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PS/2 Mouse/Keyboard Protocol -By Adam C
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The Connector: The physical PS/2 port is one of two styles of connectors: The 5-pin DIN or the 6-pin miniDIN. Both connectors are completely (electronically) similar; the only practical difference between the two is the arrangement of pins. This means that the two styles of connectors can easily be changed with simple hard-wired adaptors. These cost about $6 each or you can make your own by matching the pins on any two connectors. The DIN standard was created by the German Standardization Organization (Deutsches Institut fuer Norm) . Their website is at http://www.din.de (this site is in German, but most of their pages are also available in English.) PS/2 keyboards can have either a 6-pin mini-DIN or a 5-pin DIN connector but mice are only available with the 6-pin mini-DIN. You will not find a mouse with a 5-pin DIN connector. If your keyboard has a 6-pin mini-DIN and your computer has a 5-pin DIN (or visa versa,) the two can be made compatible with the adaptors described above. While most keyboard cables are hard-wired to the keyboard, there are some whose cable is not permanently attached and come as a separate component. These cables have a DIN connector on one end (the end that connects to the computer) and a SDL (Sheilded Data Link) connector on the keyboard end. SDL was created by a company called "AMP." This connector is somewhat similar to a telephone connector in that it has wires and springs rather than pins and a clip holds it in place. If you need more information on this connector, you might be able to find it on AMP's website at http://www.connect.amp.com



The pinouts for each connector are shown below:



Male



Female



(Plug)



(Socket)



Male



Female



(Plug)



(Socket)



5-pin DIN (AT/XT): 1 - Clock 2 - Data 3 - Not Implemented 4 - Ground 5 - +5v



6-pin Mini-DIN (PS/2): 1 - Data 2 - Not Implemented 3 - Ground 4 - +5v 5 - Clock 6 - Not Implemented



6-pin SDL: A - Not Implemented B - Data C - Ground D - Clock E - +5v F - Not Implemented



General Description: (Note: Throughout this document, I may use the more general term "host" to refer to the computer--or whatever the keyboard/mouse is connected to-- and the term "device" will refer to the keyboard/mouse.) There are four interesting pins on the connectors just described: Ground, +5v, Data, and Clock. The +5V is supplied by the host and the keyboard/mouse's Ground is connected to the host's ground. Data and Clock are both open collector, which means they are normally held at a high logic level (1) but can easily be pulled down to ground (logic 0.) Any device you connect to a keyboard, mouse, or host should have large pull-up resistors on the Clock and Data lines. You apply a "0" by pulling the line low and you apply a "1" by letting the line float high. Refer to [Figure 1] as a sample interface to Data and Clock.



Figure 1: Bidirectional, open-collector interface to Data and Clock. Data and Clock are read on the microcontroller's port A and B, respectively. Both lines are normally held at +5V, but can be pulled to ground by asserting logic 1 on C and D. As a result, Data equals D, inverted, and Clock equals C, inverted.



---------The PS/2 mouse and keyboard implement a bidirectional synchronous serial protocol. In other words, Data is sent one bit at a time on the Data line and is read on each clock pulse. The keyboard/mouse can send data to the host and the host can send data to the device, but the host always has priority over the bus and can inhibit communication from the keyboard/mouse at any time. Data sent from the keyboard/mouse to the host is read on the falling edge of the clock signal. Data sent from the host to the keyboard/mouse is read on the rising edge of the clock signal. Regardless of which direction communication is taking place, the keyboard/mouse always generates the clock signal. If the host wants to send data, it must first tell the device to generate a clock signal. The maximum clock frequency is 33 kHz and most devices operate within 10-20kHz. All data is arranged in bytes with each byte sent in a frame consisting of 11 bits. These bits are: • • • •



1 start bit. This is always 0. 8 data bits, least significant bit first. 1 parity bit (odd parity). 1 stop bit. This is always 1.



The parity bit is set (1) if there is an even number of 1's in the data bits and reset (0) if there is an odd number of 1's in the data bits. The number of 1's in the data bits plus the parity bit always add up to an odd number (odd parity.) This is used for error detection. When the host is sending data to the keyboard/mouse, an additional handshaking bit is sent from the device to acknowledge the packet was received. This bit is not present when the device sends data to the host.



