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CAUTIONS & WARNINGS

o Do not carry product by its lid. The lid-catches could release and it might suddenly open, drop, or
break the hinges.

o Do not insert pegs into strange RCA jacks.  You don't know these jacks personally and the end result
could be a permanently damaged peg.  The pegs have no on-board circuit protection and must
never see more than +5V (center positive).

o Do not drop Cribbage Board #10, as this will most certainly break something.

o It is best to leave the board inside its protective case when not in use.  This will prevent fading of the
wood and dust accumulation on the top plate.

o Chew your food completely, it aids digestion.

o Do not dispose of batteries in fire.  It is supposedly a bad thing.

o Do not use wall adapter while in a bathtub or otherwise submerged in water.   High voltages can kill,
so use the batteries when in a bathtub or otherwise submerged.

o While carrying product, look both ways before you cross the street.

o This device does not comply with any regulatory, safety or emission standards.  For all I know it will
emit radiation capable of causing permanent memory loss in lab rats, ferrets and humans.   You have
been warned.

o Use of this product other than in its intended manner may be against the law.

o Do not use this product while driving a vehicle or operating heavy machinery.  In fact, Cribbage Board
#10 may be considered "heavy machinery" by some.

o The stroboscopic effects of the pegs may induce seizures.  However, test ferrets have shown no
indication of such effects.

o Be careful not to poke somebody's eye out.   This, too, is a bad thing.

o Small Parts Warning:  Not intended for small children or immature adults!
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QUICK START

o Open board.

o Remove pegs and cards.

o Program pegs (if desired) to desired mode.

o Close board.

o Turn power onto the top section with power switch.

o Play.

o After skunking opponent, put pegs and card deck back inside.

o Be sure to turn off power switch to top section.
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CARE AND MAINTENANCE

General Care
o When not in use, it is best to keep the entire board stored inside its velvet bag.  This will keep the wood

from fading and prevent dust build-up on the top pate.

o Never use any harsh chemicals or abrasives for cleaning.   A soft damp cloth is preferred.

Wood
o The two woods used are Zirocote and Figured Maple.   Both woods have been finished to a fine grit

using Watco Danish Oil (Natural) and have been buffed using Watco Satin Finishing Wax.

o If wood gets wet, dry immediately.

o Do not use anything but a soft damp cloth to clean the wood.  Never use solvents!

o To restore sheen to the wood, additional Watco Satin Finishing Wax can be applied and buffed out
with a soft cotton towel.

o If wood appears dry, additional coats of Watco Danish Oil (Natural) and Watco Satin Finishing Wax
can be added without the need to strip the original finish.  Allow time for oil to soak in, buff out with a
soft cloth, allow to dry, then apply finishing wax and buff out with a soft cloth   Do not use any finish
stripping products

o If the wood gets scratched, splintered or in some other way damaged, one can reapply Watco Danish
Oil (it will dissolve the neighboring Satin Finishing Wax) and re-finish the area prior to adding the
Satin Finish Wax.  All the wood surfaces have been wet-sanded to >1000 grit (using the Danish Oil)
and then lightly wet scotch-brited (#0000 grit, green) with both the Danish Oil and the Finishing Wax.

Metal Top Plate
o The top plate is Electroless Nickel plated Aluminum (6061-T6).  While it should survive for quite

some time, it is nonetheless susceptible to corrosion and pitting.

o The top plate has an intentional 200grit longitudinal grain direction.  Never attempt to re-grain
perpendicular to this direction.

o Do not use bleach (or other acidic products) or ammonia based products (e.g. "409", window
cleaner) of any type to clean the metal.

o Isopropyl Alcohol and a soft lint-free (or cotton) cloth is recommended for cleaning finger oils off of
the metal top.

o Finger oils are acidic and will tarnish the nickel plating over time.  It is good to clean the top aluminum
plate occasionally.

o If the metal is scratched, dinged or distressed, there is little that can be done to fix it in situ.  If the
damage is severe enough, the entire top section must be disassembled and the metal can be sent out for
re-graining and re-plating.

o A thick coating of dust can be difficult to remove from nickel plating.  Keep the top clean and/or
protected when not in use.

Metal Fasteners
o All of the fasteners (screws) are stainless steel and should not require any maintenance.

Metal Cabinet Hardware
o All of the metal Cabinet Hardware (hinges, lid support, catches) is Electroless Nickel plated Brass.

See the care instructions for the Metal Top Plate.

