3.3) The XT Scancodes 

These are all hexadecimal:              'make' code top / 'break' below

F1 F2    `  1  2  3  4  5  6  7  8  9  0  -  =  \ BS   ESC NUML SCRL SYSR 

-----   ---------------------------------------------  ------------------

3B 3C   29 02 03 04 05 06 07 08 09 0A 0B 0C 0D 2B 0E    01  45   46   ** 

BB BC   A9 82 83 84 85 86 87 88 89 8A 8B 8C 8D AB 8E    81  C5   C6

F3 F4   TAB   Q  W  E  R  T  Y  U  I  O  P  [  ]       Home Up  PgUp PrtSc

-----   -----------------------------------------      -------------------

3D 3E    0F  10 11 12 13 14 15 16 17 18 19 1A 1B        47  48   49   37

BD BE    8F  90 91 92 93 94 95 96 97 98 99 9A 9B        C7  C8   C9   B7

F5 F6   CNTL   A  S  D  F  G  H  J  K  L  ;  ' ENTER   Left  5  Right  -

-----   --------------------------------------------   ------------------

3F 40    1D   1E 1F 20 21 22 23 24 25 26 27 28   1C     4B  4C   4D   4A

BF C0    9D   9E 9F A0 A1 A2 A3 A4 A5 A6 A7 A8   9C     CB  CC   CD   CA

F7 F8   LSHFT    Z  X  C  V  B  N  M  ,  .  /  RSHFT   End  Dn  PgDn   +

-----   --------------------------------------------   ------------------

41 42    2A     2C 2D 2E 2F 30 31 32 33 34 35    36     4F  50   51   4E

C1 C2    AA     AC AD AE AF B0 B1 B2 B3 B4 B5    B6     CF  D0   D1   CE

F9 F10  ALT                  SPC             CAPLOCK   Ins      Del

------  --------------------------------------------   -------------

43 44    38                   39                 3A     52       53

C3 C4    B8                   B9                 BA     D2       D3

Now I will explain the AT scan codes. They are done slightly differently. The AT keyboard response is a different set of events. When the key is pressed, the scan code is sent, and when the key is released, two bytes are sent, the keyboard sends F0 hex and then the scancode again, thus we will only need to list the scancodes below for the AT keyboard activity. 


3.4) The AT Scancodes 

Again, these are hexadecimal:

F1 F2    `  1  2  3  4  5  6  7  8  9  0  -  =  \ BS   ESC NUML SCRL SYSR 

-----   ---------------------------------------------  ------------------

05 06   0E 16 1E 26 25 2E 36 3D 3E 46 45 4E 55 5D 66    76  77   7E   84

F3 F4   TAB   Q  W  E  R  T  Y  U  I  O  P  [  ]       Home Up  PgUp PrtSc

-----   -----------------------------------------      -------------------

04 0C    0D  15 1D 24 2D 2C 35 3C 43 44 4D 54 5B        6C  75   7D   7C

F5 F6   CNTL   A  S  D  F  G  H  J  K  L  ;  ' ENTER   Left  5  Right  -

-----   --------------------------------------------   ------------------

03 0B    14   1C 1B 23 28 34 33 38 42 4B 4C 52   5A     6B  73   74   7B

F7 F8   LSHFT    Z  X  C  V  B  N  M  ,  .  /  RSHFT   End  Dn  PgDn   +

-----   --------------------------------------------   ------------------

83 0A     12    1A 22 21 2A 32 31 3A 41 49 4A   59      69  72   7A   79

F9 F10  ALT                  SPC             CAPLOCK   Ins      Del

------  --------------------------------------------   -------------

01 09    11                   29               58       70       71

And that's all I know about it. If you would like to add information to this small tutorial FAQ, please send it to rstevew@armory.com for review and please don't add to this FAQ and republish it without my consent. I will keep this up to date if you will be kind and handle it that way. Thanks. 


3.5) Plea 

I have been looking for definitive doc on the keyboards, but everybody seems as wrong or contradicted or unsure as do I. I haven't had time to actually diagnose the behavior of keyboards with a scope or logic analyzer, so if anybody has anything that makes sense of this and the the bode.ee.ualberta.ca stuff, which I *HAVE* looked at, to little avail, please let me know!


