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Description

The URSHCFJ8 LapCoder™ is an
HCMOS microcontroller functioning as
a versatile, low-power laptop/notebook
keyboard encoder while providing two
bidirectional channels for
communication with a BIOS-
compatible system as well as any
optional keyboard-compatible devices,
such as a 101/102 desktop keyboard or
a PS/2 mouse.

The URSHCFJ8 Lapcoder™ fully
supports the IBM standard keyboard
communication protocol; each key
press generates one of the scan codes
designated in the IBM Technical
Reference Manuals. The keyboard
encoder handles the scanning,
debounce, and encoding of 82/84 keys
organized on an 8x16 matrix and
supports embedded numeric keypad
functions as well as alternate scan
codes for specific keys, so that a
keyboard with only 82 keys is able to
emulate the functionality of a 101/102
keyboard.

In addition to the system's keyboard
communication port, the URSHCFJ8
provides a fully functional keyboard
input port that can be used by a
standard 84/101/102 keyboard or
another 8042-compatible device, such
as a PS/2 mouse, an external numeric
keypad, an OCR, or a bar-code reader.
Input from both the matrix and the
external device is multipiexed and
presented to the system as if it were
coming from a single source.

The features of URSHCFJ8 make it ideal
for use in PC/AT/PS2 laptop/notebook
designs that utilize the Fujitsu FKB7211
low-profile, full-travel membrane
keyboard.
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LapCoder™ URSHCFJ8
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PS/2-Compatible
Laptop/Notebook Keyboard Encoder

LapCoder™ URS5HCFJS8

Features

u Interfaces the Fujitsu FKB7211 or other similar laptop/notebook keyboards
to a BIOS-compatible system

m Single IC laptop/notebook keyboard encoder
® PC/XT or AT/PS2-compatible

w Interfaces a PS/2 mouse, an external keyboard/keypad or other 8042-
compatible devices

m Implements all functions of an 101/102 keyboard with only 82 keys

m Low-power HCMOS microcontroller,
suitable for 3V battery-operated systems

m Available in DIP, PLCC and Quad Flat packages
m Custom versions available in small or large quantities

TR
Applications

m Laptop/notebook computers
m Instrumentation

® Point of sales terminals

m Public information kiosks
m Industrial keyboards
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URS5HCFJS8 product specifications

Ordering Code

PACKAGES TA = 0°CT0 +70°C TA = -40°C T0 +85°C
40 pin, Plastic DIP URSHCFJ8-P URSHCFJ8-CP
44 pin, Plastic PLCC URSHCFJ8-FN URSHCFJ8-CFN
44 pin, Plastic QFP URSHCFJ8-FB URSHCFJ8-CFB
L M
Functional Diagram
NL/CL/SL

Status LEDs

Row Data Inputs RO-R7
Column Select Ouputs C0-C15

EKCl e

KC

EKC

EKD
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Functional Description

The URSHCFJ8 consists functionally of
four major sections (see Functional
Diagram, previous page). These are the
Keyboard Encoder, the Mode Control
Unit, the PC Communication Channet,
and the 8042 Emulation Channel. All
sections communicate with each other
and operate concurrently.

Keyboard Encoder

The controller continuously scans a
keyboard organized as an 8 row by 16
column matrix for a maximum of 128
keys. Smaller-size keyboards are
supported provided that all unused row
lines are pulled to Vcc.

The microcontroller selects 1 of the 16
column lines (CO-C15) every 512 us and
then reads the row data lines (R0-R7).
A key closure is detected as a 0 in the
corresponding position of the matrix.

A complete scan cycle for the entire
keyboard takes approximately 9.2 mS.
Each key found pressed is debouned for
a period of 20 mS. Once the key is
verified, the corresponding key code(s)
are loaded into the transmit buffer of the
PC Keyboard Communication Channel.

Switch Matrix Encoding

Each matrix location is programmed to
represent either a single key or a key
combination of the IBM 101/102 standard
keyboard.

Scun Code Table Sets

The URSHCFJ8 supports all three scan
code table sets. Scan Code Sets 1 and
2 are the defauit sets for PC/XT and
AT/PS2 systems respectively. Scan
Code Table Set 3 allows the user to
program individual key attributes such as
Make/Break and Typematic or Single-
Touch Action. For more information, refer
to the IBM Technical Reference Manuals.
Custom scan code tables, including
macros, are also available.

