
Build and User Guide for the Life Clock – v1.1 PCB 

Getting Started 
Congratulations! This kit is culmination of the experience gained in developing the Life Clock, and making kits. I hope you 
enjoy building it as well as using it. Moderate soldering skills and the ability to load Arduino sketches are required.  
 
More information on the Life Clock can be found at Denver DIY Kits.  
 

General tips: 

 "Sometimes just a few hours of trial and error debugging can save minutes of reading instructions."  
Solder the right part, the right way, the first time. Parts can be hard to unsolder. . 

 Use the Build Sequence and Parts List. It describes the part orientation and options as you go.  

 Use the assembly pictures and schematic to help you. 

 Take your time! It takes at least  an hour to build this kit.  
 
The PCB uses a "ground plane". So all of the lighter green on the bottom of the board is copper, and it is connected to the 
ground. The reason for mentioning this is so you understand why a neat soldering job is important. Joints that slop over 
the pad and on to the ground plane will cause a problem. 
 
When you solder, start with a good iron, with a good tip that's freshly tinned. Solder the joint so that you have a nice round 
dot that stays inside the darker green. Do not use too much solder, and add enough heat for a good flow. The holes are 
plated through, so don’t worry about getting solder up to the top of the board. 
 
A “3

rd
 hand” with a piece of solder in one of the alligator clips can be handy when tacking in IC sockets, etc. 

 
You will notice some pads will connect to the back plane. These have 4 little traces from the back plane to the hole, like a 
"+”. These pads will require more heat. I usually solder that side of the part last if possible. 
 
I do not recommend using lead free solder for the kit. In my experience, it makes parts even harder to unsolder, and 
more heat is needed which may damage the pads. 
 

Build sequence and startup: 
These steps will take you through building and starting up your kit for the first time. Please follow all of these steps. 

Step 1 – Build the JolliFactory Matrix Kit: 
This kit is designed to work with one or more JolliFactory Bi-color LED Matrix Driver Module Kits . The Matrix Drivers can 
be chained together to make up a longer display. Only one Life Clock board is needed for chained displays. The Life 
Clock software can drive from 1 to 3 or 4 of these matrices. The number of matrices to use is up to you. The longer the 
display, the easier it is to read the scrolling messages. A single matrix is readable and 2 - 3 are best.  
 
Assemble the Matrix Driver kits as per the instructions on the JolliFactory website. However do not 
solder in the 6 pin male right angle header into J4. Instead solder in one of the two 6 pin male 
straight headers supplied with this kit to the back of the matrix PCB as shown at right. 

JolliFactory's note about the MAX 7219 chips supplied with their kits:   

"We do have some lots of the cheap MAX7219 ICs we bought from online stores but not a single one 

have failed for those we used. We will include 2 of these MAX7219 ICs for *FREE* with each kit you purchased. [. . .] Note that 

these MAX7219 ICs for *FREE* and we will not replace them if they are found to be faulty." 

No problems here either, but this applies if you purchased their kits through me. Replacements are available on eBay. 

 

https://sites.google.com/site/denverdiykits/
https://www.tindie.com/products/Nick64/60mm-x-60mm-bi-color-led-matrix-driver-module-diy-kit/
http://jollifactory.blogspot.sg/2013/08/bi-color-led-matrix-driver-module-diy.html


Step 2 - Building the Kit: 
Use the table on the next page as your guide to building this kit. Its approach is to build the board by height – starting with 
the shortest components. It's easier to work on a board that lays flat and holds the parts in place when you flip it over to 
solder. While working, refer to images on the page after the table to double check orientations of parts, etc. 



 
 

Build Sequence and Parts List for v1.0 Life Clock 

Ref # Qty Value Description                        Notes                     polarized? -> Y
N 

PCB 1 v1.1 1.97” x 1.97” (~5 x5 cm) Orientation: coin cell battery is on the bottom of the board. -- 

R1 1 10kΩ ▐▐▐ BN,BK,OR 
(all fixed resistors are 1/8W) 

Color bands on resistors may be hard to distinguish (i.e. violet almost 
black)  If in doubt, it's best to check with a meter before soldering. 

