DIY Portable KVM Crashcart from Recycled Laptop Provides VGA Display and USB Keyboard Touchpad
with Optional Raspberry Pi
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Troubleshooting a headless server sometimes requires a “Crash Cart” with a keyboard, video display,
and mouse (KVM). This Instructable describes how to make a KVM by replacing the motherboard in a
broken laptop with a Teensy keyboard/touchpad controller and a video converter card. The basic KVM
(covered in steps 1 thru 9), displays the VGA video from the server and sends keyboard/touchpad data
over USB to the server. The Raspberry Pi KVM shown above also uses steps 1 thru 6 plus steps 10 thru
13. The Pi KVM can connect to the server VGA and USB ports just like the basic KVM. In addition, the
HDMI and USB from the Pi can be connected to the LCD and keyboard/touchpad, creating a Linux
laptop. The server or Pi USB is selected with a switch on the side of the laptop. Pressing Fn and F8 on the

keyboard selects the server or Pi video for the display. An Ethernet patch cable gives the Pi access to the
server via a web browser.

The relevant files for this KVM can be downloaded from my GitHub repository at these locations:

The touchpad Arduino code is located in the Example_Touchpads folder.

The basic KVM and Pi KVM Arduino code is located in the Example_Keyboards/Dell_Latitude_D630
folder.


https://github.com/thedalles77/USB_Laptop_Keyboard_Controller

Step 1 - Parts List

1. Select a donor laptop with the features outlined in Step 2. Start with a broken laptop and the cost
should be close to free.

2. Teensy USB Controller for the Keyboard and Touchpad as outlined in step 4.

e Teensy 3.2 from Amazon costs $24.30 Note: some laptops can use a Teensy LC from Amazon at
$16 if you are building a basic KVM

e Keyboard Scanner board from my group buy costs $2. (email thedalles77@gmail.com)

e Flexible Printed Circuit (FPC) connector from AliExpress costs approximately S5 for a lot of 5
3. Micro USB breakout connector ADA1833 from Adafruit costs $5
4. Micro USB Male jack from Amazon costs $4.47 for lot of 10

5. 40cm long LVDS cable from EBay costs $7 (or extend the short cable that comes with the converter
board)

Basic KVM Laptop:

6. VGA to LVDS Converter Board part number MT561-MD and backlight power supply from EBay costs
$11.05

Total parts cost for a basic KVM is approximately $50

Raspberry Pi KVM Laptop:

6. VGA and HDMI to LVDS Converter Board part number M.NT68676.2A and backlight power supply
from EBay costs $19.53

7. Raspberry Pi Model 3B+ from Amazon costs $38.10

8. 32 GB microSD memory from Amazon costs $7.39

9. SPST switch for Pi power from Digikey cost $3.37

10. Micro USB Male jack from Amazon for power to Pi costs $4.47 for lot of 10 (see above)
11. 2.5 mm x 5.5 mm Chassis mount power connector from Digikey cost $0.86

12.2.5 mm x 5.5 mm power plug from Digikey cost $1.04

13. Chassis mount VGA male and female connectors from Amazon cost $8.00 for lot of 10
14. 3PDT switch for Teensy USB and power from Digikey cost $5.80

15. LM2596 DC-DC Buck Converter for Pi power from Amazon cost $13.29 for lot of 10

16. HDMI Cable 6” from Amazon cost $8.78

Total parts cost for a Pi KVM is approximately $130


https://www.amazon.com/gp/product/B015M3K5NG/ref=od_aui_detailpages00?ie=UTF8&psc=1
https://www.amazon.com/Teensy-Development-Board-Without-Pins/dp/B01BMRTZGE/ref=sr_1_1?ie=UTF8&qid=1549476765&sr=8-1&keywords=teensy+lc
mailto:thedalles77@gmail.com
https://www.aliexpress.com/item/Flip-Laptop-Keyboard-Signal-Line-Socket-1-0-Spacing-34-Pin/32748265865.html?spm=a2g0s.9042311.0.0.48fa4c4dE8vrMT
https://www.amazon.com/gp/product/B00KLDPZVU/ref=oh_aui_detailpage_o01_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B00OK8ELNA/ref=oh_aui_detailpage_o06_s00?ie=UTF8&psc=1
https://www.ebay.com/itm/40cm-FIX-30Pin-2ch-6bit-LVDS-Cable-for-15inch-19LED-LCD-Screen-Wire-Replacement/183457791156?ssPageName=STRK%3AMEBIDX%3AIT&_trksid=p2057872.m2749.l2649
https://www.ebay.com/itm/Universal-LCD-LVDS-VGA-Monitor-Controller-Driver-Board-Kit-1900x1200-12-to-42/222826600173?ssPageName=STRK%3AMEBIDX%3AIT&_trksid=p2057872.m2749.l2649
https://www.ebay.com/itm/222791956178
https://www.amazon.com/ELEMENT-Element14-Raspberry-Pi-Motherboard/dp/B07BDR5PDW/ref=sr_1_3?ie=UTF8&qid=1547081909&sr=8-3&keywords=raspberry+pi+3+b%2B
https://www.amazon.com/dp/B073JWXGNT/ref=psdc_3015433011_t1_B06XWN9Q99
https://www.digikey.com/product-detail/en/M2011SS1W01%2fUC/360-3289-ND/2105194/?itemSeq=281415844
https://www.amazon.com/gp/product/B00OK8ELNA/ref=oh_aui_detailpage_o06_s00?ie=UTF8&psc=1
https://www.digikey.com/product-detail/en/PJ-009BH/CP-009BH-ND/1644500
https://www.digikey.com/product-detail/en/cui-inc/PP3-002B/CP3-1001-ND/992137
https://www.amazon.com/Female-Connector-15Pin-Solder-Adapter/dp/B07H557HF2/ref=sr_1_1?s=electronics&ie=UTF8&qid=1549499056&sr=1-1&keywords=d-sub+db15+3+row+15+pin+male+solder+type+adapter+connector
https://www.digikey.com/product-detail/en/e-switch/1003P3T1B1M1QEH/EG2426-ND/378895
https://www.amazon.com/MakerHawk-Converter-Efficiency-Regulator-Adjustable/dp/B07F3S5ZDX/ref=cm_cr_arp_d_product_top?ie=UTF8
https://www.amazon.com/Monoprice-113574-Ultra-Speed-6-inch/dp/B014ROO71W/ref=sr_1_10?s=electronics&ie=UTF8&qid=1548922147&sr=1-10&keywords=short+hdmi+cable