4) Anthony Berkow Keyboard Basics 


4.1) About the Author 

Author: Anthony Berkow 


4.2) Basics 

The keyboard communicates on a character-by-character basis. Each key, including SHIFT, CTRL and ALT, sends a specific code when depressed and another code when it is released (the break code is the make code preceeded by F0h). ASCII is impractical for communication with a keyboard (especially with special features such as typematic rate) so special scan codes are used and converted to ASCII by the BIOS. 

Certain keys produce series of scan codes called scan sets. There are 3 scan sets in use with set 2 being the most common. (Sets 2 & 3 used on AT keyboards.) 

The 101/102 keyboard is laid in a 16 row by 8 column matrix. With set 1 or 2, for cursor control keys: ALT, CTRL, DEL, PgUp, PgDn, Ins, Home, End, the keyboard issues a series of codes dependant on shift keys (alt, ctrl, shift) and on the status of the indicator of the Num lock key. Since these keys are duplicated, the basic scan codes are identical - to identify the alternate key, an extra code E0h is added to the basic code. With set 3, each key generates just one code unaffected by the status of other keys. 

With set 1, the up code is obtained by adding 80h to the down code. For set 2 and 3, the 1st byte is F0h and the 2nd byte is the down code for that key. 

If a key is pressed, the keyboard acknowledges the key and issues the down key code. If a 2nd key is pressed while the 1st is still depressed, the 2nd key is acknowledged and it's down code sent. If the 2nd key is released before the first, the 1st key is deactivated. To reactivate the 1st key, it must first be released. 

If two or more keys are pressed simultaneously, all are validated and all codes are sent (no error is generated). 

With the exception of the pause key, all keys when held down for a certain time, auto-repeat. The down code is repeated until the key is released. If two or more are pressed together, only the last key pressed is repeated. The repeat stops when the last key pressed is released, even if the other keys are still depressed. The delay is usually 500ms and the repeat 10/s and can be modified. 

The interface is serial, using the KBCLK (generated by the keyboard) and KBDTA lines. KBDTA is bidirectional! Data format is 11 bits for scan sets 2 & 3 - 1 start bit, 8 data bits (lsb 1st), 1 odd parity bit and 1 stop bit. 

Data from controller to keyboard always has priority. As long as the keyboard has not yet transmitted the 10th bit, the controller can take over the interface, which it does by pulling KBCLK low for 100ms. Within 5ms the keyboard will start sending low clock pulses on KBCLK. KBDTA must be set to the relevant logic level each time KBCLK is low and must remain there until KBCLK goes high then low again. The keyboard reads this data bit when the clock pulse is high. If there is no clock within 20ms or transmission takes more than 2ms assume a transmit time-out and send a resend command to the keyboard (FEh). 

For the keyboard to send the controller data, both KBCLK and KBDTA must be high. The keyboard begins by pulling KBDTA low and then starts sending clock pulses on KBCLK. The data bit is output while the clock is high and remains while it goes low then high again. The controller should read the data while the clock is low. If the controller holds the clock low the transmission will be aborted and retried once the line is free. 

After the POST (power on self test) the keyboard issues a AAh to the system (FCh if failure). 

The signals source is open-collector TTL (low <0.8V high>2.4V). Signals are on a 6-pin DIN or SDL (PS/2) connector (5 wires - 1 supply, 2 gnd, dta and clk): 

1 Data In/Out 2 N/C 3 Gnd 4 +5V 5 Clock 6 Test (not used / Gnd) 


5) Nick Toop's AT/XT keyboard info 


5.1) About the Author 

Author: From Nick Toop
Version: 1.00 

I use both XT and AT keyboards with the MC68681 DUART in 68000 based microcomputer systems. I hope the following information proves to be both correct and useful. 


5.2) Connector 

The connector will be one of the following: 

5pin 180 deg DIN               6pin MINIDIN

----------------               ------------

                                    _

       (2)      1 CLOCK          (5) (6)        1 DATA

    (5)   (4)   2 DATA              |           2 

   (3)     (1)  3              (3)     (4)      3 GND

                4 GND                           4 +5V

                5 5V             (1) (2)        5 CLOCK

                                                6


The signals are open drain and TTL compatible. 


5.3) AT Keyboard 

The interface is bi-directional. I have not described the various setup options here; they include controlling the LEDs, echoing, changing the key modes, autorepeat and delay parameters, reset. I find the defaults work well enough. 

