Electric D20 Manual v3.125
Designed by Anthony Tricarichi


Introduction:
This guide is to overview the basic operations of the electric D20 roller and several more advanced subjects such as programming and assembly of the dice. It is meant for the beginner in mind, but I hope that even an experienced hacker might find something useful in here. If you have any questions, please email me at jfkfhhfj@gmail.com. I hope you enjoy! 
Basic operation:
[bookmark: _GoBack]This device is meant to generate random numbers based on a range (die type) on the push of a pushbutton. It is charged by any 5V source and has a mini USB receptacle for charging from a computer. Charging roughly takes 1-2 minutes; depending on screen brightness, use and software revision the charge can last several hours. 


Pictured above is an older revision of the electric D20; however basic layout should be the same.  To select a die type, press the select button until the LED that correlates to the die range you want. For example, if you want a d6 you would hit the select button until the d6 LED is lit. 
To then get a value in the range of that die type, you would select the roll button. An animation will play and the number will be displayed.
After a few moments of being idle, the screen will turn off and the device will sleep. 
To display the LAST rolled number hit the select button and the last rolled number will appear, however you will have to cycle through to get back to your die type.
Firmware revisions:
There are four firmware revisions:
D20v2.asm – This revision is the base revision, it features minimal power saving features and doesn’t rely on interrupts to run the display
D20v4.asm – This revision primarily changes the display to one that runs on interrupts, cleans up the code to make it more modular.
D20v5.asm – This revision implements sleep function and charging LED status
State.asm/D20v6.asm – This is a PLANNED update which will include a state driven design and the ability to modify settings on an in dice menu. 
Hardware revision:
V1: This is probably the board you have; it has a bug in the programming header that is addressed below
V2: Fixes the bugs in V1
Parts List:
	-1 Circuit board (I hope this is fairly obvious)
	-22 LED (7 per digit + 1 charge status LED): 1206 package
	-7 220 Ohm current limit resistors (adjust to change power usage):1206 package
	-4 1MOhm resistors (3 for pull down, 1 for voltage divider):1206 package
	-1 330KOhm resistor (for voltage divider):1206 package
	-1 >1uF capacitor, I use tantalum, ceramic is fine (For decoupling from power lines):1206 
	-1 Pic18f13k50 microcontroller: SOIC 20
	-1 1F coin super capacitor 
	-A piece of copper wire
	-2 SMD push buttons:http://www.mouser.com/Search/ProductDetail.aspx?R=SWT5-G2CTRvirtualkey57700000virtualkey858-SWT5-G2CTR
	-3 NMOS transistors: SOT-23
	-1 mini usb receptacle: http://www.mouser.com/Search/ProductDetail.aspx?R=UX60A-MB-5STvirtualkey64550000virtualkey798-UX60A-MB-5ST
Kit assembly instructions:
First take your board and clean both sides with isopropyl alcohol. This helps remove any contaminates. Solder doesn’t like to stick to dirty boards!





The next step is to coat your board with a thin film of flux, surface mount boards need a good amount of flux, if you have a nice “no clean” flux (I don’t, this stuff is sticky and annoying) give your board a good coating.

Next, take your LEDs out of the package. Note which side is the cathode! Usually, there is a green dot on the topside or on the bottom side some type of marking which “points” to the cathode.





Use a piece of solder to position the LED. The dot on the board marks the cathode. The extra flux should help keep everything in place.

Solder one side of the LED, use a little solder on the tip of your iron and a spare piece of solder to keep the LED wedged in place, the ample amount of flux should suck the solder in and make your join. Flux is ESSENTIAL when soldering surface mount.



Solder the other side of the LED

How you do the rest of the LEDs is entirely up to you, I prefer to place them all first and then solder them one side at a time


After you finish soldering the LEDs you should have both digits, status LEDs and charge LED in place.







Put 5 220 current-limit resistors on the board.

Use a piece of solder to arrange them






Solder both sides of the resistors

Do the same for the other two resistors on the other side






Solder in the tantalum capacitor, the RED line notes the POSITIVE lead, which points away from the MOSFETs. (If I forget to add a marking, look for which pad ties to the ground plane)

Note, my SOIC-20 footprint is a LITTLE too narrow for the pic, I suggest CAREFULLY bending the leads inwards. Do this EXACTLY the same way you would do for a new DIP chip





After bending

How you solder the chip down is ENTIERLY up to you, my preferred method is drag soldering.
To drag solder, line the chip up and place solder at a few leads to hold the chip down.





Apply AMPLE flux, place a blob of solder at one end of the chip. Remember that melted solder is a FLUID tilt the board where you want the solder to flow. Once the blob you placed is heated up, SLOWLY drag the solder from pin to pin, if you do this correctly NO PIN should be gapped. Do this until you get to the end of the chip and have the same blob on the other end of where you started

With your favorite solder sucking tool, heat the blob and suck up the remaining solder. What should be left is a PERFECTLY soldered surface mount IC




Repeat for the other side. Perfection!