Pin Description

Number of pins

Mnemonic  DIP  PLCC TYPE NAME AND FUNCTION

EKCAH 37 41 | External Keyboard Clock 1:
connects to external keyboard Clock
Line and is used to generate an interrupt
...................................................................................... for ever
VX B 4 ] b T8O NVCC. o
BB (A R Reserved: tiestoVCC. ...
KC 9 I/O Keyboard Clock: this pin connects to
ettt 2 JEYDOBTD poOIt Clock Line,
KD 7 8 (o] Keyboard Data: connects to PC
...................................................................................... keyboard port DataLine. .~~~
EKD 10 11 1O External Keyboard Data: connects
...................................................................................... to external keyboard Data Line,
EKC 9 10 /O External Keyboard Clock: connects
...................................................................................... to external keyboard Clock Line,
IRQ 2 2 [ Interrupt Line: reserved for low-power
...................................................................................... applications,
RO-R5 29-34 32-37 | Row Data Inputs
R6 5 6
R 36...3%40 | et
C0-C7 12-19 13-17 0 Column Select Outputs: selects 1 of
19-21 16 columns.
cecCia .. 2822 3125 e
C15/KT 21 24 (0] Column Select 15/Keyboard Type

Selection: this pin is used both as
column select output and as input for
keyboard-type selection. When the pin
is set high, PC/XT protocol is selected.
When it is set low, AT/PS2 protocal is
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Embedded Numeric Keypad

The URSHCFJ8 implements an
embedded numeric keypad. The
Numeric Keypad Function is invoked by
pressing the Num Lock Key.

FN Key

A special FN Key has been implemented
to perform the following functions while it
is held pressed:

a Function Key F1 becomes F11

m Function Key F2 becomes F12

= Control Left Key becomes Ctrl Right
B Alt Left Key becomes Alt Right

If Num Lock is set:

m Embedded numeric keypad keys
become regular keys.

If Num Lock is not set:

m Embedded numeric keypad keys
provide the same codes as a numeric
keypad when the Num Lock is not set
(Arrow Keys, PgUp, PgDn, etc.)

Status LED indicuotors

The controller provides interfacing for
three LED shift status indicators. All
three pins are active low to indicate the
status of the host system (Num Lock,
Caps Lock and Scroll Lock). They are
set by either the controller (PC/XT
protocol) or by the system (AT/PS2
protocot).

Mode Control

Operating medes are defined by the
logic level of the mode pin in the Mode
Control Unit.

Protocol Selection

Pin KT selects the communication
protocol with the host system and the
standard keyboard, as shown in Table 1.

Protocol KT
PO e, H
AT/PS2 L

Table 1: Communicuti_on Protocol Selection

N-Key Rollover

in this mode, the code(s) corresponding
to each key press are transmitted to the
host system as soon as that key is
debounced, independently of the release
of other keys.

If a key is defined to be Typematic, the
corresponding code(s) will be
transmitted while that key is held
pressed. When the key is released, the
corresponding break code(s) are then
transmitted to the host system. If the
released key happens to be the most
recently pressed, then Typematic Action
is terminated. There is no limitation in the
number of keys that can be held pressed
at the same time. However, two or more
key closures, occurring within a time
interval less than S5ms, will set an error
flag and will not be processed. This
procedure protects against the effects of
accidental key presses. .

B 9228217 0000290 238 MW

“Ghost” Keys

In any scanned contact switch matrix,
whenever three keys defining a rectangle
on the switch matrix are held pressed at
the same time, a fourth key positioned on
the fourth corner of the rectangle is
sensed as being pressed. This is known
as the “ghost” or “phantom” key problem.

Actual key presses

Figure 1. “Ghost” or “Phuantom” Key Problem

Although the problem cannot be totally
eliminated without using external
hardware, there are methods to
neutralize its negative effects for most
practical applications. Keys that are
intended to be used in combinations or
are likely to be pressed at the same time
by a fast typist (i.e., keys located in
adjacent positions on the keyboard)
should be placed in the same row or
column of the matrix whenever possible.
Shift keys (Shift, Alt, Ctrl) should not
reside in the same row (or column) with
any other keys.

The URSHCFJ8 has built-in mechanisms
to detect the presence of a “ghost” key,

thus eliminating the necessity of external
hardware.
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PC Communication

The URSHCFJ8 implements all the
standard functions of communication
with a BIOS-compatible PC/XT or AT/PS2
host system. Two lines, KC and KD,
provide bidirectional clock and data
signals according to the protocol

(PC or AT) selected. In addition, the
URSHCFJ8 supports all commands from
and to the system, as described in the
IBM Technical Reference Manuals. The
following table shows the commands that
the system may send and their values in
hex. ’

Command Hex Valve
Set/Reset Status ED
INGICAMOIS | e
EChO o, EE
Invalid Command . EF o
Select Alternate FO

SCan COdeS |
Invalid Command .. LN
Read ID F2

8 Typematic F7
 Make/Break F8
m Make F9

® Typematic/Make/Break FA
Set Key Type

m Typematic FB

m Make/Break FC

a Make FD
A0 N s
Resend FE

Table 2: Keyboard Commands from the System
(AT/PS2 protocal)

These commands are supported in the
AT/PS2 protocol and can be sent to the
keyboard at any time. PC/XT mode
accepts only the ‘reset’ command.

