eecg.utoronto.ca/desl

Select -DESL Online Tutorials>Tutorial2.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
camera. Compile the project. Open the Verilog file called camera. Scroll to the bottom of the file and
you should see the follow code. See figure 29.

SO Ty,
211 J/f logic analyser test bit locatioms f//F
212 S on GPIO JPO 40 in header L,
213 SIS ARSI RS
214

215

216 assign gpic[0] = wvid 1d1:

217 assign gpic[l] = wvid 1dh;

218 assign gpic[2] = vid udl:

218 assign gpic[3] = vid udh;

220 as=sign gpio[4] = frame:

221 assign gpio[5] = vert:

222 as=ign gpiol[é] = horiz;

223 assign gpio[7] = vid hs;

224

225 assign gpio[ls:8] = address cam[7:0]:

L =

Figure 29 test pins connected to GPIO 0 (JPO)

As in the previous tutorial we will be using the GP10-0 40 pin header to look at signals from the FPGA
and display them on the Agilent MSO-X-3024A analyser.

Open up the assignment editor. If you scroll down you will see the following pin assignments as seen in
figure 30.
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From To Assignment Mame Value Enabled
1 B ¢ opio[15] Location PIN_AG17 Yes
2 v I > opiol14] Location PIN_AF15 Yes
3 I > oiolt3] Lacation PIN_AE16 Yes
+ v I i oooli] Location PIN_AG15 Yes
s « I > o110 Location PIN_AH17 Yes
s « NG ;' ooio[i0] Location PIN_AH18 Yes
7 v I 3 o) Location PIN_AJ15 Yes
4 = EBEFe Location PIN_AJ17 Yes
s « I 3 o7 Location PIN_AJ13 Yes
10 « I 2 giols) Location PIN_AK19 Yes
1 « I P goiols] Location PIN_AK18 Yes
2 « I 2 o4 Location PIN_AK16 Yes
13« I 2 ool Lacation PIN_Y18 Yes
T4 $ EXrte Location PIN_AD17 Yes
15 « I 5 ool 1] Location PIN_Y17 Yes
16 « NG 3 grio[0] Location PIN_AC18 Yes
1 {GPI) 0]

0 A0 | = ]

R - (A s

) A ] K 10 A5

[i‘f b F- | 5 LUl S T AT

Y q7 i p A

. : de  wp o .
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|.‘ T 413 up RPN
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K| qir Bp N
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Figure 30 Pin assignments GPIO Port JPO

If we use the information from figure 29 and figure 30 we get the result in table 10

Name of GPIO0 | Location on FPGA | Name Assigned to | Probe or Digital
pin the location from | lead connection
Camera.v project on MSO

GPIO[0] AC18 VID_LDL Digital Lead 0
GPIO[1] Y17 VID_LDH Digital Lead 1
GPIO[2] AD17 VID_UDL Digital Lead 2
GPIO[3] Y18 VID_UDH Digital Lead 3
GPIO[4] AK16 FRAME Digital Lead 4
GPIO[5] AK18 VERT Digital Lead 5
GPIO[6] AK19 HORIZ Digital Lead 6
GPI0[7] AJ19 VID_HS Digital Lead 7
GPIO[8] All7 Address[0] Digital Lead 8
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GPIO[9] Al16 Address[1] Digital Lead 9
GPIO[10] AH18 Address[2] Digital Lead 10
GPIO[11] AH17 Address[3] Digital Lead 11
GPIO[12] AG16 Address[4] Digital Lead 12
GPIO[13] AE16 Address[5] Digital Lead 13
GPIO[14] AF16 Address[6] Digital Lead 14
GPIO[15] AG17 Address[7] Digital Lead 15

Table 9 connections from the DE1-SOC GPIO header to the Agilent 3000 logic analyzer

The assignments in column 3 of table 10 are the ones we will be examining with the logic analyzer.
Before we can do this we will have to connect the MSO-X-3024A digital logic pins to the DE1-SOC board.
Using columns 1 and 4 of table 9 connect the digital logic pins to the GP10-0 40 pin header. The result
should look like figure 31.

Figure 31 connecting digital logic probe pins from analyzer to DE1-SOC 40 pin header
GPIO-0

Now power up the DE1-SOC board and download camera.sof which should have been created when the
project was compiled.

Switch 0 and switch 1 on the DE1-SOC board must be set in the up position. The rest of the switches
must be in the down position. See figure 32.
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Connect a camcorder with a composite video output to the composite video input on the DE1-SOC
board. See figure 32.

-

SR — -

switch1 switchO

Figure 32 switch setting DE1-SOC board Tutorial 2

Next we need to set up the logic analyzer.

e Press Default Setting on logic analyzer.
e Press Digital.

e Turn D15-D8 off and Turn D7-DO0 on.

e Press Label.

e Label DO to D7 as in table 10

Digital lead default name Rename label

DO VID_LDL
D1 VID_LDH
D2 VID_UDL
D3 VID_UDH
D4 FRAME

D5 VERT

D6 HORIZ
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| D7 | VID_HS |
Table 10 -label digital logic pin on analyzer

e The result should look like the “New label names” in figure 33.
e Press Digital.

e PressBusand enable Bus 1.

e Select Channel D8 to D15 and add to Bus 1.

e Press Label and rename Bus 1 to address.

e Setdelay to 0.0s. See figure 33.

e Set horizontal frequency to 5.000 m/s. See figure 33.

e Press Digital.

e Set scale to medium. See figure 33.

0.0s 5.000%/ Stop D T
¥ - - _ g
Horizontal Frequency
Aoquisition
Nl".'
20.0MSa/s

Channels
1[M 1.00:1
oc I

new label names
.IVID UDH

$43¢ $e220, |20 0MSals
Channel Turn on Turn off Thresholds Bus
VID LDI D15-DB D7-D0 - P

Figure 33 -newly set up setting for labels, delay and frequency

e Press Trigger.

e Set mode to Edge trigger
e Setsource to VERT

e Setslope to rising edge
e Press Single.

The result should look like figure 34
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0,|VID_UDH
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D, [VID_LDH

Source
YERT

Figure 34- trigger result tutorial 2 multiple

Go back to Quartus and scroll to line 74 of the camera.v Verilog code. See Figure 35

14 wire vid 1dl = (frame & !timer2[0] & !vid address low[l] & !vid address low[0] & clk 27 ) ? 1'bl ¢ 1'B0; // low byte odd addre
15 wire vid 1dh = (frame & 'timer2[0] & vid address low[l] & !vid address low[0] & clk 27 ) ? 1'bl : h byte odd addre
16  wire vid udl = (frame & timer2[0] & !vid addreas low[l] & !vid address low[0] & clk 27 ) ? 1'bl : w byte even addre
11 wire vid udh = (frame & timer2[0] & vid address low[l] & !vid address low[0] & clk 27 ) ? 1'bl : byte even addre
a8

19  wire vert = ( { timerl » 30 & timerl <= 240 ) } ? 1'bl : 1'b0; // adjust vertical aync

80  wire horiz = ( { horizontal > 300 & horizontal <= 1548) ) ? 1'bl : 1'b0; // adjust horizontal sync

81  wire frame = ( horiz & vert) ? 1'bl : 1'b0 ; // address range enable

Figure 35 timing Verilog code video in

o From line 79 (figure 35) vert represents the vertical time pulse for each frame. When there is an
active low to active high transition that is the beginning of a new frame Note that we made an
adjustment as to when we start saving vertical data. We are waiting till 30 vertical lines have
been counted before starting to save data. Then we stop when we have reached 240 lines. So in
total we are saving 210 vertical lines of video data (240-30= 210).

e From line 80(figure 35) horiz represents the number of video bytes per line (horizontal line).
Here we are waiting till 300 data pixels have been counted before we start saving to memory.
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Once the counter has reached 1548 it will stop saving to memory. So we are storing 1248 bytes
per line (1548-300=1248). Note video pixel data is sent as 16 bits by the video in chip.(More will
be explained about this later).Since we are only storing 8 bits we will have to divide 1248 by 2
which is 624 bytes per line.

From line 81 (figure 35) frame represents 1 frame of video data. So in this case 624 horizontal
bytes times 210 vertical lines. (624 X 210= 131040)

From line 74 and 75 (figure 35) vid_ldl and vid_ldh are enables for storing odd lines to on chip
memory locations. If you scroll to line 166 you will see how address is set to vid_address_low
which starts at memory location 0 and updates values of video_in to data_caml[7:0] or
data_caml[8-15] depending on whether vid_Idl or vid_ldh are active low. See figure 36 for
verification of the above.

From line 76 and 77 (figure35) vid_udl and vid_udh are enables for storing even lines to on
chip memory locations. If you scroll to line 188 you will see how address is set to
vid_address_low which starts at memory location 0 and updates values of video_in to
data_camh[0-7] or data_camh[8-15] depending on whether vid_udl or vid_udh are active
low. See figure 36 for verification of the above.
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164
165
166
1a7
168
169
170
171
172
173
174
175
176
177
178
175
180
181
lgz2
183
184
185
186
187
la8
189
190
2kl
192
1k
1L
1L
196
157
198
1L
200
201
202
203
204
205
206

/f odd bytes memory frame load frf
AL EAEi it irrrrfriirrrfiiidiiiiiiaditidls
if { vid 141 )

= begin
address _cam <= vid address low[l17:2]: f/{ low byte
data caml[7:0] <= wvideo_in;
end
elze

if ( vid 1dh )

= begin
address_cam <= vid address_low[17:2]:; // high byte
data caml[15:8] <= wideo_in;
end
else

FEAAEESPd it irrrrfiirsrifiridiiiiiiadiridls
/¥ even bytes memory frame load S
AL ESEi i rrrrfiiisrifiridiiiiiiidiiidls

if ( vid wudl )

= begin
address cam <= vid address low[l17:2]: f/{ low byte
data camh([7:0] «= wvideo in;
end
elze

if vid udh

= begin
address_cam <= vid address_low[17:2]:; // high byte
data camh[15:8] <= wideo in:
end
end

Figure 36 video data update to memory upper and lower memory

Figure 37 gives a zoomed view of how each single cycle looks like. A few key observations can be

made.
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Figure 37- zoom view interlace

e The address counter increments only after every two data latches (high byte and low byte)
to store two 8 bit video values to the 16 bit memory register. This keeps in line with what
we mentioned earlier that each video in bit is 8 bits but there are 16 bits of memory per
address location.

This concludes this tutorial. You should now be familiar on how to create counters and enables to
stored video data from a camcorder and store them in memory. The next tutorial will focus on
retrieving that data from memory and making sure it is synced correctly.

38



VGA interface

The DE1-SOC board uses an Analog Devices ADV7123 triple 10 bit high speed video DAC (Digital to
Analog Converter). The resulting conversion generates red green and blue analog values which are
sent to a 15 pin D-SUB connector. For more information on the chip follow the link;

http://www-ug.eecg.utoronto.ca/desl/manuals/ADV7123.pdf

A block diagram of how it is connected can be found in figure 38.

U
VGA_R[T.0] ]
VGA GOl
R W .
’ ¥ VGADAC
CycloneEy  _VCACHK )| ADVT123
SoC VGASYNCN
VGA BLANKN
VGA_VS
VGA_HS

Figure 38-VGA to FPGA interface

The pin assignment for the FPGA can be found in table 12
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Signal Name FPGA Pin No. Description /O Standard

VGA_R[0] PIN_A13 VGA Red[0] 3.3V
VGA_R[1] PIN_C13 VGA Red[1] 3.3V
VGA_R[2] PIN_E13 VGA Red[2] 3.3V
VGA_R[3] PIN_B12 VGA Red[3] 3.3V
VGA_R[4] PIN_C12 VGA Red[4] 3.3V
VGA_R[5] PIN_D12 VGA Red[5] 3.3V
VGA_R[6] PIN_E12 VGA Red[6] 3.3V
VGA_R[T] PIN_F13 VGA Red[7] 3.3V
VGA_G[0] PIN_J9 VGA Green[0] 3.3V
VGA_G[1] PIN_J10 VGA Green[1] 3.3V
VGA_G[2] PIN_H12 VGA Green[2] 3.3V
VGA_G[3] PIN_G10 VGA Green[3] 3.3V
VGA_G[4] PIN_G11 VGA Green[4] 3.3V
VGA_G[5] PIN_G12 VGA Green[5] 3.3V
VGA_G[6] PIN_F11 VGA Green[6] 3.3V
VGA_G[T] PIN_E11 VGA Green[7] 3.3V
VGA_B[0] PIN_B13 VGA Blue[0] 3.3V
VGA_B[1] PIN_G13 VGA Blue[1] 3.3V
VGA_B[2] PIN_H13 VGA Blue[2] 3.3V
VGA_B[3] PIN_F14 VGA Blue[3] 3.3V
VGA_B[4] PIN_H14 VGA Blue[4] 3.3V
VGA_B[5] PIN_F15 VGA Blue[5] 3.3V
VGA_B[6] PIN_G15 VGA Blue[6] 3.3V
VGA_B[T] PIN_J14 VGA Blue[7] 3.3V
VGA_CLK PIN_A11 VGA Clock 3.3V
VGA_BLANK_N PIN_F10 VGA BLANK 3.3V
VGA_HS PIN_B11 VGAH_SYNC 3.3V
VGA_VS PIN_D11 VGAV_SYNC 3.3V
VGA_SYNC_N PIN_C10 VGA SYNC 3.3V

Table 11- pin assignments VGA on FPGA

VGA_R[0-7] -These are the 8 digital bits that represent the analog RED colour output to the 15
pin D_SUB interface. Depending on the number of red pins used will determine the RED colour

values. As an example if you use 4 bits of red R[0-3]you will get 2* red values.

VGA_G[0-7] -These are the 8 digital bits that represent the analog GREEN colour output on the
15 pin D_SUB interface. Depending on the number of green pins used will determine the GREEN

colour values. As an example if you use 6 bits of green G[0-5]you will get 2° green values.

VGA_BJ[0-7] -These are the 8 digital bits that represent the analog BLUE colour output on the 15
pin D_SUB interface. Depending on the number of blue pins used will determine the BLUE

colour values. As an example if you use 2 bits of blue B[0-1]you will get 22 blue values.

VGA_clock — The monitor frequency is 25 MHz. This is standard frequency for most VGA
monitors.
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VGA_BLANK_N -This signal is used to black out areas on the monitor that you do not want to
display video. When active high video display is enabled. This signal must be generated using
Verilog code.

VGA_HS- This is the horizontal signal that goes to the 15 pin D-SUB connector. This determines
the width of each video frame. An active low to high transition on this signal starts a new line
of video. This signal must be created using Verilog code.

VGA_VS- This is the vertical signal that goes to the 15 pin D-SUB connector. This determines
the length of each frame. An active low to high transition on this signal starts a new vertical
row. This signal must be created using Verilog code.

Based on the above information we can now start tutorial 3. We will create a video driver to display
video on a monitor. Note in order to do tutorial 3 you must have done and understood tutorial 2.

