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Please Don’t Sue Me

This projectis provided "as is," without warranty of any kind, express or implied. Use of this
project is at your own risk. The authors and contributors are not liable for any damages,
injuries, including serious injury or death, or losses resulting from its use.

1. Safety Warning

If you are not experienced with high-voltage electronics, seek guidance or supervision
before proceeding. Always unplug the system before opening it and be aware that the
CRT can retain a deadly high-voltage charge even when unplugged.

PCBs can contain hazardous materials, including lead-based solder. Use appropriate
personal protective equipment (PPE). Do not eat, drink, or smoke while handling PCBs.
The CRT is under vacuum and may implode if physically damaged. Commodore
PET/CBM machines may contain sharp metal edges.

Soldering involves high heat, molten metal, fumes, and burn risk — work in a ventilated
area, wear safety glasses, keep flammables away, and unplug the iron when not in use.

I. Handling and Care Guidelines

When installing or servicing, hold the board by its edges and avoid flexing or bending.
Keep boards away from moisture, dust, direct sunlight, and extreme temperatures to
ensure long-term reliability.

Be gentle with PCB mounted connectors and note that the microSD card slot uses a
push-to-eject mechanism.

To protect both the EconoPET and your original PET/CBM mainboard, handle all boards
using proper ESD precautions. Always work on an ESD-safe surface or wear a grounded
wrist strap. Avoid touching circuitry directly and store boards in anti-static bags when not
in use.

1. Not for Mission Critical Applications

The EconoPET is an amateur/hobbyist project that seemed worth sharing. The EconoPET
is not certified by any standards or regulatory authority for any purpose.

I} Trademark and Copyright Notice

All product names, logos, and brands mentioned in this document are the property of their
respective owners. They are used here solely for identification purposes, and no
endorsement, affiliation, certification, or standards compliance is implied.



Introduction

The EconoPET 40/8096 is an open hardware recreation of the Commodore PET/CBM
mainboard. It can be used to repair or upgrade a 2001, 30xx, 40xx or 80xx series machine.
The EconoPET can also be used independently with an HDMI display and USB keyboard.
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EconoPET as mainboard replacement EconoPET as stand-alone computer

Features

Functionally, the EconoPET 40/8096 hardware is most similar to the Universal Dynamic PET
v2 mainboard with a 64KB Expansion Memory Board installed.

e 96KB RAM (32KB base + 64KB banked expansion)
e Compatible I/0:
o |EEE-488 port
o User port (with optional 5V supply on pin 2)
o Two Cassette ports (with configurable device #s)
o Native PET video generator:
o Supports both 40 and 80 columns
o Supports 9” (15 kHz) and 12” (20 kHz) monitors
o Programmable CRTC (when using 12” monitor only)
e Support for both US graphics and business keyboard layouts



e Smallinternal speaker
The EconoPET also adds some modern conveniences. These include:

e Menu selectable ROM set with 40/80 column switching.
e 3.5mm Audio Jack (requires amplified speakers)

e USB-C port for use with an ANSI/ISO keyboard

e HDMI port for use with modern displays (720x480p 60Hz)
e Updateable firmware via microSD card

For troubleshooting (and hackers) the EconoPET breaks out most board signals on pin
headers. For more details, refer to the schematics in Appendix A.

Limitations

Limitations of the EconoPET mainboard replacement include:

e The EconoPET is not compatible with expansion boards that connect to IC
sockets (Custom ROMs, RAM boards, SuperPET boards, etc.)

e The CRTC is only programmable when using a 12” monitor. When using a 9”
monitor, the CRTC registers are not writable to prevent accidental damage.

e ROMs have been patched to fix bugs and support hardware combinations not
originally produced by Commodore.

e Only US keyboards are supported currently. This applies to both the USB
keyboard and native PET keyboard.

The EconoPET CPU operates at 3V3 instead of 5V logic levels, making the EconoPET
incompatible with any original accessories that connect to the CPU socket.

There are also no ROM ICs. ROMs are loaded from the microSD card to SRAM at power on.
Hackers will have little difficulty figuring out how to load custom ROMs on the EconoPET,
but this is not currently documented as ‘config.yaml’ is unstable and overwritten by
firmware upgrades.



Setup and Installation

This section describes the process of getting the EconoPET board up and running. There
are three main steps to follow:

1. Initializing the microSD card describes the process of downloading the board
firmware and copying it to a formatted microSD card.

2. Board Configuration involves setting various switches and jumpers to configure the
EconoPET for your CBM/PET model.

3. Board Installation gives instructions for opening the CBM/PET case, removing the
original mainboard, and installing the EconoPET board.

Each step is described in the following sections.

Initializing the microSD Card

The EconoPET uses a microSD card to configure the system at power on and reset. To
prepare a microSD card for the EconoPET, or upgrade the firmware in the future, you will
need to perform the following steps:

e Download and unzip the latest firmware from the EconoPET site:
https://dlehenbauer.github.io/econopet/40-8096-A.html

e Format the microSD card with the FAT32 or exFAT filesystem

e Copythe unzipped contents of the firmware archive to the root of the microSD card

If you have trouble trouble formatting the microSD card, try the SD Memory Card Formatter
tool from the SD Association: https://www.sdcard.org/downloads/

I. Note — The microSD card reader uses a push-to-eject mechanism for card removal. Do
not remove the card by pulling. Please be gentle with PCB mounted connectors.

1. Note — “Hot insertion” is notrecommended. Please ensure the CBM/PET is powered
off when removing/inserting the microSD card.

1. Note - Formatting permanently erases the contents of the drive. Be sure you have the
intended drive selected before starting the format.



Board Configuration

First read the Safety Warnings and Handling and Care Guidelines at the beginning of this
manual before proceeding. If you are not experienced with high-voltage electronics, seek
guidance or supervision before proceeding.

Before installing the EconoPET replacement board, there are several important
configurations that need to be completed:

e You must assign device numbers to the cassette ports

e You must select the appropriate video configuration for your monitor

e You must select the appropriate layout for your keyboard

e You must choose whether user port pin 2 will provide a video signal or 5V

Each of these options is described in the following sections.

Cassette Port Device Number

For most CBM/PET models, the cassette port on the back of the machine is assigned to
device #1, while the other cassette port is assigned to device #2. The exception is the
original PET model with a built-in Datassette. These machines make the built-in Datassette
the primary device by assigning it device #1.

On the EconoPET the cassette ports are assigned to device #1 and #2 using solder jumpers
on the back of the PCB.

Typical - Bridge all left and middle solder pads.

External
Datassette

is device #1 \ =\

Built-in Datassette - Bridge all right and middle solder pads. CASSETTE

A B

Built-in

Datassette \

is device #1




Monitor Type

CBM/PET machines with 9" and 12" monitors use different and incompatible video signals.
To select the correct video signal for your setup, use the DIP switch #1 located on the top of
the EconoPET PCB.

9” Monitor — Put DIP switch 1 in the down/off position. 2 KEYBD: iiii
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12” Monitor - Put DIP switch 1 in the up/on position.

\

e CONFIG

I. Important - If when powering on the CBM/PET you see a “bright spot” or “line” or hear a
repeated ticking sound, turn the machine off immediately to prevent damage.