Device-to-Host Communication: The Data and Clock lines are both open collector (normally held at a high logic level.) When the keyboard or mouse wants to send information, it first checks Clock to make sure it's at a high logic level. If it's not, the host is inhibiting communication and the device must buffer any data in its 16-byte buffer until it regains control of the bus. If the Clock line is high, the device can begin to transmit its data. As I mentioned in the previous section, the system implements a serial protocol consisting of 11-bit frames. These bits are: • • • •



1 start bit. This is always 0. 8 data bits, least significant bit first. 1 parity bit (odd parity). 1 stop bit. This is always 1.



Each bit is read by the host on the falling edge of the clock, as is illustrated in [Figure 2 & 3]: Figure 2: Device-to-host communication. The Data line changes state when Clock is high and that data is latched on the falling edge of the clock signal.



Figure 3: Scan code for the "Q" key (15h) being sent from a keyboard to the computer. Channel A is the Clock signal; channel B is the Data signal.



---



The clock frequency is 10-33kHz. The time from the rising edge of a clock pulse to a data transition should be at least 5 microseconds. The time from a data transition to the falling edge of a clock pulse should be at least 5 microseconds and no greater than 25 microseconds.



Host to Device Communication: The protocol is implemented a little differently for host-to-device communication than it was for device-to-host communication. First of all, the PS/2 device always generates the clock signal. If the host wants to send data, it must first tell the device to start generating clock pulses. To do this, the host will first inhibit the device from sending any data by bringing the Clock line low for at least 60 microseconds. It then tells the device to start generating clock pulses by bringing the Data line low. The host will then release the Clock line (but not the Data line) and wait for the device to bring the Clock line low. This is the first clock pulse, and since the Data line is already low, this will send the start bit. The device then takes the Clock line high-low-high-low... ten more times and before each low-to-high transition, the host will set/reset the Data line to send out ten more bits (8 data bits, the parity bit, and the stop bit.) Notice that Data line transitions occour when the Clock line is low, and data is latched on the rising edge of the clock pulse. This is opposite what occours in device-to-host communication. After the stop bit is sent, the device will acknowledge by bringing the Data line low and generating one last clock pulse. If the host does not release the Data line after the 11th clock pulse, the device will continue to generate clock pulses until the the Data line is released (the device will then generate an error.) To make this process a little easier to understand, here's the steps the host must follow to send data to a PS/2 device: 1. 2. 3. 4. 5.



Bring the Clock line low for at least 60 microseconds. Bring the Data line low. Release the Clock line. Wait for the device to bring the Clock line low. If the first data bit is a 0, bring the Data line low; if the first data bit is a 1, let the Data line float. 6. Wait for the device to bring Clock high. 7. Wait for the device to bring Clock low. 8. Repeat steps 5-7 for the other seven data bits and the parity bit 9. Release the Data line. 10. Wait for the device to bring Data low. 11. Wait for the device to bring Clock low. 12. Wait for the device to release the Data and Clock line.



[Figure 3] shows this graphically and [Figure 4] breaks the timing apart to show which signals the host is responsible for and which signals the device is responsible for. Notice the change in timing for the Ack bit--the data transition occours when the Clock line is high (rather than when it is low, as is the case for the other 11 bits.) Figure 3: Host-to-Device Communication.



Figure 4: Detailed host-to-device communication.



[Figure 4] shows two important timing considerations: (a), and (b). (a), the time it takes the device to begin generating clock pulses after the host initially takes the Clock line low, must be no greater than 15ms; (b), the time it takes for the packet to be sent, must be no greater than 2ms. If either of these time limits is not met, the host will generate an error. Immediately after the packet is received, the host may bring the Clock line low to inhibit communication while it processes data. If the command sent by the host requires a response, that response must be received no later than 20ms after the host releases the Clock line. If this does not happen, the host generates an error.