Tutorial 3-Displaying data from memory to a monitor (VGA)

Part 1- creating counters and generating vsync, hsync and vid_blank

Unlike the video in chip ADV7180 we will need to generate;

vsync, hsync and vid_blank signals.

First using the 50 Mhz onboard clock we will divide it to generate the needed 25 MHz
monitor clock

Using the 25 MHz clock create a counter and generate the needed sync pulses.

A working example of what the Verilog code could look like can be found at the following link;

http://www-ug.eecg.utoronto.ca/desl

Select -DESL Online Tutorials>Tutorial3_monitor.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
monitor Compile the project. Open the verilog file called monitor. Scroll down to line 45. The code
should look the same as figure 39. Vid_clk <= clkcount[0]. This represents the 50 MHz having been
divide by 2 which equals the need 25 MHz clock.
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40
41
42
i
i
GiE always @ (posedge clk )

456

47 [Hbegin

48

GLE| clkcount <= clkcount + 1:
50

ol end

A

Figure 39- clock divider 25 Mhz

Next we will generate both the horizontal and vertical counters. Keep in mind that the standard frame
size for VGA video is 640 X480. So our counters have to be greater or equal to these values.

29
30
3l
32
33
34
35
36
37
38
30

Clrvidh is used to reset the horizontal counter to zero and then count up to a value. In this case
we have chosen 800. See line 37 in figure 40. The counter is generated in figure 41 starting at
line 80

Clrvidv is used to reset the vertical counter to zero and then count up to a value. In this case we
have chosen 525. See line 38 in figure 40. The counter is generated in figure 41 starting at line
99.

reg vid clk;

wire vayne = ((contvidv »= 491) & (contvidv < 493))7 1'k0 : 1'bl;

wire haync = (({contvidh >= 664) & [contvidh < 760})? 1'b0 ; 1'bl;

wire vid blank = (({contvidv >= &) & (contvidv < 420) &({contvidh >= 20) & (contvidh < 624))? 1'bl :
wire clrvidh = (contvidh <= 800) ? 1'b0 : 1'bl;

wire clrvidv = (contvidv <= 525) ? 1'b0 : 1'blL;

Figure 40- counters and sync pulses
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72
T3
T4
T
Téa always @ (posedge vid clk )
TF

78 [Clbegin

749
g0 if {clrvidh)

g1 [1 begin

g2 contvidh <= 0;
83 end

85 else

ga [0 begin

BT contvidh <= contwvidh + 1;
itis - end

89 end

a0 =
2l

a2z

i

o4

95 always @ (posedge vid clk)
296

a7 [Hbegin

o8
99 if (clrvidwv)
100 [H begin

101 contvidv <= 0;
102 end

103 =
104 else

105 [3 begin

106 if

107 (contvidh = 7858)

i08 [0 begin

109 contvidv <= contwvidv + 1;
110 - end

111 - end

112 end

Figure 41- counters generated

e Vsync pulse - active low when contvidv is greater than or equal to 491 and less than 493 else it
is active high. See figure 40 see line 34.

e hsync pulse - active low when contvidh is greater than or equal to 664 and less than 760 else it
is active high. See figure 40 see line 35.

e vid_blank- active high if contvidv is great than or equal to 8 and less than 420 and contvidh is
greater than and equal to 20 and less than 624. See figure 40 see line 36.

Let's examine the signals and verify the above code. Connect the digital logic pins of the logic
analyzer to the 40 pin header GPIO-0 as described table 12 columns 1 and 3.
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40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPI10[0] AC18 DO VID_CLK
GPIO[1] Y17 D1 VSYNC
GPI0[2] AD17 D2 HSYNC
GPIO[3] Y18 D3 VID_BLANK
GPI0[4] AK16 D4 CLRVIDH
GPI0O[5] AK18 D5 CLRVIDL

Table 12- pin assignments clk and sync pulses

Do the following procedures on the logic analyser;

e Press Digital.

e Press Bus and disable all the Buses.

e Pressback

e De-select Channel D8 to D15 and select D5-DO.
e Press Label and rename D0-D5 according to table 12 column 4.
e Setdelay to 0.0s.

e Set horizontal frequency to 42.000n/s.

e Press Digital.

e Set scale to high.

e Press Trigger.

e Set Edge trigger.

e Set VSYNC as source.

e Set rising Edge as slope.

e Press Single to trigger an event.

The result should look similar to figure 42.
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Figure 42-clock frequency measurement

e Press Cursers and measure the (1/DELTA) frequency of Vid_clk.
e The result should be around 25 MHz. See figure 42.

e Change frequency to 2.200 m/s.

e Press Single to retrigger event.

e Presszoom.

e Set zoom frequency to 86.00 u/s

The result should look figure 43
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Figure 43- sync pulses

Note in figure 43 where the label Restart is. This is where the counters are reset to zero and new
count begins. Vid_blank becomes active high after 8 hsync cycles. This is also the beginning of a new
video frame.

We have now generated all the sync pulses. Now we need to add the address counter and memory
enables before the code will be complete.

Part 2- Creating and examining address counters and enables

If we recall from tutorial 2 we created latches that stored composite video from a camcorder. These
latches were to be used to store digital pixel values in SRAM on the DE1-SOC. With that in mind we can
recall the following for this tutorial;

e The memory configuration is 16 address lines and 32 data bits.

e We were using substitution method for video capture and display.

o Lower 16 bits [0-15] were for odd video line.

e Upper 16 bits [16-31] were for even video lines.

e Two frames were required to create a full video frame.

e Vid_udl and Vid_udh are used to store all the even lines of video data.
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Vid_ldl and Vid_Idh are used to store all the odd lines of video data.

There were a total of 210 vertical lines. Also note we started after 30 vertical lines and

end at 240 vertical lines (240-30= 210). So the full frames is 210x2= 420

There were a total of 624 horizontal video pixels (8 bits per pixel). Again note we

started the counter at 150 pixels in and stopped at 774 pixels (774-150=624)

Also recall each video pixel is 8 bits. This video format is called 4:2:2 (4 red bits, 2 green bits,
and 2 blue bits) for more information on this video format and others go to the following link.

http://en.wikipedia.org/wiki/Chroma subsampling

With this information we can now create our address counters. A total of 2 address counters

will be

required,
Address counter odd lines.
Address counter even lines.

A working example of what the Verilog code should look like can be found at the following link;

http://www-ug.eecg.utoronto.ca/desl

Select-DE1-SOC>DESL Online Tutorials>Tutorial3_monitor_full.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project
called monitor. Compile the project. Open the Verilog file called monitor.v.

Scroll to line 80. It should look like figure 44. These are all the enables for the address counters.

16
17
18
19
80
81
g2
83
84
83
ga
87
g8
g9
an

wire ramvidv = { ( (contvidvy <= 420) } ? 1'b0 : 1'bl};

wire adden = { {( contvidh < 624) & (contvidv <= 420) } ? 1'bl : 1'b0}; //
wire read = (vid clk & adden} ? 1'bl : 1'b0; // o2 to memory enable

wire read 11 = ( adden & !ramaddressl odd[0] & vid clk & !oddeven | ? 1
wire read hl = (adden & ramaddressl odd[0] & vid clk & 'oddeven ) ? 1'b0 :
wire read 1h = ( adden & !ramaddressl even[0] & vid clk & oddeven | ? 1
wire read hh = ( adden & ramaddressl even[C] & vid clk & oddeven ) ? 1'hb0
parameter address low = 19'h00000; // lower address start at 0 meg

Figure 44- address enables odd and even
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Line 80 ramvidv is used to rest the address counters. As long as contvidv is less than or equal
to 420 ramvidv will be active low the address count (ramaddressl_odd and
ramaddressl_even) will keeps incrementing. See figure 45 line 147 and line 169.

Line 81 -adden is the address enable. If convidv is less than 624 and contvidv is less than or
equal to 420 adden is active high otherwise it is active low.

Line 83-Read will be used to read or write to the SRAM memory. Active low will be read data
from camera and active high send data to the monitor

Line 84 and 192 -Read_II is odd line low byte memory enable (data_motl [7-0]) active high.
See both figure 44 and 46.

Line 85and 202-Read_hl is odd line high byte memory enable (data_motl [15-8]) active high.
See both figure 44 and 46.

Line 86 and line -212 Read_lh is even line low byte memory enable (data_moth [7-0]) active
high. See both figure 44 and 46.

Line 87 and line 222- Read_hh is even line high byte memory enable (data_moth [15-8]) active
high. See both figure 44 and 46.
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1249
140
141
142
143
10
145
146
147
148
1449
150
131
152
153
154
155
156
157
158
1598
160
161
1e62
163
164
163
166
167
168
168
170
1731
172
1472
174
175
176
177
178
L
180
181
1g2
1832
184

FELTPEEEEAL TSI i AT iiddddiiitidiifliisis

S/ address counter out to monitor odd lines low memory [/

FLLPPEEEEAS TS AT AT IiEifiiiiidiifliisid

always @

Hebegin

=

end

if |
beg

(posedge vid clk )

ramvidv)
in

ramaddressl odd <= address_lnw;fﬁ memory reset to 0"

end

els
beg

e
in

if (adden & 'oddeven )
begin
ramaddress]l odd <= ramaddressl odd + 1;

end

end

FLLEEEELSTERELSTIEELS ISP T LS TI SIS P i iiiiiiss

ff address counter out to monitor even lines low memory S/

FLLEEEELSTEEESSIEELST LTI ETE SIS PP iLiiiiids

always @

EHeegin

2

end

if
beg

(posedge vid clk)

(ramvidwv)
in

ramaddressl even <=

end

els
beg

e
in
if
(adden & oddeven

begin

end

ramaddressl _even
end

Figure 45-memory counter odd and even

address low; // memory reset to "O"

)

<= ramaddressl even + 1:
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188
189
180
181
182
183
154
1Bl
196
1497
198
1859
200
201
202
203
204
205
206
207
208
208
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
2286
227
228
229

alwavs @ (negedge vid eclk)

Elbegin

=

end

if {'read 11 )

begin

video mot <= data motl[7:0]:

address mot <= ramaddresal odd[l&6:1]; // memory odd byce low
end

else

if (!read hl )

begin

wvideo mot <= data motl[15:2];

addres=z mot <= ramaddressl odd[1&:1]; // memory odd byte high
end

else

if (!read 1h )
begin

video mot <= data moth[7:0];

address mot <= ramaddressl even[l6:1]:; // memory eve

end

else

if ('read hh )
begin

video mot <= data moth[15:8];

address mot <= ramaddressl even[l6:1]: // memory eve

end

Figure 46-latch enables and upper and lower memory

Let's examine the signals and verify the above code. Connect the digital logic pins of the logic

analyzer to the 40 pin header GPIO-0 as in table 13 and label the pin names according to column 4.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name
GPI10[0] AC18 DO VID_CLK
GPIO[1] Y17 D1 READ
GPI0[2] AD17 D2 ADDEN
GPIO[3] Y18 D3 ODDEVEN
GPI0[4] AK16 D4 READ LL
GPI0O[5] AK18 D5 READ HL
GPI10[6] AK19 D6 READ LH
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GPIO[7] All9 D7 READ HH

GPI0[8] AJL7 D8 Address (bus)
GPI0[9] AJ16 D9 Address (bus)
GPIO[10] AH18 D10 Address (bus)
GPIO[11] AH17 D11 Address (bus)
GPIO[12] AG16 D12 Address (bus)
GPIO[13] AE16 D13 Address (bus)
GPIO[14] AF16 D14 Address (bus)
GPIO[15] AG17 D15 Address (bus)

Table 13 -Tutorial 3 Part 2

Do the following on logic analyser;

e Press Digital.

e PressBusand enable Bus 1.

e Set D15-D8 to represent that bus

e Pressback.

e Press Digital.

e Setscale to be medium.

e  D5-D0 should still be selected from part 1. Select D7 and D6
e Press Label and rename D0-D7 according to table 13 column 4.
e Setdelay to 0.0s.

e Set horizontal frequency to 20.00u/s.

e Press Trigger.

e Set Edge trigger.

e Set ADDEN as source.

e Set rising Edge as slope.

e Press Single to trigger a new event.

The result should look similar figure47.
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,[READ_HH

: Channels
SE— e

,|ODDE HEMW_

D,|ADDEN W
L

Source
ADDEN

Figure 47-adddress and data enable multiple frames

Note that when oddeven is active low READ_LL and READ LH are active and READ_HL and READ_HH
remain active high. This means that only the odd lines of data are being sent to the monitor from
memory. When oddeven is active high READ_HL and READ_HH are active and even lines of video data
are being sent to the monitor from memory.

Press Trigger.

Change ADDEN and make ODDEVEN as source.
Set Falling Edge as slope.

Press Single to trigger a new event.

Press zoom.

Set Horizontal frequency to 20us

Set Delay to 50 u/s.

The result should look similar figure 48.

Here we can see that READ_LL and READ_LH are never active at the same time.

READ_LL is active low when READ and ADDEN are active high and ODDEVEN is active low (see
figure 44 line 84) This means that when READ_LL is active, data_motl[7:0] is loaded into
video_mot and ramaddressl_odd is loaded into address_mot. See line 195 and 196 from figure
46.
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e READ_LHis active low when READ and ADDEN are active high and ODDEVEN is active low (see
figure 44 line 85) This means that when READ_LH is active, high data_motl[15:8] is loaded into
video_mot and ramaddressl_odd is loaded into address_mot. See line 205 and 206 from figure
46.

e Also note that the address count only changes every other cycle. This is because data is 16 bits
wide and the video buffer is only 8 bits wide. So it takes two cycles to collect video data from
any one address location.

50003  20.00%/ il

- Agilent
#  Acquisition
e ————
1.00638{’5:

Channels

% o

Trigger

Edge ODDEVEN A
two bytes per address
odd lines

Figure 48-frame zoom in on enable odd lines

e Press Zoom again to turn it off.
e Set rising edge as slope.

e Press Single.

e Press Zoom.

The result should look like figure 49.

53



50.00/ 20008/

two byte per address
(even lines)

Figure 49-frame zoom in on enables even lines

Here we can see that READ_HL and READ_HH are never active at the same time.

e READ_HL is active low when READ and ADDEN and ODDEVEN are active high (see figure 44 line
86) This means that when READ_HL is active, data_moth [7:0] is loaded into video_mot and
ramaddressl_even is loaded into address_mot. See line 215 and 216 from figure 46.

e READ_HHiis active low when READ and ADDEN and ODDEVEN are active high (see figure 44
line 87) This means that when READ_HH is active, data_moth [15:8] is loaded into video_mot
and ramaddressl_even is loaded into address_mot. See line 225 and 226 from figure 46.

e Also note that the address count only changes every other cycle. This because data is 16 bits
wide and the video buffer is only 8 bits wide. So it takes two cycles to collect video data from
any one address location.

