Raspberry Pi Pico W Keyboard Controller - 12/23/2024

This document will describe a Raspberry Pi Pico W USB and Bluetooth controller for the Thinkpad T60
series keyboards such as the T61 shown below. This is an ongoing project that has been built and tested
but needs further software development. I'm providing my design information to help others and
perhaps they can help me with the software. All associated files are at my Github repository and I've
added this project to step 17 of my Instructable so you can add comments or send me a direct message.

The controller board will also work with 220, 410, 420, 510, and 520 Thinkpad keyboards. These other
keyboards look slightly different but the key matrix and connector are the same. The 44 pin connector
soldered to the end of the FPC cable has 4 corner pins that are not used when installed in the 40 pin
board connector. The board connector part number is AAO1B-S040 and is available from Ali-Express. The
picture below shows how to manually align the contacts so there is an extra contact on each end.



https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards/Pico_T61_Keyboard
https://www.instructables.com/How-to-Make-a-USB-Laptop-Keyboard-Controller/
https://www.aliexpress.us/item/2251832744037829.html?spm=a2g0o.order_list.order_list_main.5.7c4c1802MsdpBk&gatewayAdapt=glo2usa

The GPIO pins of the Raspberry Pi Pico W are connected to the 40 pin AA01B-S040 connector with the
circuit board shown below. The other surface mount components provide level translation, reset
generation, and 5 volt power for the TrackPoint.
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The cutout in the board gives better reception for the Bluetooth antenna on the Pico. The Pico can be
mounted with header pins or soldered directly to the board for a lower profile. The Eagle file
“Pico_T61_Keyboard.brd” can be sent to OSH Park or Eurocircuits. The Gerber file
“Pico_T61_Keyboard.zip” can be sent to any fab house such as JLCPCB or PCBWay. Both layout files are
in the Eagle directory at my repo. Hand soldering the keyboard connector with an iron is challenging. |
prefer applying solder paste to the surface mount pads using a stencil. You can use a hot plate and heat
gun to melt the solder but a reflow oven, such as the converted toaster oven described here, makes the
job much easier.


https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards/Pico_T61_Keyboard/Eagle_Layout
https://www.oshstencils.com/
https://github.com/thedalles77/Reflow_Oven

The picture below shows the assembled board. This board was manufactured by JLCPCB.
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T61 Keyboard Controller
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There is no keying so it’s possible to rotate the keyboard connector 180 degrees. See the picture below
for the correct orientation of pin 1 on the FPC cable connection.

Raspberry Pi Pico w
T61 Keyboard Controller



https://jlcpcb.com/

The circuit board can either be mounted facing up or down as shown below. The keyboard mounting
post clears the board in both cases.

. . o
i
zi
(=X
ool . i
2 g
— 8!
= ’
> @
e
o N
©

The Eagle schematic “Pico_T61_Keyboard.sch” is at my repo, and shown on the next page. The
TrackPoint circuitry in the keyboard is powered with 5 volts and draws about 6ma. The Pico GP I/QO’s are
not 5 volt tolerant so there are BSS138 N channel FETs labeled Q1 and Q2 that act as level translators for
the TrackPoint Clock and Data signals. The TrackPoint reset signal can be created with a resistor and
capacitor but to be more reliable, I've included a TLV810MDBZR reset generator labeled IC2. It creates a
120msec active high reset pulse at 4.38 volts. A 2 pin JST connector at location J4 can be installed if you
have an off board power latch circuit that will be controlled by the keyboard’s “Power” button.

Bluetooth operation implies the board will be running from a lithium battery which ranges from 3 to 4.2
volts. When the battery needs charging, a USB cable is connected to the PICO from a power source.
Bluetooth operation can continue while the battery is charging. USB 5 volts is “or tied” with the battery
voltage via Schottky diodes. These diodes feed the Pico’s internal 3.3 volt buck/boost regulator. One
diode is internal to the Pico and the other is labeled D1 on the board. I’'ve routed the Pico’s 3.3 volts to a
TPS60150 switched capacitor charge pump labeled IC1 that creates the 5 volts to power the TrackPoint
and level translators.