Items from your junk drawer:

1. USB cable to the server

2. VGA cable to the server

3. RJ45 Ethernet Patch Cable

4. 12 Volt DC, 3 Amp wall supply

5. Miscellaneous items: wire, solder, flux, nuts, bolts, plastic washers, shrink tubing, tape, plastic tubing,
hot glue, and wood.



Step 2 - The Donor Laptop

Picking a good donor laptop will make this project go smoothly. This Instructable uses a Dell D620 for
the basic KVM and the nearly identical D630 for the Raspberry Pi KVM. Many other laptop models can
be used for this project, based on the following selection criteria:

Select a laptop model with a reputation for sturdy construction. Business class models tend to
hold up better than home use models. If the case is cracked or the snaps won’t hold the pieces
together, it’s not worth using.

You’re probably starting with a broken laptop so you won’t know if the display or keyboard are
functional. Verify all the keys on the keyboard feel and look normal and there is no visible
damage to the LCD.

Choose a laptop with a thick base so that the connectors on the Video cards and Pi don’t need
to be removed. The Dell Latitude D620 and D630 are barely tall enough if the leads and tabs
from the thru-hole components are cut off the back side of the boards.

The keyboard must have a generic Flexible Printed Circuit (FPC) cable with no more than 34
signal traces that have a Imm or 0.8mm pitch. Note that some Dell laptops (like the D620/D630)
have a solderless connector on the end of the cable that can be removed in order to use a
generic FPC connector. A laptop that has a connector soldered on the end of its keyboard cable
like the Lenovo Thinkpad T61 will need a special Teensy connector board.

Confirm that the LCD model number is supported by the video converter card.

With the motherboard, hard drive, DVD drive, and battery removed from the base, the laptop
will be top heavy and easy to tip over. To help with this problem, leave the battery installed in
the base (but not connected). Choose a laptop with the battery located under the palm rest
instead of near the hinges to give the most stability.



Step 3 - Laptop Disassembly

DVD Removed

[ 305 WOLLO8 NO 8 WNId )
ATNO 2400 | g<:

—

D630 Before Removing
Motherboard

Search YouTube for motherboard and LCD replacement videos in order to learn how to disassemble
your donor laptop. For the Dell Latitude D620/D630 shown above, use the YouTube videos from “The
Parts-People” for motherboard replacement and LCD replacement. These videos will show you the tricks

and hidden screws for getting started, then keep unscrewing everything until you have a bare case. You
don’t need to take all of the mounting rails off of the LCD since you’re not replacing it. The inverter can
be removed or left installed but it won’t be used. | removed it to make more space for the video cable.
Take lots of pictures and notes to help you remember where all the screws go and how to put
everything back together again.


https://www.youtube.com/watch?v=2HYmunmm-g8&t=424s
https://www.youtube.com/watch?v=QqQEeEWrQl0&t=144s

Step 4 — Keyboard

Review my Instructable “How to Make a USB Laptop Keyboard Controller” to get your keyboard working
with a Teensy microcontroller mounted on my FPC connector board. I've done a couple group buys for
this board in order to keep the price low ($2). If you are building a Pi KVM, you will need to use a Teensy
3.2. For the basic KVM, a Teensy LC may be usable. My FPC connector board will work with either
Teensy. To determine which Teensy to use, count the number of signals on the FPC cable, then add two
more for the touchpad signals. If the total is 27 or less, use a Teensy LC and a level translator as
explained in step 5. The Teensy 3.2 can control up to 34 keyboard/touchpad signals without a level
translator. If you are using all of the Teensy LC or 3.2 /0 pins, you must unsolder the LED on the Teensy
to free up the last I/O pin.

The laptop keyboards listed below have Teensy USB keyboard controller code at my repo. If your laptop
is not listed, you will need to follow the procedure from my Instructable for decoding the key matrix and
modifying the code to work with your keyboard.

e Dell Inspiron 1525 - Keyboard Part Number D9K01

e Dell Latitude 131L - Keyboard Part Number V-0511BIAS1-US

e Dell Latitude X1 - Keyboard Part Number OM6607

e Dell Latitude D630 (same as D620) - Keyboard Part Number DP/N ODR160
e HP Compagq Presario 2100 - Keyboard Part Number AEKT1TPUO11
e HP Compaq Presario V4000 - Keyboard Part Number NSK-H3L01
e HP Pavilion DV9000 - Keyboard Part number AEAT5U00110

e Sony Vaio PCG-K25 - Keyboard Part Number KFRMBA151B

e Sony Vaio VPCCW - Keyboard Part Number 148754321

e Sony Vaio VPCEA - Keyboard part number A-1765-621-A

e Sony Vaio VPCEB4 — Keyboard part number A-1766-425-A

e Lenovo ThinkPad T61 — Keyboard part number 42T3177 (requires special connector board
found here)

The Dell D620/D630 keyboard does not have a typical FPC cable and needs several modifications to
interface with a generic connector. To remove the solderless connector shown below, work your
fingernail under the locking bar to unsnap it and allow the FPC keyboard and trackpoint cables to be
removed.


https://www.instructables.com/id/How-to-Make-a-USB-Laptop-Keyboard-Controller/
https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards
https://github.com/thedalles77/USB_Laptop_Keyboard_Controller/tree/master/Example_Keyboards/Lenovo_ThinkPad_T61

The end of the keyboard FPC cable includes a thick plastic backing that makes the overall thickness
about 0.54mm. This won’t fit in a generic FPC connector which is designed for a thickness of 0.31mm to
0.34mm (based on micrometer measurements of several keyboards). Gently pry off the plastic backing
and replace it with 2 pieces of paper from a “stick-up” pad to make the total thickness about 0.32mm.
Trim the side of the cable next to pin 1 to make the traces align with the connector pins. The trackpoint
cable won’t be used and should be taped to the keyboard to keep it out of the way. The pictures below
show the modifications described.
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FPC Paper Backing



The matrix for the Dell D620/D630 keyboard Part Number DP/N ODR160 is given below.