We have now created the address counters and data enables to retrieve data to and from memory.. Our
final objective will be to create a state machine that will sync the camera.v program created in part 1
with the monitor.v program created in part 2. Before we continue we will learn how to use the
onboard libraries in Quartus to create a memory module. This concludes part 2.
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Part 3 —creating a memory module using the Quartus library.

In this tutorial we will learn how to create an on chip SRAM memory module. Before we continue
create a new folder called library. Within that folder create another folder called memory. We will use
this folder to create the memory module. If you recall from page 30 we said that the ideal memory size
for creating a full video frame was ~2 Gbits of memory.

e 1 Gbit for odd memory lines.

e 1 Gbit for even memory lines.

e To get this configuration we choose to use 16 address lines and 32 data lines.
e (32x216)=2,097,152

With this information we can create a memory module.

Open Quartus and using Quartus new project wizard create a new project called memory. This
should be the empty folder just created.

On the right side of the Quartus folder you will see a menu that looks like figure 50.

4 E Installed IP
4 Project Directory

Mo Selection Available

4 Library
r [ Basic Functions l
I DsP

» Interface Protocols
» Memory Interfaces and Controllers
» Processors and Peripherals

'.9 Search for Partner IP

Figure 50-Quartus libraries

Select basic Functions > on chip Memory > RAM:2-PORT. A new folder will appear as in figure 51

Select Verilog (default is VHDL) and create a name. In this case it is memory16. Press OK.

- .
&4 Save IP Variation . ‘ ﬁ
QK

IP variation file name:
G ftutorialsfverilog/6/memory 16 E]
IP variation file type
) VHDL
@ Verilog

Figure 51-create memory module
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The result should look like figure 52

Mem Init
Currently selected device family: Cyclon_e_b =
memory 16 4

ata[7..0] Match projectfdefault
wraddress[4..0] _D_ m
Wren g § = How will you be using the dual port RAM?

ox

rdaddress[4..0] L+ ] @ With one read port and one write port

lock () With two readfwrite ports

How do you want to specfy the memory size?
(@ As anumber of words

(7) As a number of bits

Resource Usage

1 M10K | Cancel || < Back || Mext > || Finish |l_|I

Figure 52-opening page on chip memory module

Press next and the next page will appear. Here we will set up the memory size and also the number of
data bits. In the middle of the page you will find the following;

How wide should the ‘data_a’ input bus be? Change this to 32;
At the top of the page you will see the following;
How many 32 bit words of memory? Select 65532. You will have to scroll through the menu to get to

this value. The result should look like figure 53.
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") RAM: 2-PORT

Widths/Bk Type | > ChsRd, ByteEn

memory16
ataj31..0 =
wraddress[15..0] =
Wren g g' g
rdaddress[15..0] —D‘ E

lock

Resource Usage
59 lut + 258 M10K + & reg|

.
< MegaWizard Plug-In Manags 2 of 1 L% S

ot ] oz

Reqs/Clkens/Adrs Cutputi Mem Init

How many 32-bit words of memory? 65536 -

[7] Use different data widths on different ports
Read/Write Ports

How wide should the 'g_a" output bus be? 32
How wide should the 'data_a' input bus be? 32 -
How wide should the 'g' output bus be? 32

Mote: You could enter arbitrary values for width and depth
What should the memary block type be?
@ Auto () MLAB ) M10K
M 144K @) LCs Options...

Set the maximum block depth to Auto « words

| Cancel || < Back || Mext = || Finish |

Figure 53-select memory size and data size

Press next. Near the middle of the page you will see the following;

Create a ‘rden’ read enable signal. Select the box just beside this.

Below that you should see the following;

Create byte enable for Port A. Select this box.

This is going to create 4 byte enables since the bus is 32 bits wide.

The result should look like figure 54.
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[ o | [osemensten

Parameter

Settings

General Widths/Blk Type Clks/Rd, Byte En Regs/Clkens/Adrs Outputl Mem Init

memory 16 What clocking method do you want to use?
wﬂrt:dz1r£.s[1 o [ e i
wren - ﬁ g (") Dual dock: use separate 'read' and "write' docks
5= = . |

rdaddress[15..0] L+ z E ) Dual dock: use separate ‘input’ and 'output’ docks

den LTH 8 Mo dock {fully asynchronous)
Lyteena_al3. 0] - H Customize docks for A and B ports

ook Create a 'rden’ read enable signal

Block Type: AUTO Byte Enahle Ports

Create byte enable for port A

[] create byte enable for port B

What is the width of a byte for byte enables? [ 8 « | bits
r— Enable error checking and correcting (ECC) to check and correct
— single bit errors and detect double errors

_ Enable ECC pipeline registers before the output decoder to
|| achieve the same performance as non-ECC mode at the
expense of one cyde of latency

Re=source Usage I

99 lut + 256 M10K + & reg | cancel || <Back || mext> || Ensh | [

Figure 54-create read enables (4 of them in this case)

Now we have created the memory module. Keep pressing next until the project is saved to the
directory.

To open the memory module all you have to do is go to the directory you created it in and select the
memory module name. In this case it would b e called memory16.v. This will open the first folder
which was figure 52. This is valuable to know if ever you want to make any changes to the memory
size. The first 16 data bits will be use for odd line video and the upper 16 bits will be used for the even
line video. With this information we are now ready to create a state machine to capture video from a
video source such as a camcorder store it in memory and then taking those stored values and display it
to a display source like a monitor. This concludes Part 3.
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Part 4- Creating a data memory retrieval and memory update state
machine.

In part 1 we created a state machine to capture video data from a video source (a camcorder). Data bits
(DO -D16) were used to store odd lines of data and data bits (D16-D31) were used to store even lines of
data.

In part 2 we created a state machine that would take data values that are stored in memory and display
them to a display device such as a monitor. The state machine took into account the interlacing of odd
and even lines to create a full screen picture.

In part 3 we learned how to create an on chip SRAM memory using the Quartus library. We will
implement this memory into this section.

The objective in part 4 is to combine the state machines created in Part 1 to 3 (carmera.v, monitor.v and
memory16.v) . We will create another state machine that will display data and update data from
memory using the 25 MHz clock. If we recall from earlier we decided to use the substitution method
since our memory size was limited. Now let us make a few observations;

e The video in data state machine is running at 27 Mhz

e The video out data state machine is running at 25 Mhz

e Once video data has been displayed to the monitor it can be updated.

o Address counter will keep track of location in memory, for both read and write of video values.

o Datais 32 bits wide so it will be divided into 4 bytes to make it compatible with the video data
size which is 8 bits.

o Data enables- 4 byte enables will have to be created for both read and write in order to satisfy
the previous point.

e Read enable will need to be created in order to send 8 bit video data to the monitor.

e Write enable will need to be created in order to receive 8 bit video data from the camcorder.

e We need to make a decision as to whether to sync the state machine to video in (camera.v -27
MHz) or video out (monitor.v — 25 Mhz).

Let us expand the last point. If we use video out (read from memory) as the sync for timing, that
means we would asynchronously have to latch the new video during times when video is not being
read from memory. This means we need to make a temporary location to store values coming from
the video in source. Then update memory during non display enable times. Look at figure 55.
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Figure 55- sync video in with video out
e When read is active high video is displayed from memory

That means during read active low periods video_in (latched) can be updated. The values in the
latch register are the latest value from video source. They are update according to we_cam which
is the combination of all the video in enables. This will become apparent when we examine the
signals with MSO-X-3024A scope.

A working example of what the Verilog code should look like can be found at the following link;

http://www-ug.eecg.utoronto.ca/desl

Select -DESL Online Tutorials>Tutorial4_video.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
video. Compile the project. Open Verilog file called video. Scroll to line 156 of the file and you should
see the follow code. See figure 56.

152
2 L=is]
154
L=
156 Hram 16 u3 (
Ao,
158 .clockiclk),

= .wraddress (wraddres=ss=s) ,
160 . rdaddress {rdaddress) ,
161 -data(data_in},

162 -byteena a(vid_en),
163 -dg(data_dg) .,

164 . rden (read) ,

165 .wWwren|(!read)

166 e

167 =
168

169

170

171

Figure 56-sync verilog code
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This is a duplicate of the on chip memory module created in Part 3 of this tutorial. You do not have to
create this module again for this tutorial it has been included as part of the ZIP file just downloaded. If
you look at all the Verilog files for this project you will find one called ram_16.v. That would be this
SRAM memory module.

Scroll to line 164 and 165 figure 56. Here you will see that read is connected to both rden and wren.
This verifies what we said earlier in figure 55 that data updates and displays are synchronized to read
either being active low or high.

204

205

206

207

208

2098

210

211

212 wire[15:0] address = ((read) ? address mot : address_ cam):
213 assign wraddress = address_cams S/ address counter in
214 assign rdaddress = address _mot; // address counter out
215

21a assign data in[31:1&] = data_cawmh; // upper 16 bits data in
217 assign data in[15:0] = data caml; // lower 1& bits data in
218

218 assign data motl = data g[l13:0]:; // lower 16 bits data out
220 assign data moth = data g[31:1&]:// upper 16 bits data out
221

222 assign vid en[0] = wid 1dl:; // wvideo in byte enable

223 assign vid en[l] = wid 1ldh; // wvideo in byte enable

224 assign vid _en[2] = wid udl; /4 video in byte enable

225 assign vid en[3] = wvid uwdl; // video in byte enable

226

227 assign vid clk = clkcount[0]: // 25 Mhz clock

228 assign clken = swt[0]: S/ camera reset

229 as=sign led = =swt;

230 assign videorgb = video mot; J/ 8 bit video out display register

Figure 57-monitor update enables and syncs

Figure 57 shows how all the signals from the camera.v module and monitor.v module are connected to
the ram_16.v module. Some key observations;

e Line 214 - rdaddress is connected to address_mot. This is address counter created in monitor.v
module.

e Line 213 - wraddress is connected to address_cam. This is the address counter created in the
camera.v module.

e Line 216 and 217 — data_in[31-0] 32 bits data lines from ram_16.v are connected to the 32 data
bits created in camera.v. These are the two data registers data_camh[15-0] and data_camI[15:0].

e Line 219 and 220 - data_q[31-0] 32 bits data lines from ram_16.v are connected to the 32 data
bits created in monitor.v. These are the two data registers data-moth[15-0] and data_motI[15:0].
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e Line 222 -225vid_en[3-0] these are the 4 enables (vid_Ildl,vidldh,vidudl and vidudh) that
were created in camera.v.

Note that since updates to the monitor are running at 25 Mhz and video data from camcorder is being
updated at 27 MHz there will be the odd missing pixel but it is not noticeable to the human eye.

Connect the DE1-SOC as follow:

e Monitor cable to monitor input (15 pin video cable)
e Composite connector to camcorder (RCA Jack)
¢ Digital connectors from logic analyser should still be connected the same as in part 2

The result should look like figure 58

Digital pins [0-15] from
analyzer are connected to
(JPQ) 40 pin header DE1-S0oC

Figure 58-layout video connectors

62



Down load the video.sof file to the DE1-SOC board. Make sure switch 1 and 2 are up and all other
switches are down. Video from the camcorder should appear on the monitor connected to the VGA
connector. Figure 59 will give you an example of what the video looks like.

Figure 59-video sample on monitor

Note that this is a very simple video so there is no depth to the video it is only displaying colours
according to shading. We will learn more about how to improve this video later.

Before continuing open up video.v file in Quartus and make sure the GPIO assignments match the
values found in figure 60.

232
233
234
235
236
237
238
238
240
241
242
243
244
245

FEEEEFEEF T EFF il i i iiiiiriiiiifiriiiiifiris
// output= to debug circuit gpio (0} Frrrs
FEEEEFEEF TR FEf i i iiiiiiiiiiifirifiiiriris

assign
assign
assign
assign
assign
assign
assign
assign

assign

gpio[0] = wvid clk;

gpio[l] = read;

gpio[2] = we cam;

gpio[32] = oddeven;

gpic[4] = wid 1d1;

gpic[3] = wid 1dh;

gpic[&] = wid udl;

gepio[7] = vid udh;

gpio[l5:8] = address cam[7:0]:

Figure 60 — pin out assignment for write to memory from camcorder
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If not update assign values and recompile code. Then download to DE1-SoC board.

Let’s examine some of the signals using the MSO-X-3024A scope. Do the following;

e Press Digital.

e PressBus and enable Bus 1.

e Set D15-D8 to represent that bus

e Press back

e Setscaleto be medium

e Press Label and rename D0-D15 according to table 14 column 4.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPIO[0] AC18 DO VID_CLK
GPIO[1] Y17 D1 READ
GPIO[2] AD17 D2 WE_CAM
GPIO[3] Y18 D3 FRAME
GPIO[4] AK16 D4 VID_LDL
GPIO[5] AK18 D5 VID_LDH
GPIOJ[6] AK19 D6 VID_UDL
GPIO[7] Al19 D7 VID_UDH
GPI0[8] AJL7 D8 Address (bus)
GPI0[9] AJ16 D9 Address (bus)
GPIO[10] AH18 D10 Address (bus)
GPIO[11] AH17 D11 Address (bus)
GPIO[12] AG16 D12 Address (bus)
GPIO[13] AE16 D13 Address (bus)
GPIO[14] AF16 D14 Address (bus)
GPIO[15] AG17 D15 Address (bus)

Table 14-part4 pin outs 40 pin header

e Setdelay to 2.00us.

e Set horizontal frequency to 10.0 u/s.
e Press Trigger.

e Select Edge then Edge trigger.

e Set Frame as Arm A.

e Set Falling Edge as slope A.

e SetVID_UDL as Trigger B.

e Set Rising Edge as slope B.

e Press Single to trigger event.

The result should look very similar figure 61. We can make several observations.
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e The Frame going active high is the beginning of a new horizontal row.

While Frame is active high even lines of video data are being captured from the camcorder
and stored into SRAM memory. We can verify this by the fact that WE_CAM and VID_UDL
and VID_UDH are active during this period of time.

Let us zoom in closer to get a better understanding of how the data transfer takes place.

' 2 4 2000; 10 -
D,|VID_UDH ) : i
— % Agilent

0,/VID_UDL Acquisition
Normal
1.0063a/s

D,[VID_LDH

Channgls
D,[VID_LDL oc 1.00:1
D 10.0:1

D,|FRAME
),[WE_CAM
D, |READ

Edge then Edge = D3% -+ 4dns - DB(£* 1)
Arr_n A Slope A 4D Trigger B Slope B
FRAME £ 4 YWID_UDL +

Edge then Edge trigger

Figure 61-even line enable from camcorder

Press Zoom on the analyzer and result should look like figure 62.
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50.003/ 10.005/

Acquisition
Mormal
1.006Sa/s

Channels
oC 1.00:1
peC 10.0:1

Feven line, upper byte AL

word address

Edge then Edge = D3t + dns -+ DB[F* 1)

Arm A Slope A 4O Trigger B < SlopeB
FRAME 4 VID_UDL £

Figure 62-even line enable zoomed in

Here we can see that for every single address two 8 bits video values are sent from the video source to
the on chip memory. In this case it is the even line.