If the keyboard will only be used for USB, solder a jumper wire between test points J1 and J3. This routes
USB 5 volts directly to the TrackPoint. Do not install charge pump IC1 or its associated components, R1,
C1-C3. Do not install Schottky diode D1 or the 3 pin JST connector at J2. You will still need the PS/2 level
translators at Q1, Q2, R2-R5, for the TrackPoint clock and data signals.


https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards/Pico_T61_Keyboard/Eagle_Layout
https://www.adafruit.com/product/258
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The 3 pin JST connector labeled J2 on the board is cabled to the battery and charging circuit. Pin 1 on the
JST connector is ground, pin 2 is USB 5 volts, and pin 3 is the battery output. This picture shows the
cable connections using Adafruit components. Their charger board needs a USB mini connector to feed
in 5 volts.

JST 3 Pin Cable
1=Ground
2=5 Volts
3=Battery=

Battery Load

d3)1043u0) pieoqhay 19|
M 0d1d |4 Ausaqdsey

Instead of buying a lithium battery and charging circuit, | put my own together using an MCP73831T-
2ACI/OT controller chip and battery salvaged from a laptop (see below).

Raspberry Pi Pico W



https://www.adafruit.com/product/3893
https://www.adafruit.com/product/258
https://www.adafruit.com/product/259#technical-details

Parts list with supplier links for the Assembled Circuit Board is shown below.

Qty | Part Number Ref Description

1 KGM15BR71H104)M | C4 0.1uF 0603 X7R Ceramic Chip Capacitor 50V 10%

5 RC0603JR-0710KL R1-R5 | 10K 0603 5% tolerance 1/10W Chip Resistor

1 KGM15AR71C105KT | C1 1 uF 0603 X7R Ceramic Chip Capacitor 16V 10%

2 KGM15BR51A225KM | C2,C3 | 2.2 uF 0603 X5R Ceramic Chip Capacitor 10V 10%

2 BSS138 Q1, Q2 | BSS138 N-Channel MOSFET SOT23-3 50V 230ma

1 AA01B-S040 J5 40 Pin Keyboard Connector

1 S2B-PH-K-S Ja 2 Pin right angle JST Board Connector 2mm

1 S3B-PH-K-S 12 3 Pin right angle JST Board Connector 2mm

1 MBR120VLSFT1G D1 Schottky Diode 20V 1A

1 Raspberry Pi Pico W Ul Raspberry Pi Pico W with or without Header pins

1 TLV810MDBZR IC2 Reset Generator Active High 4.38V 120ms Push-Pull SOT23-3

1 TPS60150DRVR IC1 5V 140ma switched capacitor voltage converter WSON-6 package

1 Pico T61 Keyboard PWB Printed Wiring Board manufactured from Eagle file
“Pico_T61_Keyboard.brd” or Gerber file “Pico_T61_Keyboard.zip”

The total parts cost is about $70 if using OSHPark or about $55 if using JLCPCB (with slow shipping).

A lithium battery, charging circuit, USB Mini connector, and 3 pin JST cable will cost about $40.

OSH Park sends you 3 boards and JLCPCB sends you 5 boards so build this project with friends to spread
out the cost. You will save a few bucks if you order the Pico W without header pins. You can install your
own headers or solder the Pico directly to the board. | installed single header pins on the grounds for a
robust connection but for all the GPIO pins, | soldered 30 gauge wires so | could reroute signals during
debug. | ended up not having any problems and if | build another board, I'll probably just solder the Pico

directly to the board for a low profile.

The board has surface mount pads for the keyboard connector that are extra-long to accept an alternate
connector, Digikey part number WIM6787CT-ND. This was done just in case the AA01B-5040 is not
available (I think there is only one source). I've used the WM6787CT-ND connector on previous T61
projects and it works fine. It lacks the plastic guides on each end so you must visually align the pins when
mating with the keyboard connector. Even the AA01B-S040 needs help with alignment if the plastic
guides on the keyboard connector have broken off (see below). The guides break off if you're way off
when pushing it into the board connector (my bad).

