That’s My Type:
Handwiring a keyboard

By: Cory Palmer



What is a Hand Wired Keyboard?

A hand wired keyboard is the same looking from the outside but on the inside there is
just wires put in by hand instead of wire traces printed on a PCB.

Hand wiring allows for true customisation without ordering a specialised PCB.

This allows for you to 3D print your own keyboard case.



Why you want a hand wired keyboard

In many cases and for many people, market grade keyboards available at most retailers
are adequate. In some cases however, it is better to customize a keyboard through hand
wiring. For my project, I decided to hand wire a keyboard While this is perfectly fine, I
wanted to be able to expand on the possibilities that a keyboard can do. While I was
looking for another keyboard to use on my computer I found someone that had put a
solenoid ( an electromagnet coil) in to a keyboard to have a similar sound to a
typewriter.

There is a keyboard that already had support for this solenoid, the ibm beamspring,
but this keyboard is old and collectors want it making it cost hundreds of dollars.



Why vou want a hand wired keyboard cont.

Wanting to have a cheaper option I found that you can build a keyboard from scratch
with the help of a microcontroller. Although there were minimal guides on how to
hook up a solenoid up to a keyboard, I found some information on how to hook it up
through the QMK (Quantum Mechanical Keyboard) tutorial’.



https://beta.docs.qmk.fm/

First steps

I already picked up a mechanical keyboard from a discount store, although this
keyboard worked perfectly fine, I wanted to connect the solenoid to this keyboard later
on.

The keyboard I used is the E-Element z88.

Since the controller for this prebuilt keyboard would not natively support the QMK
software I had to remove the PCB(printed circuit board) from this keyboard.

My next steps were to gather a microcontroller capable of controlling all the key
switches; for this I will be using a teensy 2.0 microcontroller.

You can use a small list of microcontrollers but the teensy 2.0 had just enough pins
outs on it to contain the keyboard matrix.



Second steps

We now got most of the shopping done now we get to the boring part of putting
together the keyboard matrix.

The keyboard matrix is used such that you can have a 10 x 10 grid of keys and only use
20 pins on a microcontroller instead of 100 ( one for each key).

Each key will need a diode connected to it for voltage to give the board exactly what
key was pressed. For this I used the 1N4148 switching diode.



Second steps

Before starting to wire everything together you will need to make a plan of how you
will wire everything together. I used two websites for help with this since this is my
first time wiring a keyboard by hand.

I First used a keyboard layout editor? to make a virtual layout that matched may
physical keyboard.

I then was able to port the raw data from the layout editor? over to a keyboard
firmware editor’ Although the keyboard firmware editor is able to create the code
needed to fully program a keyboard it doesn't have any other features to support
external devices such as a solenoid.



Keyboard layout editor home page

E=3 keyboard-layout-editor.com

Getting Started with Keyboard-Layout-Editor.com

Keyboard-layout-editor.com is a web application that enables the editing of keyboard-layouts, i.e., the position and
appearance of each physical key.

Start by exploring the presets and samples from the menu-bar to give you an idea of the possibilities. Once you are
ready fo start designing your own keyboard, just load one of the presets and start customizing it! Some tips:

The selected keys can be modified on the Properties tab.

The Keyboard Properties tab lets you edit the keyboard background and keyboard metadata.

The Custom Styles tab lets you write advanced CSS styling rules

Don't forget the Color Swatches and Character Picker menu items! These give you easy access to colors and
symbol characters, respectively.

There are a lot of available keyboard shortcuts; press '?' or 'F1' to see a list.

When you're ready to save your layout, simply 'Sign In' with your GitHub account and click the Save button. Your layout
will be saved in a GitHub Gist.

Have fun!
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Keyboard layout editor with my keyboard layout
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Keyboard firmware editor

Keyboard Firmware Builder

Upload Keyboard Firmware Builder configuration

Or import from keyboard-layout-editor.com

ayout here...

Or choose a preset layout

GH60 (ANSI)

GH60 Satan (ANSI)

Alpsé4 (AEK)

MiniVan (Standard)

MiniVan (Arrow)

1Up RGB Custom PCB (Full)

1Up RGB Custom PCB (Standard)

1Up RGB HSE PCB (Standard)
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Keyboard firmware editor with my keyboard layout.



Second steps

Following handwriting guides provided by the QMK tutorial’, I personally followed the
short lengths of wire guide since I want good insulation between wires and don’t care

about the looks.



Programing steps

This wouldn't be a computer project without something to code, all we did so far was
tear apart a good keyboard and reduced it to a shell with wires and switches.

We need to program the microcontroller, although this is possible with arduino
software it would only work on select machines.

QMK is its own open source program to control devices such as a keyboard and be

recognized on all computers.

Since it is open source I can make anything in this program without buying special
software and there is a community that is very helpful when it comes to problem that

you encounter.



Programing steps cont.