Do the following:

e Turn off Zoom.

e Press Trigger.

e Change Trigger B to VID_LDL
e Press Single to trigger event.

The result should look similar figure 63.
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D,[VID_UDH

" Aoquisition
Normal
1.00GSa/s

Channels
1.00:1

Edge then Edge = D3% - dns - D4{£* 1)

Arm A Slope A 4D Trigger B Slope B
FRAME L 4 VID _LDL $

Figure 63-odd line enable from camcorder

We can make several observations.

e The Frame going active high is the beginning of a new horizontal line.

e While Frame is active high odd lines of video data are being captured from the camcorder
and stored into SRAM memory. We can verify this by the fact that WE_CAM and VID_LDL
and VID_LDH are active during this period of time.

e Letuszoom in closer to get a better understanding of how the data transfer takes place.

e Press Zoom on the analyzer and result should look like figure 64.
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?|VID_UDH
'ID_UDL
'ID_LDH

1.00GSafs

Channels
DC 1.00:1
DC 10.0:1

7 'JID UDH, .
BNk odd lines low byte odd line high byte

[.IE_ VID_LDH

0,[VID_LDL
D, |FRAME
0,|WE_CAM
D, [REAN

'h“IQﬁLHJ‘ﬂ_4——L_r—1_1—ﬁ_4——g_r-L_r—'

B, |ADDRESS EF 80 AN sk W s
*-_
Edge then Edge = D3t -+ 4ns -+ D4($* 1)
Arm A Slope A O Trigger B < Slope B
FRAME t VID_LDL L

SR S SS—— e o cdress per word

Figure 64- odd line enable zoomed in

Here we can see that for every single address two 8 bits video values are sent from the video source to
the on chip memory. In this case it is the odd line.

Open up your verilog code and update the pin assignments according to figure 65. Then recompile the
Verilog code and download to DE1-SoC.

232

233

234

235

236 assign gpio[0] = vid clk:
237 agsign gpiof[l] = read:;
238 assign gpiol[2] = we_ cam;
238 agsign gpio[3] = oddeven;
240 assign gpioc[4] = read 11:
241 assign gpio[5] = read 1h;
242 assign gpio[6] = read hl:
243 assign gpio[7] = read hh;
244

245 assign gpio[l5:8] = address mot[7:0]:

Figure 65 - pin out assignments for read from memory to monitor

Rename the following labels according to table 15 on the MS0-X-3024A scope.
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40 pin HeaderJPO Pin assignment Digital lead default Rename label
name
GPIO[3] Y18 D3 ODDEVEN
GPI0[4] AK16 D4 READ LL
GPIO[5] AK18 D5 READ LH
GPI10[6] AK19 D6 READ HL
GPI0[7] AJ19 D7 READ HH

Table 15 - new pin out assignments for GPIO header

e Setdelay to 0.0s.

e Set horizontal frequency to 10.0 u/s.
e Press Trigger.

e Select Edge trigger.

o Set ODDEVEN as Trigger.

e Set Falling Edge as slope.

e Press Single to trigger event.

The result should look like figure 66. We can make several observations.

0. JREAD_ HH : L - Agilent
| L. Acquisition
READ_HL Normal

. 1.006Sals

(READ_LH Channels

DC

oo :
), |ODDEVEN _,—- : —-—l—__l—

o Iu
Trigger 4> Source
Edge ODDEVEN

Figure 66-sending data from on chip memory to monitor

e Thisis atrigger capture of video data being sent from on chip memory to a display source such
as a monitor
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e When ODDEVEN is active low READ_LL and READ_LH are active and READ_HL and READ_HH
remain active high.

e This means that odd lines of 8 bit video data are being sent to the monitor screen from on chip
memory

e When ODDEVEN is active high READ_HL and READ_HH are active and READ_LL and READ LH
remain active high.

e This means that even lines of 8 bit video data are being sent to the monitor screen from on chip
memory

Let’s look closer at the signals. Press Zoom the result should look like figure 67.

Here we can see that for every single address two 8 bits video values are sent from on chip memory to
the monitor screen. In this case it is the odd line.

0,JREAD_HL
0JREAD_LH

D.'I

D, © dd line, high byte

e OCld line, low byte
REAN
B; VID_CLK

s D7 B8 X DA " XDo
Trigger Menu

Edge ODDEVEN

Figure 67-zoom in oddeven odd lines

e Turn off zoom.

e Press Trigger.

e SetRising Edge as slope.

e Press Single to trigger event.
e Turnzoom on.

70



The result should look like figure 68.

50.00%/

D.|READ_LH
YA .. . . o oven nes.nigh byte JE
.| ODDEVEN AR

5

. AT

Trigger Menu

Trigger Source
Edge ODDEVEN

Figure 68-zoom in oddeven even lines

Here we can see that for every single address two 8 bits video values are sent from on chip memory to
the monitor screen. In this case it is the even line.

This concludes this tutorial. Now you are familiar with how to get video data from a video source store
it in memory as a frame and then display it to a video source.

As was explained earlier the video we just generated is very simply video. To improve on this some
important preliminary information needs to be understood. To get a better understanding about video
and how video is displayed on a monitor follow these link;

http://en.wikipedia.org/wiki/YCbCr

http://www-ug.eecg.utoronto.ca/msl/manuals/Video.pdf

Read starting at page 6 - background on video.

The DE1-SOC board uses YCrCb 4:4:4 format. See figure 69 below.

71



Cb ¥ I Cr Y I

Figure 69-YCrCb video format

This means that the Cr and Cb components are updated every pixel. This format is defined as 8 bits per
colour and full colour plane. To see how this video improves what is displayed on the monitor
download the following zip file. This file is from the Terasic home page under projects DE1-SoC

http://www-ug.eecg.utoronto.ca/desl

Select-DE1-SOC>DESL Online Tutorials> DE1_SoC_TV.zip.
This project is already compiled. Just down load the zip files and download the DE1_SoC_TV.sof file

All enquiries should be emailed to aulich@ece.utoronto.ca

PS2 interface
There are two common interfaces that can connect through the PS2 interface on the DE1-SoC board,
the keyboard and the mouse. Both use different protocols to retrieve data information.

For further information on the PS2 interface follow the link below.

http://www-ug.eecqg.utoronto.ca/desl/manuals/ps2.pdf

Connecting Keyboard to PS2 interface (Partl)

The above document gives a very good insight of the PS2 keyboard. We will now concentrate on the
timing circuit. In this tutorial we will use both Quartus and the MSO-X-3024A to investigate and get a
better understanding of the PS2 protocol for the keyboard. Figure 70 is a timing diagram where by
data is sent serially from a keyboard to a device such as a computer. We can make the following
observations;

CLOCK
DATA

START
DATAD
DATA1
DATAZ
DATA3
DATA4
DATAS
DATAB
DATA?
PARITY
STOP

Figure 70-timing PS2 keyboard interface

o Both clock and data signal lines are active high during inactive state.
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When data signal goes active low some time later clock signal goes low. This indicates that
data initiates the data transfer.

There are a total of 8 data bit [0-7] generated serially. Each data bit is valid when clock pulse is
active low. (Note that transfer follows little Endian protocol low byte to high byte)

Data values can be high or low. This depends on which character on the key board is pressed.
More will be explained about this later.

After all the data has been sent a parity bit is determined. By default parity is odd. So if the
count of active high data values [0-7] is even the parity bit would be 1 in order to make parity
odd. The opposite is true if the data count [0-7] is odd.

Finally there is a Stop bit which is active high and indicates that all the data has been sent from
keyboard to device.

Let us investigate this by down loading the following zip file;

http://www-ug.eecg.utoronto.ca/desl

Select —-DE1-SoC>DESL Online Tutorials>keyboard.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
keyboard. Compile the project. Down load the program to the DE1-SOC.

Connect the digital leads 0- 9 from the MSO-X-3024A to JP1 (GPI0-0) pin 0 to 9. For this lab we
will use only 0-2 but in the next part of the lab we will use all 10 digital leads. Use figure 71 as a
reference on how the pins should be hooked up for both ground leads (black) and digital leads

(gray).
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Yol$ o

Figure 71- digital pin assignments for this tutorial

e Press Digital.
e Enable DO-D2 and turn off all the other digital lines.
e Setscale to be Large
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e Press Label and rename D0-D2 according to table 16 column 4.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name
GPI10[0] AC18 DO Clk_50
GPIO[1] Y17 D1 PS CLK
GPI0[2] AD17 D2 PS DATA

Table 16-assignments for Keyboard tutorial

e Setdelay to 423 us.

e Set horizontal frequency to 200.0 u/s.
e Press Trigger.

e Select Edge trigger.
o SetPS_CLK as Trigger.
o Set falling Edge as slope.

e Connect a keyboard to thePS2 connector on the DE!-SoC (Top left of board).

e Press Single to trigger event.

e Press the ESC key on the keyboard that is connected to the DE1-SoC board.

The result should look like figure 72. We can make several observations.

o The PS_clk signal has 10 clock pulses and 11 active low states. This coincides with the clock

in figure 70.

e The data pulse pattern PS_DATA represents the ESC key on the keyboard. We will verify
this later in this tutorial.

e The active low Clock pulse happens after the data signal goes low.

o All data values are valid when clock signal is active low.
e Once data remains active high the clock signal will go active high shortly after.
e The results displayed on the scope in figure 72, verifies the diagram in figure 70.
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Figure 72-sample of a keyboard data transfer to a device

Let us further investigate by zooming in closer and look more closely at the signals.

Change horizontal frequency to 100.0 u/s.
Press Digital.

The result should look like figure 73. We now have a better view of the data signal pattern PS_DATA.
We can make the following observations;

The first active low of the PS_DATA signal is the start of the transfer.
The Clock signal goes active low shortly after the data line goes active low.

Followed by 8 active transitions for data. Remember that data is transferred data0 to data7
(low to high) so in this case the key ESC is [01101110] which is HEX value 76(D7-D0). We call this
the key code value for ESC.

This is followed by the parity bit. Remember that party must be odd so since we have an odd
number of ones (5) in the data transfer the parity bit remains low.

Finally the data value goes high and shortly after that the clock goes high. This indicates the
transfer was successful and complete.
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Parity

D,[PS_DATx | | ‘ | |

,[PS_CLK

D,|CLK_50

scale setto large

Digital Channel Menu [ — —-4D, (1.00GSa/s
~ v FL O Channel 0 [Tarionmg i Bus
v m|PS_DATA D15-08 - ~g-

Figure 73- zoom in view of transfer

Now that we have an understanding of how each key value is transferred we can create a table of the
key codes. Below is a list of most of the key codes found on a standard PS2 keyboard. Refer to the last
page of the PS2 manual, found on page 72 of this tutorial, to get a full complement of all the key codes.

| Keycodes

Key | HEX Value Key | HEXvalue Key HEX value key HEX Value
A 1C N 31 0 45 BACKSPACE 66
B 32 0 44 1 16 Right Arrow E0 74
C 21 P 4D 2 1E Left Arrow EO0 6B
D 23 Q 15 3 26 Up Arrow E0 75
E 24 R 2D 4 25 Down Arrow EQ 72
F 2B S 1B 5 2E DELETE EO 71
G 34 T 2C 6 36 Equal 55
H 33 U 3C 7 3D Tab 0D
I 43 V 2A 8 3E Insert E0 70
J 3B W 1D 9 46 Home E0 6C
K 42 X 22 Space 29 End E0 69
L 4B Y 35 ESC 76 Page UP EO 7D
M 3A Z 1A ENTER 5A Page Down EO 7A

Table 17- most common key codes for PS2 Keyboard
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We can now use table 17 as a reference and see if the results displayed on the MSO-X-3024A match the
key codes pressed from the key board. Do the following;

e Press Single.

e Press the A key on the keyboard.

o Decode the result knowing the data is sent low byte to high byte (little endian format).
e The result should look like table 18. This table ignores start and stop signals

Key | HEXvalue

A 1C

Data0 Datal Data? | Data3 | Datad Data5 Data6 Data7 Parity
0 0 1 1 1 0 0 0 0

Table 18- decoding key code for A key on keyboard

Try other keys on the keyboard and see if the results match the key codes in table 17. This concludes
part 1.

Part 2- creating a serial decoder and display keyboard key results

Now that we have an understanding of how data is retrieved from the keyboard we can write a Verilog
routine that will decode the key code values and then display the results. The following tasks will need
to be fulfilled in order to do this;

o Aserial shift register will need to be created to store each valid 8 bit data value.
e Avreference table will need to be created .
e We can use this reference table to decide which key has been pressed by doing a compare.

e We can use the HEX display to show what key code was pressed. Note since the HEX display has
a limited number of segments to create letters and numbers we will create symbols for some of
the key code characters.

e Atiming circuit, to make sure only valid data is collected.

Let us investigate this by down loading the following zip file;

http://www-ug.eecg.utoronto.ca/desl

Select —-DE1-SoC>DESL Online Tutorials>keyboard_full.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
keyboard. Compile the project. Down load the program to the DE1-SOC. Open up keyboard.v and let us
further investigate the Verilog code. Scroll down to line 45. See figure 74.
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Figure 74-

parameters to represent key code characters

14'P11111111000000;
14'P11111111111001;
14'P11111110100100;
14'p11111110110000;
14'P11111110011001;
14'P11111110010010;
14'P11111110000010;
14'P11111111111000;
14'P11111110000000;
14'P11111110011000;
14'p11111110001000;
14'P11111110000011;
14'P11111111000110;
14'P11111110100001;
14'P11111110000110;
14'P11111110001110;
14'p01100101000110;
14'p11111110001001;
14'p10001101110110;
14'P11111101100000;
14'p01101010001011;
14'P11111111000111;

14'p10110001001100;
14'p11100010001011;
14'b11100001000110;

'y

14'P11111110001100;
14'p11101111000000;
14'b01001000001110;
14'p01100100010110;
14'P10011101111110;
14'P11111111000001;
14'p11011011011011;
14'b11000011000011;
14'b01101010010011;
14'p01111010011011;

1101 0110
4'b0101011000011
14'b1000110000011
14'b00100100000011
4'b01100000111111;
4'b01111110000110;
4'b10011001011000;
14'b10000111100001;
T'b1111111; i
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These parameters represent how each Key character will look like on the HEX display. In this Verilog
program we are using the first two HEX displays to create the character or symbol. To further explain
this press the following keys 4 and G.

Figure 75- two characters as displayed by the 2HEX displays

Figure 75 shows the results for both cases. Note 4 looks as it should but G is created using both HEXO
and HEX1.

e Scroll a little further down to line 99. See figure 76.

e Line 99 to 129 represents a state machine which will serially shift data from the keyboard to the
FPGA.

e CNT1is used to keep track of the value of counter. If it exceeds digital value 11 then the state
will change from active low to active high.

e Line 105 to 128 is a counter that freely counts up values from 0 to whenever CNT1 changes
from active low to active high state.