N 

R2 1 1kΩ ▐▐▐ BN,BK, RD Be sure last band is red – not orange N 

R3 / R4 2 4.7kΩ ▐▐▐ YL,VT,RD  N 

R5 1 100Ω ▐▐▐ BN,BK,BN  R9 closest to piezo. N 

R6, R7, R8 3 10kΩ ▐▐▐ BN,BK,OR 
Optional: Sometimes these pulldown resistors are specified. I see no 
difference with or without them. However it doesn't hurt to install them.  

N 

BATT 
Holder 

1 12mm for CR1225 battery 
Before soldering – cover the center contact with solder to a slight bulge. 
This makes better contact with the battery. With the open side towards the 
bottom of the board, solder the two tabs that fit in the holes in the board.  

Y 

XTAL 1 16MHz oval crystal near top of board N 

XTL2 1 32.768kHz 
watch crystal Leave leads long enough to bend over and lie flat – push back a bit from 

the batt holder but it's OK if it touches it. 
N 

C4 / C5 2 22pF #220 / #22 ceramic cap  N 

C2 / C3 2 .1uF #104 ceramic capacitor blue N 

socket 1 28 pin 
IC socket Note: the 3 sockets are stacked together. Separate them. 

Suggestion: tack in all 3 sockets, then solder all pins at once. notch right 
Y 

socket 2 8 pin IC socket polarity: notch right on both Y 

LED 1 red 3mm polarity: Small flat on side, or shorter lead, goes left.   Y 

C1 / C6 2 4.7uF 
50V electrolytic capacitor C1 polarity: "-" stripe or shorter lead down. 

C6 polarity: "-" stripe or shorter lead right. 
Y 

IR sensor 1 38kHz similar to TSOP4838 polarity: Bulge faces “up” See picture. Can be extended to case. Y 

header 1 6 pin fem. to Matrix (right edge) Suggestion: tack in all headers, then solder them in all pins at once.  N 

screw term 1 2 pin 5 mm pitch Suggestion: if you trim the leads, don't use your precision cutters for this. Y 

speaker 1 AC1205G  40Ω speaker Note: install with pins horizontal in horizontal pads. Polarity is not critical.  N 

header 1 6 pin male 
FTDI header Mounts to back of the board. Used to connect FTDI dongle for serial 

output or programming. Also used to connect a GPS if used. 
Y 

IC1 1 ATmega328P 
AVR microcontroller Bend all pins inward a bit on a flat surface. (I may have bent these already.) 

polarity: Notch right 
Y 

IC2 1 DS1307 Real Time Clock lower 8 pin socket Bend pins inward a bit.  polarity: Notch left Y 

IC3 1 24LC256 EEPROM upper 8 pin socket Bend pins inward a bit.  polarity: Notch left Y 

battery 1 CR1225 for RTC slide into battery holder on bottom with + side up Y 

standoffs 
and screws 

2/4 
12mm M3 
6mm M3 

to mount to JR Matrix 
board 

For now, just attach the 2 standoffs to the holes on the left side of the board 
(opposite of the Matrix header) with 2 the 4 screws. 

Y 

headers 
1 
1 

4pin 90° male 
6 pin fem. 

for GPS module 
if used 

Add the 4 pin 90° male to the GPS. Use the 4 center pins on the 6 pin 
female to connect to the FTDI connector - see Appendix IV 

 

 
Assembly Images: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
                      Bottom view of v1.0 board but similar. 
                     



Step 3 – Inspect and Clean the board: 
Have a look at the bottom of the board to make sure all connections are soldered. 
 
If you clean the board of excess flux, do not get solvent in the speaker hole. At a minimum, it’s a good idea to brush the 
bottom of the board with an old toothbrush to remove any solder dust when you’re finished soldering. 
 

Step 4 - Mating the boards and Power On 
With the clock board standing up (IR sensor at top) the 6 pin female header on the right should mate with the male pins 
you soldered to the back of the matrix board. The 2 standoffs can now be screwed into the left side of the matrix board. 
(It's OK if the screw heads touch the resistors on the matrix board.) 
Additional matrix boards can be added by plugging them into left side of the 
first one. By default, the software is setup for 2 matrix boards. 
 
Power the boards with a 5V source. The screw terminal towards the center 
of the board is positive. With 2 displays and no GPS the power peaks at 
about 400mA (all LEDs lit orange). The GPS adds another 65mA. Most wall 
chargers for phones will work nicely. 
 