Keyboard Type

The CBM/PET series machines shipped with two different keyboard layouts: the “graphics”
keyboard layout and the “business” keyboard layout.

The graphics keyboard layout can be identified by the PETSCII graphics symbols and 16-key
numeric keypad. The business keyboard layout can be identified by number keys in the top
row and 11-key numeric keypad.

The keyboard matrices of the graphics and business keyboards are incompatible with each
other. To select the correct keyboard layout for your setup, use DIP switch #2 located on
the top of the EconoPET PCB.



Graphics - Put DIP switch 2 in the down/off position.
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User Port Pin 2

The CBM/PET series machines did not provide a 5V supply at the user port. As a result,
many user port peripherals require an adapter that pulls 5V from the cassette port, or a
separate power supply.

For convenience, the EconoPET allows you to convert Pin 2 to a 5V supply using a jumper,
allowing you to power some peripherals directly from the user port. (Notably, the TexElec
SNES adapter.)

Normal - Use the jumper shunt to bridge the left and
middle pins. This connects pin 2 of the user port to the
CBM/PET video signal.

5V - Use the jumper shunt to bridge the right and middle B EE B
pins. This connects pin 2 of the user port to the +5V 3 '

supply.




Board Installation

First read the Safety Warnings and Handling and Care Guidelines at the beginning of this
manual before proceeding. If you are not experienced with high-voltage electronics, seek
guidance or supervision before proceeding.

Step 1 - Make sure the machine is turned
off and unplugged, then disconnect all
external peripherals.

Step 2 - Unscrew and remove the
expansion cover on the right side of the
machine.
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Step 3 - With the machine resting on its
back, remove the two screws at the front
that connect the bottom to the front.

Step 4 - Setting the machine upright, the
case should now open like a clamshell.

1. High Voltage Warning
Never insert fingers, tools, or any objects
through the hole accessing the monitor
compartment. Cathode Ray Tubes
(CRTs) can retain a deadly high-voltage
charge even when unplugged.

If you are not experienced with high-
voltage electronics, seek guidance or
supervision before proceeding.
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Step 5 - Disconnect the internal power,
keyboard, and video connectors.

Note: The placement of the power,
keyboard, and video connections varies
between CBM/PET models.

Be gentle and support the board with your
fingers. Bending or flexing the PCB can
damage the traces or solder joints.

LAl die (14
LAAULLARAL

Step 6 - Remove the screws that secure
the mainboard to the case. (Save the
screws, you’ll need them later).

Note: The location and type of mounting
hardware varies between CBM/PET
models.

Burnn |

WALAYSIA 8210
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Step 7 - In addition to screws, the
mainboard may be connected to the case
by plastics tabs.

Pinch the tabs flat with a pair of pliers
while gently working the PCB free one hole
at atime.

Step 8 - Prepare to install EconoPET

Before installing the EconoPET check that
you have completed the configuration
steps from the Board Configuration
section.

To secure the EconoPET to the case, you
will need two of the mounting screws from
the original PCB as well as two 11mm
nylon spacers to support the front of PCB.
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Step 9 - Mount the EconoPET PCB at the
back of the case.

e Place the nylon spacers through
the mounting holes near the power
and HDMI connectors.

e Insertthe top left screw through
the PCB into the mounting hole,
but do not tighten it.

e Rotate the board until the top right
screw hole aligns with the
mounting hole and insert screw.

e Tighten the two mounting screws
until just snug. Be gentle and do
not overtighten.

Step 10 - Reconnect the Power, Keyboard
and Video cables.

The keyboard, video, and 9-pin power
connectors are keyed and can only be
connected one way.

If your CBM/PET’s power connector has
only 5-pins, use the right-most 5-pins on
the EconoPET. (The 5-pin connector is
symmetrical, so the orientation does not
matter.)

Note: To avoid flexing the PCB when
pressing down to insert connectors, gently
support the underside of the PCB.

<

- ,'9§P|n*Power';-

‘-I'hlﬂ-:l

1%

14



Step 11 - Close the CBM/PET case and
reconnect power, leaving other
peripherals disconnected for the time
being.

Turn the CBM/PET power on. After a short
pause, you should here a friendly 4-note
beep and see the power on menu.

I Important - If when powering on the
CBM/PET you see a “bright spot” or “line”
or hear a ticking sound, turn the machine
off immediately to prevent damage.

Troubleshooting

First read the Safety Warnings and Handling and Care Guidelines at the beginning of this
manual before proceeding. If you are not experienced with high-voltage electronics, seek
guidance or supervision before proceeding.

If you encounter issues with the EconoPET, the first step in troubleshooting is to
disconnect all peripherals. This includes anything connected to the IEEE-488 port, User
port, Cassette ports, USB-C port, and audio jack. By removing these connections, you can
isolate the problem and determine if the issue lies with the EconoPET board or with one of
the connected devices.

Diagnosing Boot Failures

If the EconoPET does not successfully boot to the Power-On Menu, the next step in
troubleshooting is to open the CBM/PET case. With the case open, you will be able to
observe the system’s internal LED indicators, which provide information about how far the
boot sequence progresses and help identify where the startup process may be failing.

The three main indicators are the Power LED, the Status LED, and the CDONE LED. The
location of these LEDs is shown in the following diagram.
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Power LED

Under normal circumstances, the Power LED will be lit and the Status and CDONE LEDs
will progress through the following states during power on:

Status LED CDONE LED Meaning

One short blink | Off Bootloader has completed /
Firmware starting

On (solid) Off Firmware is initializing EconoPET hardware

Off On EconoPET initialized

At this point you would normally hear a happy 4-note beep and the Power-On menu will
appear on both the CBM/PET monitor and the HDMI display. If thatis not the case, consult
the following sections.
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Power LED Does Not Light

The first LED to light is the red power indicator in the lower left corner, just below the
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If the Power Indicator LED fails to illuminate when the system is switched on, check the
following:

o With the power off and machine unplugged, disconnect all peripherals as
described at the beginning of the Troubleshooting section.

o Verify that the machine is plugged in and that the outlet is working outlet. Try
eliminating any extension coords or power strips.

e Check that the internal power connector is correctly connected to the EconoPET
(see Board Installation section).

e Ensure that the CBM/PET power switch is in the ON position. Note that the ON /
OFF orientation of the CBM/PET power switch may be counter intuitive.

If the issue is still not identified, the problem is likely to be the CBM/PET power supply. At
this point, you will want to refer to online troubleshooting guides.

Green Status LED Inactive

Under normal circumstances, the green Status LED located next to the microSD card will
show activity shortly after power on. If the Status LED remains unlit, this indicates that the
EconoPET firmware is missing or corrupted.
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Because the EconoPET firmware includes the bootloader that enables microSD card

updates, you must first use the USB-C port to install the bootloader before firmware
updates from the microSD card will succeed.

Flash Button
(Hold while powering on)

FLasH

&
P
=
=
=
2 [l
e
e
=

microSD

= COONE
o 3 NSTATUS
88 Status LED
80eg

uss

& | pmopt PMOD2 HDMI O \— USB-C cable to PC

MERY,

To do this, first prepare a microSD card as described in the Initializing the microSD
Card section. (Once the EconoPET bootloader is restored, the microSD card will be used
to finish the firmware update.)