Let’s use the MSO-X-3024A to look at these signals and verify whether the above does indeed happen.
From Part 1 the digital leads 0 to 9 should have been connected. All we need to do is rename the pin
assignments. Follow the procedure below;

e Press Digital.

e Setscale to medium.

e Press Bus. Enable bus 1 and set D5-D9 to represent the bus.

e Enable DO-D4 and unselect all the other digital lines.

e Press Label and rename D0-D9 according to table 19 column 4.
e Press Trigger.

e Change source to CNT.

e Leave slope as falling edge.

e Press Single

e Press any key on keyboard.
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100
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iia
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120
1231

f clock for PS2

always @ [(negedge Es_clk or posedge cntl )

begin

if [cmtl)

begin
counter <= 0;
cot <= 1

end

el=se

begin

counter <= counter + 1;
cot <= 0;

end
end

Figure 76- State machine to serial shift data from keyboard to FPGA

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPI10[0] AC18 DO VALID
GPIO[1] Y17 D1 PS CLK
GPI0[2] AD17 D2 PS DATA
GPIO[3] Y18 D3 CNT
GPI0[4] AK16 D4 CNT1
GPI0O[5] AK18 D5 COUNTERO
GPI10[6] AK19 D6 COUNTER1
GPI0[7] AJ19 D7 COUNTER2
GPI0[8] AJl7 D8 COUNTER3
GPI0[9] AJ16 D9 COUNTER4

Table 19- digital lead assignments for part 2

Depending on which key is pressed the result will look similar or the same as figure 77.
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399.0% 100.0%/ Stop

Figure 77-trigger result for data transfer

From figure 77 we can verify several things.

o If the signal COUNTER is less than or equal to digital value 12 the counter keeps counting.
e Assoon as the signal COUNTER is greater than digital value 12, the counter gets reset to zero.

o Note that CNT1 does not actually go active high. This is because when the counter is reset
CNT1 goes immediately back to active low.
e Thesignal VALID shows when valid data can be retrieved.

This concludes part 2 of this tutorial. If you are feeling ambitious rather than display the key values on
the HEX display try and write a Verilog program to display to a monitor. Use the video tutorial to help
you do this.
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Connecting PS2 Mouse Interface to DE1-SoC

Unlike the keyboard when you plug in the PS2 mouse interface to the DE1-SoC board it does not
automatically work. It must be programmed before it will transmit information. After being
programmed it will send 3 bytes of data. The format of how each 3 byte packet looks like can be seenin
figure 78.

Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte 0 = " Y sign X sign ) (" Right 2
’ overflow overflow ‘ button button button
Byte 1 X movement
Byte 2 Y movement

Figure 78 - 3 byte packet sent by mouse

e Byte 0 gives information about button pushes and whether the X or Y motion is a positive or
negative value. More will be explained about this later in this tutorial.

e Byte 1 gives information about the movement of the X motion. This value is a 9 bit 2’s
compliment value. So values are in the range of -255 to +255.

e Byte 2 gives information about the movement of the Y motion. This value is a 9 bit 2’s
compliment value. So values are in the range of -255 to +255.

Before we can examine what a streaming packet from the mouse looks like, we need to create a Verilog
program that will initialize the streaming mode. By default when the mouse is plugged into the PS2
port it does not get initialized. To make the mouse go into streaming mode we need to write the HEX
value FA to the mouse. In order for this to happen we need to do the follow;

o Create a slower clock using the 50 MHz clock as a reference and the dividing to get a 50 KHz
clock. Thisis in the range of clock timing for the mouse.

e (Generate a start pulse.
o Create a shift register to send and receive serial data from the mouse.

o Make sure valid data has been sent. As just explained HEX FA needs to be sent to the mouse to
initialize streaming mode.

o Create a tri state buffer that allows both data and clock signals to be sent and received.
Let us investigate this by down loading the following zip file;

http://www-ug.eecg.utoronto.ca/desl

Select —-DE1-SoC>DESL Online Tutorials>mouse_partl.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
mouse. Compile the project. Let’s examine the code and see if all of the above conditions have been
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met. While in Quartus open up mouse.v and scroll down to line 45. You should see the following lines of
Verilog code. See figure 79.

e Inline 45 we set the reference frequency to 50 MHz.
e Inline 46 we set the desired frequency to 50 KHz.

e Inline 53 to line75 we create a state machine which constantly divides the 50 MHz clock until it
equals our desired clock. At that point the output signal CLK line 73 is toggled. This in turn
generates our 50 KHz clock.

i3
44
45 parameter clk freq = 50000000; // 50 Mh=z

46 parameter ps2 freq = 50000: /7 50 Ehz

4 parameter mouse stream = 5 'b011110100; // streaming mouse with parity F4
48
S0 clock diwvider

51 G

52

53 always @ (posedge clk 50 or negedge reset)
54 [H begin

55 | if (lreset

56 H begin

ST clk div <= 0; // counter

58 clk <= 0- /{ frequency

59
&0 end

62 else
683
64 B begin
65
66 if (clk div < (clk_frequsz_freq] ) // keeps dividing until reaches desired freguency
&7 clk div <= clk div + 1;

a8
69
70 else

71 B begin

72 clk div <= 0;

3 clk <= =~clk; // S0 KHz clock used for ps2 clock circuit
74 e end

] B end

T6 end

77

Figure 79 - clock divide code from 50 MHz to 50 KHz.

Now scroll a little further down to line 83. Here we are creating a state machine which will tell the
mouse to start the clock. When send_enable (swt 2) is active high the clk_count will increment. See
figure 80.
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Flalways @ (negedge reset or posedge clk ) begin
| if (!reset) clk counter = 4 'bllll;
= else begin
if (zend enable=—0}
clk counter=0;
el=e
if ((clk counter < 7'd%) & (clk stop =0)) clk counter = clk counter + 1;
end
end

Figure 80 -clock counter enabled and increments.

Now scroll to line 97. The Verilog code from 97 to line 125 acts as shift register and at each increment
of clk_counter a new value of PSCLK is put on the PS2_CLK line.
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94

95

96

87

98

95
100
101
102
103
104
105
106
107
108
105
110
111
112
113
114
115
116
117
118
118
120
121
122
123
124
125
126

FOEEEEEEEEETEELEETELET R L L
// counter for P52 clock /[//
FHAEEEEEETEETTEETEEE TR

H always @ (negedge reset or posedge clk ) begin
if (!reset) begin clk stop = 0; send start = 1 ; P5CLK = 1; end
else

H case (clk counter)

// begin clock load command pulse ~ 100 120 us

: begin clk staop 0; send start = 1; P5CLK = 1; send data = 0; trigger data = 0; end // send command
4'dl & begin clk stop = 0; send start = 1; PSCLK = 0; send data = 0; trigger data = CO;end /f active clock low

4'd2 : begin clk stop = 0; send start = 1; PSCLK = 0; gend data = 0; trigger data = 0; end // active clock low

4'd3 : begin clk stop = 0; send start = 1; PSCLK = 0; send data = 0; trigger_data = 0O;end // active clock low

4'd4 & begin clk stop = 0; send start = 1; PSCLK = 1; send data = 1; trigger_data = l;end // await data transmiszion
4'ds & begin clk stop = 0; send start = 0; PSCLE = 1; send data = 1; trigger data = 1; end // keep data enabled
4'dé : begin clk stop = O; send start = 0; PSCLK = 1; gend data = 1; trigger data = 1; end // keep data enabled

t begin clk stop = O; send start = 0; P5SCLK = 1; send data = 1; trigger data = 1; end // keep data enabled

4'de  : begin clk stop = 0; send start = 0; PSCLE = 1; send data = 1; trigger data = 0; end // tri state data

4'dS : begin clk stop = 1; send start = 0; PSCLK = 1; gend data = 1; trigger data = 0; end // stop counter

r endcase
end

Figure 81- Serial shift register PS2 Clock

e Thesignal PSCLK represents the serial clock signal on the bus.

e The Signal send_data is used to enable the serial data bus. When active high serial data can be
transmitted.

85



e Thesignal send_start is used to determine if the clock signal is tri state or not. When send_start
is active low it is tri state. See line 208 figure 82.

e Thecode in Figure 80 and Figure 81 are used to create the PS2. Serial clock.

e The code from 133 to 201 is the combined state machine that is used to create the serial shift
register and tri state buffer for the PS2 serial bus. Depending on send_recieved or
trigger_data being active high the signal PSO is transmitted on the ps2_data signal. See line
209 figure 82 below. It will be up to you to verify the above.

e The mouse will send the HEX value FA which indicates the mouse is enabled and X and Y
movement values will be sent by the mouse.

e One further point to be made. The serial initialization data must be sent with odd parity. So
since the HEX value is HEX F4 it is odd already. Therefore the parity bit is 0. See in line 47
figure 79.

¢ Now download the mouse.sof file to the DE1-SoC.

208 assign ps2 clk = send start ? PSCLK : 1'bz; //bi-directional

209 assign ps2 data = (gend recieved | trigger data) ? P50 : 1'bz; f/bi-directional
10

Figure 82 - PS2 Clk and data assignment statements

Connect the digital leads 0- 15 (gray) from the MSO-X-3024A to the JP1 (GPI0-0) pin 0 to 15. Connect the
ground leads (Black) to pin 12 and 30 on the JP1(GPIO) 40 pin header. Use figure 83 as a reference on
how the pins should be hooked up.

S GPI0-0 JP1
Pin0-Pin 15
.+ | Black pins ground

0 . 8¢0

.

%0 ¥e0 50--sta
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e Press Digital.

3 LAl Bl B3 Bl B s aa
o by =y y

Il

Figure 83 — Pin out GP10-0 40 pin header

e Enable DO-D8. Disable the other digital lines.
e Setscale to be medium
e Press Label and rename D0-D8 according to table 20 column 4.

e Press Digital.
e PressBus.

e Create a bus for D15-D9.

e Press back.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPI10[0] AC18 DO CLK
GPIO[1] Y17 D1 PS2 _CLK
GPI0[2] AD17 D2 PS2_DATA
GPIO[3] Y18 D3 SEND_REC
GPI0[4] AK16 D4 SEND_START
GPI0O[5] AK18 D5 TRIG_DAT
GPI10[6] AK19 D6 CLK_STOP
GPI0[7] AJ19 D7 RESET
GPI0[8] AJl7 D8 SEND _ENBLE
GPI0[9] AJ16 D9 Address0
GPIOJ[10] AH18 D10 Addressl
GPIO[11] AH17 D11 Address2
GPI0[12] AG16 D12 Address3
GPIO[13] AE16 D13 Address4
GPI0[14] AF16 D14 Address5
GPIOJ[15] AG17 D15 Address6
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Table 20 pin out mouse part 1
Table 21-assignments for Keyboard tutorial

Set delay to 1.000 ms.

Set horizontal frequency to 500.0 u/s.

Make sure all switches on the DE1-SoC are down.

Press Trigger.

Select Edge trigger.

Set SEND_ENABLE as Trigger.

Set rising Edge as slope.

Connect a PS2 mouse to thePS2 connector on the DE1-SoC (Top left of board).
Press Digital.

Press Single to trigger event.

Move switch 0 up on the DE1-SoC board. This resets all the counters

Move the mouse. Notice that neither the PS2_CLK nor the PS2_DATA state value changes on
the scope. Look at figure 84 bottom right. This means that the mouse is still reset.

Move switch 1 up on the DE1-SoC board

The result should look like figure 84.

1.000% 500.05/ Stop £ 0y TTI

0. |SEND .
< Agilent

0,|RESET P52 command transfer enabled - A;q"'isnilon
n et v et jorma
D,|CLK_STOP I

% 200MSa/s

tri-state enable PS2 data

Channels
oc 1.00:1
10.0:1
1.0

|NAANARARAAANARAANANEA
00U U

B,|ADDRESS —pp

Digital Channel Menuy

—N——ﬁ-_
~ S ~ kD |(200MSa/s
g i — “ _ Bus

state change PS2_CLK and PS2_ DATl ~3-

Figure 84 - trigger command for enabling stream data mode
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We can make several observations from this trigger event.

o TRIG_DAT and SEND_REC are the direction enable for the PS2_DATA signal. When at least one
of the signals is active high serial data is sent to the mouse from the FPGA, based on the value at
PSO, otherwise the signal is tri-stated. See line 209 of the Verilog code for further verification
figure 82.

e SEND_START is the direction enable for the PS2_CLK. When active high serial data is sent to
the mouse from the FPGA, based on the value at PSCLK, otherwise the signal is tri-state. See line
208 of the Verilog code for further verification figure 82.

e You can see that the transfer has two parts to it.

e The command transfer and then the acknowledge transfer that is sent by the mouse to verify
the value that was sent.

e Press Zoom

e Set Horizontal to 100 us.

e The result should look like figure 85.

100.0%/ 500.0s/

Acquisition
Normal

200MSa/s

Channels
1.00:1
10.0:1

), |RESET

Js|rn_aTOP

IE&S_E?IRT’—l_— command value low bit to
- [ T —

Digital Bus Menu
ADDRESS [ SEND_ENBLE

Figure 85 - zoom in of transfer sequence

Here we get a better view of the counter.

e Notice that at count HEX 0A the command transfer is over.
e Asyou can see data transfer is low bit to high bit (Little Endian).
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o Parity for all transfers is always odd. In this case since the number of high bits is odd already,
the parity bit is low.

o Ifyou scroll the Delay dial to the end of the command transfer you will notice that the counter
is at HEX 17 which equates to the digital value of 23.

e Ifyougo to line 197 of the Verilog code you will notice that send_stop goes active high. This
causes the counter to stop counting.

o At this point the command load has finished and the mouse is in stream mode

We can verify this by the fact that if you move the mouse both the PS2-CLK and PS2-DATA become
active. Now we need to create a state machine that can capture the streaming data information. We will
do this in part 2 of this tutorial.

This concludes part one of the mouse tutorial.

Part 2 mouse tutorial- creating serial shift register to save streaming
data

In Part 1 we concentrated on creating a command serial transfer register to initialize the mouse. We
used this register to send HEX F4 to activate streaming mode on the mouse.

In Part 2 we will be creating a serial transfer register that will capture streaming data from the PS2
data bus. From figure 78 we know that there are three bytes that are transferred. We can use this
information to do the following;

o Create a serial register that captures all three bytes.
e Extract data values from serial register and store them into three registers

o The first register would be an 8 bit value that would hold information about button pushes and
the signed value of the X and Y movements.

o The second register would be a 9 bit 2's complement value which determines the x movement
of the mouse.

e The third register would be a 9 bit 2’s complement value which determines the y movement of
the mouse.

o Create a state machine that would detect if a button on the mouse had been pushed.

o Create a state machine that will store two sequential x values. Determine if the movement has
changed and whether the mouse is moving left or right.

o Create a state machine that will store two sequential y values. Determine if the movement has
changed and whether the mouse is moving up or down.

e Using the HEX display we can display the movement of the mouse or which button was pushed.