FPC Pin & FPC 19 FPC 20 FPC 21 FPC 22 FPC 23 FPC 24 FPC 25 FPC 26 FPC 27 FPC 28 FPC 29 FPC 30
Teensy 1/O 1/0 #33 110 #9 1/0 #26 1/0 #10 1/0 #27 1/0 #11 1/0 #28 1/0 #12 (11O #32 1/0 #31 1/0 #30 1/0 #29
not wired) Cathode Cathode Cathode

FPC1
(110 #23
not wired)

FPC 2 Insert F12 Arrow-
1/0 #0 Right

FPC3 Delete F11 Arrow-
1/0 #22 Down

FPC 4 Arrow- Home Menu End Pause Arrow-
1/0 #1 Up Left

FPC 5 F8 F7 9 (e} L Period
1/0 #21

FPC 6 Quote Minus [ 0 P H /
1/0 #2

FPC7 F6 Equal ] 8 | K Comma
1/0 #20

FPC8 H 6 Y 7 U J M N
1/0 #3

FPC9 F5 F9 Back- F10 \ Enter Space
1/0 #19 Space

FPC 10 G 5 T 4 R F \ B
1/0 #4

FPC 11 F4 F2 F3 3 E D C
1/0 #18

FPC 12 F1 Caps- 2 w S X
1/0 #5 Lock

FPC 13 Esc Back- Tab 1 Q A z
1/0 #17 Tick

FPC 14 Alt-L Print- Num- Alt-R
1/0 #6 Screen Lock

FPC 15 Shift-L Shift-R
1/0 #24

FPC 16 Cntrl-L Cntrl-R
1/0 #7

FPC 17 GUI Page-Up Page-
1/0 #25 Down

FPC 18 Fn
1/0 #8

FPC 31 Vol- Vol-Up Mute
1/0 #16 Down

FPC 32 Num- Caps- Scroll-
Anodes Lock Lock Lock
(/0 #15 LED LED LED
not wired)

FPC 33 Power-
(/O #14 Switch
not wired)

FPC 34
(1o #13
not wired)

The FPC pin numbers connected to each keyboard switch are given first, followed by the Teensy I/0
number that is connected to the switch with a short wire to the connector board.

Teensy I/0’s 13, 14, 15, 23 and 32 will not be used by the keyboard and should not jumpered to the
board so they can be used by the touchpad, LEDs, and the HDMI video converter (if building a Pi KVM).



The keyboard has LEDs for Num Lock, Caps Lock, and Scroll Lock that need a dropping resistor as shown
in the schematic below.

Teensy FPC
31 28 =)
Num Lock LED
30 29 v

Caps Lock LED

29 30 Wy
-—-—H— Scroll Lock LED
3300 ol
VAN =

The cathodes of the LEDs are connected to FPC pins 28, 29, and 30 which are wired to Teensy I/0’s 31,
30, and 29 via the flying leads on the backside. The anodes of the 3 LEDs are tied to FPC pin 32 and
routed to the pad under Teensy I/O 15 (no jumper installed). | have soldered one side of a 330 Q resistor
to this pad and the other side to 5 volts. The single resistor approach was chosen instead of replacing 3
flying leads with separate cathode resistors. The brightness is reduced when 2 or 3 LEDs are turned on

but it made the wiring easier.

The key matrix shows that FPC traces 1 and 34 (I/O’s 23 and 13) are not used by the keyboard. This frees
up Teensy 1/0 23 for the touchpad PS/2 clock signal. /O 13 is connected to the LED on the Teensy and is
programmed as a heartbeat to show the Teensy is alive.

The power switch on the keyboard is not used. This frees up Teensy 1/0O 14 for the touchpad PS/2 data
signal. Teensy 1/0 32 (on the backside) is also freed up and if you are building a Raspberry Pi KVM, you
will need to solder a wire to it so it can be connected to the video card along with I/O 15 as explained in

Step 10.

The Teensy 3.2 mounted on the keyboard scanner board with resistor and jumpers is shown below.

g i 1/0 32 to K1 Right Video Keypad
1/0 15 to K4 Menu Video Keypad
Ground

o PS/2 Clock 330 O

45V . PS/2 Data

E Teensy 3.2 with Touchpad and Video Jumpers

e, ! T




Step 5 — Touchpad

This Instructable will focus on PS/2 touchpads but USB, Serial, ADB (Apple), or TTL are also used in
laptops. Newer touchpads are powered with 3.3 volts but 5 volts is more common for an old thick laptop
like the one you’ll use for this project. PS/2 is an open drain (aka open collector) clock and data bus that
relies on pull up resistors to set the logic high level. My code bit-bangs two of the Teensy I/O pins to
create a PS/2 clock and data bus per the Synaptics touchpad interface protocol given in documents 511-
000275-01 and 510-000080. Any movement or button pushes are translated by the Teensy from PS/2 to
USB mouse commands. You will need to locate the PS/2 connections on the touchpad so they can be
wired to the Teensy. Google your touchpad part number to see if any pinout information exists. If not,
search for your laptop’s schematic on line to identify the pinout, pull-up resistors and supply voltage at
the motherboard touchpad connector. Use an ohm meter to trace the power, ground, clock, and data
signals thru the touchpad cable to the connector on the touchpad.