To restore the EconoPET bootloader, do the following:

1.

2.

Power off the CBM/PET.
Connect a USB cable from the EconoPET’s USB-C port to your computer.
Enter flash mode:

o Press and hold the FLASH button on the EconoPET.

o While holding FLASH, power on the CBM/PET.

o Afteracouple of seconds, you can release the FLASH button.

The EconoPET will appear on your PC as a USB mass storage device named RPI-
RP2.

Copy the bootloader file: Drag and drop the bootloader.uf2 file into the RPI-RP2
drive. (bootloader.uf2 is contained in the same .zip used to initialize the microSD
card.)

After the file is copied, the EconoPET will automatically reboot and finish the
firmware update from the microSD card. (Green LED will blink rapidly during this
process.)
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7. Disconnectthe USB cable and proceed with troubleshooting (if necessary).

Status LED Error Indications

Under normal operation, the green Status LED next to the microSD card reader will:
e Blink once at power-on.
e Turn on solid while the EconoPET hardware is initializing.
¢ Turn off once initialization is complete.

If instead the Status LED blinks in a continuous repeating pattern, this indicates that the
EconoPET has halted due to a critical error.

CDONELED Status LED Description
Off S The EconoPET bootloader could find the file ‘firmware.uf2’
at the root of the microSD card.

1. Turn off the machine

2. Prepare the microSD card as described in the
Initializing the microSD Card section
Reinsert the microSD card into the EconoPET
4. Turn onthe machine.

2

Beep with No Video / Bad Video

If you hear the startup beep but do not see the boot menu on the CRT, verify that the
CBM/PET video cable is securely connected and that DIP switch #1 is set for the correct
monitor type (see the Monitor Type section for more details).

I. Important - If when powering on the CBM/PET you see a “bright spot” or “line” or hear a
ticking sound, turn the machine off immediately to prevent damage.

Error Message at Power On

If an error message appears at power-on, it usually indicates a problem with the contents
of the microSD card. To resolve this, reformat and reinitialize the card as described in the
Initializing the microSD Card section.
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B file not found ‘/roms/CHAR_ROM.bin~’
(2): No such file or directory

Keyboard Issues

If you have successfully booted to BASIC but find that typing on the CBM/PET keyboard
produces the wrong characters, you probably have misconfigured the keyboard type.
Power off the machine and toggle DIP switch #2 and see if this corrects the problem.

Also note that some CBM/PET programs that read the key matrix state directly from the PIA
are only compatible with a specific keyboard layout (generally, it is games that assume the
graphics keyboard layout). There’s no good solution other than to fix the software.

However, when using a USB keyboard, you can work around the issues using the Num Lock
key. Num Lock will toggle the USB keyboard between the business and graphics layout.

Cassette Ports Issues

If the cassette ports do not function as expected, verify that the device numbers are
correctly assigned. The device number for each cassette portis set using the solder pads
on the back of the EconoPET board. Refer to the Cassette Port Device Number section for
instructions on selecting the correct configuration.

User Port Video Output Issues

If you are using a device that generates video from the User Port (such as a composite video
adapter) and the output appears blank or incorrect, confirm that video output has been
enabled on User Port Pin 2. Refer to the User Port Pin 2 section for details on selecting and
configuring this output.
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Other Issues

If you’ve reached this section of the manual, I’'m sorry. :-(

If the problem is with the EconoPET replacement board, please create anissue on
GitHub and let me know what went wrong:

https://github.com/DLehenbauer/econopet/issues

The EconoPET is an open hardware / public domain hobbyist project. For those with a
background in electronics, schematics for the EconoPET board are provided in Appendix A.
The firmware source code and KiCad hardware project files are available on GitHub.

Help is always warmly appreciated.

For general troubleshooting and repair of Commodore PET/CBM machines (such as
power supply or video display issues), | highly recommend the Commodore PET/ CBM
Enthusiasts group on Facebook:

https://www.facebook.com/groups/214556078753960
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Appendix A

Board Layout and Schematics

|IEEE-488 Port User Port / External Cassette Port
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q q b d b d b A 20 FPGA
i q h il g pd B
Standalone g d B 4 [y B d il a8 i
[i q b il q . b microSD card
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9V DC d q b d 1] d B o I CDONE |
3A ] [i q b d h i i Bo I NSTATUS
= 0o nno
- 6V DC EconoPET 0o Status LED
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Internal CBM / PET

Power Connector

Mounting Hole
Internal Cassette Port
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CPU and RAM operate at 3V3 so that the system bus
and CPU control signals can be directly shared

with the FPGA. A single 128KB SRAM chip is used for the 32K main RAM, 64K expansion RAM,
2K display RAM, 2K character ROM and 26K system ROM. ROMs are initialized
Level shifters are used for connections to the 5V by the MCU on POR (via SPI —> bus bridge provided by the FPGA).

1/0 section. This design avoids needing level

shifters for A[5..16]. A[15:0] are the address of the shared system bus, which is connected to the