The following table shows the commands
that the keyboard may send to the
system.

Command Hex Valve
Key Detection 00
Error/OVermun e
KeyboardID ... 83AB ..
BAT Completion Code . AA
BAT Failure Code FC

Key Detection
Error/Overrun

*Code Sets 2 and 3
**Code Set 1

Table 3: Keyboard Commands to the System
(AT/PS2 protocol)

When an external keyboard is connected,
commands from the system will also be
directed to the external keyboard.
Presence or absence of an external
device will not affect the normai
operation of the URSHCFJS8.

8042 Emulation Channel

The URSHCFJS fully emulates a system’s
keyboard port, available to a standard
83/101/102 external keyboard or other
8042-compatible device. Communication
with a keyboard-compatible device is
accomplished by clock and data lines via
EKC and EKD pins, respectively. A third
pin, EKC1, connects to the Clock Line
and interrupts the controller whenever
the external device initiates a
communication session. When power is
first applied, the controller proceeds with
the standard reset sequence with the
external device. Data and commands
initiated from the external device are
buffered in the controller's FIFO along
with data from the scanned matrix, and
then are presented to the system as if
they were coming from a single source.
After they are acknowledged, commands
and data from the system are transmitted
to the external device.

B 9224217 0000291 1°4 WM

Special Handling

External Keyboard Connection

The URSHCFJ8 checks periodically for
the presence of an external device. If an
external keyboard or other device was
not connected during power-on and is
connected at a later time, the controller
will proceed with the normal reset routine
in order to properly initialize the external
keyboard. After communication has
been established, the controiler will
continue to check for the presence of the
external keyboard. If this keyboard is
disconnected at a later time, the
controller will be aware of it. If a
subsequent connection takes place, the
controller will re-initiate a reset
sequence. This unique feature allows the
user to connect or disconnect an external
device at any time, without having to
reset the system.

Shift Status LEDs

Shift Status LEDs (Num Lock, Caps Lock
and Scroll Lock) indicate the status of the
system and are controlled by commands
sent from the system. Set/Reset Status
Indicator commands from the system will
be executed both by the external
keyboard and the scanned matrix. For
example, if the user presses the

Caps Lock Key on either keyboard, the
Caps Lock LED will be affected in both
keyboards. The LED status indicators
are properly set after every new
connection of an external keyboard.
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Key Map for FKB;‘z'I 1

Columns {C0-C13)
0 1 2 3 4 5 6 7 8 9 10 11 12 13
0 Ctrl Esc Tab Fn Alt Space insert  Delete Left Down Shift Right
(Left) (Left) ' Arrow  Arrow (Left) Arrow
1 F11  Z X C > ? Up Shift End
F1 ) Arrow {Right)
2 ! Caps v B N M < * Enter Page
1 Lock 0 , , Down
=3 Fiz A S D F J K L Page
> F2 1 2 3 P+ Up
é ......................................................................................................
gl 4 @ # $ T y u i 0 p Back-
S 2 3 4 4 5 6 - space
5 F4 F5 F6 F7 F8 F9 F10 Number Scroll Print
Lock Lock Screen
6 F3 % A & * { ) —_ + Pause
5 6 77 88 99 (00 - + Break
7 Q w E R G H % } l\ Home
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Keyboard Layouts (US English)

Depending on the status of the Num Lock and the FN Key, the URSHCFJ8 implements one of four keyboard layouts.
(Key numbering of a standard 101/102 keyboard is shown.)

Layout A {Default layout)

Layout B {(Num Lock is set)

B 9228217 00OCC293 T4?
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Keyboard Layouts (US English)

Depending on the status of the Num Lock and the FN Key, the URSHCF.J8 implements one of four keyboard layouts.
{Key numbering of a standard 101/102 keyboard is shown.)

Layout C (FN key pressed)

Layout D (Num Lock set and FN key pressed)

8 B 9223237 0000294 943 W
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Scan Codes

The foliowing tables list the scan codes associated with each key for each scan code set. To determine the character that
corresponds to each key number, refer to the Keyboard Layouts A-D on the two previous pages. Scan Code Set 1 is the only scan
code supported when the URSHCFJ8 is set in XT mode. Scan Code Set 2 is the default when the URSHCFJS8 is set in AT/PS2 mode.

Scan Code Set 1 (Part 1 of 5)

The following keys send the assigned scan codes independently of the state of any Shift Keys (Ctrl, Alt and Shift)
or the Num Lock state (On or Off).

Key# Make Code Break Code Key# Make Code Break Code Key# Make Code Break Code

1 29 Ag 31 1E 9E

BB 9228217 0000295 41T HW
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Scan Code Set 1 (Part 2 of 5)

The following keys send a series of codes dependent on the state of the Shift Keys and the state of the Num Lock.