Metal Electronics Hardware
o The electronics hardware is all Nickel Plated. See Metal Top Plate care instructions.
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Clear Plastic Shield
o The clear plastic shield (on the inside of the Top Section) is acrylic.  Acrylic is highly susceptible to

scratches.

o Use only a damp rag (with mild soap if necessary) to clean the acrylic.  "Brilliantize" (available at Tap
Plastics) is the preferred cleaner for acrylic.  Never use solvents or industrial cleaners of any sort, as
this will craze the acrylic!

o If the plastic must be removed for any reason (trapped particles, etc) it is recommended that gloves be
worn to prevent fingerprints.  Additionally, when re-installing the plastic shield, use caution not to
over-tighten the hold-down screws, as this will fracture the acrylic.

Printed Circuit Boards
o All of the printed circuit boards have been thoroughly cleaned..  There should be no need to service the

boards at any point.

o If re-soldering is necessary, be sure to thoroughly clean off any residual flux.

o Use care in removing and replacing PCBs so as not to strain or fracture traces.

Pegs
o The pegs are complex electrical and mechanical devices.  Care should be taken with the Pegs and they

"ask" to be treated with respect.  Do not throw (no matter how badly skunked), drop or chew on.

o Avoid opening the body of the peg for any reason, as this subjects the internal board to twisting
stresses.

o Be sure the o-ring is in position around the LED (although the likelihood of these falling out during
normal usage is quite low).  The o-ring protects the internal PCB from stresses.

o The peg body is made of anodized aluminum.  While it is an extremely durable surface, exposure to
light (and excessive cleaning with solvents) will gradually cause the anodization to fade.

o If cleaning the outside surfaces is necessary, use a damp cloth and mild soapy water.   If more
aggressive cleaning is required, Isopropyl alcohol is the solvent of choice.

o Never get cleaning fluid inside the body of the peg.  Never immerse a peg in fluid of any sort.  If
this occurs, open peg body and allow to dry out completely before applying power.

Cards
o The included cards are acrylic.  Feel free to replace them when they wear out or just get annoying.

Power Supply
o The power supply is replaceable and should require no service or maintenance.
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INSTRUCTIONS FOR USE

Orientation
o The following picture will help you get your bearings:

Opening
o To open, hold the bottom half and lift up in the middle on the front side.   This may take a little bit of

effort, as the lid catches must be able to support at least the weight of the board (so as not to open
inadvertently).
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Lid Support
o The hinged lid is supported by a lid support.

o The lid support prevents the top from being opened too far or from accidental closing.

o The lid support has a detent when in the open position.  This prevents the lid from accidentally falling
closed and smashing pegs that may be in the programmer sockets.

Closing
o In order to close the top, the lid support must be raised out of its detent first.  Failure to do this

will put strain on the lid hinges and possibly tear them out of the base.  Always lift up on the lid
support arm before closing.

Removing Pegs
o To remove the pegs from the peg holder, first gently rotate the peg holder assembly upward.  This will

also provide access to the card deck storage area below.

o Remove the pegs with a slight clockwise twisting motion (twisting makes removal easier).
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Programming Pegs
o Pegs may be programmed 1, 2 or 3 at a

time.

o Insert the peg(s) into the peg socket(s).

o Select the desired mode (or overlay
mode).

o Press the "Push to Program" button
once.

o The pegs will power cycle numerous
times as they are programmed.
Following the final power cycle, the
pegs will indicate a mode change with a
series of color-flashes.  Then, the peg
will enter into the new mode.

o Due to the nature of the programming
cycles, a peg may occasionally wind up
"off by one" mode.  First, give the peg a
couple of seconds to accept the (incorrect) mode.  Then, re-attempt to program the peg to the desired
mode using the same steps above.  There is no need to re-adjust the mode selection, as this type of "off
by one" error seldomly occurs.

o By default, a "confused" peg will put itself into Colorwash Mode.

o For mode information, see the MODE SELECTION section.

Using the Batteries
o Batteries may be used in sets of 4.  Using all 8 batteries simply allows for longer play time.

o Use only AA (1.5V or less) batteries.

o Be sure to insert batteries with correct polarity (as marked on battery holders).

o A set of 8 batteries should provide approximately 20 hours of play time (depending on peg modes
selected and number of pegs).

o To insert batteries, place two batteries end-to-end in the battery holder.  The point in the middle where
the two batteries touch should be higher than the ends.  Press down at the midpoint to level the
batteries into the holder.

o To remove, pull up each set of two batteries at the midpoint, hinging them out of the holder.