After power up, a successful diagnostic test sends AA (hex). 

The idle state is clock and data high. A code is sent when a key is first pressed (and when autorepeat is active). The same code is sent; prefixed by F0 (hex), when the key is released The data bit time is typically 50uS. The timing is as follows: 

CLOCK

---___---___---___---___---___---___---___---___---___---___---___---

DATA

--______| D0  | D1  | D2  | D3  | D4  | D5  | D6  | D7  | PO  |------

  START   LSB                                       MSB   ODD   STOP

                                                        PARITY


NB: Some keys return an escape code sequence i.e. E014 (Rctrl on) and F0E014 (Rctrl off). 


5.4) PC-XT Keyboard 

The idle state is clock high and data low. Take the clock low for > 6mS to get diagnostic test. Take data low and issue >62uS clock to lock keyboard. 

A code is sent when the the key is first pressed (and when autorepeat is active). The same code is sent with D7 set as the key is released. The pulse widths are in the range 30->50uS. The timing is as follows: 

CLOCK

---___---___---___---___---___---___---___---___---___---___--------

DATA

____-------| D0  | D1  | D2  | D3  | D4  | D5  | D6  | D7  |-----____

    START    LSB                                       MSB


NB: Some keys return an escape code sequence i.e. E014 (Rctrl on) and E094 (Rctrl off). 


5.5) Keys to Keycodes 

Here are key numbers for a US-English 101 key keyboard. 

,-------,---,---,---,---,,---,---,---,---,,---,---,---,---,

|ESC    |F1 |F2 |F3 |F4 ||F5 |F6 |F7 |F8 ||F9 |F10|F11|F12|

|110    |112|113|114|115||116|117|118|119||120|121|122|123|

'-------'---'---'---'---''---'---'---'---''---'---'---'---'

,---,---,---,---,---,---,---,---,---,---,---,---,---,-----,

|~  |1  |2  |3  |4  |5  |6  |7  |8  |9  |0  |-  |=  |<-   |

|1  |2  |3  |4  |5  |6  |7  |8  |9  |10 |11 |12 |13 |15   |

|---',--',--',--',--',--',--',--',--',--',--',--',--',----|

|TAB |Q  |W  |E  |R  |T  |Y  |U  |I  |O  |P  |[  |]  |\   |

|16  |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29  |

|----',--',--',--',--',--',--',--',--',--',--',--',--'----|

|CAPS |A  |S  |D  |F  |G  |H  |J  |K  |L  |;  |,  |ENTER  |

|30   |31 |32 |33 |34 |35 |36 |37 |38 |39 |40 |41 |43     |

|-----',--',--',--',--',--',--',--',--',--',--',----------|

|SHIFT |Z  |X  |C  |V  |B  |N  |M  |,  |.  |/  |SHIFT     |

|44    |46 |47 |48 |49 |50 |51 |52 |53 |54 |55 |57        |

|----,-',--'--,'---'---'---'---'---'---'--,'--,'-----,----|

|CTRL|  |ALT  |          SPACE            |ALT|      |CTRL|

|58  |  |60   |          61               |62 |      |64  |

'----'--'-----'---------------------------'---'------'----'

,-----,-----,-----,

|PSCRN|SLOCK|BREAK|

|124  |125  |126  |

'-----'-----'-----'

,-----,-----,-----,  ,-----,-----,-----,-----,

|INS  |HOME |PGUP |  |NLOCK|/    |*    |-    |

|75   |80   |85   |  |90   |95   |100  |105  |

|-----|-----|-----|  |-----|-----|-----|-----|

|DEL  |END  |PGDN |  |7    |8    |9    |+    |

|76   |81   |86   |  |91   |96   |101  |106  |

'-----'-----'-----'  |-----|-----|-----|-----|

                     |4    |5    |6    |     |

                     |92   |97   |102  |     |

      ,-----,        |-----|-----|-----|-----|

      |UP   |        |1    |2    |3    |ENTER|

      |83   |        |93   |98   |103  |108  |

,-----|-----|-----,  |-----------|-----|     |

|LEFT |DOWN |RIGHT|  |0          |.    |     |

|79   |84   |89   |  |99         |104  |     |

'-----'-----'-----'  '-----------'-----'-----'