The microprocessor is already programmed, and the EEPROM is already 
loaded, so you should see the Life Clock begin to work. This is true even if 
you have something other than 2 matrices but it will look a bit strange . 

Step 5 – User Setup: 
It's likely that you will want to modify the sketch to fit with your location and hardware. This is easily done with the #defines 
at the start of the sketch. The most important of these are: 
 

 NMBR_MATRIX    2                // The number of matrices chained together - 4 max tested 

 HR24           false            // 24 hour clock and DDMMYY if true 

 LATITUDE       39.7139          // IF NO GPS AND SUNRISE_SET true: enter your latitude 

 LONGITUDE      -104.98          // IF NO GPS AND SUNRISE_SET true: enter your longitude 

 TIME_ZONE      -7               // IF NO GPS AND SUNRISE_SET true: your time zone  

 GPS_USED       false            // U-blox 6 GPS used to set the RTC 

 
If you are using a GPS, latitude and longitude will come from the GPS along with the time, and the time zone is set 
through the menu. Other user defines such as auto-DST and alarms are also at the beginning of the sketch and are 
commented as to their use. 
 
Once you have set the user defines you will need to upload the sketch. There is information on this in Appendix II. 
 
Another area you may wish to customize are the literals (i.e. "Sunday") and the Reminders (birthdays, etc.) This 
information is stored in the external EEPROM on the Life Clock board. A separate sketch - LifeClock_EEPROM_Loader -  is 
used to load it into the EEPROM.  You can use it to modify the defaults. The comments in the sketch should give you the 
information you need. 
 
Finally, you will need to set the date and time, or at least the time zone if using a GPS. There is information on the menu  
in Appendix III and information on the GPS in Appendix IV. 
 

Enjoy the kit! 



Operation 
This is just to give you a general idea of the operation of the Life Clock. 

There are two modes when running – “day mode” and “night mode”. These modes begin and end at times based on user 

defines. 

In day mode, the clock cycles through showing the time, sunrise and set, phase of the moon, and the game of Life. Every 

‘n’ number of cycles (user defined) it also displays any reminders, and days to the next full moon.  During day mode the 

chime on the hour (if user define set). 

In night mode, the display dims and only the time will periodically display. The interval is also set with a user define. 

An alarm can be set that will only sound on Monday – Friday.  

Of course the sketch can be easily modified to meet your particular taste. If you have a nice new feature, let me know, it 

may get rolled into the next release. 

Technical Notes: 

Here are a few things that will make the functionality of the Life Clock easier to understand.  

Driving the matrix: 

In 2008 I developed code for the Arduino that could drive a bi-colored (RG) LED matrix with 2 MAX72xx chips. The trick 

was to tie the row lines together and have one chip drive the red column and the other the green. (Both on give orange.) 

Only one MAX72xx chip can be ‘on’ at a time, so to make this work, both chips are alternately put in shutdown. An ISR 

timer is used to trigger this alternate shutdown. I liked the LedControl library, so I made wrappers for its functions that 

would comply with this method. I was happy that JolliFactory matrix driver boards use this same technique. In addition, 

the matrices can be chained together. Because of the increased number of columns, the LedControl library was modified 

to use hardware SPI. 

Using EEPROM: 

The Life Clock uses a lot of literals. In addition an led matrix requires a font. These would never fit in the RAM on the 

Arduino. So literals and fonts are stored on an external EEPROM and called by the program when needed. The 

LifeClock_EEPROM_Loader is used to initially load the EEPROM. 

Conway's game of "Life": 

If you’re not familiar with this game, it has an interesting history. Briefly, a cell is "born" if it has 3 neighbors, stays alive if it 

has 2 or 3 living neighbors, and dies otherwise. To begin, a random pattern of “cells” is put up which then follows those 

rules for each generation. 

The Life Clock takes advantage of the 2 color display and alternates between red and green for each generation. So if the 

same location is lit for two generations it will light orange. The display wraps from top to bottom and from right to left.  

By default, a maximum of 100 generations is displayed (set by #define MAXGEN). If the “colony” makes it that far, the 

game will end with a green and orange stripe display. If the colony dies before then, the matrix will light red. The colony 

can also become “static” where each generation is the same. In this case the matrix will light orange. 

See Appendix V for a more detailed explanation. 