The following websites may be helpful in determining the pinout of your touchpad.

http://diycommunity.4fan.cz/pinouts/

https://www.instructables.com/id/Laptoprecycling-Touchpad/

https://www.instructables.com/id/Turn-a-Trackpad-From-a-Broken-Laptop-into-a-PS2-M/

https://www.instructables.com/id/The-5-Karduinoss-pad/

https://www.youtube.com/watch?v=XdznW0ZuzGo

https://www.youtube.com/watch?v=XSUJaHIhJMQ

https://www.youtube.com/watch?v=IFb7LYIHWNO

http://domoticx.com/pinout/

http://pinoutguide.com/Inputs/alps touchpad pinout.shtml

Synaptics touchpads often have round test points that are perfect for attaching wires. The typical test
point numbers for a Synaptics PS/2 touchpad are:

e Clock =T10. If T10 is not present, use T12
e Data=T11.If T11 is not present, use T13
e Ground =T23 or solder to the Ground Plane

e Power =T22. This test point provides an RC power filter. You can skip the power filter and tie
directly to the power pins on the Synaptics chip at T20.

If your Synaptics touchpad has numbered test points but T10/T11 or T12/T13 are not found, the
touchpad may use USB or some other protocol.

The Teensy 3.2 has 5 volt tolerant I/0 and will work with a 5 volt or 3.3 volt touchpad. No level
translators are needed. If you add pull up resistors, they should go to the touchpad supply voltage.

The Teensy LC is not 5 volt tolerant and can be ruined if the 1/0O pins go to 5 volts.


http://blog.amigas.ru/wp-content/uploads/2014/03/touchpad_RevB.pdf
http://blog.amigas.ru/wp-content/uploads/2014/03/touchpad_RevB.pdf
https://ccdw.org/~cjj/l/docs/ACF126.pdf
http://diycommunity.4fan.cz/pinouts/
https://www.instructables.com/id/Laptoprecycling-Touchpad/
https://www.instructables.com/id/Turn-a-Trackpad-From-a-Broken-Laptop-into-a-PS2-M/
https://www.instructables.com/id/The-5-Karduinoss-pad/
https://www.youtube.com/watch?v=XdznW0ZuzGo
https://www.youtube.com/watch?v=XSUJaHIhJMQ
https://www.youtube.com/watch?v=IFb7LYIHWN0
http://domoticx.com/pinout/
http://pinoutguide.com/Inputs/alps_touchpad_pinout.shtml

If your touchpad is powered with 3.3 volts, the Teensy LC doesn’t need any level translation because the
pull up resistors will go to 3.3 volts.

If your touchpad is powered with 5 volts and ohm meter measurements of the clock and data lines show
no pullups, there is still a chance that the touchpad chip contains active pullups made from small (weak)
PFETs that only come alive when powered. To check for active pullups, power the touchpad with 5 volts.
Just measuring the voltage on the clock and data lines won't tell you much because they will probably
float to power. A better test is to pull the signal low by temporarily connecting 10K resistors from clock
to ground and from data to ground. If the clock and data voltage is near zero volts, there are definitely
no pull ups so you won't need a level translator. Add your own 10K pull ups on clock and data to 3.3
volts and the Teensy LC should work fine.

If the clock and data voltage is well above ground when pulled down with a 10K resistor, the touchpad
has active pull ups to 5 volts and you will need to level translate the clock and data signals for a Teensy
LC. A level translator is also needed if ohm meter measurements showed pullup resistors. There are
several ways to level shift the signals: The Adafruit 757 level converter can be used or the surface mount
pads on my Keyboard Scanner LC circuit board shown below can be populated with FETs and resistors to
make your own level translator. The 10K resistors on the 5 volt side of the translator should not be
installed since the touchpad already has pullups.

Clock and Data Level Translators

LC Keyboard Scanner ®

github.com/ thedalles?? 3V 5V
sSssssRsRRBRRES F.i
-9 8- - |
@8O8 rrensy LC
Ll B N N
C3 cs
Leave
| Open
=
. i l D5
Teensy BSS138 Touchpad
Side Q2 Side

", Surface Mount pads tor
Clock and Data Level Translators

e The 10K 0603 resistors are Digikey part number RHM10KADCT-ND

e The BSS138 FETs are Digikey part number BSS138CT-ND

Another (hack) method to translate a 5 volt signal is to make a voltage divider by adding a pull down
resistor that overpowers the small active (PFET) pull up in the touchpad chip. This method would never
be a reliable production solution because the voltage at the divider will vary from unit to unit and with
temperature and time. The value of the resistor is determined by experimentation. If your touchpad has
resistor pull ups to 5 volts, then adding pull down resistors to make 3.3 volt logic signals should be a
reliable solution.


https://www.adafruit.com/product/757
https://www.digikey.com/product-detail/en/rohm-semiconductor/ESR03EZPF1002/RHM10KADCT-ND/1983753
https://www.digikey.com/product-detail/en/on-semiconductor/BSS138/BSS138CT-ND/244294

The following touchpad examples will show how to hook up and test a touchpad:

Example 1: The touchpad on the Dell D620 and D630 does not have numbered test points. To determine
the pinout, | found the laptop’s schematic online and used an ohm meter to trace the signals thru the
cable to the touchpad connector as shown in the tables below.

Dell D630
Motherboard Connector

Signal Pin #
Ground | 23
Clock 26
Data 28
5Volts | 30

Touchpad Connector

Signal Pin #
Ground | 1
5Volts | 2
Data 6
Clock 7

The Dell D620/D630 touchpad cable is a bundle of wires instead of a ribbon cable, making it easy to
modify. The picture below shows the cable before | cut off the section | didn’t need.




Then | cut the 4 touchpad wires shown below at the motherboard connector so | could solder header
pins for easy attachment to the Teensy.