Now that we have created a list of goals we can create the Verilog code to accomplish this task.
Down load the following zip file;

http://www-ug.eecg.utoronto.ca/desl
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Select —-DE1-SoC>DESL Online Tutorials>mouse_part2.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
mouse. Compile the project. Let’s examine the code and see if all of the above conditions have been
met. For this tutorial we have two Verilog files, mouse.v and transmit.v. Open up transmit.v and
scroll down to line 116. You should see the following lines of Verilog code. See figure 86. The purpose
of this code is as follows.

o It will only become active once the mouse has been programmed and streaming mode is
working. If you look at line 118 counter xy_counter will not increment until enable_send is
active high.

e Inline 136 the condition sync_time is determined. This states that as long as xy_counter is less
then digital value 32 it will keep incrementing. Once the xy_counter reaches digital value 32
the counter is reset and will repeat the above sequence again.

e These two state machines just mentioned work in tandem to load the three bytes from each
mouse transmission.
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116 H alwavs @(nesgedge enable send or posedge ps2 clk) begin

118 if (!enable send)

120 H begin

121 XY_counter =

122 end

124 H else begin

126 if ( sync_time)
127 Xy_counter = 7'b0;

1249 else

T'b0; /f reset counter

130 Xy counter = Xy counter + 1;

131 end

133 end

136 wire sync time = (xy counter < 7'd32)? 1'b0 : 1'bl; // end of each load cycle

138 [ always @ (negedge enable zend or negedge ps2_clk) begin

141 if (!'enable send) begin xyb stop = 0 ; end

142 else

143 [ case (xy_counter)

145 // begin load

146 7'd0

148 7'dl

150 7'd2

152 7'd3

: begin

: begin

: begin

: begin

: begin

: begin

byte 0
xyb value[0] = ps2 data ; xyb stop = 0; end // bit 0 -

xyb value[l] = ps2 data ; xyb stop = 0; end // bit 1 -

xyb value[2] = ps2 data ; xyb stop = 0; end // bit 2 -

xy¥b _value[3] ps2_data ; xyb stop = 0; end // bit 3 -
xyb value[4] = ps2 data ; xyb stop = 0; end // bit 4 -

xyb value[5] = ps2 data ; xyb stop = 0; end // bit 5 -

start

valid bit

valid bit

valid bit

valid bit

valid bit

Figure 86- serial shift register capture 3 byte streaming data

Scroll down to line 227. The code will look like figure 87.

220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

FELEEEE TSPl rrss
f/f store walues in 8 bit register for JS/SS/F
/f/ button pushes middle left right Frrs
/5 % and v walue fFEEr
FELEEETEFFE TP Er AP Fiddrfrrsry

= alway=s @ ([ posedge clk ) begin

= if (xyvb stop) begin

b _wvalue =myb walue [2:1]:
x_walue xyb walue [12:11]:
v_walue =yb walue [30:22]:;
end

end

Figure 87 - three byte save registers.
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Here we are extracting the information from the 33 bit xyb_value register and putting them into three
byte register.

e B _value register which is 8 bits and gives information about which button on the mouse has
been pressed and also if the sign value for x or y is positive or negative. Notice that only the
bits that refer to this register are extracted. [bits 8 down to 1] More will be explained about the
sign value later in this tutorial.

e X_value register which is 9 bits, gives information about the direction of the x movement of the
mouse (left or right). Notice that only the bits that refer to this register are extracted. [bits 19
down to 11]

e Y_value register which is 9 bits, gives information about the direction of the y movement of the
mouse (up or down). Notice that only the bits that refer to this register are extracted. [bits 19
down to 11]

From point 6 of our requirement list we need to create a state machine to detect if a button has been
pushed. Scroll down to line 242, see figure 88.

239

240

241 Fi /

242 = alway=s @ { posedge clk or negedge enable send ) begin

243 |

244 = if (!enable send) begin

245 ff default =setting

246 hex outS = dash;

247 hex out4 = dash;

248 end

249 -

250 el=e

251

252 = case (b _value [3:0])

253

254 4'b1100: begin hex outS = HEX 11; hex out4 = middle; end // middle button
255 2'bl1010: begin hex out5 = HEX 11: hex out4 = right; end // right button
256 4'bl001: begin hex outS = HEX 11; hex out4 = left; end // left button
257 2'Bb1000: begin hex outS = dash; hex out4 = dash; end // no button push
258

259 endcase

260 -

26l end

Figure 88 - button push detector state machine

From figure 78 we know that the first 3 bits of byte 1 indicate if a button has been pushed. If all three
bits are low then no button has been pushes. If any of the three bits goes high then a button has been
pressed. This state machine takes care of all the conditions just explained. HEX displays 4 and 5 on the
DE1-SoC are used to display the result.

From points 7 and 8 of our requirement list we need to get two consecutive X and Y values in order to
do a compare. Scroll to line 267. It will look like figure 89.
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266
267 H alwavs @ ( posedge xyb stop ) begin

268

269 if (!reset} begin counter xy = 2'bE0; end
270

271 else

272

273 counter Xy = counter xy +1;
274 end

2715

276 =

277

278 testing y movement

2748

280

281

282 E always @ ( posedge clk or negedge enable send ) kbegin
283

284 iE (!enakble send)

285 J/§ default setting

Z28e [0 begin

287 state_wvalue y = load wvalue yl1:
288 v first = 8'bl:

288 y_second = 8'bl;

280 hex outl = dash;

291 hex outl = dash;

252 end

283 =

254 glse

285

296 = case (state_wvalue y)

297 load walue yl: //000

298 lf load first y value

293 [ begin

300

301 if (!counter =y[0])

302 ¥ _first = y walue;

303 else

304 state value v = load walue y2:
305 = end

Figure 89 - X_value two byte capture

e Here notice that xyb_stop is used as a clock. From line 214of the transmit.v code you will
notice if it goes from active low to active high counter_xy increments as long as reset is active
high. When xyb_stop goes active high, the three byte transfer is complete. It is at this point
that valid values can be loaded into the X_value and Y_value register.

e Scroll down to line 282. Here we have a state machine which will get two consecutive y_values.

e Ifyou scroll down to line 376 you will notice that there is identical state machine to get two
consecutive x_values.
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There is more to the state machine then just mentioned, but before we continue let’s look at the
signals just mentioned on the MSO-X-3024A scope. All pins from part 1 should still be connected. If not
reconnect using figure 83 as a reference.

e Press Digital.

e Enable DO -D2 and disable D3-D15

e Press label and rename DO to D2 as in column 4 table 22

e Set Scale to large.

e Pressbus.

e Enable BUS 1. Select D3-D9

e Enable BUS2. Select D10-D15.

e Re-Label BUS1 to X_VALUE. See table 22 column 4 as reference
e Re-label BUS2 XY_COUNTER. See table 22 column 4 as reference.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPI0][0] AC18 DO XYB_STOP
GPIO[1] Y17 D1 PS2 _CLK

GPI10[2] AD17 D2 PS2_DATA
GPIO[3] Y18 D3 X VALUE
GPI10[4] AK16 D4 X VALUE
GPI0[5] AK18 D5 X VALUE
GP10[6] AK19 D6 X VALUE
GPI0[7] AJ19 D7 X VALUE
GPI0[8] AJl7 D8 X VALUE
GPI0[9] AJ16 D9 X VALUE
GPI0J[10] AH18 D10 XY_CNTER
GPIO[11] AH17 D11 XY_CNTER
GPI0[12] AG16 D12 XY_CNTER
GPIO[13] AE16 D13 XY_CNTER
GPI0[14] AF16 D14 XY_CNTER
GPIO[15] AG17 D15 XY_CNTER

Table 22 - pin assignments part2 mouse lab

e Press Trigger.

o Set XYB_STOP as Trigger.

e Set Rising Edge as slope.

e SetDelay to-1.500 ms

e Set Horizontal to 500 us

e Download mouse.sof file to DE1-SoC board

e Make sure all switches on DE1-SoC are down

e Move switch O up ( This resets all counter to zero)
e Press Single to trigger an event.

e Move switch 1 up ( This loads the command register with FA and enables streaming mode)
From part 1.
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e Move the mouse in any direction.

The result should look like figure 90.

-1.5008  500.0%/

D,|PS2_DATA

Digital Channel Menu

IS REv -~

Figure 90 - trigger event streaming mode

Here we can see that each streaming transfer is 3 bytes. We can make several observations.

e When XYB_STOP is active low streaming data is transfer from the mouse.
We use this to enable the XY_COUNTER.

XY_COUNTER is reset to zero at the end of the transfer and will begin counting again when
the next transfer happens and XYB_STOP goes low again.

e Move the mouse to the right and notice that the active state values of signals X_VALUE (Digital
pins [9-3] ) for the most part are active low except for possibly the lower three.

e Now move the mouse to the left and notice that the active state signals X_VALUE (Digital pins
[9-3] ) for the most part are active high except for possible the lower three bits.

e From this we can conclude that when the mouse is moving in a positive (right) direction data
values are sign positive.

o |f the mouse moves in a negative (left) direction data values are sign negative.

Earlier we told you that the 9 bit movement value was 2s compliment. So since this is a 9 bit value 2°=
512. So the range of values goes from -255 to +255.
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e Any value from -255 to 0 is a left movement of the mouse so bit 8 always 1.

e Any value from 0 to 255 is a right movement of the mouse, so bit 8 is always 0.

o If the first and second movement value [bit 8] are active low then the movement is going right
o If the first and second movement value [bit 8] are active high then the movement is going left
e We can use this information to show the direction in which the mouse is going.

e Scroll to line 411 of the transmit.v code. See figure 91.

e Here we have create the 4 possible conditions that can happen with each change of movement
of the the mouse

e Both x_first and x_second are active high (left movement)
e X firstis low and x_second is active high (left movement)

e Both x_first and x_second are active low (right movement)
e X firstis high and x_second is active low (right movement)

410 | S i i F i rirrirriiriiffirrirrirriy

411 test_sign X://

412 // compare to

413 [g begin

414

415 if (x first[8] & x second[8]) // both high wvalues

416 state value x = compare left;

417 else if

418 (! first[8] & x_second[E8] } // first low and second high
4145 state _value x = compare left;

420 el=e if

421 (& first[8] & 'x second[E8]) // first high and second low
422 state value x = compare right

423 el=e if

424 (!x firsc[28] & !x second[2]) // both low walues

425 state valus x = compare right;

426

427 else

428

429 state value x = test sign x; // once condition must be met
430

431 end

432 =

2EE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEFEEEEEEESEESEEE)

Figure 91 - test and compare for left or right movement

Once the result has been determined the HEX display will display the result. The same concept can be
applied for the y moment of the mouse Scroll to line 314. There you will find a similar state machine
but it determines up and low movement of the mouse.

The result on the display will look like figure 92
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442
443
G
445
4446
447
448
245
450
451

442
443
a9
445
446
447
448
445
450
451

IS
434
235
4386
437
438
435
440
453
442

=

=

=

compare left: // 110
ff display walue on HEX display
begin

hex out3 = left;

hex out2 = HEX 15;

state wvalue x = no change x;
- end

FEFELELELEEETEFPELEEELEAiiiiiifiidf B8

240
350
351
352
353
S5
55
356

FEELELEEEEEEEFRETEEiFiiifidiffsds3sd

S R S S
compare down: // 100
S/ display HEX value

=] begin

hex outl = HEX 13;

hex out0 = middle:

state _value y = no_change y;
B end

LEEIFEETLELELELALESIEETIEEIfili

-=-LFdn

FEELLEEEREL A E i il Eiriiiisiririis
compare left: // 110

/f display wvalus on HEX display
begin
hex out3 = left;
hex out2 = HEX 15;

state_walue x = no change x;

- end

FELLEAEEEA I i ittt fidisisids

S
340
341
342
343
344
345
346
347
348

At iriiiriirfiresrsy
compare up: //011

ff display HEX wvalue
begin
hex outl = you;
hex outd = pee;
state wvalue y = no change y;
end

=

FELEELLLSTS LTy

ISP A Irr s
compare right: // 101

S/ display value on HEX display
begin
hex out3 = right:
hex out?2 = tee;
state_wvalue X = no change X;
end

PP ETFEF I AT FETFII i Piidiiisdsy

e o
340
Szl
342
343
S
57 )
346
2
348

FEEEEEEEFfEFiii i iffifrreffdisys
compare up: /011
ff display HEX wvalue

=l begin
hex outl = you;
hex outQ = pee;
state_wvalue ¥ = no change ¥:
end

FEELLELEAEEE LA riridddss
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433 FEFTETETEFFFTFEE T Eiiiiiiiiifiiiiys, L) LA il irfrririfrririreirss
434 compare right: // 101 340 compare_up: //011

435 // display value on HEX display 341 {/f display HEX value

436 [0 begin 342 H begin

437 hex out3 = right; 343 hex_outl = wou;

438 hex cut? = tee; 344 hex outld = pee;

439 state wvaluse X = no change x; 345 state wvalue y = no change y;
440 end B B B 346 end

447 o Sl -

442 FEEEEEEEEEEERErErrrrrrrrrrrrrrrrrry 34 FEFFELFRFFE TR I T AR irriirrsriss

Figure 92 - HEX values describing direction of mouse

e HEXdisplay 0 and 1 are used to display the result of the y movement of the mouse
e HEXdisplay 2 and 3 are used to display the result of the x movement of the mouse

e HEXdisplay 4 and 5 display the button pushes. If nothing is pressed then the display shows
dashes, br (right button) , bm (middle button) and bl (left button)

Note this is the course directional movements of the mouse and takes the most basic movements of the
mouse into consideration. More involved compare statements would have to be done to get accurate
mouse movement.. This just gets the concept across as to how to decode the basic mouse movements.
Optionally you can further add code to take into account the more accurate movement of the mouse.

This concludes the mouse tutorial.

Audio interface
The audio interface is a Wolfson WM8731 CODEC (analog to digital converter [ADC] and digital to
analog converter [DAC]). For further information on this audio interface follow the link below.

http://www-ug.eecq.utoronto.ca/desl/manuals/Wolfson audio.pdf

Figure 93 gives an overview of how the audio CODEC chip is connected to the FPGA and the
pin assignments.
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ﬁatl E E:, ﬁ %&5

cyc’one'gv ’ AUD_DACLRCK i
SoC < AUD_ADCDAT
_ AUD_ADCLRCK

Signal Name FPGA Pin No.
AUD_ADCLRCK PIN_K8
AUD_ADCDAT PIN_K7
AUD_DACLRCK PIN_H8
AUD_DACDAT PIN_J7
AUD_XCK PIN_G7
AUD_BCLK PIN_H7
12C_SCLK PIN_J12 or PIN_E23

12C_SDAT

Some of the key features of this chip are as follows;

AUD_XCK

U3
WMB731

AUD_BCLK

w

XTIMCLK Mic In '
J1
BCLK -

F 9

AUD_DACDAT

h

» DACDAT Line In 1
J2
DACLRCK

ADCDAT Line Out 1
g
ADCLRCK

PIN_K12 or PIN_C24

Description

Audio CODEC ADC LR Clock
Audio CODEC ADC Data

Audio CODEC DAC LR Clock
Audio CODEC DAC Data

Audio CODEC Chip Clock
Audio CODEC Bit-stream Clock
12C Clock

12C Data

Figure 93 - interface of Audio CODEC to FPGA

e Programmable 12C serial interface.

e Multiple baud rate settings going from 8K to 96K.

e Master mode or slave mode setting.
e Internal clock that can be set depending on the mode setting.
e Multiple bit length ranging from 16 bits to 32 bits.

e 2inputs [line input and microphone input]
e 1 output to speaker [line out].