Using the DC Adapter
o The DC adapter outputs a regulated 9V at 2A, center positive.

o The provided DC adapter is equipped with a 10' long cord and
has a special extra-long connector with a locking tip.  Regular
connectors are not guaranteed to work.

o Use only the provided DC adapter.  Using an unregulated,
higher voltage or non center-positive adapter may permanently
damage any/all of the components.

o When the DC Adapter is in use, no power is drawn from the
batteries.
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Board Top Power
o The switch on the right side of the board controls power to the top.

o When the board is not in use, this switch should be turned off to prevent slow current drain from
the batteries.

Pegging
o When inserting or removing pegs, it is always helpful to add a slight clockwise twist.  This prevents

the body from becoming unscrewed and reduces the insertion force.

o Peg with a deliberate insertion so as not to inadvertently re-program the peg's mode.

Storage
o Batteries break down over time.  To avoid corrosion and destruction from within, do not store the

batteries in the board for long periods (>1 month) of time.

o Always store the cribbage board in its protective bag.
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THE PEG HARDWARE

o Each peg is a complex electro-mechanical assembly with tight tolerances and numerous components.
Each peg PCB is also a wonderful development platform and is readily adapted to suit other embedded
applications.

o The brain of the peg is an Atmel ATTiny12L-4SC 8-bit AVR (RISC) microcontroller.  At the time of
design, this was the smallest AVR controller available.  However, the 8-SOIC package was still not
small enough and the pins were bent under the body, effectively making it a J-leaded device.   The
Tiny12 has onboard FLASH for program memory as well as EEPROM memory for non-volatile data
storage.  Although each output is capable of sinking 20mA,  P-Channel MOSFETs were employed to
prevent overheating the Tiny12.

o One of the beauties of the Tiny12 (and other Atmel devices) is their ability to be programmed while In
System.  In System Programming (ISP) allows for future firmware upgrades and code development.
The "back" side of the peg has a miniature 6-pin connector expressly for ISP connectivity.

o Another beauty of the Atmel devices is the on-board brown-out detection.  This, plus a nifty EEPROM
buffer algorithm, enables "programming" the peg simply through power cycles.

o Additionally, the Atmel devices have their own on-board oscillator, reducing part count dramatically.
I love these devices!
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o If the Atmel is the brain, the Kingbright RGBB (6-pin, common cathode) LED is the heart.  This LED
has the form factor of a normal LED, yet with six pins.

o The muscles of the peg are the two P-Channel MOSFETs.  These workhorses allow the Tiny12 to
rapidly modulate the LED, creating the various colorwash effects.

o A cast of supporting characters (resistors and a capacitor) bring everything together.

o The entire assembly is designed to mate with a standard RCA plug connector and fit inside the largest
available (DGS Components) anodized RCA jack body.    In order to fit, the PCB is a custom size,
only 0.014" thick.

o For protection, the PCB is encased in 3/8" clear heatshrink.  A hole can easily be cut through the
heatshrink so that the ISP connector is not blocked.

o Once assembled, an o-ring is pushed around the LED to provide both stability (keep the PCB from
flexing) and protect the inside from the elements.

THE PEG MODES

o The peg can be put into any one of 70 possible modes.  The peg modes are changed by applying a
given number of programming power cycles.

o A programming power cycle must have an ON duration of >0.05s and <0.75s.  Although these times
are approximate, they provide a comfortable window to accommodate internal oscillator variations.

o After a certain number of programming power cycles (for version 1.2.5.4, it is 16 power cycles), a peg
considers the cycles "intentional" and recognizes that it is being programmed.  The mode number is a
simple offset above this program count number.

o The programming state is left by simply leaving the peg ON for >3 seconds (again, well padded to
provide a comfortable window).

o It is entirely possible to program a peg by hand.

Basic Modes versus Overlay Modes
o There are 10 basic modes and 6 overlay modes.

o A peg should be initially programmed for its basic mode.  Programming a peg for a basic mode will
remove any existing overlay modes.

o Any overlay mode can then be added on top of a basic mode.   Programming an overlay mode will
remove any other overlay mode.  It is only possible to apply one overlay mode at a time.
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Basic Mode Table
o The following is a table of the basic modes:

BASIC MODE # DESCRIPTION

0 White

1 Red

2 Orange

3 Green

4 Aqua

5 Blue

6 Violet

7 Colorwash, 1X (slow)

8 Colorwash, 2X (medium)

9 Colorwash, 3X (fast)

Overlay Mode Table
o The following is a table of the overlay modes.  Any one of the following overlay modes can be applied

to any one of the basic modes.