D630 Touchpad Signals

The 5 volt, ground, clock and data locations on the touchpad board are shown below.

24 ohm Gnd +5V Data Clock
Bypass Cap 1 2 6 7

\

g

(X111 2300301 .‘

ARRARAY)
5 Volt \
wide trace

(AR NN N

SN

saasee TLLLLEE L)

T

24 ohm Dell D630 Touchpad Pinout

Bypass Cap



The 5 volts at the touchpad connector passes thru RC filters before connecting to the 3JA1CA024 chip as
shown below.

Dell D630

KGDDENOQS8C
24 24 Main
Chip

1 M 1 ALPS 3JA
1] [Gnd T TF—{1caoz4s

Touchpad RC Power Filter

The Clock and Data signals measure 19K Q to 5 volts and 57K Q to ground. This pull up/down resistor
combination gives an equivalent pull up of 14K Q to 3.7 volts. No additional pullups are needed to make
this touchpad work with a Teensy 3.2. | didn't bother testing the touchpad with a Teensy LC because the
keyboard for this laptop has more pins than the LC can handle. The Dell D630 keyboard and touchpad
code for the basic KVM and the Pi KVM can be downloaded from my repo.

Example 2: The Dell 1545 touchpad shown below does not have numbered test points and it has a 4 pin
connector that is cabled to the motherboard.

“
£ I

Gnd clk data 5V
4 3 2 1

—— .
..........

..........

. PN
Dell 1545 Touchpad Pinout

Ground is the connector pin tied to the large ground plane that covers most of the board. Power is the
wide trace that goes to the low value resistors of an RC filter. The other side of the resistors go to
capacitors for the filter (see schematic below).



W Dell 1545
__—l ALPS 56AAA2115A
25 =
5V Mai
1 l‘M ain
cnd Chip
n ——
4 T 1CA026

Power RC Filters

The other 2 pins on the connector are the clock and data and they are identified by trial and error. An
ohm meter shows both pins measure open to power so no obvious pull ups. To see if the chip contains
active pull ups, | connected 10K resistors to ground on the clock and data. Powering up the touchpad
with 3.3 volts (just to be safe) showed the clock and data at about 2.5 volts indicating active pull ups. If
there were no pull ups, the clock and data would have been at 0 volts. | removed the 10K resistors and
connected the clock and data to a Teensy 3.2. | tried swapping the clock and data lines but the touchpad
would not work at 3.3 volts. Changing the touchpad power to 5 volts, | was able to find the clock and
data connections that worked.

A level translator will allow the Teensy LC to reliably work with this 5 volt touchpad. | successfully used
the "hack" method of adding clock and data pull down resistors and found that 4.6K on the data and 4K
on the clock pulls these signals slightly below 3.3 volts.



Example 3: The Synaptics 920-000702-04 touchpad is from an HP DV9000 laptop. | soldered PS/2 and
power wires from a Teensy 3.2 to the standard T10, T11, T22, and T23 Synaptics test points shown
below.

HP DVS000 Laptop
ouchpad part number 8
920-000702-04

,
N

~
i

1 @M

7
1 E164564
2000702\ (imRiv/ LR104622 A 94V-0

t
Connector
T28 73 I‘ ; .
TS| 5 i eEEEN
8d 7 A 1
L1110 1

YNIHO NI 3avi
£L-SL0DW
£90-678rM

v 100-00¥00- WL

Gnd| - WF-MYO02

: My
TS T4 T13 g ki |’ 4
: lﬂ 1 108

It was hard to heat up the ground plane to solder a wire to pad 23 so | soldered to a nearby capacitor
instead. The clock and data pins measure several Mega ohms to power. | found some websites that said
this touchpad is powered with 3.3 volts and other sites said 5 volts so to be safe, | powered the
touchpad with 3.3 volts first. With 10K pull downs on the clock and data, their voltage was about 2.2
volts, indicating there are active pull ups. Removing the pull downs and trying the Teensy 3.2 showed
the touchpad worked at 3.3 volts. Out of curiosity, | powered the touchpad with 5 volts and it also
worked so apparently this touchpad is capable of dual voltage operation.

No resistors are needed for the Teensy LC when the touchpad is powered with 3.3 volts.



Basic method for pin identification: If you can't find any information for your touchpad, use resistance
and voltage measurements to determine the pinout. Most touchpad circuit boards are routed on the
top layer and they use the remaining copper to make a ground plane. The ground pin on the connector
will be tied to the ground plane. Different sections of the plane will be tied together with zero ohm
resistors that jump over the signal traces. The power connector pin will go to a wide trace that routes to
one or two low value resistors for the RC filter. If there are too many possible signal pins on the
connector to use the trial and error method, use the following procedure to weed out the obvious pins
that can't be clock or data:

Only look at connector pins that go directly to the main touchpad chip. Measure and record the
resistance for each of these pins to power and to ground. While taking these measurements, push the
left and right touchpad buttons to see if the resistance changes. Put 3.3 volts across the touchpad power
and ground pins, then measure and record the voltage on each of the possible pins with a 10K pull down
resistor to ground followed by the same resistor pulled up to 3.3 volts. Remove the resistors and push
the left and right touchpad buttons to see if the pin voltage changes. Analyze the results of the
resistance and voltage measurements as follows:

e Eliminate any pin that measures 2KQ or less to power or to ground.

e Eliminate any pin that has a significant change in resistance or voltage when a button is pushed.
e Eliminate any pin that measures close to 3.3 volts when connected to a 10K pull down resistor.
e Eliminate any pin that measures close to 0 volts when connected to a 10K pull up resistor.

e Group pins together that have similar measurements in order to test with the Teensy.