Other Sources: • • • • •



The AT Keyboard - My page on interfacing AT keyboards. Help with keyboard interfacing - Article describing the AT keyboard's protocol. AVR313: Interfacing the PC AT Keyboard - Includes timing diagrams and descriptions. VT82V42 Keyboard Controller Datasheet - Not very well written, but contains timing diagrams and an insight on how keyboard controllers work. www.holtek.com - Datasheets for Holtek Keyboard and Mouse encoders. My favorites are the HT82K28A keyboard encoder and the HT82M39A mouse encoder. These are very informative datasheets.
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Keyboard Shortcuts 

GeneRal shoRtcuts. Open. CTRL + O. Save. CTRL + S. Properties. ALT + ENTER. Undo. CTRL + Z. Redo. CTRL + Y. Interrupt. ESC. Repeat the last command.
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The PC's keyboard. PC Keyboard Theory 
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Frontline's FTS4USB Protocol Analyzer. Unequaled Protocol Analysis 

FTS4USB Protocol Analyzer along with the USB ComProbe II hardware makes ... play items in a language other than English, or to extend decoders to work with ...
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eDonkey protocol 
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develop products faster and .... companies more than 400,000 â‚¬ in product development! Not dedicated to a ... FTS4BT, HCI (external) Sniffing Options. PCMCIA.
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SNMP Protocol 

WAN : Leased Lines, VPN,. Public Network. Router ... Security Management : Protection of the target network integrity ... RFC 1157 : SNMP protocol. RFC 1212 ...
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Wireless Keyboard and Optical Mouse 

électronique par défaut du système. Mes documents - Ouvre le dossier ... électrique. • Assurez-vous que les piles ... tous ses composants. Cliquez sur « Oui ».
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CANON EF Lens Protocol 

Document on the FF dialog protocol between bodys and Lens of the Canon brand. Operation and description of electronic interfaces and computer commands ...
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Hot Virtual Keyboard 

always download the latest release of Hot Virtual Keyboard from the web site (or other ...... position: Firefox, Google Chrome, OpenOffice, CorelDRAW, etc.
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3 The Keyboard 

The Key Manager is the pack associated with the keyboard. All the attributes of the keyboard are generated and controlled by the Key Manager. These attributes ...
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Wireless Keyboard K350 - Newegg.com 

User-friendly enhanced F-keys let you launch applications easily. To use the enhanced functions (blue icons), first press and hold the Fn key; second, press the ...
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PT Keyboard Shortcuts - MAC 

click on Zoomer (faster drawing from RAM). Select 5 preset zoom levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . .see Command Focus Mode section of this guide.
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SDIO Protocol Analyzer 

The USB Pod turns the Bus Doctor into a full-featured protocol analyzer with the depth, ease-of-use, protocol decoding, and statistics needed by software and ...
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Plasmid Miniprep Protocol 

4) Centrifuge for 10 minutes at 13,000 rpm in a table-top microcentrifuge. 5) Transfer the supernatant in a clean Eppendorf tube. 6) Add 0.6 volumes of ...
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ICA Protocol and Acceleration 

database, and other application services. WWW, e-mail ... User sees application but can't use it .... Typically Word and Excel-like productivity applications.
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CMS Protocol Specification 

International Users and Manufacturers Group e.V.. CAN Application Layer for Industrial Applications. CiA/DS202-2. February 1996. CMS Protocol Specification ...
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3 The Keyboard 

These attributes include repeat speed, shift and control keys, function keys and key translation. The joysticks are also scanned by the Key Manager. The Key ...
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3980_Bluetooth Keyboard - UserManual.wiki 

can be determined by turning the equipment off and on, the user is encouraged ... This device complies with Industry Canada licence-exempt RSS standard(s).
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NetBeans IDE Keyboard Shortcuts 
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Recombineering & Gap Repair Protocol 

resistance to 2-deoxy-galactose (DOG) on minimal plates with glycerol as the carbon .... MTA is required to get this plasmid (http://www.recombineering.org) ..... In order to do this, BLAST the BAC end against the chromosome sequence it.
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LMT protocol specification 

LMT uses command specifiers to identify the commands. Command .... A COB is invalid if it has a COB-ID that is used by the LMT Protocol, but contains invalid.
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SDIO Protocol Analyzer 

drivers, and consumer electronic products. Bus Doctor RX ... powerful Bus Doctor Graphical User Interface (GUI) CE 4.2 software runs on the PC. (see Figure 2).
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GSM Protocol Analyzer 

Type of Call (e.g. SMS/Location Update/Authentication/Speech Call), IMSI/TMSI associated .... Length, Error, BSN, BIB, FSN, type of GSM Message and more.
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VRRPv3 Protocol Support - Cisco 

If you configure the VRRPv3 advertise timer to a value equal to or greater than the ... the higher IP address is elected to become the virtual device master.
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