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Plunger Connectors
  1 = CCD AO1 / Pot Wiper (PTB0)
  2 = NC
  3 = CCD CLK (PTE21) / Sensor IRQ1 (PTD0)
  4 = CCD AO2 (PTE22) / Sensor IRQ2 (PTD5)
  5 = Plunger Sensor Vcc (3.3V)
  6 = Plunger Sensor GND
  7 = Plunger Sensor +5V
  8 = CCD SI (PTE20)

Plunger Calibration Button
  1 = Cal Btn LED 0V (PTE23)
  2 = Cal Btn Switch Terminal A (PTE29)
  3 = Cal Btn LED +5V
  4 = Cal Btn Switch Terminal B (GND)

R43 limits current to cal btn LED.  82R is suitable
for 20mA @ 3.4V forward LED (typical blue type).
For 1.7-2.5V LED (typical red/green/yellow), add
100R externally (in series with LED) or change
R43 to 180R.

  Flipper Button RGB LED outputs
    1-3-5  = Left Flipper RGB
    7-9-11  = Right Flipper RGB
    2-4-6 = Left MagnaSave RGB
    8-10-12 = Right MagnaSave RGB
    13-15-17 = Extra RGB LED
    14 = Extra single LED
    18 = Common Anode power supply (+5V)

All outputs are current-limited by R5 setting,
so current-limiting resistors on the individual
LEDs are optional.  Change R5 value if
a different output current limit is required.

If connecting multiple LEDs in parallel per output
(e.g., with Lightmite boards), set the limit to be
slightly higher than the required combined current,
and DO use limiting resistors on the LEDs to ensure
each parallel circuit is limited properly.

Button Switches
  1-24 = Buttons 1-24 switch terminal 1
  26    = All butons common switch terminal 2 (GND)

JP8 - Secondary PSU In
  1 = +12V
  2 = GND (0V)
  3 = GND (0V)
  4 = +5V

Connect to secondary PSU dedicated to
powering output devices.  Do not connect
grounds between primary (PC) PSU and
secondary PSU.

Primary (PC) PSU In
  1 = +5V
  2 = GND (0V)

Connect to primary PC motherboard PSU.

NOTES:

1. 100nF decoupling capacitor between TLC5940 Pins
     21-22 should be as close to the IC leads as 
     possible.

2. PSU2 is a separate PSU dedicated to feedback
    devices. Do not connect grounds of primary
    PC PSU and secondary PSU.  Secondary PSU 
    should be electrically isolated from PC PSU to
    minimize logic signal interference from inductive 
    and high power devices.

3. Use a flyback diode (1N4007 or similar) on every
    inductive output device.  Attach the diode close
    to the device's power terminals, with the "bar"
    side attached to the positive (+) power terminal.

4. Fuses are recommended for all high-power
    outputs (the MOSFET output group).  Fuse each
    output individually.

5. NPN/PNP substitutions:  BC337 / BC327 can be
    substituted for 2N4401 / 2N4403.  Note that
    leads are reversed on BC3x7 vs 2N440x: rotate
    BC3x7 parts 180 degrees from orientation
    shown on board silkscreen.

6. JP9 is spec'd for a Molex friction-lock header.
    Substitute a plain .1" pin header if desired.  The
    regular 2-pin headers are fine, but can be a
    little loose, thus the friction lock part.

NETJUMPER parts are
EAGLE hacks to connect 
networks with different 
trace widths.

GND1 = Lamps
GND2 = Signals
GND3 = MOSFETS

ADJUST R5 VALUE AS NEEDED.
R5 sets output current limit for flipper
button RGB LED outputs.  Select R5
value according to your LEDs.  Do 
not set above 60mA.
Imax =39.06/R5 in ohms
   4K -> 10mA
   2.2K -> 20mA
   1.3K -> 30mA
   1K -> 40mA

GND1 / GND2 Interconnect
This interconnect is for optimizing the PCB 
routing only.  These nets are already connected
(both are PSU2 GND/0V).

PWM OUT - to MOSFET Board
 1 = SOUT
 3 = SCLK
 5 = XLAT
 7 = BLANK
 9 = GSCLK
2-4-6-8-10 = GND

Knocker & Strobe Outputs
  1 = Strobe Out (-), 1.5A Max
  2 = Knocker Out (-)

Knocker output has time limiter circuit that turns
the output off after approx 2 sec, to prevent
damage to attached devices from software faults
that leave the output turned on continuously.
Max current on output depends on type of MOSFET
chosen (Q1).

NOTE: Substitute a plain .1" pin header if desired.
The Molex part specified here has a friction lock to
keep the plug in place.  The plain 2-pin headers
can be a little loose due to the small number of
pins.

Note: PTD1 = KL25Z on-board blue LED

CHIME/DIGITAL OUT
   1 = SOUT (serial data) (PTA5)
   3 = SCLK (serial clock) (PTA4)
   5 = LATCH (PTA12)
   7 = ENA (output enable - active low) (PTD4)
   9 = KL25Z +3.3V
   2 = NC
   4-6-8-10 = GND

Connect to Chime Board

CHIME BOARD OUTPUT-ENABLE SIGNAL
The GPIO output for the Chime Board 74HC595
ENA signal is inverted and pulled high (3.3V).
This is to ensure orderly startup with no spurious
output triggering.  When power is first applied, 
the GPIO pin is in the default high-impedance
state, so the NPN is off and the pull-up resistor
pulls ENA high.  This disables all outputs on the 
74HC595.  When the software assigns the GPIO
as a Digital Out port, the GPIO pin changes from
high impedance to 0V, so the transistor stays off
and the pull-up resistor continues to pull ENA
high.  After the software initializes the 74HC595
shift registers, it turns on the GPIO, which turns
on the transistor and pulls ENA to 0V, enabling
the outputs.  We especially want to avoid spurious
startup triggers on the chime board because these
outputs are designed for noise-making devices.