{RAM_A} CPU, 10, FPGA and most RAM address pins. The exceptions are
The FPGA deasserts BE (Bus Enable) to transition the RAM_A[16:15,11:10], which are driven exclusively by the FPGA.
CPU’s Address, Data, and RW buffers to high-Z . . .
when the FPGA drives the bus. RAM_A[11:10] is used by the FPGA to mirror display RAM when the CPU
accesses the range $8000-8FFF.
40 column PET has 1k of screen RAM, mirrored 4 times.
A[0..15] 80 column PET has 2k of screen RAM, mirrored 2 times.
RAM_A[16:15] is used by the FPGA to implement bank switching when the
CPU accesses the ranges $8000—FFFF. The FPGA monitors writes to the
control register at $FFFO to determine which bank is currently selected.
+3V3
+3V3
- cPU Ut RAM o u2 —D[0..7]
o vl 0= 2 9 A0 RAMALO 1, S poof3.0L -
RESD R AD 220 A9 1 > 14 D3
10 AL AL DQ1
AL = AB_10] 15 DS
11 A2 A2 DQ2
%7 A2 12 A3 A7 9 A3 pa3 17 D7
PHI2D $0 A3 = A6 8 18 D6
3 13 Ak AL DQ4
)? o1 AL 14 A5 A5 7 AS DQ5 19 D4
X ¢2 A5 = AL 6 120 D2
o 2 15 A6 A6 DQ6
el o A —=——— A3 5 24 DO
16 A7 A7 pa7
. N - A7 17 A8 ALl 27| A8
ED 5 & A8 W RAM_A15 26| A9 AS6C1008
NMID NMI A9 RAM_A11 23 122
ALQ |19 ALO RAMALE 2510 RAM CE#ES
w65C02S A1 20 ALl A2 b A1l 128KkB CE2 bo
W 34 i 22 AL2 A12 WE# <JRAM_WE
RWa— RAT A2 25 a3 A B oE# 2 QRAW_OE
© 24 AL4 ALk
5 AL 55 ALS A12 34 A15
RDY RDY A1 |23 ALS A0 2
BED 361 ge L
33 DO
DO To simplify routing, address 1 %]
D1 | 32 D1 and data lines are arbitrarily o [© 2
SYNCG A PVNTS p2 |31 D2 assigned to the address and ©
WPa 143p D3 30 D3 data pins of the SRAM.
T 5 A wur 29 D&
MLG L D4 —EE———
D5 28 D5 GND
D6 27 D6
S0D 38, 30 P D7 | 26 D7
>
~i|
7
RES, TRQ, NMI, and RDY are GND
open—drain and wire ORed.
S0 is driven high by the FPGA.
+3V3 License: CCO 1.0 Universal (Public Domain Dedication)
RES Sl Signals with B—prefix are level—shifted from 3V3 to 5V
AL_T_AL Unspecified capacitors are 25V
c100 c104 Sw1 C5 Sw2 C4 Unspecified resistors are 1% / 62.5mW
100n 100n RESET DNP NMI DNP https://is.gd/6hpvh6
l l Sheet: /CPU \ RAM/
oo oo oo File: CPU.kicad_sch
CND CND Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 2/17
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LM317A
oy Your=1.25Vx (1+R2/R1) Power Indicator
HS1 AVour=3-40V
+9V Unreg Supply +6.1V Supply BT out
- Bl . Protection diodes not required:
13 Optional PS filtering caps. +9V_Unreg u4 b Vout < 25V
9V POWER JACK Typically not papulated. LM317AG-TN3-R ggdj<<223FuF
3 I o _ w2 6.1V @ -700
— 2 1V @ ~700ma max
> I 12 : €89 %W : EE géé (-350ma per cassette port)
15000u 11000u
— | s | c13 c19 Voltage and limits derived from
— ~ | i s s PET schematics and datasheets
— 100n 1u
— GND R7 R9
~ 1k5 5k1 Voltage is non-—critical as the
datasette speed is controlled by
18 GND a mechanical governor.
PET POWER Heatsink does not appear to be
1 VACL o1 b2 J_ co required.
2 _+9V_UNREG hv4 GND
—t TR SS54 22
3 GND S;ui“ I "
4 9V_UNFILT
= c10
5 VAC2 |_2§ sss T zan +5V Supply U6 - o
C85 TPS5430DDA 1 L1 PWR_FLAG
Oon -
8 22n 7 " | 22uH
-—X VIN BOOT—|
_| l_ I
—9x < _L c12 _L c15 _L c17 _L c18 8 PH &K D5 _L C26 _L €28 _L 30
22u 22u 22u 10u a PH SS54 10u 47u 10V 47u 10V
oo T T=27=7T |2 T T I
L &en 22 veenseft R16
18.3 VAC C.T. arrives on pins 1/5. 20
GND | o) ND 10k
Rectified +9V DC leaves on pin 4, is externally
connected to a 23000u capacitor to reduce ripple, | c24
and returns on pin 2. 220n 16V
Pins 8/9 t used by th 8 t board GNP = 2t Rih e
ns are not used by the replacement board. —
The PET power supply delivers 17 VAC on pins 8/9. 150p R13 10l< k7 C129
which was used by the original mainboard to 220 n
produce +16V DC far internal accessaries.
The CRT gets power directly fram the transfarmer. +1.25V Supply D4 Power Headers
SM4007
Capactiors must be derated by ~30% for AC: 1A GND
9V AC * 1.415 = ~13V DC 5V ™~ +6V +9V_Unreg
LM317Al(J;‘iTN3-R +1V2 FB1 PWR_FLAG FPGA_VCCA 5 5
5 /[\ 600,200ma L-1 127 L-1 11
S vo 6V POWER 9V POWER
=
C1y Lo 2 J_ c20 c23 _L C25 _L c27 J_
100n —|_ | T 1u 4u7 10V T 100n T 100n -|- GND GND
J10 45V
N LM317A: FPGA_VCCA is the analog SV PWR
GND AVour=-3V (at = 10ma) VCORE source for PLLs N e
Use 120R load resistor 3 4
5 6
18/720Q144 Power Requirements
+3.3V Supply Absolute max VCORE: 1.42V 31 L
U3 Typical: 1.15V ~ 1.25V 4y7 10V
AMS1117-3.3 33 4&_-,_
Mounting Holes
v vol2 GND
g _LClﬁ
H1 H3
zg PWR_FLAG MountingHole_Pad °MountingHole - gj - License: CCO 1.0 Universal (Public Domain Dedication)
Signals with B—prefix are level—shifted from 3V3 to 5V
Unspecified capacitors are 25V
GND CHASSIS_GND Unspecified resistors are 1% / 62.5mW
AMS1117—3.3: hvd https://is.gd/6hpvh6
H2 Ha AVour=1.3V GND Sheet: /POWER/
MountingHole MountingHole IL(Min ;%gn:a 4 resist File: POWER.kicad_sch
oad resistor <
AMS1117 internal protection diodes Title: EconoPET #0/8096
sufficient with output caps < 1000uf Size: A | Date: 2023-10-01 Rev: A
0.5R adjusts ESR of MLCC KiCad E.D.A. 8.0.7 Id: 3/17
1 I 2 I 3 I ] 5
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+3V3 +5V
Magic Level Shifting
U\ )
cz2 L _Lc33 L c36
MCU FPGA 4u7 10V 100n 100n
FPGA_CLK DFPGA_CLK {RAM_A}D———D {RAM_A} Rl
CRESET DCRESET A[0..15]—A[0..15] 85 A->B
- . 0[0..7)—D[0..7] BNy
SPI0_CS DSPIO_CS RWG——RW A
SPI0_SCK! D SPI0_SCK PHI2C——DPHI2 A2
SPIO_RX] SPIO_RX A3
SPIO_TX DSPI0_TX ®a ®a Al
NMI——DNMI A5
SPI1_CS| DSPI1_TS A6
SPI1_SCK! PSPI1L_SCK A7
SPI1_RX] SPIL_RX e d g 28
SPI1_TX DSPIL_TX e d =
SPI1_READY] SPI1_READY T0.0E] SN74LVC4245APWR
12C0_SDA 12C0_SDA +3V3 GND
12C0_sCL P12C0_SCL /I\
RAM_OEC——DRAM_OE L 34 L 37
12C1_SDA 12C1_SDA RAM_WEC—DRAM_WE 100n 100n
12C1_SCL Dl12C1_SCL
SPLENAC] SPLENA RESDY DRES I0_OE does not require level-shifting GND us Q[ GND
o ~ RDYG—ORDY (high @ 2V) 100FE 22~ @ao< 2 RW
CEC CEC D=V 240E 0o UA->BRE—TR
BEC—DBE ges
DO 21 3 BDO
SWSCWLS >§$§LK SYFEC ]S_YNC B1 AL "
UART_TX DUART_TX YR q ave 5
UART_RX<] UART_RX MLg anL 6
- - S00——D5S0 R21 7
ile: T 5kb 8
File: MCU.kicad_sch GRAPHICS ] £ J-GRAPHICS  Shift 5V —> 3v3: 9
VIDEO_lnypeg R22 . o
HORIZ |/ oo ke VOUT = VIN * (R2 / (R1 + R2) 2
VERT | ueer VIA_CB24 [ 1-QVIA_CB2 NS .
R23 R2 = 10k + 1% j7 SN74LVC4245APWR
VOUT = 3.29v
AUDIO G——AUDIO DIAGY] - {_1-aDIAG 33 GND L5V
P _?_ ne 1
n - c35 c38
File: FPGA.kicad_sch l 100n 1; 100n
GND
MCU respansibilities: GND ug I+ GND
- Generate FPGA_CLK =) 2 @wao< 2 o
— Configure FPGA at POR z {—=40oe § § §A'>B—[> Z
- Initialize SRAM with ROM images PIA: d VIA te at 5V logic levels fi tible 1/0.
_ Read back video RAM and output to HDMI (bit—banged DVI) s and VIA operate at 5V logic levels for compatible 1/ VIDEO 245y a2 osvipEo
— Report USB keyboard matrix to FPGA CPU and RAM operate at the same 3V3 logic levels as the FPGA PHI2 20} B2 A2 l'—DBPHIZ
FPGA responsibilities and MCU to reduce the amount of level shifting required. VERT 1915 A3}S— OBVERT
o : R HORIZ 18] 6
- Timing / address decading D[0..7) are the only bidirectional lines that need to be shifted. Parcs 1ot Ay [o—DBHORIZ
- 'g:;ivsee Psl’;lTsev;debcL sgetne'rdact[lo?vi/a CSRPTI()Z The direction of D[0..7] is controlled by RW. Tl 123 AS|—DBPIALCS
- J 0 —0>D W
- Intercept PIAL to inject USB keyboard VIA_CS 15| gg ﬁs 9 c g%
SRAM is shared between the 6502 and the FPGA by using an PIA2_CS 14pg % A8 BPIAZ_CS
effective bus speed of 8 MHz taking turns in round-robin —
fashion. i SN74LVCL245APWR
From the CPU and 1/0 chip’s perspective, PHI2 is “stretched" GND
ylth a 1/8th duty cycle. From the FPGA's perspegtlve, there
':s af[,'lﬁ,,ﬁ’:‘z clock and 8 clock enable signals, which are used License: CCO 1.0 Universal (Public Domain Dedication)
0: Read/write to SRAM to service SPI request from MCU Signals with B—prefix are level—shifted from 3V3 to 5V
1: Read even character from VRAM Unspecified capacitors are 25V
g: Seag ewﬁn Eharaiterfbitm?/tnzﬁm “ROM" Unspecified resistors are 1% / 62.5mW
: Read o character from .
4: Read odd character from "ROM" httPS-//IS-gd/shPVhﬁ
5: Read/write to SRAM to service SPI request from MCU Sheet: /MAGIC/
& Zetup for next CPU cycle File: MAGIC kicad_sch
\ Title: EconoPET 40/8096
(Note: Above subject to change with firmware updates.) . /
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 4/17
1 [ 2 [ 3 I ] [ 5 I