OVERLAY MODE # DESCRIPTION

A Flash, 1X (slow)

B Flash, 2X (medium)

C Flash, 3X (fast)

D Pulse, 1X (slow)

E Pulse, 2X (medium)

F Pulse, 3X (fast)
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Programming Pegs By Hand
o The following section provides examples for programming the pegs by hand.  Who knows, this could

be a cool party trick!   This section assumes the program pulse count is 16.

o STEADY WHITE:   Plug in the Peg and quickly remove it.  Repeat this a total of 16 times, leaving
the Peg powered up on #16.  The Peg will sequence Red-Green-Blue-Off and then come up steady
WHITE (mode #0 + 16 programming pulses).

o SLOW COLORWASH:  Power cycle the Peg 16 + 7 (23) times, leaving power applied on the 23rd
time.  The Peg will come up in Slow Colorwash mode.

o SLOW FLASH GREEN:   Power cycle the Peg 16 + 3 (19) times, leaving power applied on the 19th
time.  The Peg will come up in steady GREEN mode.   After leaving the Peg powered on for >>1
second, power cycle the Peg 16 + 10 (26) times to apply the Slow Flash overlay.  Now the Peg will
Flash GREEN slowly.

o SLOW PULSE,  FAST COLORWASH:   Power cycle the Peg 16 + 9 (25) times to put it into Fast
Colorwash mode.  After leaving power applied for >>1 second, program the Slow Pulse by power
cycling the Peg 16+13 (29) times.

THE CD-ROM
o Cribbage Board #10 ships with an enclosed CD-ROM.  The CD-ROM contains relevant files (such as

this document), datasheets, drawings, models, Bill of Materials, etc. etc.

o The firmware code is contained on the CD-ROM.

o The Wedding Board Movie is also contained on the CD-ROM.

OTHER INTERESTING TIDBITS

The Name
o This is Cribbage Board #10.  As in, this is the 10th cribbage board that I have started (#11 and #12

have already been completed).

o The board is titled "The Wedding Board", for 2 of the 3 boards are weddings presents to good friends.
Better late than never!

Archival Quality
o Cribbage Board #10 was designed to stand the test of time.  From component selection to cleanliness,

everything is meant to last more than 100 years.   Those items that do not stand the test of time are well
specified so that they may be replaced.

Limited Edition
o Only 3 of these boards have been constructed.  There are no plans to construct more
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3D-Design
o The 3D design started with the model of the RGB RCA socket.  From that point on, 95% of the

components were modeled in SolidWorks.  This includes the PCBs, connectors and hardware.

Time to Complete
o Yes, it took more than 4 years (from the date of inception) to complete this project.  However, given

the investment in time and money, care was taken at every step.  Nothing was rushed and no shortcuts
were taken.

o Yes, I had a girlfriend (and managed to keep her) throughout this entire project.

o Just the sanding and finishing process (of the wood parts) took 3 months.

o For each board there are over two hundred hours of design/manufacture/and assembly time.

Colors
o The colors of the RCA pegs and sockets were all intentionally chosen.  In fact, the RGB connectors

used on the top section are only made by one vendor.

Size
o The size is of Cribbage Board #10 is a direct function of the peg size and the RCA sockets chosen.

The height was a function of the sockets as well as the readily available sizes of solid Maple.

Power Cycle Programming and the EEPROM
o The peg code utilizes the EEPROM and a series of wait routines to recognize and count power cycles.

o Because EEPROMs have a limited lifetime (10,000-100,000 write cycles) they will eventually wear
out.

o Because the peg counts every power cycle, it is essential that the entire EEPROM region be used in
order to spread the "wear and tear" on the EEPROM.   This effectively multiplies the total EEPROM
lifetime by the width of the EEPROM buffer.

o The peg firmware divides the EEPROM into two circular buffers (ignoring address 0x00 due to known
corruption issues with that address).  The first circular buffer is a location buffer that is a fixed offset
from the second circular buffer (power cycle count).

o Upon startup the firmware pages through the location buffer to find the last point of entry.  The last
point of entry is identified by a value cliff.  The location of this cliff provides the firmware with a
handle into the power cycle count buffer.  The peg then stores high-value+1 at location+1 in the
location buffer.  This effectively moves the cliff further forward.

o With the handle into the program counter buffer, the peg performs a simple offset calculation.  The
data at that offset is the number of power cycles.  The peg immediately increments this number and
stores the new number in program-counter buffer+1.  (every power ON is initially assumed to be a
programming power cycle).

o Next, the peg checks to see if it has been power cycled enough and if it should change modes.  If
necessary, the peg will store this new mode into its mode register (also in the EEPROM).

o If the peg is left on long enough, the peg goes back into the power cycle count buffer and zeroes the
running  power cycle count value.

o This dual buffer array effectively increases the lifetime of the Tiny12 EEPROM by a factor of 30
(300,000 power cycles minimum).  At this rate, it would take well over 2,500 games of cribbage to
wear out the EEPROM.