Alignment Tab
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https://www.digikey.com/en/products/detail/kyocera-avx/KGM15BR71H104JM/9749263?s=N4IgTCBcDaINYHMC2BGArAIwE4HYUAsUAGAFgCskQBdAXyA
https://www.digikey.com/en/products/detail/yageo/RC0603JR-0710KL/726700?s=N4IgTCBcDaIDoBcAEAlAwgBgGwYMwCkUBaDAdgEYMBpAGRAF0BfIA
https://www.digikey.com/en/products/detail/kyocera-avx/kgm15ar71c105kt/10815111
https://www.digikey.com/en/products/detail/kyocera-avx/kgm15br51a225km/11214773
https://www.digikey.com/en/products/detail/onsemi/bss138/244210
https://www.aliexpress.us/item/2251832744037829.html?spm=a2g0o.order_list.order_list_main.5.7c4c1802MsdpBk&gatewayAdapt=glo2usa
https://www.digikey.com/en/products/detail/jst-sales-america-inc/S2B-PH-K-S/926626
https://www.digikey.com/en/products/detail/jst-sales-america-inc/S3B-PH-K-S/926627
https://www.digikey.com/en/products/detail/onsemi/MBR120VLSFT1G/893861
https://www.amazon.com/Pico-Raspberry-Pre-Soldered-Dual-core-Processor/dp/B0BK9W4H2Q?crid=15AAW02BI3TKH&dib=eyJ2IjoiMSJ9.QEHsCrM9g0izxWTN_plA16xoShfca-d5Pn0RQupcRL--lJMdz3KbcM8a89u0jBmHvvtEm1eqfnQjSI5xOW4Bvw7rS0qwJfw4c4wFLsTxd_CN8w0bxo8plLymTG_uS9cCVI_L6P2Eeb0goa94WKa4ydMqQ4bu2jVGgzwTx1m5syc5ToDQ-fBpgDbRbDy-khMd8EM5bJuCakW2uDljtcib0m6guRIZ0tUrGycrYNeZpa4.yozilGppNdZEr-593Ra-RZHipAlXQ86-b3iE8S9EA4g&dib_tag=se&keywords=raspberry%2Bpi%2Bpico%2Bw&qid=1734640758&sprefix=raspberry%2Bpi%2Bpico%2Bw%2Caps%2C243&sr=8-3&th=1
https://www.digikey.com/en/products/detail/texas-instruments/tlv810mdbzr/2699618
https://www.digikey.com/en/products/detail/texas-instruments/TPS60150DRVR/1990134
https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards/Pico_T61_Keyboard/Eagle_Layout
https://oshpark.com/
https://jlcpcb.com/
https://www.adafruit.com/product/258
https://www.adafruit.com/product/259#technical-details
https://www.amazon.com/30PCS-Connector-Mount-Socket-Welding/dp/B08SBLVRB1?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&psc=1&smid=AV1JRM2CQ56I6&gQT=1
https://www.adafruit.com/product/3893
https://www.digikey.com/en/products/detail/molex/0543630489/3044861?s=N4IgTCBcDaIO4FsBsB2AHCgxgFwLQDsATEAXQF8g

The keyboard connections to the Pico GP |I/O and other devices are shown below.

Lenovo ThinkPad Pico GP I/O Notes T61 Schematic
T61 FPC Connector | number Signal Name
1 9 Added to key matrix HOTKEY

2 12 DRV<4>

3 20 SENSE<5>
4 19 DRV<5>

5 11 SENSE<0>
6 13 DRV<8>

7 21 SENSE<3>
8 18 DRV<6>

9 10 SENSE<2>
10 14 DRV<3>
11 9 SENSE<4>
12 15 DRV<7>
13 22 SENSE<1>
14 17 DRV<2>
15 8 SENSE<6>
16 16 DRV<10>
17 7 SENSE<7>
18 26 DRV<1>
19 PWR SW —J4 Pin 2 PWR SW
20 6 DRV<9>
21 No connect NC

22 27 DRV<0>
23 No connect NC

24 5 DRV<11>
25 No connect KBDIDO

26 4 DRV<14>
27 No connect KBDID1

28 28 DRV<12>
29 No connect KBDID2

30 3 DRV<15>
31 Pico GND KBDID RTN
32 2 DRV<13>
33 No connect NC

34 Pico GND KBDID RTN
35 No connect NC

36 6 Added to key matrix HOTKEY RTN
37 1 Level Translated TP_DATA
38 5 volts from TPS60150 TP_5V

39 0 Level Translated TP_CLK

40 TLV810 Reset Generator | TP_RESET




The Pico inputs are the Sense<0> thru <7> columns across the top which must be programmed with
pullup resistors. The Pico outputs are the Drive<0> thru <15> rows on the side and are either driven low
or floated. Floating a pin is done by making it an input.