2 | 3 | 4 | 5 |
+5V 68
100n
'|—(>§
1
v 2 ©
193
gg RES £ Pao §
$2 PAL (=
PA2
1 g; iRQB PA3 2
IRQA PA4 ——————————<CASS1_SWITCH
PAS L (TASS2 SWITCH
22 | c50 PAG S QFOIIN
24§ csy PA7 FE————apiAG
BPIALCSD 23N c53
o AL PR CASS1_READ
:Ai gg RSO a2 38— proiout
BA[0..3 RS1 WE5C24N KEY_COL[0..7
{0-3] pBo | L0 _KEY_COLO 0-7]
21 | o/ PIAL o) |11 KEY.COLL
PB2 12 KEY_COL2
BDO_33 | oo P |13 KEY_COL3 QBVERT
80[0.7] BDL 32 | oy PBA KEY_COL4
BD2 31| - pp5 [ 15 KEY_COLS
BD3 30 | p3 Ppo | L6 KEY_COL6
BD4 29 KEY_COL7
D4 PB7
BD5 28 | oo
BD6 27 | op cpt |18
BD7 26 19 R +5V c69
—D
D7 § CB2 CASS1_MOTOR 100n
il e
s~ g
o GND wl— 9 VIALPAO VIA_PA[0..7]
BRESD> RES S PAo VIAPAL
BPHI2D 23 542 PAL
Rag 214 o fis2 VIA_PA3
BRWD R PA3
Y VIA_PAL
Note that TRQ is 5V ce7 24 1 5y PAS | L VIAPAS
wire—or'ed and pulled 100n BVIACSD 23N t55 PAG VIA_PA6
to 3V3 (not 5V) II Dg PA7
vz 9 : < BAO_38 | s
» T 5 Dlont DIO_IN[1..8] gg g; RS1 cAL —o;'g VIA_CAL
RES £ PAO S RS2 CA2 22— D GRAPHIC
25 3 DIO_IN2 BA3 35
$2 PAL BI0INS RS3 W65C22N
PA2 |2 DIOJINA via  PBo 110 npACLIN
374 raB pa3 |2 DIO 22 1 R /W PB1 L —DNRFD_OUT
38/ oox 6 DIO_INS 12
IRQA PAL 7 DIOING BDO 33 PB2 H—DATN_OUT
2 PAS 3 DIOINT BDL 32 DO PB3 TDCASS_WRITE R38
cso PA6 DI0ING 802 32 1 pg PB4 =1 ——DTASS2_MOTOR 470
24§ csy pa7 -2 DIO o 3112 pBS5 |12 y R—
BPTAZ_CSD 2N 52 230 D3 PB6 HE—aNRFD_IN
CAL “U—GATNJN BD4 29 D4 PB7 N—GDAVJN 470R protects VIA from “Killer Poke", which
BAO 36 RSO cA2 39 ONDAC_OUT BD5 28 D5 puts PB5 in contention with BVERT.
BA1L 35 - BD6 27 18
PAL 35 1 Rs1 we5C21N 050 |0 bio_ouTs DIO_OUT[1..8] 507 2% 33 . Eg; 1—05&3'2%;5/&0 WESC22N drives 1 CMOS load (~3maa:
21 — PIA2 11 DIO_OUT2 @ O VIAL BVERT is driven at ~24ma by level shifter.
R/W PB1 12 DIO_OUTS > (BVERT easily wins against VIA.)
BDO 33 | ;o ggg 13 DIO_OUT4 ‘j7
BDL 32| 5, pgs | L4 DIO_OUTS
BD2 31| - pgs | 15 DIO_OUT6 GND
BD3 30 16 DID_OUT?7
BD4 20 > RES DIO_OUT8
805 28 D4 PB7 = License: CCO 1.0 Universal (Public Domain Dedication)
D5 Signals with B—prefix are level—shifted fram 3V3 to 5V
BD6 27 D6 CB1 m—qan_m o .
BD7 Unspecified capacitors are 25V
261p7  » B2 ————— ppavour . >
) - Unspecified resistors are 1% / 62.5mW
- https://is.gd/6hpvh6
Sheet: /I10/
oND File: 10.kicad_sch
Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 6/17
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J20
DIO_IN[1..8]< +8v IEEE_HEADER
DI01 47 ——48 DIOS
ey RN11 o DI0245] |46 DIO6
DIO_OUT[1..8]D— 470x4 U7 ™ pia3 43| |44 D07
DIO_IN1 8 ——11 18 B0 8 A0 2 Dlo1 DIO4 11 _|12 DIog
U143 DION2 7|—l2 47 |g; > ,;| 3 DIO2 EOI_9 _110 DAV
1 9 2 DIO_IN3 6[—|3 16 4 DIO3 NRFD_7 8 NDAC
1A 1y =X —1 -8
DIO_OUT4 3 |, s oy |4 DIO4 DIO_IN4 5| — |4 15 g§ :; 5 DIO4 IFC_5 | 6 SRQ +5v
DIO_OUT2 5 |3, 3y & D102 DIO_INS 8[==]1 14 B4 A4 6 _DIOS ATN_3 4
DIC_OUT1 9 1 by |8 DIO1 DIO_IN6 7| — |2 13 85 ‘Il A5 7 _DlO6 2 75
DIO_OUT3 1 |, sy |20 DIO3 DIOIN7 6}—I3 12 | g A6 |8 DI07 4u7 10V
13 6A5N74LSO7GY 12 o DIO_IN8 5[—|4 11 B7 A7 9 DIos
- RN12 7415245 1 z
3 470x4 oh>Bg % o
— Z e
+5V
o
~|
GND <
5V {IEEE} RN3 JI] RN2 RN7 RN6
Lk7x Lk7x Lk 7x L4k7x
ENEE x-cmrd(r < [ = <[] <]
15 3
DIO_OUT8 11y, g wy|zDios IEEE-488
=2 PN 2v % This is an approximation of the MC3446 transciever
DIO_0OUT6 5 |- sy |6 DIO6 using commonly available parts.
DIC_OUTS 9 {.a by -8 DIOS " i)
The MC3446 internally used a 2.4k/5k voltage divider.
DI0_0UT7 e Y sy [LoDIO7 We substitute 4.7k/10k because the selection of resistar
13 1 6a 6y F2x network arrays is limited from our mfgr (unless we pay i
SN74L507 a loading fee.) IEEE_EDGE
=) DIO1 1 ——/ A DIOS
o ‘07 drivers can sink 40ma, which is close to IEEE DIO2 2 B DIO6
N standard of 48ma. DI03 3 C DIO7
% ‘245 recievers provide: DI04 4 D DIO8
e TTL -» CMOS level conversian EQOl 5 E
GND + Hysterises DAV 6 3
e Hi-Z inputs to avoid loading driver NRFD 7 H
470Q resistors protect the PlAs and VIA in case NDAC_8 J
*_IN are accidentally configured as outputs. IFC_ 9 K
+5V SRQ 10 L
ATN 11 M
1\ X 12 N
Lo Leon Lo Las Len +5V I o= S e
_l_ 100n T 100n T 100n T 100n -l- 100n 10kx 10k 10kx 10k CHASSIS_GND GND
é RN13 ol | [t ] N | [mf = NG
470x4 uig N
GND
ATNING—2 1 181py 3 ao|2 AN %
EOLIN 7 2 17 BL ~ AL 3 Eql GND
- 6 3 16 4 NDAC
NDAC_IN B2 A2
5 4 15 5 SRQ
SRQ_IN B3 A3 NRFD £ol
+5V NRFD_IN G o B T0—— 1; B4 Al 3 DAy Ra £l
DAV_IN Qo fIT—— > B5 T »s 3 ASRQ
6 = x—i 2186 A6 o
= fol X== B7 A7
EDI_OUTD—; g 1 i Fc 7415245 . -
D————— — wn
fFe_out s |2 26 Dav gA *B g + License: CCO 1.0 Universal (Public Domain Dedication)
DAV_OUTD——"— 3A 3y DAC S CE o= . R . .