This CODEC has multiple uses in industry but for the purpose of this tutorial we will configure as;

e Master mode.

e 48 KHz baud rate.

e A microphone input.

e Aspeaker output.
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In order to do this we will use the 12C (Inter- Integrated Circuit) protocol to program the Audio CODEC.
If you are not familiar with this protocol go back to page 5 of this manual and it will give you all the
details about it and also a tutorial on how it works.

Page 46 table 29, of the Wolfson_audio manual gives an overview of all the registers that need to be
programmed. The table will look like figure 94.

REGISTER [B (B [B [B [B |B B8 | B7 | B6 | Bs | B4 | B3 | B2 | Bi BO
15 |14 |13 |12 |11 | 10
RO(@oh) |0 [0 [0 |0 [0 |0 il W 0 0 LINVOL
BOTH | MUTE
R1(020) |0 |0 |0 [0 |0 |0 sl Wi 0 0 RINVOL
BOTH | MUTE
R2(04h) |0 [0 [0 |0 [0 |1 LRHP 1 | zcen LHPVOL
BOTH
R3(6h) |0 [0 [0 |0 [0 |1 RUP | Rzcen RHPVOL
BOTH
R4 (08h) 0 0 0 1 0 0 SIDEATT ISDETOME | DAC SEL |BY PASS | INSEL MJTEMCMICBDOST
R5(0Ah) |o o oo [1]0 0 0 0 0 |HPOR |DACMU| DEEMPH | ADCHPD
R6 (0Ch) 0 0 0 0 1 1 0 Sk o OSCPD | OUTPD | DACPD | ADCPD | MICPD | LINEINPD
OFF | OQUTPD
BCLK
R7(OED) |0 [0 [0 |0 [1 |1 0 Ny | VS [Rswap| RP WL FORMAT
R8(10n) |0 [0 [0 [1 |0 |0 g |20 &R SR BOSR JUSB/NORM
D2 DIv2
R9 (12h) o|ofo|1]o]o 0 0 0 o [ o [ o o 0 | AcTivE
R15(1Eh) [0 [o Jo [1 1 T4 RESET
ADDRESS DATA

Figure 94-12C programmable registers

Here we see there are a total of 11 different register (R0 - r9, R15) For the purpose of this tutorial
R15 can be ignored.

At power up the registers are reset to a default value but that may not be the desired value.

Table 23 shows what the values should be set to. An explanation is given for what each update

does.
register Address and Explanation
Value (HEX)
RO 001A Volume setting for left channel input
R1 021A Volume setting for right channel input
R2 047B Volume setting for left channel output
R3 0678B Volume setting for right channel output
R4 08FC Analog control and input enable (set for Microphone)
R5 0A06 Digital audio control setting (set to 48 KHz)
R6 0C00 Power on setting as opposed to power down setting
R7 OE4A Format setting ( 12C protocol) mode setting ( Master mode )
R8 1000 Sampling control stays to same
R9 1201 Set Audio CODEC to active as opposed to inactive

Table 23 - 12C setting for this tutorial
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We can now create an I12C serial protocol interface to load the values from table 23 into the audio
CODEC internal registers.

From the video tutorial we already developed Verilog code to generate and load 12C values. We can use
this code and modify it to work with the audio CODEC chip. The following Verilog code is an example of
what it should look like. Down load the following zip file;

http://www-ug.eecg.utoronto.ca/desl

Select —-DE1-SoC>DESL Online Tutorials>audio_part1.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
audio. Compile the project. Let’s examine the code. For this tutorial there are three Verilog files;

e audio.v- Is the main program where all the input and output signals are for the audio CODEC
chip. It also has all the connections for the GPI0-0 40 pin header which will be connected to a
logic analyzer. This will be used to view the signals and verify data.

e i2c_av_cfg.v—This module is used to create a state machine which updates the address and
data values that will be programmed into the audio CODEC chip via the sdata I/0 pin.

e i2c_programmer.v - This module is used to transmit serially data and clock according to the
12C protocol. Clock pin [sclk] and data pin [sdat].

Open up audio.v and scroll down to line 84. The Verilog code should look like figure 95. The purpose
of this code is to create the 12.288 MHz input needed for the AUD_XCK input on the audio CODEC chip.
From page 10 of the Wolfson_audio manual you will see this is the required input frequency to create

the proper audio frequency 48 KHz, see R5 in table 23.
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80
81
82
83
84
85
86
87
&8
89
a0
91
a2
a3
i
a5
=1
a7
a8
15
Loo
Lol
Loz
Lo3
L04
Las
Lo&
La7
Lo8
Los
Li0
L11
L1z
113
L14
L15

T T T T i iidididddiiiiidiififdidfiiiits

fAAfFf I2C clock (50 Mhz)used for

always @ (posedge iZc clk or negedge RESET)

E begin
| if (!'RESET)
= begin
miZc clk div <= 0;
miZc_ctrl_clk <= 0;
end
else
=] begin
if (miZc clk div < (clk_freqfiZc_freq] ) /{ keeps dividing until reaches desired freguency

miZc _clk div <= miZc clk div + 1:

else
=] begin
miZc clk div <= 0;
mch_ctrl_clk <= ~mi2c_ct11_c1k;
I end
B end

end

= always @ (negedge RESET or posedge CLOCE) begin
| if (!RESET) sSD COUNTIER = 7 'b1111111;
= else begin
if (GO==0)
5D _COUNTER=0:
else
if ((SD_COUNTER < 7 'b1110111) & (TENW_END =0)) SD COUNTER = SD COUNTER + 1:
= end
end

Figure 95 - clock input for AUD_XCk

Open up i2c_cfg.v and scroll down to line 42. See figure 96. This parameter represents the total
size of all the registers that need to be programmed. In this case it is 10. Line 46 to line 55 indicates
what registers on the audio CODEC chip will be programmed as the counter increments from 0 to 9.
Each parameter represents a count value with a name attached to it.

40 // LUT data =zize wvalue for both audio and video register
41

42 paramecer LOT =ize = 10; f/ number of wvalues loaded both audio and serial
43

44 JS/fhudio register wvalues [ & in total)

45

48 paramecer et lin 1 =l

47 parameter gset_lin r s

48 parameter set_head 1 = 2:

49 parameter set_head r = 3;

S0 paramecer a path cntrl = 4;

51 parameter d path entrl = 5;

52 parameter power_on =

53 parameter set_format = 7:

4 paramecer sample cntrl = &;

55 parameter set_active = I9;

LA

Figure 96 - parameter names of registers
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Scroll to line 60, see figure 97. This state machine uses the information from figure 96 to update the
serial 12C register with the data and address value. From line 68 we see at reset the LUT_index (a
counter) is 0. After each consecutive load of the register value the counter will be incremented as
indicated by lined 105, see figure 97. Once LUT_size reaches the value of 10 the load is complete and
stops. This is indicated by the statement in line 77, see figure 97.

&0 always @ (posedge clk or negedge reset)
&1

62 [Hbegin

63
64 if {!resst)
65
66 & begin
&7
68 LUT index <= 0;
69 mstep <= 0;
70 mgo <= 0;
71
T2 = end
T3 else
T4
75 K begin
76
7 if (LUT index < LUT size)
78 begin

7o
80 case (mstep)

81 0: begin

g2 if (5CLE)
83
g4 iZ2c data <= {2'h34,LUT data}l;
85
Be mga <= 1;
87 mstep <= 1;
88 end

89 B
a0 g 1: begin
a1
92 if (mend)
93 g begin

o4
B if (mack)
96 mstep <= 2;
B else

98 mstep <= 0;
ey mga <= 0;
100 = end

101 end

0 o—m
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103 = 2: begin

104

1035 LUT index «= LOT index + 1;
106 matep <= 0;

107

108 end

108 =

110 - endcase

111 - end

112 - end

113 end

114

115 =

116 always

117

118 Hebegin

119 |

120 Hecase ( LUT index)

121

122 aundioc config walues

123

124 set lin 1 LUT data <= 16'h001a;
125 gset lin r LUT data <= 16'h021a;
126 set _head 1 LUT data <= 16'h047b;
127 set_head r LUT data <= 16'h0&7b;:
128 a path cntrl LUT data <= 16'h0B8fc;
124 d path cntrl LUT data <= 16'h0a0&;
130 power on LUT data <= 16'h0c00;
131 set format LUT data <= 16'hOeda;
132 sample cntrl LUT data <= 16'h1000;
132 set_active LUT data <= 16'h1201;

Figure 97 - se

rial 12C address data update

Now open i2c_programmer.v and scroll down to line124, see figure 98. Note this is just part of the
whole program. For the purpose of this explanation it is not necessary to show the entire Verilog code.
This state machine takes the updated address and data values loaded in i2c_av_cfg.v and shifts it out
onto the SDAT and SCLK lines using the 12C format. There is some handshaking that takes place
between the i2c_programmer.v module and the i2c_av_cfg.v module to make sure all the data and
address values are loaded into the audio CODEC chip registers. Review the code to see how both
modules interact with each other.
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122 B ziways @ (negedge RESET or posedge CLOCK) begin
123

124 if (!BESET) begin ACK1 = 0; RACK2 = 0; RCK3 = 0; TEN_END = 1; ACK enable = 1; SCLK = 1; 5DO = 1; end
125 else

126 [ case (SD_COUNTER)

127

128

129

130 T'do t begin ACK1 = 0; ACK2Z = 0; ACK3 = 0; TEN END = 0; 5DD = 1; S5CLK = 1; ACK enable =1; end
131 Frdl t begin SD= (data 23); S5DO = 0; end
132 in load

13

134 = 5D[23]:; 5CLE = 0; end
135 = 5D[23]:; S5CLE = 1:; end
136 = SD[23]: SCLK = 1; end
137 = SD[23]: SCLK = 0; end
138

1L = 5D[22]: SCLE = 0; end
140 = 5D[22]:; SCLE = 1; end
141 = 5D[22]:; 5CLE = 1; end
142 = 5D[22]: S5CLE = 0:; end
143

144 = SD[21]:; SCLK = 0; end
145 = SD[21]:; SCLK = 1; end
146 = 5D[21]: SCLE = 1; end
147 = 5D[21]:; S5CLE = 0; end
148

149 = 5D[20]: SCLE = 0; end
150 = SD[20]: SCLK = 1; end
151 = SD[20]: SCLK = 1; end
152 = SD[20]: SCLK = 0; end
153

154 = 5D[18]:; SCLE = 0; end
155 = 5D[15]:; S5CLE = 1:; end
156 = 5D[15]:; SCLE = 1:; end
157 = SD[19]: SCLK = 0; end
158

159 = SD[18]:; SCLK = 0; end
160 = 5D[18]r SCLE = 1; end
161 = 5D[18]; SCLE = 1; end
la2 = 5D[18]; 5CLE = 0; end
163

Figure 98 - serial data shift register and SCLK

Using the MSO-X-3024A scope we can analyze these signals.

e PressDigital.

e Enable DO-D7. Disable the other digital lines.

e Setscale to be medium

e Press Label and rename DO-D7 according to table 24 column 4.

40 pin HeaderJPO Pin assignment Digital lead default Rename label
name

GPI10[0] AC18 DO CTRL_CLK
GPIO[1] Y17 D1 BCLK
GPI0[2] AD17 D2 DACDAT
GPIO[3] Y18 D3 DACLRCK
GPI0[4] AK16 D4 ADCDAT
GPI0O[5] AK18 D5 ADCLRCK
GPI10[6] AK19 D6 SCLK
GPI0[7] AJ19 D7 SDAT

Table 24 - Name assignments for audio tutorial partl
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GPIOO Pins 0.7 =
gray leads

Figure 99 - Connecting MSO-X-3024A leads from scope to DE1-SoC 40 pin header (GP10-0)

e Connect leads to GP10-0 header on DE1-SoC. See figure 99.
e Make sure all switches on DE1-SoC are down.

e Download audio.sof file to DE1-SoC.

e Press Serial.

e Press Signals.

e Select D6 for SCL.

e Select D7 for SDA.

e Press Trigger.

e Select Serial1(12C).

e Select Start as trigger mode.

e Set Horizontal 10ms.

e Set Delay 30ms.

e PressSingle.

¢ Note that none of the digital channels are active. See Figure 100.
e Flop Switch O up.

The trigger event should look like figure 101.
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D, |BCLK

D,|CNTR_

Digital Channel Menu
—~ 1L Tl < Channel Turn on

v

no activity on bus prier to [2C
serial load

30.00% 10.00%/ Stop rec D, TTL

Agilent

Acquisition
Normal
10.0MSa/s

Channels
1.00:1

no activity on lines prior to
programming the 12C registers

programming values inte internal 12C
registers on audio CODEC chip

$$ 3_330,
Thresholds
~-

BCLK D15-D8

Figure 101 - Programming internal 12C registers
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e Press Serial.
e Set Addr Size to 8 bit.
e Press Lister.

The result will look like figure 102. Here we get an overview of all the address and data values being
loaded into the audio CODEC via the 12C data bus. If you compare the values listed in figure 102 and
table 23 they should be the same.

- Agilent Technologies  INfIniiVision o sk o2 emaps aT -
A

rc 0,

Time Restart Address Data i :
im ‘ Ag;

Acquistt
Norma
10.0MSa

Channel

Data:0C 0O

D;|ADCLRCK
D,|ADCDAT

o
|eNTR_CLK

LR EN e EXTNELTNE
Lister Menu

) Display Scroll Zoomto Options
S, (I?C) Lister Selection Ex

Figure 102 - listing of all the program registers

Once the Audio CODEC chip has been programmed the BCLK, DACLRCK, ADCLRCK signals become
active. DACDAT is inactive since it has not been programmed yet. This will be done in part 2 of this
tutorial. ADCDAT is active but this is just random noise generated by the input.

e Press Trigger.

e Select Edge mode.

e Set Source BCLK.

e Set Slope to falling Edge.
e Set Delay to 0.0s.

e Set Horizontal to 500 us.
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e PressSingle.
e PressZoom.
e Set Horizontal to 200 ns.

The result should look like figure 103.