I suggest following the QMK tutorial® since that is what I used. For the people that
want to make their own keyboard but don’t know how to code properly can utilize the
keyboard firmware editor’ since it streamlines the process through an online Graphical

user interface (GUI).

Following the QMK tutorial* You will need three things a plain text editor (I used
sublime text), QMK toolbox, and a Unix-like environment.



Programing steps cont.

Follow the steps on the qmk tutorial' which recommends msys2 as the unix like

environment.

While I followed this guide, having slowerer internet made it difficult to progress fast, I
decided to create the concept of making the teensy 2.0 board be recognised as a

keyboard.



programing

Qmk releases on external text Files so the coding is straightforward and they have
predone examples (for prebuilt keyboards that use qmk software).

Below is the keymap I created for my keyboard, although not completed ( no external
device to activate) I can always come back to this text file and edit it whenever I want.



keyboard layout.c

3 uint16_t PROGMEM keymaps[][MATRIX_ROWS][MATRIX COLS] = {

"kb.h™

5 KEYMAP (
KC_ESC, KC_F1, KC_F2, KC_F3, KC_F4, KC_F5, KC_F6, KC_F7, KC_F8, KC_F9, KC_F1@, KC_F11, KC_F12,

7 KC_TILD, KC_1, KC_2, KC_3, KC_4, KC_5, KC_6, KC_7, KC_8, KC_9, KC_@, KC_MINS, KC_EQL, KC_BSPC, KC_HOME,
KC_TAB, KC_Q, KC_W, KC_E, KC_R, KC_T, KC_Y, KC_U, KC_I, KC_O, KC_P, KC_LBRC, KC_RBRC, KC_BSLS, KC_END,
KC_NO, KC_A, KC_S, KC_D, KC_F, KC_G, KC_H, KC_J, KC_K, KC_L, KC_SCLN, KC_QUOT, KC_ENT, KC_PGUP,
KC_LSFT, KC_Z, KC_X, KC_C, KC_V, KC_B, KC_N, KC_M, KC_COMM, KC_DOT, KC_SLSH, KC_RSFT, KC_UP, KC_PGDN,
KC_RCTL, KC_RGUI, KC_LALT, KC_SPC, MO(1), KC_RALT, KC_LEFT, KC_DOWN, KC_RGHT),

void matrix_init_user(void) {

void matrix_scan_user(void) {

bool process_record_user(uint16_t keycode, keyrecord_t *record) {
true;
}

void led_set_user(uint8 t usb_led) {

(usb_led & (1 << USB_LED_NUM_LOCK)) {

} else {
}
2 (usb_led & (1 << USB_LED_CAPS_LOCK)) {
. } else {
}
(usb_led & (1 << USB_LED_SCROLL_LOCK)) {
} else {
}
(usb_led & (1 << USB_LED_COMPOSE)) {
4 } else {
: '
(usb_led & (1 << USB_LED_KANA)) {
52 } else {
2 }



Keyboard layout config.h

CONFIG_H
CONFIG_H

"config_common.h"

VENDOR_ID
PRODUCT_ID ox
DEVICE_VER 1
MANUFACTURER gqmkbuilder
PRODUCT keyboard
DESCRIPTION Keyboard

1 MATRIX_ROWS
MATRIX_COLS

MATRIX_ROW_PINS { Be, B1, B2, B3, B4, BS }
MATRIX_CoL_PInS { Be, B7, Ce, C1, C2, €3, C4, C5, C6, C7, Do, D1, D2, D3, D4, D5 }
21 UNUSED_PINS

4 DIODE_DIRECTION COL2ROW

BACKLIGHT_PIN
BACKLIGHT_LEVELS 3

DEBOUNCING_DELAY 5

LOCKING_SUPPORT_ENABLE

LOCKING_RESYNC_ENABLE

IS_COMMAND() ( \
keyboard_report->mods == (MOD_BIT(KC_LSHIFT) | MOD_BIT(KC_RSHIFT)) \

PREVENT_STUCK_MODIFIERS

RGB_DI_PIN
RGBLIGHT_ANIMATIONS
RGBLED_NUM @

RGBLIGHT_HUE_STEP 8
RGBLIGHT_SAT_STEP
RGBLIGHT VAL_STEP 8




N =

[ LY I Y]

O 00N

]

3 e
N

i

e
(VI =3

O o0

N NN R

N =D

keyboard.h

| KB_H
- KB_H

"quantum.h”