Solder the 10Ohm current limit charge resistor (R2) (change this to change charging times)
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1162.JPG]





Next solder the 1Mohm pull down resistors
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1163.JPG]
Then solder the NMOS MOSFET display transistors
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1164.JPG]




Position the USB socket and solder that down
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1165.JPG]

LIGHTLY tin your iron, using AMPLE flux solder the USB Socket’s pins to the board, the spacing is very narrow and there isn’t much room for an iron so BE CAREFUL! 
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1166.JPG]



On the front side, solder down the resistor ladder resistors. 330K on top and 1M on bottom
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1167.JPG]
Lastly solder down the super cap
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1168.JPG]





Place the NEGATIVE lead against the board and solder that down to the pad (The dimpled side is positive)
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1169.JPG]
At this point, I would recommend you PROGRAM your chip before connecting the final lead. See the section on programming for more information. 
Take a piece of copper wire
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1176.JPG]



Solder one end to the top of the super capacitor and the other end to the other exposed pad
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1178.JPG]
Plug in your die to a power source
[image: C:\Users\Anthony Tricarichi\Documents\d20\assembly\IMG_1179.JPG]
And congrats! You are finished assembling your D20!
Programming:
To program this die, you need a PicKit Programmer and MPLAB. You can buy a PicKit Programmer off of microchip’s website or at many popular online distributors. 
A link to buy the PicKit 2 from Microchip: http://www.microchipdirect.com/ProductSearch.aspx?Keywords=PG164120
MPlab is microchip’s integrated development environment, you can download it: http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en019469&part=SW007002
You can always email me for the latest firmware, and I will always try and have the latest available on my blog. I will also always comment the code to the best of my ability to make it as modifiable a possible. If you have any questions, please email me!
First thing to do is to stick some jumper wires into your PicKit programmer.






From the white arrow outwards the pin out: is as follows: VPP,VDD,VSS,DAT,CLK

If you have V2 of the printed circuit board, all you have to do is starting from the SQUARE, insert the wire one at a time. The pinout for the header is the same as the pickit it goes: VPP,VDD,VSS,DAT,CLK.
IF YOU HAVE V1… Pay attention.




For version one, STARTING FROM PIN 5 FROM THE HEADER (the one opposite of the square) insert VPP and then CLK. Then, on the OTHER side of the board in + and – Insert VDD and VSS.
Now for the tricky part, either temporarily solder or HOLD the data line to the micro (this is pin 19), here I chose to solder.

After you’ve done this you can proceed as normal.
Once you have all the hardware connections made, you can plug your PicKit into a USB port and open up the PicKit Programmer Interface! It should notice your PicKit programmer attached.



Import the hex file you want to program..
[image: C:\Users\Anthony Tricarichi\Documents\d20\programming\p2.png]
If all goes well, it will import the hex and notice your device.
[image: C:\Users\Anthony Tricarichi\Documents\d20\programming\p3.png]


Hit write, and everything should be good, you’ll get a green “Programming Successful” Popup! 

A word about your device!
Your device is very powerful, you can do much more with it that what I provided for you! I HIGHLY recommend you modify this firmware, add your improvements and break things! When modifying the code, you can ALWAYS revert back to previous functionality; I will ALWAYS have available the stable versions of the firmware. This device is MEANT to be hacked and I fully support anything you can do with this device! Thank you again, and I hope you enjoy your new die roller and I appreciate you taking the time and effort to support hobbyists like myself! 
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PIC18F_K_ Configuration
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Encbled [HexOnly ‘Source: [ Personal PICHCUTBFId20@20 EX

0000  EFOE  FO00  EEEF  FEFF  EFe0  FO00  FEEF  FEFF 4
0010  FEFF  FEFF  EEEF  FRFF  EFeE  FOO0  GA7E 002 ||
0020  GE7F  OEFF  GES2  OEOF  6E93  OEED  GES4  SEFL
0030 ee77  eAT7  OECO  GEDS  OEOL  GEBL  ZEDD  E09D
0080 s0sF  e20  =am2  sER2  ecR2  eAs2  sesl  smel
00S0  scel  SEel  OEOD  6EO3  6EL0  OEOA  GEOE  6EQ7
0060 OEOS  6Als  GEO3  OEVF  6Ee2  ABeD  ECAC  FOOO
0070 B0 ECSD  Foo0  EFS3  FOO0 2303  OEO7 6003
000 &R03  6Als  GAl7 ECT7  FO00  ECTT  Foo0  ECT7
0030  FOOO  ECT?  FOO0 0012  SOD6  GEOD 4403 ECED
0020 FOOO 0200 CEF4  FO02  6AOG  GADT  GAlE  GRL7
00B0  2a02 0802 EGUS 2807  OEOA 6007  EFG2  FO00 -

00 Fr FT FT FF FF FF EF EF EF EF EF EF EF EF EF EF -
10 FF FF FF FF FF FF FF EF EF EF EF EF EF EF EF PE| |
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

30 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
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