Hopefully you have reduced the number of possible clock and data signals and can use the trial and
error method to find the correct 2 pin combination. Add 10K pull up resistors from the clock and data
pins to the supply voltage. You can always try removing them once you get the touchpad working. If you
don't know the touchpad supply voltage, try 3.3 volts first. Connect two of the Teensy I/O pins to the
suspected clock and data connector pins. Download the touchpad code below into the Arduino IDE and
edit the clock and data pins to match the I/0 numbers wired to the touchpad. Under Tools, set the code
to the Teensy model you are using and to "Keyboard+Mouse+Joystick". Compile and load the code into
the Teensy. If the LED on the Teensy stays off, the touchpad received the reset command and gave the
proper response over the clock/data bus. Swipe your finger across the touchpad and push the buttons
to confirm proper operation. If the Teensy LED is turned on, the touchpad failed to communicate with
the Teensy. Confirm no operation by swiping your finger across the touchpad. Swap the clock and data
pins in the Teensy code and try again. If that doesn't work, move the jumpers to the next possible
connector pins. Keep trying until every pin combination has been tested. If no success, increase the
touchpad supply voltage to 5 volts and try all possible pin combinations again. If you are using a Teensy
LC, use a level translator to avoid applying 5 volts to the I/O pins.



Step 6 - LVDS Cable Modifications

The LVDS cable that comes with the video card is only about 10.4 inches long (26.5cm) which will
probably not reach the converter card when it’s mounted in your laptop base. You can purchase a 15.7
inch (40cm) LVDS cable for about $7 that will be long enough to reach the video board. Do an EBay
search on “40cm FIX 30 Pin 1ch 6bit LVDS Cable”, “... 2ch 6bit ...” or “... 2ch 8bit ...” depending on which
protocol your LCD uses. These cables bundle all the wires together and are much thicker than the
original flat cable so you may have problems mounting the LCD back into the lid without bowing the
panel. To fix this problem, remove the tape that bundles the wires together for the section of the cable
that is behind the LCD panel. Place the wires side by side on a piece of tape to hold them flat as shown
below. The flat cable easily fits behind the panel without bending the LCD. You will also have to lengthen
the 2 wires for the backlight power supply so the inverter can be located in the laptop base (see below).

Long Video Cable Flattened
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Instead of purchasing a longer video cable, you can lengthen the short cable that comes with the kit. |
used 30 gauge wires laid side by side on a piece of tape as shown below and soldered the connectors on
both ends.

Video Cable Extension

Ohm out your cable before doing any modifications so you can verify the extended cable is built
correctly. My results from ohm checking the 3 most common LVDS cables are given on the following

pages.



FIX-30 Pin - 1 Channel 6 Bit LVDS Cable

Converter Card LCD Signal Name
Connector Connector

1 2 3.3V

2 3 3.3v

4 1 Ground

5 10 Ground

6 13 Ground

7 8 Odd_0- blue
8 9 Odd_0+ white
9 11 Odd_1- blue
10 12 0dd_1+ white
11 14 Odd_2- blue
12 15 Odd_2+ white
13 16 Ground

14 19 Ground

15 17 Odd_Clk- blue
16 18 Odd_Clk+ white

Converter card connector has a dot near pin 1. Odd pin numbers on one row, even on the other row.

LCD connector pin 1 on the left.




FIX-30 Pin 2 Channel 6 Bit LVDS Cable

Converter Card LCD Signal Name
Connector Connector

1 2 3.3V

2 3 3.3V

4 1 Ground

5 10 Ground

6 13 Ground

7 8 Odd_0- blue

8 9 0Odd_0+ white
9 11 Odd_1- blue
10 12 Odd_1+ white
11 14 Odd_2- blue
12 15 0Odd_2+ white
13 16 Ground

14 19 Ground

15 17 Odd_Clk- blue
16 18 0Odd_Clk+ white
19 20 Even_0- blue
20 21 Even_0+ white
21 23 Even_1- blue
22 24 Even_1+ white
23 26 Even_2- blue
24 27 Even_2+ white
25 25 Ground

26 28 Ground

27 29 Even_Clk- blue
28 30 Even_Clk+ white

Converter card connector has a dot near pin 1. Odd pin numbers on one row, even on the other row.

LCD connector pin 1 on the left.
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FIX-30 Pin 2 Channel 8 Bit LVDS Cable

Converter Card | LCD Signal Name
Connector Connector

1 28 3.3V

2 29 3.3V

3 30 3.3V

4 7 Ground

5 14 Ground

6 17 Ground

7 1 0Odd_0- blue

8 2 Odd_0+ white
9 3 Odd_1- blue
10 4 Odd_1+ white
11 5 Odd_2- blue
12 6 Odd_2+ white
13 24 Ground

15 8 Odd_Clk- blue
16 9 Odd_Clk+ white
17 10 Odd_3- blue
18 11 0Odd_3+ white
19 12 Even_0- blue
20 13 Even_0+ white
21 15 Even_1- blue
22 16 Even_1+ white
23 18 Even_2- blue
24 19 Even_2+ white
27 20 Even_Clk- blue
28 21 Even_Clk+ white
29 22 Even_3- blue
30 23 Even_3+ white

Converter card connector has a dot near pin 1. Odd pin numbers on one row, even on the other row.

LCD connector pin 1 on the left.

The 1 channel 8 bit cable will have the same pinout but without the “even” wires.



Step 7 - VGA Converter Board - KVM without a Pi
Jump to Step 10 if you are building a KVM with a Raspberry Pi.