There are at least three options for the mapping of key numberss to keycodes. The common usage seems to be as follows: 

,---,-----,-----,,---,-----,-----,,---,-----,-----,,---,-----,-----,

|KEY|PC-XT|AT   ||KEY|PC-XT|AT   ||KEY|PC-XT|AT   ||KEY|PC-XT|AT   |

|#  |(HEX)|(HEX)||#  |(HEX)|(HEX)||#  |(HEX)|(HEX)||#  |(HEX)|(HEX)|

|---|-----|-----||---|-----|-----||---|-----|-----||---|-----|-----|

|1  |29   |0E   ||2  |02   |16   ||3  |03   |1E   ||4  |04   |26   |

|5  |05   |26   ||6  |06   |25   ||7  |07   |2E   ||8  |08   |36   |

|9  |09   |3D   ||10 |0A   |46   ||11 |0B   |45   ||12 |0C   |4E   |

|13 |0D   |55   ||14 |--   |--   ||15 |0E   |66   ||16 |0F   |0D   |

|17 |10   |15   ||18 |11   |1D   ||19 |12   |24   ||20 |13   |2D   |

|21 |14   |2C   ||22 |15   |35   ||23 |16   |3C   ||24 |17   |43   |

|25 |18   |44   ||26 |19   |4D   ||27 |1A   |54   ||28 |1B   |5B   |

|29 |2B   |5D   ||30 |3A   |58   ||31 |1E   |1C   ||32 |1F   |1B   |

|33 |20   |23   ||34 |21   |2B   ||35 |22   |34   ||36 |23   |33   |

|37 |24   |3B   ||38 |25   |42   ||39 |26   |4B   ||40 |27   |4C   |

|41 |28   |52   ||42 |--   |--   ||43 |1C   |5A   ||44 |2A   |12   |

|45 |--   |--   ||46 |2C   |1A   ||47 |2D   |22   ||48 |2E   |21   |

|49 |2F   |2A   ||50 |30   |32   ||51 |31   |31   ||52 |32   |3A   |

|53 |33   |41   ||54 |34   |49   ||55 |35   |4A   ||56 |--   |--   |

|57 |36   |59   ||58 |1D   |14   ||59 |--   |--   ||60 |38   |11   |

|61 |39   |29   ||62 |E038 |E011 ||63 |--   |--   ||64 |E01D |E014 |

|65 |--   |--   ||66 |--   |--   ||67 |--   |--   ||68 |--   |--   |

|69 |--   |--   ||70 |--   |--   ||71 |--   |--   ||72 |--   |--   |

|73 |--   |--   ||74 |--   |--   ||75 |E052 |E070 ||76 |E053 |E071 |

|77 |--   |--   ||78 |--   |--   ||79 |E04B |E06B ||80 |E047 |E06C |

|81 |E04F |E069 ||82 |--   |--   ||83 |E048 |E075 ||84 |E050 |E072 |

|85 |E049 |E07D ||86 |E051 |E07A ||87 |--   |--   ||88 |--   |--   |

|89 |E04D |E074 ||90 |45   |77   ||91 |47   |6C   ||92 |4B   |6B   |

|93 |4F   |69   ||94 |--   |--   ||95 |E035 |E04A ||96 |48   |75   |

|97 |4C   |73   ||98 |50   |72   ||99 |52   |70   ||100|57   |7C   |

|101|49   |7D   ||102|4D   |74   ||103|51   |7A   ||104|53   |71   |

|105|4A   |7B   ||106|4E   |79   ||107|--   |--   ||108|E01C |E05A |

|109|--   |--   ||110|01   |76   ||111|--   |--   ||112|3B   |05   |

|113|3C   |06   ||114|3D   |04   ||115|3E   |0C   ||116|3F   |03   |

|117|40   |0B   ||118|41   |83   ||119|42   |0A   ||120|43   |01   |

|121|44   |09   ||122|57   |78   ||123|58   |07   ||124|*1   |*2   |

|125|46   |7E   ||126|*3   |*4   ||127|--   |--   ||128|--   |--   |

'---'-----'-----''---'-----'-----''---'-----'-----''---'-----'-----'

*1 is E02AE037

*2 is E012E07C

*3 is E11D45E19DC5

*4 is E11477E1F014F077