 

Appendix I – Board and Schematic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
You can download this schematic here 

https://dl.dropboxusercontent.com/u/3572198/LifeClock/LifeClock_v1.1_Schematic.png


Appendix II – Life Clock Software 
 
Note: These instructions are based on the Arduino IDE release 1.0.6. The sketch is also compiles and runs with 1.6.x 
versions of the IDE. 
 
The Life Clock sketch uses several libraries that are not too common and some libraries were also modified. For example  
the LedControl library was modified to use hardware SPI so that multiple matrices could be supported. To make it easier 
to get started, a zip file with all the libraries used is available here. 
 
The Life Clock sketch and the LifeClock_EEPROM_Loader sketch are zipped together and available here. 
 
After downloading and unzipping each package to a temporary folder, put the contents of the zip into the locations 
highlighted in yellow below. Please note that the libraries go into your "sketchbook" folder - not the libraries folder in the 
IDE. 

 
Sketchbook 

LifeClock_vnn <<<<<< Life Clock sketch folder - (sketch name will be similar) 
<<<<< files under the sketch 

LifeClock_EEPROM_Loader <<<<<<  the EEPROM loader sketch 
<<<<< files under the sketch 

(your other sketches) 
 
libraries    <<<< same level as sketches! (make this folder if not present) 

DS1307RTC <<<< The unzipped folders from GeigerKitPlus Libraries.zip go here 
LedControl 
LedControlSPI 
Time . 
TimedAction 
TimeLord 
TinyGPS 
+ more                        (any other library folders you may have) 

(any other sketch folders) 

 
 
After installing the libraries and sketch, connect your FTDI cable and start the Arduino IDE. Then go to Tools >> Board 
and select "Arduino Uno". Make sure your Serial Port is set correctly. You should then be able to load the Life Clock 
sketch, compile, and upload it.  

https://www.dropbox.com/s/bdqanpp03ipy1lc/LifeClock_Library_Package.zip?dl=1
https://www.dropbox.com/s/twm55xtrclyhixp/LifeClock_r1.zip?dl=1


Appendix III – The Menu 
An IR remote is needed to access the menu system. The kit includes a mini IR remote that uses the NEC protocol. The 
remote supplied is “ready to go” without the need to pair the remote with the kit. (Remove the plastic battery protector 
before using the remote.) 

Function of Keys on the Remote 

The functions for the various keys on the remote are as follows: 
 

– Enters menu system. You will then be prompted to press the + key.  

 

 

- Moves down to the next menu option, or up to the previous menu option. 

 

  

>> – Increments the value already set for the current option. 

 

 

<< – Decrements the value already set for the current option. 

 

  

- Displays time and date, and exits the menu. 

 

 
All other keys on the remote are not used. 

 

 

Operation: 

You enter the menu with the Menu key. If text is being scrolled you will not enter the menu immediately, but you will at 
some point. The best time to press the menu key is during the Game of Life or when the display is blank. You will hear a 
loud beep when you enter the menu and be prompted to press the + key. Do that. 
 
Use the + and - keys to move through the menu. The current setting will display in red. Change the setting with the left or 
right arrow. The new setting will display in orange. If you don't change a setting, the current setting remains the same. 
 
It's good to know that changes are immediate. So, for example, when you change minutes, the clock is adjusted 
immediately. This means that you can quit the menu at any point and what you have changed will be in effect. 
 
Pressing the red power button will display the time and date and exit the menu. If you do not use the remote for one 
minute, the menu will automatically exit. 
 
Pressing keys that are not used will make a soft beep. 
 
The day of the week is calculated automatically. 
 
The time zone menu option will only appear if the user define for GPS is true. Otherwise, the time zone, (and latitude and 
longitude)  are set in the user defines.  The left arrow will take you into negative time zones. You can also set the time, but 
it will be overridden with the first sync of the GPS. Changing the time zone will not change the clock, however, the clock 
will set to the new time zone the next time the GPS syncs. 
 
If you go out of range with left or right arrow (i.e. minute > 60) the menu will usually go to mid-range (i.e. minute = 30). An 
exception is the year which will go to 15. This can be handy when you first set the clock and the year is 99! Simply press 
the right arrow and it will set to 15. It's a lot easier to change it from there! 



Appendix IV – Adding a GPS 
 
Note: You will have to set GPS_USED to true in the sketch before using the GPS. 
 