NDAC_OUTD———3] 1A Ly j—8— NDA Signals with B—prefix are level-shifted from 3V3 to 5V
NRFD_OUTD——21 ] 5a sy 10 NRFD 9 Unspecified capacitors are 25V
ATN_OUTD———23 1 64 . oy |12 ATN Unspecified resistors are 1% / 62.5mW
ALY o~ https://is.qd/6hpvh6
5 {IEEE} Sheet: /IEEE/
l File: IEEE.kicad_sch
e Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 7/17
1 | 2 | 3 | ] | 5
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USER PORT
The VIDEO_OR_5V jumper allows partial compatibility
with VIC-20 and C64 user part peripherals by delivering
+5V an PIN_2 instead of PET video.
(Example: TexElec SNES adapter)
J12
VIDEO_OR_5V VIA_PA[0..7]
vazoo—;- 45V VIA_CAL
=1
$ J2 Jih
GND USER—EDGAE USER_HEADER
VIDEO_OR_5V 2 B BVIDEOD-2L -ggvlwovm_cu
SRaG—3 C VIAPAO >Ra Tie viarar
£0l 4 D VIA_PA1 EOI -1_6VIA_PA2
DIAGG—2 E_VIAPA2 DIAG Tauviaras
CASS2_READ G—8 FVIAPAS CASS2-READ Tz viapau
CASS_WRITED—L H VIAPAL CASSWRITE Troviapas
CASS1_READG—B J VIAPAS CASSLREAD T viaras
+5v _BVERTD 9 K_VIA_PA6 BVERT -TVIA_PA7
BHORIZD 10 L VIA_PA7 BHORIZ -T +5V
GRAPHICE 1] M GRAPHIC -TOVIA_CBZ T
76 12 N -
447 10V |__<;__|—
GND
GND
GND VIACB2O—
License: CCO 1.0 Universal (Public Domain Dedication)
Signals with B—prefix are level—shifted from 3V3 to 5V
Unspecified capacitors are 25V
Unspecified resistors are 1% / 62.5mW
https://is.gd/6hpvh6
Sheet: /USER/
File: USER.kicad_sch
Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 8/17
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CASSETTE PORTS
+5V +5V
Solder jumpers allow cassette ports A/B to be configured as device 1 or 2.
This is to support the original chicklet PETs where the internal cassette
port is device 1 for use with the built—in Datasette. % %
1 1
GND GND
2 2
CASS_A_MOTOR_3 115 CASS_B_MOTOR_3
CASS2_MOTORD- CASS_A_READ_4 CASS_B_READ_4
s P CAS S_WRITE_-S CASS_A_HEADER CAS S_WRITE_-S CASS_B_HEADER
CASS AWOTOR | CAgs B MOTOR CASS_ASWITCH 6 __ CASS_B_SWITCH 6 _
CTASSI_MOTORD: L1 Ll 1
N N
[a4
O]
=]
‘o E
CASS2_READ G q o
P3 P4 3 2
CA]_SS A READ CAES B READ © © Red LEDs provide a ~2V drop. This accounts for the difference between the
CASS1_READG 4 41 5V CMQS logic and_the +6V input, causing the P—Channel MOSFET to turn off
~ o~ completely when MOTOR is high. It also avoids over—voltaging PIAL and VIA.
CASS2_SWITCHG 16V Q2 +5V CASS A
JPL JP2 AO3401A
CAS:,LS A SWgCH CASiS B SWgCH
CASSI_SWITCH G 41 41 D9 1AE oD
o ~ LED_RED 28
Ny CASS_A_MOTOR 3.C 13
+5V ~ CASS_A_READ 4,0 AE
R32 CASS_WRITE 5,E| CASSAEDGE
108 CASS_A_SWITCH 6.F
R33
10"
+6vV Q3 V' cass B
AO3401A
D10 1A
LED_RED 25 GND
Nz CASS_B_MOTOR 3.C 1%
N CASS_B_READ 4.0
= CASS_B_EDGE
CASS_WRITED CASS_WRITE S5E]
| CASS_B_SWITCH 6.F
+5V
_A|_c77 License: CCO 1.0 Universal (Public Domain Dedication)
I"W 1ov Signals with B—prefix are level—shifted fram 3V3 to 5V
Unspecified capacitors are 25V
GND Unspecified resistors are 1% / 62.5mW
Place decoupling cap near CASS_B connector. https://is.gd/6hpvh6
CASS_A has sufficient decoupling nearby. Sheet: /CASS/
File: CASS.kicad_sch
Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
KiCad E.D.A. 8.0.7 Id: 9/17
1 I 2 [ 3 [ ] I 5 I
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+5V
o~ ©o|n ©f ~| W |
RN1 RN1
10kx 10kx
KEY_COL[0..7]<¢ -~ FNEE
KEY_COLO 20
| KEY_COL1 19
KEY_COL2 18
T %gn KEY_COL3 17
KEY_COL4 16
KEY_COLS 15
u19 .
8| 74Ls145 KEY_COL6 14
KEY_ROW[0..3] KEY.COL7 13
- KEY_ROWD 15 f po 9 1 RO 12
KEY_ROW1 14 fo, > a1 b2 R111 _ 5
KEY_ROW2 13 1 po a2 3 R2 10 _ KEYBOARD
KEY_ROW3 12 | ps Q3 4 R3 9
au p2 R4 8
Qs 6 RS 7
a6 pL R6 6
a7 9 R7 5
Q8 10 R8 4
2 11 RO 3
3 Q@
" &
GND
v
GND
KEYBOARD
The PET uses a 74L5145 BCD—to—decimal to sink the active row )19 +5V
of an 8x10 keyboard matrix. When a key in the selected row
h et h KEYBOARD_EX
is pressed, it sinks the 10k pullup of the corresponding column.
KEY_COLO_16 —1415 KEY_ROWO +5V
The ‘145 is active low / open collector, capable of sinking an KEY_COL1 14 |43 KEY_ROWL
excessive 80ma for driving lamps in the pre—LED era. This is coL2 2
more than enough to sink all eight of the 10k pullups if the KEY.COL2 12 —{LL KEY-ROW
user pushes all keys for currently select row. KEY_COL3 10 -9 KEY_ROW3 79
KEY_COL4_8 7 4u7 10V
The KEYBOARD_EX header conveniently exposes the PA[3:0] and KEY_COL5_6 5
PB[7:0] lines for users interested in building adapters to support KEY_COL6_4 3
non—PET keyboards. It also exposes NMI for RESTORE and RES KEY_COL7 2 EDeL GND
for reset. - =—ORES
http://www.6502.0rg/users/sjgray/projects/petexpkbd/index.html ~
GND