Expansion Port
  1 = PTC4
  2 = PTC3
  3 = PTC0
  4 = PTA2 (PWM)

This port provides access to four otherwise
unused KL25Z GPIO ports for custom user
applications and future add-ons.

Note:
PTC1 = mbed
real-time clock
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KNOCKER TIME LIMITER
555 timer circuit limits output 1 to a maximum of
approx 2.5 seconds per activation.  This output
is intended to be used for a replay knocker, which
can overheat if energized for too long.  The time
limit protects the coil against software faults by
ensuring that power to the coil is turned off after
a couple of seconds even if the software leaves the
logical port turned on for long periods.

THEORY OF OPERATION
The 555 is configured as a one-shot timer that
raises the output (pin 3) to high level for the
pulse duration determined by the resistor and
capacitor values on pins 6 and 7.
The RC network leading into pin 2 on the 555
makes the timer trigger on the rising edge of
the GPIO port level.  The PNP resets the timer on
each trigger edge by discharging the timing cap. 
The NPN connects the opto to ground only when
the GPIO pin is high.  The other end of the opto
is connected to +3.3V only while the timer output
is high (i.e., the one-shot timer pulse is on).  The
combination serves as an AND gate combining
the GPIO pin and timer pulse.  If the GPIO pin goes
low before the timer pulse ends, the NPN stops
conducting, which turns off the opto.  If the timer
pulse ends while the GPIO pin level is still high,
the collector on the NPN goes low, so the NPN
has no current to conduct even though the base
is still turned on, and again the opto turns off. NOTE: Substitute any of the following for

the BUK7575-55A MOSFETs:
    FQP13N06L
    FQP30N06L

R48 = TIMER BYPASS
SEE NOTE

SETTING THE TIME LIMIT
The time limit is controlled by the product of the
resistor and capacitor values on pins 6 & 7.
The specified values of 2.2M and 1uF yield
a one-shot pulse length (which equals the
time limit) of about 2 seconds.  Adjust the
2.2M resistor up or down if a different time
limit is required.  The time limit simply varies 
linearly with the resistor value.
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Flasher Outputs
Logical Output Ports #2-16
   2-4-6 = Flasher 1 RGB Cathodes (-)
   8-10-12 = Flasher 2 RGB Cathodes (-)
   14-16-1 = Flasher 3 RGB Cathodes (-)
   3-5-7 = Flasher 4 RGB Cathodes (-)
   9-11-13 = Flasher 5 RGB Cathodes (-)
   15 = +5V Flasher Common Anode (+) Supply

CURRENT-LIMITING RESISTORS REQUIRED
FOR LEDs.  Max 1.5A per output.  +5V on
pin 15 is provided for convenience, but another
supply voltage can be substituted by connecting
anodes directly to the SECONDARY power supply
(+) voltage.



S
pi

ce
O

rd
er

 1
S

pi
ce

O
rd

er
 2

Power Sensor & TV Switch
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U$2

TSOP38238

PSU2 Power Sensing
This is a transistor latch circuit that senses
the status of the secondary power supply.
When PSU2 is powered off, the latch resets and
PSU2_STATUS_SENSE reads low (0V).  The latch
will stay off as long as PSU2 is off.  When PSU2
is powered on, the latch remains off until 
PSU2_STATUS_SET is asserted, at which point the
latch turns on and stays on until the next reset.
When SENSE is low, the software will attempt to
set the latch by pulsing SET; if the latch remains low,
power is still off, so the software will simply try again
later.  When SENSE goes high, the software knows
that PSU2 was just turned on, so it can start a
timer for performing power-on activities.

TV Power Switch
  1-2 - TV #1 power switch (hardwired)
  3-4 - TV #2 power switch (hardwired)
  5    - IR Transmitter LED (+)
  6    - IR Transmitter LED (-)

FOR HARDWIRED TV-ON CONNECTIONS:
Connect leads from first TV's soft power push-button
switch to pins 1 and 2.  Connect leads from 2nd TV's
power button to pins 3 and 4.  The order of the leads
doesn't matter - these are mechanical relay switches.

FOR IR REMOTE CONTROL:
Connect 950nm IR LED(s) to pins 5 & 6.  R11 is
current-limiting resistor for the LEDs; choose
according to number and type of LEDs used.

R11 = IR LED CURRENT LIMITER
Set according to selected IR LED
For Vishay TSAL6400 (100mA 1.35V Fwd):
   1 LED -> 39R 1/2W
   2 LEDs in series -> 27R 1/2W

TV-ON RELAY - OPTIONAL
Populate this section to implement the hardwired
TV-ON switch feature.  The microcontroller will
briefly pulse the relay after a programmable delay
from system power-on.  If this feature is not needed,
you can omit all of these parts.

PSU2 POWER SENSING - OPTIONAL
Populate this section to implement the system
power sensing feature.  Power sensing is currently
used for TV Power On (hardwired and IR remote).
Other uses could be added in the future.  If this
feature isn't needed, you can omit all of these parts.

TV-ON IR REMOTE - OPTIONAL
Populate this section to implement the IR Remote
feature.  This feature allows the microcontroller to
learn IR remote control codes (via the TSOP382)
and transmit them (via connected IR LED(s), e.g.
Vishay TSAL6400).  This can be used to turn on TVs 
at system power-on without hardwired connections 
to the TV buttons.  If this feature isn't needed, you
can omit all of these parts.

TSOP382 is an IR sensor.  The software can
use this to learn IR remote codes.