KEYMAP( \
K0oo, K02, Kee3, Kees, Kees, KOa7, Kees, Kees, Kole, Kell, Kei12, Kei3, kei4, \
K100, K101, K102, K103, K1e4, K105, K106, K107, K108, K109, K110, K111, K112, K114, K115, \
K200, K202, K203, K2@4, K205, K206, K207, K208, K209, K210, K211, K212, K213, K214, K215, \
K300, K302, K303, K3e4, K305, K306, K307, K308, K309, K310, K311, K312, K313, K315, \
K401, K402, K403, K404, K405, K406, K407, K403, K409, K410, K411, K413, K414, K415, \
K500, K501, K503, K506, K510, K511, K513, K514, K515 \
) o
{ Keea, KC_NO, K@e2, K03, Kee4, Kee5, KC_NO, Kea7, Kees, Kee9, Keile, Ke1ll, Ko12, K013, Ko1i4,
{ K1e@, K1e1, K1@2, K103, K1@4, K105, K186, K107, K1es, K1e9, Ki11e, K111, K112, KC_NO, K114,
{ K200, KC_NO, K202, K203, K204, K205, K206, K207, K208, K209, K210, K211, K212, K213, K214,
{ K300, KC_NO, K302, K3@3, K304, K305, K306, K307, K308, K309, K310, K311, K312, K313, KC_NO,
{ KC_NO, K401, K402, K403, K404, K405, K406, K407, K408, K409, K410, K411, KC_NO, K413, K414,
{ K500, K501, KC_NO, K503, KC_NO, KC_NO, K586, KC_NO, KC_NO, KC_NO, K518, K511, KC_NO, K513, K514,
¥



Programing continued

Through the msys2 application you can compile your keymap to make a .hex file.
To do this we by typing in to the console $ make <keyboard name>: <layout name>

After having the hex file we can now switch to flashing the teensy 2.0.



Flashing the microcontroller

The first thing that you want to do is download the qgmk toolbox*.
Downloading this program is straightforward and downloads like any other program.
After having it downloaded you will want to know where your hex file is located.

You will select this file location unter the local file option.



Flashing continued

You will want to select your microcontroller under the MCU dropdown bar.

The teensy is the atmega32u4.

Now that you have the program ready to flash you need to connect the microcontroller

to the computer.



QMK Toolbox

(0 QMK Toolbox

Local file

MCU (AVR only)
o | e

Keyboard from qmk fm Keymap

Flash
[ Fash whenready [ Auto-flash
**% QMK Toolbox ©.0.18 (https://qmk.fm/toolbox)

Supported bootloaders:
- Atmel/LUFA/QMK DFU via dfu-programmer (http://dfu-programmer.github.io/)

Caterina (Arduino, Pro Micro) via avrdude (http://nongnu.org/avrdude/)

Halfkay (Teensy, Ergodox EZ) via Teensy Loader (https://pjrc.com/teensy/loader_cli.html)
- ARM DFU (STM32, Kiibohd) via dfu-util (http://dfu-util.sourceforge.net/)
- Atmel SAM-BA (Massdrop) via Massdrop Loader (https://github.com/massdrop/mdloader)
- BootloadHID (Atmel, PS2AVRGB) via bootloadHID (https://www.obdev.at/products/vusb/bootloadhid.html)
Supported ISP flashers:
- USBTiny (AVR Pocket)
- AVRISP (Arduino ISP)
- USBasp (AVR ISP)

Clear EEPROM List HID Devices

The target (MCU) of the flashing



Flashing the controler cont.

Most microcontrollers need to be put into a reset mode. The teensy happens to have a
physical button that puts it into reset mode, but microcontroller such as the pro micro

have to have the reset pin and ground pin shorted out.



Flashing the keyboard

Once you have put the controller into a reset mode you will be able to see the
controller show up in the prompt that it was connected.

Last thing you need to do is click the flash button and it will take a little bit to transfer
the data.



Wrapping up

Now that the microcontroller has been flashed unplug and replug in to the computer
and look under devices to see if your board has been recognized as a keyboard instead

of an arduino device.

Although I was not able to complete the hand wiring part of the build I was still able to
make the microcontroller be recognised as a keyboard.



Wrapping up

Now you know how to build your own keyboard from the ground up. You can create
your own keyboard with a physically different key layout than used currently without
the use of computer side software.

There is a handy site called qmk configurater to help test your brand new keyboard.

Instead of making your own keyboard from scratch you can buy specific keyboards
that use qmk natively.

You might have noticed that the qmk tutorial uses the clueboard 66% as an example.



QMK conﬁgurator to test your keys

£ ok configura . < &% settings

If the key
you
pressed
does not
match the
key lit up
you will
have to
change
that in the
code.




Natively supported keyboards

The clueboard 66% is a diy kit that you can purchase, alternatively to the clueboard
66%there is the planck which is a 40% keyboard that offers the same QMK freedom.

Most of the time these keyboards will have a default layout pre installed on it but that
doesn't stop people editing their keyboard to be able to do more functions than keys.
You can even access these defaults from the keyboard firmware editor’.



Sources

1.httDs://beta.docs.qrnk.fm/

2.httD://www.kevboard—lavout—editor.coml#/

3.httDs://kbﬁrrnware.com/

4. https://github.com/gmk/gmk_toolbox

S.http_s:[[conﬁg.gmk.fm[#[test
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