Programmer Brown Out Detect
o The ATTiny12 on the programmer board uses the brown out detect feature to check the source of its

reset.  The firmware determines whether the source of the reset is due to power being applied (via the
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"Fridge Door Switch") or a reset condition (via the "Push to Program" button).   Depending on the
source of reset, the code branches into different conditions.

More Firmware Notes
o The peg firmware is complex and took a considerable amount of time and much simulation.   The

original code was written by Shannon G. and completed/modified by Red Byer.

o There are likely some latent bugs.  However, many efforts were taken to ensure that the peg always
ended up in some sort of viable mode.

o While it would be possible to eliminate the off-by-one errors attributable to the simple programming
methodology, this would entail 3-4 times more wear and tear on the EEPROM and has been deemed
unnecessary at this time.

o The programming count of 16 was determined through play testing.  It is set high enough to limit
accidental programming, but low enough to limit the time-to-program.

Firmware Coding
o The peg code was programmed in assembly using Atmel's AVRStudio 3.56 and AVRStudio 4.  The

firmware is loaded (via the ISP connector) onto the ATTiny12 using an AVRISP.

o A special adapter was constructed to go from the peg's 2mm pitch header to the AVRISP's 0.100"
header.

Printed Circuit Boards
o All of the printed circuit boards were designed by Red Byer.  The schematics and layout were done

using Protel.

o There are red, green and blue solder masked boards. (The peg boards are green).

o The interconnect boards play a vital mechanical and electrical role, as they allow for disassembly of
various sections, should something go wrong with a connector.

o All of the PCBs and key components were modeled in SolidWorks to ensure fit.

Woodworking
o All of the woodworking was done by Red Byer in his workshop (i.e. garage).
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o The bottom portion (solid maple) was milled out using a Bridgeport end mill.  Some of the tolerances
held are atypical of wood (+/- .01").

o The top section is a 4 piece construction, permanently bonded with polyurethane glue prior to match-
routing to the metal top section.

Metal Machining
o The aluminum top was CNC machined by Stan Haladus (SH Engineering).

Plating and Anodization
o The nickel plating and anodization of components was done at Amex Plating.  They did an amazing

job nickel plating the hinged assemblies without freezing them in place.

Square Drive Hardware
o Finding #4 stainless steel square drive screws is a nightmare.   These were chosen for the top for their

visual simplicity.  Elsewhere, button head hex-socket #4 are used.   The design intentionally limited
the number of different screw lengths and styles.

Velvet Bags
o The satin lined velvet bags are custom designed from The Siren Store (www.sirenstore.com).

o The colors for the bags were chosen by the recipients.

"Mass Manufacturing"
o To date, approximately 100 "pegs" have been assembled and built for various uses.  It turns out that the

PCB (an ATTiny12, 2x Fetes, ISP socket) is incredibly useful as a miniature embedded device
platform.  It is relatively easy to prototype with and incredibly flexible as well.  One incarnation is a
peg adapted for use in an automobile 12VDC socket.  Another incarnation was embedded into a TiVo
remote to prove a low-power (great sleep modes on the Atmel parts!) EL backlighting control.

DEBUGGING PEG FAILURES

o Due to their complexity, there are numerous peg failure modes.

o An intermittent failure of one of the RGBB elements is typically due to a broken 0402 resistor.   The
tiny 0402 resistors are extremely susceptible to stress fractures.  Replacing the problem resistor fixes
90% of these failures.

o Failure to "accept" programming from the AVRISP is typically a sign that the 20k pull-up resistor (tied
to the reset pin) is faulty.

o Random resets are typically a sign that the 0.1uF capacitor is faulty.

o A smoked ATTiny12 part during programming is a sign that one of the pins is not completely soldered.

o Intermittent or complete "power" failures when plugged in are the fault of the RCA jack not
conducting the ground path.  A little solder at the crimp point fixes this issue.
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FIRMWARE

Peg Firmware
o Your pegs are programmed with the following:

REVISION DATE

1.2.5.4 3-3-2004

Programmer Board Firmware
o Your programmer board is programmed with the following:

REVISION DATE

1.1.2 3-1-2004

NOTES