™ _I_—_H—-‘—I-—h-—l—_—__l_—_ ot ‘

Digital Channel Menu
. I'L 4 Channel

v/ BCLK

Figure 103 - Zoom in on BCLK

e Press Cursor

e Press Cursors.

e Select X1 move to rising edge of BCLK

e Select X2 move to next rising edge of BCLK.

e The resulting delta frequency should be 1.25 MHz, see figure 104.
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. Agilent

Aequisition
Normal
200MSa/s

Channels

Cursors
it &
-800.000ns
174X
+1.2500MH:

I
i
I
1
1
1
]
I
I
I
1
1
1
1
1
|

D,|CNTR_CLK
e R B = BS p VRS . F 12 uency of BCLK ]
— e —'— i . .

— ]
Cursors Menu
Mode Source 4D Cursors Uni
Manual <None> X1 =

Figure 104 - measuring BCLK delta frequency

e Press Cursors again. This should remove the cursors from screen.
e SetHorizontal to 20 us

The result should look like figure 105.

e Notice we have a better view of the ADCLRCK and DACLRCK signals. To further understand
what these signals mean open to page 33 of the Wolfson_audio manual and look at figure 26. It
will look like figure 106.

e Here we see that when ADCLRCK signal is active high and on the positive edge of BCLK valid
audio data is received by left channel of the audio CODEC.

e When ADCLRCK is active low and on the positive edge of BCLK valid audio data is received by
the right channel of the audio CODEC.

e The same applies for DACLRCK the only difference is digital data is being converted to a serial
output.

e When observing the trigger event in Figure 105 we see that the signals are behaving in this
manner. This indicates that the serial 12C internal registers have been properly programmed.

e Also note that DACDAT does not have any signal value on it. This is because we need to create a
data register to convert the 32 bit audio value to a serial output.

111



As noted earlier the signal values on the ADCDAT line are random noise. To get proper signal
values a serial to parallel data register would need to be created.

We will address both these register in part 2 of this tutorial.

random noise

Cursors Menu

Pt R e e R e
(To turn on cursors, press the [Cursors] key on the front panel.

Figure 105 - zoom out to look at left right channel enables for 12C format

1ifs
LEFT CHANNEL RIGHT CHANNEL
DACLRC/
ADCLRC
T
ADCDAT |1 |2|3| |n-2|n-1|n| |1|2|3| |r|-2|n-t|n|
MsB LsB MSB LsSB
Figure 26 Left Justified Mode

I°S mode is where the MSB is available on the 2nd rising edge of BCLK following a DACLRC or
ADCLRC transition.

Figure 106 - copy of page 33 of Wolfson_audio manual
This concludes this tutorial.
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Part 2 creating data register for audio in and out

In partl our objective was to create an 12C data signal and clock signal to load address and data values,
and transmit them to the internal register of the audio CODEC.

In part 2 we want to do the following;

Create a serial to parallel data register which will capture analog data from the audio CODEC
input.
Create a parallel to serial register to send data out the analog output to a speaker.

From figure 106 we recall that when ADCLRCK and DACLRCK are active high, left channel
analog data is captured or sent on rising edge of BCLK.

When ADCLRCK and DACLRCK are active low, right channel analog data is captured or sent on
the rising edge of BCLK.

There are a total of 33 bits sent or received when either ADCLRCK or DACLRCK are active high
or low. We will need to know this information when building the counter state machine.

As an aside used the MSO-X-3024A scope setup from partl to aid in verifing that the number of
BCLK cycles between each ADCLRCK and DACLRCK level change is indeed 33.

Page 50 of the Wolfson_audio manual indicates that the maximum size of any audio packet is
32 bits. Check out information under bit 3:2. We need to keep this in mind for the register.

Another important point to keep in mind is that MSB is sent first, see figure 106.

The following Verilog code below is an example of what the code should look like. Down load the
following zip file;

http://www-ug.eecg.utoronto.ca/desl

Select —-DE1-SoC>DESL Online Tutorials>audio_part2.zip.

Create a directory and unzip the file. Using Quartus new project wizard create a new project called
audio. Compile the project. Let’s examine the code. For this tutorial we have five Verilog files,
audio.v, i2c_programmer.v, i2c_av_cfg.v, serial_adc.v and serial_dac.v.

Open serial_adc.v and scroll down to line 45. Line 45 to line 64 is the counter enable for the right
channel. When adc_Ir is active high the right channel counter is enabled. Line 68 to line 86 is the left
channel counter enable. See Figure 107.
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245 [E alwavs @ (negedge enable or posedge clk) begin

46

=7 if {'enable)

48

4 [0 begin

50

o1 SADCR counter = T7'bO; S/ reset right chanmnel counter
52 end

=3 =

54 [0 glse begin

=l

56 if ('adc 1r)

a7 SADCR counter = 7'b0;

S8

L

L8] else

&6l SADCR counter = SADCE counter + 1; S/ right channel captures audio
a2 end

63 =

64 end

&85 =

E E _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _.'I _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r J_.I’ _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r J_.I' _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r ,:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r J_.I’ _:'-r _:'-r _:'-r _:'-r _:'-r _:'-r J_.I’ _:'-r _:'-r _:'-r _:'-r
&7

68 [E alwavs @ (negedge enable or posedge clk) begin

&9

T0 if {'enable)

71

T2 [0 begin

73 SADCL counter = T7'b0; // reset left chamnel counter
74

] end

76 =

7T [ glse begin

78

T if (adc 1r)

80 SADCL counter = 7'bO;

81

82

83 else

84 SADCL counter = SADCL counter + 1; S/ left channel captures audio
85

8& end

o7 L

Figure 107 - Left right channel enable

The right counter (SADCR_counter) from figure 107 is used to save right channel data. The left counter
(SADCL_counter) from figure 107 is used to save left channel data.
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Q0
=k
92
ZiE]
o4
a5
98
S
98
ZiZ
.00
.01
.02
03
.04
.05
.08
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.08
.09
10
Al
A2
A3
L
A5
la
AT
A8
i L
20
21
22
23
L |
25
26
27
.28
29
.30

At the negative edge of clk line 90 (figure 108) a new value is loaded from the analog input serial_adc

B case

f/f msb first

7'dd : begin
T'dl : begin
T d2 : begin
Va3 : begin
T'd4 : begin
TS : begin
7'dé : begin
Trd7 : begin
7'ds : begin
T7'ds : begin
7'dl0 : begin
7'dll : begin
7'dl2 : begin
7'dl3 : begin
7'dl4 : begin
7'dls : begin
7'dlée : begin
T7'dl7 : begin

(SADCL counter)

SADCL[32]

SADCL[31]

SADCL[30]

SADCL[29]

SADCL[Z28

SADCL[27]

SADCL[26]

SADCL[25]

SADCL[24]

SADCL[23]

SADCL[22]

SADCL[21]

SADCL[20]

SADCL[19]
SADCL[18]
SADCL[17]
SADCL[16]
SADCL[15]

= serial_adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;
zerial adc ;
serial adc ;
serial adc ;
zerial adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;
serial adc ;

serial adc ;

end

end /S

end /S,

end S/

end /f,

end f/

end [/

end S/

end /f,

end [/

end S/

end S/

end /,

end S/

end S/

end /,

end S/

end S/

r

a

E always @ (negedge enable or negedge clk) begin
6“"“.

Gnost significant first)

bit

0 - start

valid audio 31 left channel

valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid

audia

audiao

audia

audiao

audio

audia

audia 2

audio

audia

audiao

audio

audia 1

audiao

audio

audia

audiao

Figure 108 - left channel serial to parallel load

into SADCL and the counter is incremented.

o Note since audio data from the audio chip is updated on the positive edge of Bclk in order to
make sure we get updated audio data values we have chosen to used the negative edge of the

clock in line 90.

18]

29

left

left

1eft

left

left

1=ft

left

left

1=ft

1 left

left

1=ft

left

left

1=ft

left

o Note that the load is MSB to LSB as was indicated in one of our points above.

Scroll to line 167 see figure 109. The behavior of this state machine is the same as figure 108 but

channel

instead it is for the right Channel. Both these state machines are used to get analog data from a
sound source, which in this case will be a microphone and store it into a 33 bit register called

SADCL and SADCR.

115



1&7 = always @ (negedge enable or negedge clk) begin

168

163 Fight channel serial save]

170 Bl case (SADCE counter) . MSE first

171 ’ -

172 // msb first /

173 Tvdd ! begin SADCR[32] = serial adec ; end // bit 0 - startc

174

175 T dl : begin SADCR[31] = =serial_adc ; end // walid audic 31 right channel
176

177 T da : begin SADCR[30] = serial _adc ; end // valid audio 30 right channel
178

179 Thd3 ! begin SADCR[285] = =serial adc ; end // walid audioc 29 right channel
180

181 Trd4 : begin SADCR[28] = =serial adc ; end // valid audio 28 right channel
182

183 T a3 ! begin SADCR[27] = =serial adc ; end // walid audioc 27 right channel
184

185 Trdé ! begin SADCR[2&] = serial adc ; end // walid audio 26 right channel
186

187 T T ! begin SADCR[25] = gerial adc ; end // valid audio 25 right channel
188

189 T'd8g : begin SADCR[24] = =serial adc ; end // walid audic 24 right channel
190

191 T "d8 : begin SADCR[23] = serial adc ; end // valid audio 23 right channel
192

193 7'dl0 : begin SADCR[22] = serial adc : end // wvalid audioc 22 right channel
1594

195 7'dll : begin SADCR[21] = =erial_adc ; end // wvalid audio 21 right channel
196

197 7'dl2 : begin SADCR[20] = serial adc ; end // valid audic 20 right channel
198

199 7'dl3 : begin SADCR[1%] = serial_adc ; end // walid audio 19 right channel
200

201 7'dl4 : begin SADCR[18] = =zerial adc ; end // walid audio 18 right channel
202

203 7'dls : begin SADCR[17] = serial_adc ; end // wvalid audic 17 right channel
204

205 7'dlé : begin SADCR[16] = =erial _adc ; end // wvalid audio 16 right channel
206

Figure 109 - right channel serial to parallel load

Open up audio.v and scroll to line 52 and 53(figure 110). Now look a little further down to line 63 and

64(figure 110). You will notice that serial_If is connected to SADCL and SDACL. This means serial_If
acts as a buffer between analog input and output. The digital conversion and audio sync is done by the
FPGA state machine. The same apples for the right channel serial_rt.

Open up serial_dac.v and scroll to line 87, see figure 111. Here again we have a counter and at each
negative edge of clk( BCLK) the value in SDACL is loaded in serial_1, see figure 111. Similarly the
same take place for the right channel the only difference is it is loaded in serial_2, see figure 112. Now
scroll to 39, see figure 113. Here the values from either serial_1 or serial _2 are sent out serial_dat
depending in the state value of dac_lr.

If dac_Ir is active high serial_1 sends data out the DAC and when dac_Ir is active low serial_2 sends
data out the DAC. We now have a full analog to digital and a digital to analog conversion.
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43 H serial adc u2 |

50

=il .serial_ adc(adcdat), /f 32 bit serial in data
52 .SADCL (serial 1f),

i) . SADCER (serial_rt),

= »adc_1r (adclrck]),

<Tes] ~=lk{clE) ; S/ 50 EKEHz clock

58 .enable (awt) // master reset

S

58 1

1L =

&0 H serial dac u3({

61

a2 .serial_dac(dacdat), /f 32 bit serial in data
&3 .SDACL (serial 1f),

a4 . SDACR (serial_ rt),

B85 .dac_1r (daclrck)],

& .elk(clk), /{ 50 KHz clock

67 .enable (awt) // master reset

it

69 1

Figure 110 - modules for serial conversion

87 [ alway=s @ (negedge enable or negedge clk)} begin

88

89

90 [ case (SDACL counter)

91

az ff msb first

93 7'd0 : begin serial 1 = SDACL[32] . end // bit O - =start

94

= 7'dl : begin serial 1 = SDACL[31] ; end // walid audio 31 left channel
=1

o7 7'dz ! begin serial 1 = SDACL[30] : end ff walid audic 30 left channel
58

949 7'd3 : begin serial 1 = SDACL[23] ; end f/ wvalid audio 29 left channel
100

101 T'd4 ! begin serial 1 = SDACL[28] r end f/ walid audio 28 left channel
102

103 7'd5 : begin serial 1 = SDACL[27] : end J/ walid audio 27 left channel
104

105 7'dé : begin serial 1 = SDACL[26] ; end // walid audio 26 left channel
106

107 T d7 ! begin serial 1 = SDACL[25] (= end // walid audio 25 left channel
108

108 7'ds : begin serial 1 = SDACL[24] ; end f/ wvalid audio 24 left channel
110

111 7'd8 : begin serial 1 = SDACL[23] : end f/ walid audio 23 lefr channel
112

1L 5] 7'dl0 : begin serial 1 = SDACL[22] ; end /S walid audio 22 left channel
114

115 7'dll : begin serial 1 = SDACL[21] ; end // walid audio 21 left channel
116

117 7'dl2 : begin serial 1 = SDACL[20] = end f// walid audio 20 left channel
118

115 7'dl3 : begin serial 1 = SDACL[13] ; end f/ walid audio 19 left channel
120

121 7'dl4 : begin serial 1 = SDACL[18] ; end // walid audio 18 lefr channel
122

123 7'dls : begin serial 1 = SDACL[17] ; end J/ walid audio 17 left channel
124

Figure 111 - left channel digital to analog conversion
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164 = always @ (negedge enable
165
166
167 [H case (SDACR counter)
168
169 ff msb first
170 Trdo : begin serial 2
171
172 7'dl : begin serial 2
173
by Trd2 ! begin serial 2
175
176 Trda : begin serial 2
177
178 7'd4 : begin serial 2
179
180 Trdh ! begin serial 2
181
182 T'de : begin serial 2
183
184 7'd7 : begin serial 2
185
186 7rds ! begin serial 2
187
188 Trda ! begin serial 2
189
150 7'dl0 : begin serial 2
191
192 7'dll : begin serial 2
1493
194 T7'dl2 : begin serial 2
145
1596 7'dl3 : begin serial 2
197
198 7'dl4 : begin serial 2
1585
200 T'dls : begin serial 2
201
202 7'dlé : begin serial 2
35
36
37
38
L assign serial dac =
40 reg serial 1;
zhal reg serial 2:
42
Let’s test this out.
°
°
°
°

Figure 112 - right channel digital to analog conversion
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Figure 113 - left right enable DAC
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serial 2 :

Connect a microphone to the audio input connector, see figure 114.

Connect a speaker to the audio output connector, see figure 114.
Make sure all switches on the DE1-SoC board are down.
Down load audio.sof file to the DE1-SoC board.
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e Flip switch 0 to the up position.
e Speak into the microphone.

You should hear yourself on the speaker. If not increase the volume on the speaker until you do.

S Microphone Input Speaker output

v

Figure 114 - speaker and microphone connections

This concludes this tutorial and also the manual. | hope it was helpful in understanding the different
peripherals on the DE1-SoC. If you have any questions or concerns email;

aulich@ece.utoronto.ca
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