A basic KVM without a Raspberry Pi only needs a VGA video input. The MT561-MD VGA to LVDS
converter card shown below is smaller and less expensive than an HDMI converter. Staking pins A thru H
select 1 of 25 possible LCD settings by installing a shorting bar that connects the pin to ground. There
are additional staking pins to select the LCD supply voltage.
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MT561-MD Front and Back sides

Locate your LCD part number on the back of your display and find its datasheet online. You will need to
know the resolution, interface protocol, supply voltage, and the number of cold cathode fluorescent
lamps (CCFL). My Dell D620 has a LG Philips LCD part number LP141WP1. A web search found the Dell
LCD’s Datasheet with the following specifications: Resolution is 1440 x 900. The LVDS interface is 2
channel 6 bit. The LCD is powered with 3.3 volts. The Backlight uses a single CCFL (it has a single
backlight high voltage connector). The next page shows the 25 configuration settings that are possible
with the MT561-MD. This information is also on the back side of the board (with a few typos). The Dell
D620 specifications match those on line 18 so | installed a shorting bar on staking pins C and E and set
the supply voltage staking pin to 3.3 volts. If you see your LCD parameters in the list, the board should
work with your display. Do a search on EBay for “MT561-MD VGA to LVDS converter card”. Send an EBay
message to the seller with the part number of your LCD so they can confirm that their board will work.
Several EBay sellers offer the converter card for about $11 but they all say the backlight inverter is not
included. | chose EBay seller “pcparts.direct” and | asked if they sold the inverter. They answered that
they would include it with the converter card at no extra cost. If you have to purchase an inverter,

the Universal 1 Lamp CCFL Backlight Inverter Board costs about $6.



http://www.yslcd.com.tw/docs/product/LP141WP1-TLD2.pdf
https://www.ebay.com/itm/Universal-LCD-LVDS-VGA-Monitor-Controller-Driver-Board-Kit-1900x1200-12-to-42/222826600173?ssPageName=STRK%3AMEBIDX%3AIT&_trksid=p2057872.m2749.l2649
https://www.ebay.com/itm/Universal-1-Lamp-CCFL-Backlight-Inverter-Board-For-CCFL-LCD-Screen-for-kit/163159737778?hash=item25fd1405b2:g:S7oAAOSwfSJbUu3U:rk:10:pf:0

There are 25 possible configurations available with the MT561-MD V2.1 Video converter Card. An X in
the A thru H columns shows which staking pins need to be shorted to ground. The resolution, number of
bits, and number of channels need to match the LCD data sheet parameters.

Config|A |B |C |D |E |F |G |H | Resolution | Bits | Channel
1 1920x1080 | 8 1
2 X 1920x1080 | 6 2
3 X 1680x1050 | 8 1
4 X 1440x900 | 8 1
5 X 1280x1024 | 8 1
6 X 1366x768 | 8 1
7 X 1366x768 | 6 2
8 X 1024x768 | 8 1
9 X |1024x768 | 6 2
10 X X 800x600 8 1
11 X X 1024x600 | 6 2
12 X X 1920x1200 | 6 2
13 X X | 1920x1080 | 8 2
14 X X 1680x1050 | 6 2
15 X X 1600x1200 | 8 1
16 X X 1600x900 | 8 1
17 X X ]1600x900 |6 2
18 X X 1440x900 | 6 2
19 X X 1400x1050 | 6 2
20 X X 1280x1024 | 8 2
21 X X ]11280x800 |6 2
22 X X 1024x768 | 8 2
23 X X 1024x768 | 6 1
24 X X 1280x768 | 6 2
25 X X | 640x480 6 2




Step 8 - Prepare Chassis - KVM without a Pi

The pictures below show the bare Dell D620 case before and after modifications. The top half of the
base is plastic and easy to trim with wire cutters but the bottom half is cast aluminum. A cutting wheel
on the Dremel tool works best for trimming off any mounting posts or ribs on the base.
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Dell D620 Laptop after Dremel Mod's



Step 9 - Place Components - KVM without a Pi

All of the boards in the picture below are bolted to the base with plastic washers as standoffs.

\Y[Tel o) VGA Power
uUSB Connector Connector

BB Keyboard/Touchpad
-Cantroller™

00/Catche

AR KVM Laptop Interior |

| cut plastic icemaker water hose to use as spacers for the screw posts that hold the top and bottom half
of the base together. The old motherboard was held in place between these posts. If you screw the top
and bottom halves together without putting something between the mounting posts, the case will
deform and possibly crack. | trimmed the excess leads for all thru-hole components on the video boards
and covered their backside with electrical tape to avoid shorting to the base. The Teensy keyboard
controller board must be located within reach of, and in-line with the FPC cable yet also be accessible
for attaching the keyboard. The video converter board must be located within reach of the LVDS cable.
The same is true for the backlight inverter board. Both video boards need to be mounted in a location
that allows the LCD and backlight cables to be connected after the top half of the base is attached to the
bottom half.

The D620 had a serial port connector on the back with the right hole spacing for the chassis mount VGA
connector that comes with the kit. | had to extend the VGA cable so it would reach the chassis opening.
The before/after pictures below show how | used my Dremel tool on the top of the VGA connector to
make it fit.
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Next to the VGA connector is another chassis opening that | used for my Adafruit ADA1833 micro USB
connector. | used a piece of wood to center the connector in the chassis opening. | made a short 4 wire
USB cable from the Adafruit connector to a micro USB connector that plugs into the Teensy. The Teensy
and touchpad are powered with 5 volts from the Server USB. The 12 volts for the video converter board
is provided by a wall-wort supply with a standard 2.5mm x 5.5mm connector. | installed a mating
connector where the telephone modem jack was originally located. | had to use my Dremel to enlarge
the bottom of the opening so the power connector would fit. The power wires from the video board to
the chassis connector were also lengthened.
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This is the last Step for building the Basic KVM laptop pictured above. The following steps are for
building a KVM laptop with a Raspberry Pi.



Step 10 - VGA and HDMI Converter - KVM with a Pi
Steps 10 thru 13 are for building a KVM that includes a Raspberry Pi.

The M.NT68676.2A converter card shown below is needed to display the HDMI video output from the
Raspberry Pi or the VGA video from a server.
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M.NT68676.2A Video Card '

The Monitor Control Board Specification gives the interface definition of this video board.