License: CCO 1.0 Universal (Public Domain Dedication)
Signals with B—prefix are level—shifted from 3V3 to 5V
Unspecified capacitors are 25V

Unspecified resistors are 1% / 62.5mW
https://is.gd/6hpvh6

Sheet: /Keyboard/
File: Keyboard.kicad_sch

Title: EconoPET 40/8096

Size: A [ Date: 2023-10-01

Rev: A

KiCad E.D.A. 8.0.7

Id: 10/17
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+6V

Audio Q6
PET CB2 and DIAG are inputs to FPGA. $58050
FPGA implements AND gate and outputs cs
AUDIO source. This saves an IC and D13 R72 47u 10V
allows for experimental enhancements, SZ
like SID emulation at $8F00. IN4148WS 1 |—“—|
The AUDIO source is AZ encoded 1-bit ; Lsi
output from the FPGA (3V3 at 64 MHz). D1k RT3 |_“J 42Q SPK
The 1u capacitor and 12k resistor A4 INLL14BWS 1 cst
adjusts this to line-level audio, which +6V
is +/- 0.5V AC for consumer electronics. i moteh filt . [] Tgék 47u 10V
win—T notch filter compensates
(Note that amplifiers and powered speakers for 2 KHz resonant frequency of 558550
typically provide a 10k resistor to ground R70 our chosen speaker. Q7
to form a voltage divider.) 5 10k M) ™)
Sl W) a5
R R67 R69 \h/ 558050
2 a4 o
\'
5 —L_ C82 cs3 —L_ C105
0 s 41: /538050 == gy 1000 T 47n
5 v oA |l J2t
AUDIOD—] —az8 . GND
c81 L -
22n T é
©
O
(<3
GND
+6V
C106 c107
1000 100n License: CCO 1.0 Universal (Public Domain Dedication)
Signals with B—prefix are level—shifted from 3V3 to 5V
Unspecified capacitors are 25V
GND Unspecified resistors are 1% / 62.5mW
https://is.gd/6hpvh6
Sheet: /AUDIO/
File: Audio.kicad_sch
Title: EconoPET 40/8096
Size: A [ Date: 2023-10-01 Rev: A
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VIDEO HEADER

1
BVIDEOD—————=
2

BVERTD— 2~
BHORIZD—— 35— VIDEO
7
~
GND
Not too much to see here. :—)

If you're looking for the modern DVI

video output over an HDMI connector,

look under Magic / MCU / DVI.
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MCU J_ J_ +3V3
The MCU configures the FPGA using SPIO. DVDD Decoupling co1 €92

Afterward, the MCU can communicate _,T 2u2 6.3V 2u2 6.3V 10/USB/AVDD Decoupling /]\

asynchronously with the system bus over c3 €90

SPIO using the FPGA as a bridge. 100n 100n —I_ igg —L igg _L igg _L igg _L igz J_ igg
n n n n n n

SPI0 is used to initialize SRAM with the g_-, GND GND il B sl Bl :{

PET ROM contents on boot. Afterwards, DVDD

Core0 of the MCU uses SPIO to read back GND

video RAM at $8000 while Core1 bit—bangs vzr gl ol 3 olalmlafolf @] © oND

DVI video to the HDMI connector. 29 'é zl 229222 2 g9 7 MCUUSED et USB

> > >>>>>> > > | _D+

Core0 also processes USB keyboard input a5 >3 L ©0bbbo 25 USB_DP li6  MCU_USB D RLT {27} USB_D+

and passes the current USB keyboard matrix o (2 o USB_DM = {273 USB_D-

to the FPGA, which injects it into the = 2 Q +3V3 - -

system bus when the CPU reads $E812. Flash > File: USB.kicad_sch

2
Other serial buses (SPI1, 1C20, 12C1) are I3 56 GPIO0 [5—DUART_TX <+ ©
for future use. ¢ ) 654 53 QsPL5S GPIO1 z—GUART RX R &
sbo SPI_SDO GPI02 12C1_SDA
(Note: Above subject to change with firmware sp1 55 85P|_5D1 GPIO3 5 )| D12¢1_scL
. - S|
updates.) sD2 544spI_SD2 GPIO4 {8 QSPIO_RX MicrosD
sD3 5%aspi_s03 GPIO5 (£ DSPIO_CS SRR —boaTo
scKd 52 QSPI_SCLK GPI06 9 DSPI0_SCK W}CLK
c86 GPIO7 71 SD_DETECT DSPIO_TX ———==——PCMD
33 File: FLASH.kicad_sch GPIO8 > SD_E PDET
Oscillator Specs: Ip RP2040 GPIO9 s _ o)
: GPIO10 <ISPI1_READY - - .