Matrix for the Lenovo ThinkPad T61 Keyboard

Pico GP I/0O | Sense<0> | Sense<l> | Sense<2> | Sense<3> | Sense<4> Sense<5> | Sense<6> | Sense<7>
Number GP 11 GP 22 GP 10 GP 21 GP 9 GP 20 GP 8 GP 7
Drive<0> Back-Tick | 1 Q Tab A Esc Z

GP 27

Drive<1> F1 2 W Caps- S X

GP 26 Lock

Drive<2> F2 3 E F3 D F4 C

GP 17

Drive<3> 5 4 R T F G \% B

GP 14

Drive<4> 6 7 U Y J H M N

GP 12

Drive<5> Equal 8 | Right- K F6 Comma

GP 19 Brace

Drive<6> F8 9 O F7 L Period

GP 18

Drive<7> Minus 0 P Left- Semi-colon | Quote Forward-
GP 15 Brace Slash
Drive<8> F9 F10 Back- Back-Slash | F5 Enter Space
GP 13 Space

Drive<9> Insert F12 Fn added Arrow-
GP6 here Right
Drive<10> Delete F11 Volume- Volume- Mute Think- Arrow-
GP 16 Up Down Vantage Down
Drive<11> Page-Up Page- GUI Menu Page-Left | Page-
GP5 Down Right
Drive<12> Home End Arrow-Up | Pause Arrow-
GP 28 Left
Drive<13> Print- Scroll- Alt-L Alt-R
GP 2 Screen Lock

Drive<14> Shift-L Shift-R

GP 4

Drive<15> Cntrl-L Cntrl_R

GP3

The keyboard uses 24 Pico GP I/O’s and the TrackPoint uses 2 GP I/Q’s. There are no spare GP 1/0’s for
the Fn “Hotkey” so it was wired into the matrix at the location shown above.

Software and Testing:

KMK was used to verify the Pico keyboard connections but not the TrackPoint. The KMK Getting Started
page describes how to install CircuitPython, the KMK folder, and main.py on the Pico. Several KMK
websites and videos describe how to modify main.py for a keypad. | took their code and expanded the

matrix for a T61 keyboard. I’'m new to KMK and a beginner with Python yet the T61 main.py code at my
repo is fully functional. The code switches to a second layer from the main layer when the Fn key is held
down. The code could also be modified with a third layer that is activated when Num Lock is selected so
the number pad is usable, (I haven’t figured this out yet). I've included USB main.py code below but the
formatting is easier to read at my repo.


https://github.com/KMKfw/kmk_firmware/blob/main/docs/en/Getting_Started.md
https://github.com/KMKfw/kmk_firmware/blob/main/docs/en/Getting_Started.md
https://circuitpython.org/board/raspberry_pi_pico/
https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/blob/master/Example_Keyboards/Pico_T61_Keyboard/KMK_USB/main.py

import board
from kmk.kmk_keyboard import KMKKeyboard
from kmk.keys import KC
from kmk.scanners import DiodeOrientation
from kmk.extensions.media_keys import MediaKeys
from kmk.modules.layers import Layers
keyboard = KMKKeyboard()
keyboard.col_pins = (board.GP11, board.GP22, board.GP10, board.GP21, board.GP9, board.GP20, board.GP8, board.GP7)
keyboard.row_pins = (board.GP27, board.GP26, board.GP17, board.GP14, board.GP12, board.GP19, board.GP18, board.GP15,
board.GP13, board.GP6, board.GP16, board.GP5, board.GP28, board.GP2, board.GP4, board.GP3)
keyboard.diode_orientation = DiodeOrientation. COL2ROW
keyboard.modules.append(Layers())
keyboard.extensions.append(MediaKeys())
FN = KC.MO(1)
keyboard.keymap = [
[#layer 0: Base Layer
KC.GRAVE, KC.N1, KC.Q, KC.TAB, KC.A, KC.ESC, KC.Z, KC.NO,
KC.F1, KC.N2, KC.W, KC.CAPS, KC.S, KC.NO, KC.X, KC.NO,
KC.F2, KC.N3, KC.E, KC.F3, KC.D, KC.F4, KC.C, KC.NO,
KC.N5, KC.N4, KC.R, KC.T, KC.F, KC.G,KC.V, KC.B,
KC.N6, KC.N7, KC.U, KC.Y, KC.J, KC.H, KC.M, KC.N,
KC.EQUAL, KC.N8, KC.I, KC.RBRC, KC.K, KC.F6, KC.COMMA, KC.NO,
KC.F8, KC.N9, KC.0O, KC.F7, KC.L, KC.NO, KC.DOT, KC.NO,
KC.MINUS, KC.NO, KC.P, KC.LBRC, KC.SCOLON, KC.QUOTE, KC.NO, KC.SLASH,
KC.F9, KC.F10, KC.NO, KC.BSPACE, KC.BSLASH, KC.F5, KC.ENTER, KC.SPACE,
KC.INSERT, KC.F12, KC.NO, KC.NO, FN, KC.NO, KC.NO, KC.RIGHT,
KC.DELETE, KC.F11, KC.VOLU, KC.VOLD, KC.MUTE, KC.NO, KC.NO, KC.DOWN,
KC.PGUP, KC.PGDOWN, KC.LGUI, KC.NO, KC.NO, KC.NO, KC.NO, KC.NO,
KC.HOME, KC.END, KC.NO, KC.NO, KC.NO, KC.UP, KC.PAUSE, KC.LEFT,
KC.NO, KC.PSCREEN, KC.SLCK, KC.NO, KC.NO, KC.LALT, KC.NO, KC.RALT,
KC.NO, KC.NO, KC.NO, KC.LSHIFT, KC.NO, KC.NO, KC.RSHIFT, KC.NO,
KC.LCTRL, KC.NO, KC.NO, KC.NO, KC.NO, KC.NO, KC.RCTRL, KC.NO,