Adding a GPS will keep your clock perfectly set. After you set the time zone you should no longer need the menu. The U-
blox 6 is a very low cost GPS, so I recommend trying one. 
 
In my experience, the U-blox 6 does a good job getting a fix indoors. I even get  a fix, (after a while) in a basement. Keep 
in mind that in less than ideal locations, your ability to get a fix may vary throughout the day.  But don't worry too much if 
your GPS looses it's fix occasionally (you'll see the red led in the lower right corner). Even if your GPS connects once a 
week or longer, the RTC will keep your clock set accurately. 

Getting a GPS: 

The U-blox 6 was chosen because of its low cost and its ability to be polled. Polling is important in this application due to 
the relatively long periods before serial data can be read. 
 
eBay is a good source for this GPS. I used this seller but there are many. Steer clear of sellers that say U-blox but don't 
have the U-blox logo on the module. 

Connecting the GPS: 

The GPS is connected to the FTDI connector on the Life Clock board as shown on the right. 
Pin outs on the GPS may vary depending on the exact module. Note that Tx and Rx are 
crossed. The 4 GPS pins go to the 4 center pins of the FTDI connector. 
 
The LED on the GPS will blink when it has a fix. 
 
Be sure to set the time zone for your location in the menu (see Appendix III). Changing the 
time zone will not immediately change the clock, however, the clock will set to the new time 
zone the next time the GPS syncs. 

Operation: 

The U-blox 6 is initialized with all messages off and it is polled for the RMC sentence. The time is set by GPS, once at 
startup, and then each hour.  
 
The status of the GPS time sync is shown during idle periods when in day mode. The led in the lower right corner lights 
orange if the first sync hasn't happened yet, green to indicate the last sync was successful, and red if it was not. 
 
It may take several loops before the GPS sets the time. It should eventually sync though. A good way to test is to change 
time to a bad value using the menu. Then check to see that the time has been corrected. 
 
Again, don't worry too much if your GPS looses it's fix occasionally. 
 
 

http://www.ebay.com/itm/261683060888?_trksid=p2059210.m2749.l2649&ssPageName=STRK%3AMEBIDX%3AIT


Appendix V – Conway's game of Life (adapted from wikipedia.org) 

History: 

Conway was interested in a problem presented by mathematician John von Neumann, who attempted to find a 
hypothetical machine that could build copies of itself. The Game of Life emerged as Conway's successful attempt to 
simplify von Neumann's ideas. The game made its first public appearance in the October 1970 issue of Scientific 
American. 
 
Conway's Game of Life has attracted much interest, because of the surprising ways in which the patterns can evolve. Life 
provides an example of emergence and self-organization. Scholars in various fields, such as computer 
science, physics, biology, economics, mathematics, and philosophy have made use of the way that complex patterns can 
emerge from the implementation of the game's simple rules. 

The game: 

The universe of the Game of Life is a grid of cells - the matrix. Each cell can be either alive (lit) or dead (unlit). Every cell 
interacts with its eight neighbors, which are the cells that are horizontally, vertically, or diagonally adjacent.  
 
At each step in time, (generation), the following rules are applied: 

1. Any live cell with fewer than two live neighbors dies, as if caused by under-population. 
2. Any live cell with two or three live neighbors lives on to the next generation. 
3. Any live cell with more than three live neighbors dies, as if by overcrowding. 
4. Any dead cell with exactly three live neighbors becomes a live cell, as if by reproduction. 

 
The Life Clock sets a random initial pattern that constitutes the seed of the system. It then applies the four rules above to 
every cell in the seed—births and deaths occur. The rules continue to be applied repeatedly to create further generations. 
Each generation is a function of the preceding one.  
 
The Life Clock will run the game for 100 generations (controlled by #define MAXGEN) unless the colony dies before then, or 
the display becomes stationary. If the colony makes it to 100 generations the Life Clock will "celebrate" by a skip row 
pattern after the game. 
 
These are some of the interesting patterns that emerge during the game. 
 

Still lifes - stationary  Oscillators - alternate 2 or more patterns  Spaceships - constantly move 

block 

 

 

blinker 

 

 

glider 

 

beehive 

 

 

toad 

 

 

spaceship 

 

loaf 

 

 

beacon 

 

 

 

 

boat 

 

 

pulsar 

 
 
+ 2 more 
patterns 

 

 

 

 
 
 
 
 