= | .
g;=§gFF l vi GPIO11 1[; DSPILTX File: MicroSD.kicad_sch
DL=1-200uW (100uW typical) o L, 12 MHz GPI012-3 ASPIL_RX ovi
ESR=80Q

ca7 :]]—‘5 XN GPI013 > DSPIL_CS
. . - XIN GPI014 DSPI1_SCK
Load capacitor calculation: 33p GND GND hg
| R42 xouT21! GPI015 57 DVLCK= DFPGA_CLK
C = 2*CL — 2*Cstray I . £ xout CPI016 58 pvi_cks
gL =3200p§.6C§tray = 2-5pF GP1017 bo DVI_DO

= 30-36p GND GPl0O18 = - -

. ) +3V3 GPI019 O DVI_DO+ N‘ p7 File: DVl.kicad_sch
This setup seems to require 1 DVID1- [
PICO_XOSC_STARTUP_DELAY_MULTIPLIER A R&0 T GPI020 E5— 0 =7 - DVI.CEC
workaround. Harmless, but passibly {151 RUN GPI021F =
could be improved by reducing / GP1022 B4 DVI_D2-
removing 1k series resistor. SPLENAD——9 GPI023 B DVLD2+

K
R GPI024 S 3 cec
swelka—24swelk cPI025
SW4 Cc6 SWD 25 SwWD —Srerr +3V3
RUN. T~ 4u7 10V GPI026_ADCO B8 MCULRESED
i GO A 10 MCU_I2CO_SDA o 9
=t I =
Z Pi028 ADcajid— U200t M2
=
GND GND ] g "i 12CO_SDA
=
JE— JP8
SPI_ENA is driven low during FPGA programming. a S £ DVI_SDA
We use this to hold the MCU in reset when externally < L
programming the FPGA during development. Aside from
being a convenience, this avoids contention on SPI0_CS, GND D12C0_SCL
which the T8Q144 requires to be driven low (even when "i
using JTAG). 2 JP9
DVI_SCL
FT2232H can source/sink ~8ma, so 1K should be ok. " -

GP27 . DANGER: Closing the DVI_SCL/DVI_SDA jumpers pulls
l l the corresponding RP2040 GPIO pins ta +5V.
MENU/RESET button input for MCU.
J23 i cas SW5 On slil,{,,t p,es's’f‘ M%r;_] T,-?;gega le:lau reset. Only do this if you know what you're doing.
MENU_HDR '—l T2U2 6.3V T MENU_BTN  On long press, MCU (re)enters boot menu.

é License: CCO 1.0 Universal (Public Domain Dedication)

o MCU status LED visible when looking into Signals with B—prefix are level—shifted from 3V3 to 5V

G the PET expansion slot. (Other LEDs are Unspecified capacitors are 25V

only visible when the PET case is open.)

MCU_CRESET R39 Unspecified resistors are 1% / 62.5mW

CRESET P25 o https://is.gd/6hpvh6
- R43 =, B Sheet: /MAGIC/MCU/
%Ok resi‘ztarM%nU (‘HRE;SET denablles protgrammer D11 File: MCU.kicad_sch
o override uring development. LED_GRN GND n
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DVI VIDEO

Uses legacy DVI TMDS protocol over an HDMI connector.
See: https://github.com/Wren6991 /PicoDVI

+5V
oV} 3[ L ocoo
NoT = I 4u7 10V
DVI_D2+ R53 HDMI_D2+ 1 +
DViD2- RsLeld ppmipe-3|5"  NOT
DVIDi+ R55 HoM_D1+ 4] 2" HIDIMN GND
33 DVIDI- RS6,  HOMID1- 6] "
DV_DO+ R57 HDMI_DO+ 7| ™
DVIDO- _ RS587  HDMI_DO- o]y, *
38 28 o8 DV_CK+ R59 HDMI_CK+10] ¢y,
2R 2R & DVI_CK—__ R60 HDMI_CK—12)
e K-
Nor 124
CECD R615my  HDMICECA3| .. NOT_HDMI_A
12 scL
1615pA
scLD
s umiury
HPD
SDA L9822
coococLUvn

CEC, SCL, and SDA are for experimentation and <
disconnected by solder jumpers by default.

DANGER: Closing the DVI_SCL/DVI_SDA jumpers pulls
the corresponding RP2040 GPIO pins to +5V.

Only do this if you know what you're doing.
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+3V3

I c2 l c101

47uF decoupling capacitor helps inrush current

100n 47u 10V (although hot insertion is not recommended).
J25

GND MICRO_SD
i
1 {pat2 ]
[h] § DAT3/CD | mm
cMDD cMD ™
;’ VDD -
CLKD CLK ™
6 lvss -
DATOD 7 1pATo -
8 1patt -
DETD 9 1 peT SHIELD L2
GND
~
GND
MicroSD

DAT[0] : (POCI) is open—drain output that requires pullup.

DAT[2:1] : Unused inputs in SPI mode. Pullups recommended
to_avoid current draw due to metastablitiy.

DAT[3] : (CS) has built—in 22-50k pullup to ensure card
is deselected by default.

CMD : (PICO) input in SPI mode.

CLK (SCK) always an input. Never gets pullup.

For reference, CM1624 uses:
25k pullup for DAT[0:3] and CMD
40 Ohm termination for DAT[0:3], CMD, and CLK

10k pullups common (e.g., Expresslf documentation).
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I 3 I ] I
+5V
TN
i o3
wn| v
pl
= A4_BY
4 VBUS
A9_B4\Bys
L cto2 €103 R8S cc1oas Loy
47u 10V 1u 558 CC2 B5 Leco
R64
A7 L
USB_D- B7 126
GND 2o [0 USB1.1_HOST_TYPE_C
FD+
sB 00— a6 [o7
use
USB 1.1 Host over USB—C connector >A=SBU1 =]
%88 Lspu2 S
The 56k pullups on CC1 and CC2 identify the 7

port as downstream facing, supplying 5V/900ma.

The diode prevents connected devices from
inadvertently backpowering the EconoPET.

VF < 0.5V should be within USB spec of

5V +/-10%.

The 47u capacitor helps with current inrush
(although hot insertion is not recommened.)

Consider using an independently powered USB

hub as an extra layer of protection.

A12_BlL

:]i ND
A1_Bi§2ND
S1

GND  GND
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Flash
16MiB Quad SPI flash memory for MCU.

Holding BOOTSEL at power on puts the
MCU into programming made, allowing
new firmware to be uploaded via USB
for initial programming and recovery. +3V3

(Typically, firmware updates happen
via microSD instead.)

c1
+3V3 i 100n
- GND
el
4 Y22
J— 1 p— o
D RIS
- SCKD—2{CLK
8 $D00—2{DI(100)
sp10—2{D0(101)
SD2<>—3I02
_I SWe SD30—I03
BOOTSEL 2
9
T <[ W25Q128JVS

N
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