As described in Step 7, locate your LCD part number on the back of the display. Do a search on EBay for
“M.NT68676.2A converter card”. Send an EBay message to the seller with the part number of your LCD
so they can confirm that their board will work. Several EBay sellers offer this board and the inverter for
$20 to $30. | chose EBay seller “pcparts.direct” because they had the lowest price. When you purchase
the board, send the seller a message asking them to flash the board with your LCD’s parameters.


http://www.vslcd.com/Specification/M.NT68676.2A.pdf
https://www.ebay.com/itm/222791956178

When the board arrives, confirm the card works before modifying the cables. To change the language on
the menu from Chinese to English, use the keypad sequence:

e Menu, Right, Menu, Menu, Left, and then Menu to select English.

Find the brightness and contrast and adjust them to your liking before chopping up the keypad cable.
These signals have pull ups to 3.3 volts on the video card and a key press sends the signal to 0 volts. |
have connected Teensy I/O pins 15 and 32 to the video card Menu pin (K4) and Right pin (K1) by
modifying the keypad cable as shown below.

Teensy

Ground ]
K1 Right

K4 Menu

X - 9 )
» LY A X w

) Video Keypad Cable Mod's

r

This allows the Teensy to perform key presses that drill down thru the menus to the Setup-Input screen
in order to select HDMI (from the Pi) or VGA (from the server).

When you press Fn and F8 on the keyboard, the Teensy routine will pulse “Menu” and “Right” in the
following sequence:

e Menu, Right, Menu, Right, Right, Right, Right, Menu.

At this point you will see the Setup — Input screen shown below.



Video Selection Menu

Continue to hold Fn and F8 and the Teensy will pulse the “Right” signal every second. This will cause the
highlighted video source to cycle from VGA, to DVI, to HDMI. Release the F8 key when the desired video
input is highlighted and the Teensy will pulse Menu to select it.

The Teensy code for the D630 keyboard, touchpad, and video control can be downloaded from my repo.

If there is only one active video input, the video converter card automatically finds it. You only need to
use the Fn-F8 method if the Pi is turned on and the VGA cable is connected to the server (i.e. both video
sources are active).

The M.NT68676.2A board uses the same LVDS cable as the MT561-MD VGA converter board and it will
arrive with a cable that is too short to use for this project. You can either extend the cable or purchase
the 15.7 inch (40cm) LVDS cable for about $7, as described in Step 6. The board comes with the same
generic backlight power supply used with the MT561-MD. You will have to lengthen the 2 wires out of
the LCD for the backlight power supply to be located in the laptop base.



Step 11 - Prepare the Chassis - KVM with a Pi
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Pi KVM Dremel Mod's

The picture above shows the chassis modifications made with a Dremel tool. The wall next to the hard
drive bay was removed to improve air flow to the Pi. Holes were drilled under the fan to provide cool
input air. The video converter and Pi are a tight fit which required removing any posts or ribs in the floor
under the circuit boards. Wire cutters were used to remove all leads sticking out of the back side of the
boards. The back sides were covered with electrical tape just to be safe.



Step 12 - Wiring - KVM with a Pi

| connected the wires and cables per the schematic shown below.
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KVM Pi Schematic

12 volts from the wall supply is connected to the M.NT68676.2A video card and switched to an
adjustable buck regulator. The buck regulator is set to 5 volts to power the Fan, Pi and Teensy. The Fan
is the original laptop fan, rotated 180° to blow on the Pi.

The USB from the Teensy is routed to the server or the Pi with a 3PDT Switch. Two poles switch the USB
data signals and a third pole switches either the server 5 volts or the Pi 5 volts to the Teensy. The on-off-
on 3PDT switch provides a break-before-make so the Teensy loses power when switched from one host
to the other. The Teensy then boots up in about 3 seconds and connects to the new host as if the USB
cable was just plugged in.



The VGA connector on the video card is connected to the chassis VGA connector with a short cable
made from 30 gauge wire wrap wire (shown below).

GA Male and Female Connectors with wires




Step 13 - Place Components - KVM with a Pi

The components shown below are bolted to the chassis with plastic washers as spacers.
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Regulator KVM Pi Laptop Parts Placement

The Raspberry Pi is positioned in the old hard drive bay with the USB and network connectors sticking
out the left side of the laptop. | used my Dremel to cut an opening for the Pi connectors in the old hard

drive face plate. The USB switch is mounted in the chassis hole that was used for the earphone jack (see
below).

KVM Pi Connections



A dust cover is installed in the Pi USB connector that is connected to the USB switch via wires soldered
on the backside of the Pi (see below).
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Raspberry Pi KVM Laptop without Keyboard




The LVDS cable was easy to connect to the video board but the backlight cable needed needle nose
pliers to connect to the inverter board. The keyboard had to be held sideways to connect the FPC cable
to the Teensy board but with some patience, it slid into the connector. | did a quick check of the
keyboard before screwing everything together in case | needed to move the FPC cable sideways to align
the contacts.

| removed the DVD door from the player and used a hot glue gun to attach it to the opening in the base.
The high voltage backlight power supply is mounted behind the door so this keeps my fingers from
accidentally touching the supply.

DVD Door Hot Glue



The rear of the laptop (shown below) has connectors for USB and VGA to the server, 12VDC input
power, and a switch to turn on the Raspberry Pi. The switch is mounted in the chassis hole that was used
for the input power connector.
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Raspberry Pi KVM Backside

The completed laptop is shown below.

KVM Pi Laptop



Step 14 — Conclusion

Testing on various servers like the rack pictured below has shown the basic KVM and Pi KVM laptops
work perfectly.

Front panel VGA and USB connectors provide a simple way for accessing and debugging a crashed
server, especially if the network interface is down.

The KVM laptop is also useful when doing the initial setup of a new server. Once the low level setup is
complete, a Pi KVM can use its network connection to the server (shown below) to download the

operational software.
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cart plus the

Pi KVM provides the technician with a Linux laptop that can be networked directly to the server.

In conclusion, this portable KVM laptop can replace the bulky monitor and keyboard crash