1
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[#layer 1: Fn Media Layer
KC.GRAVE, KC.N1, KC.Q, KC.TAB, KC.A, KC.ESC, KC.Z, KC.NO,
KC.F1, KC.N2, KC.W, KC.CAPS, KC.S, KC.NO, KC.X, KC.NO,
KC.F2, KC.N3, KC.E, KC.F3, KC.D, KC.F4, KC.C, KC.NO,
KC.N5, KC.N4, KC.R, KC.T, KC.F, KC.G, KC.V, KC.B,
KC.N6, KC.N7, KC.U, KC.Y, KC.J, KC.H,KC.M, KC.N,
KC.EQUAL, KC.N8, KC.I, KC.RBRC, KC.K, KC.F6, KC.COMMA, KC.NO,
KC.F8, KC.N9, KC.O, KC.F7, KC.L, KC.NO, KC.DOT, KC.NO,
KC.MINUS, KC.NO, KC.P, KC.LBRC, KC.SCOLON, KC.QUOTE, KC.NO, KC.SLASH,
KC.F9, KC.F10, KC.NO, KC.BSPACE, KC.BSLASH, KC.F5, KC.ENTER, KC.SPACE,
KC.INSERT, KC.F12, KC.NO, KC.NO, FN, KC.NO, KC.NO, KC.MNXT,
KC.DELETE, KC.F11, KC.VOLU, KC.VOLD, KC.MUTE, KC.NO, KC.NO, KC.MPLY,
KC.PGUP, KC.PGDOWN, KC.LGUI, KC.NO, KC.NO, KC.NO, KC.NO, KC.NO,
KC.BRIU, KC.BRID, KC.NO, KC.NO, KC.NO, KC.MSTP, KC.PAUSE, KC.MPRYV,
KC.NO, KC.PSCREEN, KC.NLCK, KC.NO, KC.NO, KC.LALT, KC.NO, KC.RALT,
KC.NO, KC.NO, KC.NO, KC.LSHIFT, KC.NO, KC.NO, KC.RSHIFT, KC.NO,
KC.LCTRL, KC.NO, KC.NO, KC.NO, KC.NO, KC.NO, KC.RCTRL, KC.NO,
1

1

if _name__=='__main_"

keyboard.go()

KMK does not appear to support a PS/2 mouse so the TrackPoint was tested separately. First | used a
multimeter to verify the charge pump was providing 5 volts to the TrackPoint. | wrote Arduino C code to
bit-bang the PS/2 clock and data signals to the TrackPoint. The “Pico_TP_T61.ino” code at my repo
translates the TrackPoint PS/2 data to USB to move the cursor and give left and right button pushes. I've
also used this code to allow the Pico to control a standard PS/2 touchpad, documented here.

Next Steps: Make the keyboard and TrackPoint work at the same time over USB. This might be possible
with KMK but | doubt it. | believe QMK can do it but that’s a steep learning curve. The other approach is
to write new Arduino C code for the keyboard and combine it with my TrackPoint USB code. The really
big next step is to get Bluetooth working for the keyboard and TrackPoint. Stay tuned.....
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https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/blob/master/Example_Keyboards/Pico_T61_Keyboard/Arduino_USB/Pico_TP_T61.ino
https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Touchpads/Raspberry_Pi_Pico_TP

