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Intoduction:

For quite some time We've been wanting to create a device that outputs VGA signals. main goal was of course to be able to display whatever we wanted on the monitor we was currently using.
           After extensively researching to see if this project had previously been attempted (or anything similar) we became very frustrated to find little information on the topic. So we decided to go ahead and expand on the information we did find and do this project .

Purpose & Overview of this project
  The goal of this project is to create a device that is capable of outputing VGA signals to a CRT monitor inorder to display figures, text and characters.
           Timing is a core essential in this project. If the signal is off by even 1 microsecond, the signal synchronization with the CRT display will be lost and forced to resync.
           This will be done using a Microcontroller PIC microcontroller at 4 MHz clock speed. The programming required to achieve the VGA timing signals must be done in low level assembly because of the high level of precision that is necessary. The hardware assembly is just basic buttons, switches & wires.
Electrical Parts 


PIC 18F452 Microcontroller
PIC 16F877 Microcontroller
Female DB-15 VGA Connector
4 MHz Oscillator
20MHz Oscillator
SPST Buttons
SPDT Switch
15" Monitor
 Capacitors
SPTT Switches
 Resistors

Schematic Overview 
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Schematic Specifics
•Power Circuit
           The power circuit is just a 9v Battery hooked up to the LM7805 with a 1uF capacitor hooked to output & ground of the LM7805 to keep a steady 5v DC. 

•Buttons & Pull-up Resistors
           The SPST buttons are tied to ground so when the button is pushed the I/O pin it is attached to is effectively tied to ground. To avoid having a short circuit when the button is pushed, 4.7KΩ or 10KΩ pull-up resistors are used. 

•SPTT Switch
           The SPTT Switch is a non-standard 3 way switch. It can be substituted with any other type of button(s) or switch(es) that will allow 1 input to go to one of 3 outputs. It is optional but you can just tie the wire directly from the PIC to one of the the CRT R/G/B inputs. It's just a matter of which color will display, Red, Green or Blue. 

•MCLR*/Vpp - Pin 1 on the PIC
           This is tied high (logic 1; +5v) once again using a pull-up resistor. Pin 1 is effectively a reset pin. The PIC will restart-Memory Clear-when this pin is low (logic 0, +0v). For this project I did not include a reset button so I just have the pin tied high always, so the PIC will always be running as long as it is powered.
              Theory of Operation
VGA Timing Signals
           In order to display anything on the CRT monitor itts important to understand how it works. So here it goes. A CRT monitor generally plugs into any generic video card for a computer. The video card, depending on how well it is made often supports several different screen resolutions and frequencies.
Standard VGA Plug Pinout
           The standard VGA cable is a DB-15 connector. That means it has 15 pins to communicate with the videocard. for our project Pins 1, 2, 3, 10, 13 & 14. used. 
· Pin 1 - Red
           This pin controls the intesity of Red displayed at the current point on the monitor. 

· Pin 2 - Green
           This pin controls the intesity of Green displayed at the current point on the monitor. 

· Pin 3 - Blue
           This pin controls the intesity of  Blue displayed at the current point on the monitor. 

· Pin 10 - Signal Ground
           Signal Ground defines the ground for the signal pins. This serves us as a common ground as it is connected to all other ground pins. Since we use 1 power source, we need only use 1 ground pin. 

· Pin 13 - Horizontal Sync
           This pin is used to tell the monitor when data is finished being transmitted onto the current line of the screen. 

· Pin 14 - Vertical Sync
           This pin is used to tell the monitor when data is finished being transmitted onto the current field of the screen & to move onto the next screen.
· How VGA Works
Project Goals:
Resolution: 640x480 pixels (307,200 total pixels)
Field Refresh Rate: 60 Hz
Line Refresh Rate: 31,476 Hz

These numbers can be found in any monitor manual. It is the standard that has been developed so that videocard manufacturers can know how to output video properly to all monitors. Now, how do we apply these numbers to create video with our microcontroller
· [image: image2.png]Vertical timing - 60 Hz

Theory of the VGA signal

ing ~31.47 Kz

H

Display Time

Blanking Time

"VGA industry standard” 640x480
pixel mode

General characteristics

One field

25 Line.
Lines

Lines

pixels toral per Line

back pore

borton border

toal per tis

Other details

an type.

son tneerl,





Field Refresh Rate = 60 Hz = Screen Refreshed Once every 16.66 ms
Line Refresh Rate = 31,476 Hz = Once every 31.77 uS
31.77 uS * 480 Lines = 15.249 mS as Seen above for the Display.


The extra 1.41 mS is used for the Vertical Sync.
1.41 mS + 15.249 mS = 16.666 mS

           Since PIC 16 microcontroller executes 1 instruction every 1uS we will end up only being able to control 25 distinct spots across each line as data output is 25uS per line. That's all the math & numbers I'll through in for the moment, but that is a more indepth & less high level explaination of VGA signals.
Every line gets roughly 25 uS to display data
·The combination of all the lines creates the entire picture on the screen
·The Screen is refreshed once every 16.66 mS, or with a frequency of 60 Hz.
Difficulties We Faced:
Since PIC 16 microcontroller executes 1 instruction every 1uS at the beginning we were able to control 25 distinct spots across each line as data (on 4MHZ-PIC 16) then we tried to output the signal using 8MHZ frequency so we were able to control 50 points each line ,Then we tried to use 20 MHZ frequency ,we were able to draw 125 points each line but the noise afected the signal but we solved this problem by designing the circuit by printed circuit so the signal nicely appeared.

Another problem we faced is the large code we have it cant be stored  in pic16 so we used pic 18 because it has a larger code size

Simulating VGA Signals with a PIC Microcontroller
           After we understanded VGA signals , we have to mimic them with our microcontroller. We use a 4 MHz Ossilator and so this means each PIC assembly instruction will take 1 uS.
Each line will have the same output of data & horizontal sync. The code will look something similar to this:
Data     ;1 uS
Data     ;2 uS
Data     ;3 uS
Data     ;4 uS
..
..
Data     ;23 uS
Data     ;24 uS
Data     ;25 uS
Hsync_0   ;26 uS
Hsync_0   ;27 uS
Hsync_1   ;28 uS
Hsync_1   ;29 uS
Hsync_1   ;30 uS
Hsync_0   ;31 uS
Repeat    ;32 uS
Horizontal Sync Diagram:
[image: image3.jpg]>|_|< 3.77 usec |-|
HSYNC >

I< 3177 usec >I




Horizontal Sync Diagram:
[image: image4.jpg]>|_|< 0.95mS |—|
VSYNC >

I< 1666msS >I




  This output of data & horizontal sync occurs 480 times. But since the microcontroller is limited to the speed of 1 uS for every assembly instruction the resolution becomes 25x480. At first glass this seems horrid but as we continue we find that it is still usable. 
           After 480 lines like the above pseudocode we do a vertical sync. It is imperative that the horizontal sync occur as the time approaches 16.66 mS inorder to keep with the 60 Hz refresh rate.
When the time comes to iniate a vertical sync it is just a matter of setting the vsync pin hooked to the monitor to a logic high (+5v) for 0.95 mS. The rest of the time it is a logic low (+0v).

           The data output from the microcontroller on each line is either a logic high (+5v) or a logic low (+0v). Depending on the color the SPTT switch is turned onto, the text/graphic will be displayed in Red, Green or Blue and their mixure. By using variying resistors.