Key Buse Case, or Shift+Num Lk Shift Case* Num Lock on

Number Muke Breuk Make Break Make Break
75 082 B0OD2 ... EQAAEDSZ .. EOD2E02A  E02AE0S2  EOD2EQAA
76 083 BOD3 ... EOAAEOS3 .. EOD3E02A . . .EQ2AEQ0S53  EOD3EQAA
7. EO8B E0CB ... EQAAEQ4B ..l EOCBE02A  EQ2AE04B  EOCBEOAA
80 e BOBT ] BOC7 ... EOAAEQA4T ... EOC7TEQ2A ... EQ2AFQ47  EOCTEOAA
81 o EOBE ZUR% —— EOAAEQ4F .. EOCFEQ2A .. EQ2AE04F  EOCFEOAA
83 i 048 EQC8 ... EOAAEO48 .. EOCBEO2A ... E02AE048  EOCBEOAA.
84 o BOSO ] BODO ... EOAAEQS0 ... EODOEO2A . .EQ2AE0S0  EQDOEQAA
SN - K. S EQCY ... EOAAEQ4S .. BOC9EQ2A ... ..EQ2AEQ49  EOCOECAA
86 B0 ] E0DY . EQAAEDST ... EOD1E02A EQ2AE0S1 EODI1EOAA
89 EO0 4D EOCD EQ AAE0 4D E0CD EQ 2A E02AEQ4D EQ CD EQ AA

* If the teft Shift Key is held down, the AA/2A, shift make and break is sent with the other scan codes. [f the right Shift Key is held
down, B6/36 is sent. If both Shift Keys are down, both sets of codes are sent with the other scan codes.

Scan Code Set 1 (Part 3 of 5)

Key Scan Code Shift Case
Number Make Brake Make Brake
95 E0 35 EO0 B5 EOAAED 35 ECB5EQ 2A

*If the left Shift Key is held down, the AA/2A shift make and break is sent with the other scan codes. If the right Shift Key is held down,
B6/36 is sent. If both Shift Keys are down, both sets of codes are sent with the other scan codes

Scan Code Set 1 (Part 4 of 5)

Key Scan Code Ctrl Case, Shift Case Alt Case
Number Make Brake Make Brake Make Brake
124 EOQ 2AE0 37 EQ B7EQ AA EQ 37 EOB7 54 D4

Scan Code Set 1 (Part 5 of 5)

Key Number Make Code Ctrl Key Pressed

126* E11D45E19DCS EO 46 EO C6
*This key is not Typematic. All associated scan codes occur on the make of the key.

10
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Scan Code Set 2 (Part 1 of 5)

The following keys send the codes shown regardless of any Shift states in the keyboard or the system.

Key# Make Code Break Code Key#  Muke Code Break Code Key# Make Code Break Code

B 9224217 0000297 k92 W 11
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Scan Code Set 2 (Part 2 of 5)

The following keys send a series of codes dependent on the state of the Shift Keys and the state of the Num Lock.

Key Base Case, or Shift+Num Lk Shift Cuse* Num Lock on
Number Make Break Make Break Make Break
75 EQ 70 EOF0 70 E0FO 70 EQ 12 EQFO12E070 EQ12E070 EOFQO70EQFQ 12

* If the left Shift Key is held down, the FO 12/12 shift make and break is sent with the other scan codes. If the right Shift Key is held
down, F0/59/59 is sent. If both Shift Keys are down, both sets of codes are sent with the other scan codes.

Scan Code Set 2 {Part 3 of 5)

Key Scan Code Shift Case *
Number Make Brake Make Brake
95 EQ 4A EO0FO 4A EO FO 12 4A EOC 12 FO 4A

*If the left Shift Key is held down, the FO 12/12 shift make and break is sent with the other scan codes. If the right Shift Key is held
down, FO 59/59 is sent. If both Shift Keys are down, both sets of codes are sent with the other scan codes.

Scan Code Set 2 (Part 4 of 5)

Key Scan Code Ctrl Case, Shift Case Alt Case
Number Make Brake Make Brake Make Brake
124 EQ12E07C EQ FO 7C EQ FO12 EQ7C EOFO7C 84 FO 84

Scan Code Set 2 (Part 5 of 5)

Key Number Make Code Ctrl Key Pressed

126* E11477E1F0 14 FO 77 EO7EEQFO7E
*This key is not Typematic. All associated scan codes occur on the make of the key.

B 9228217 0000258 529 WM
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Scan Code Set 3.1
Key Make Break Default Key Key Make Break Defavlt Key
Number Code Code State Number Code Code State

Make only
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Suggested Interfacing for URSHCFJ8

Vee

Vee
10K STATUSLEDs

' | 1 12 |3
: ! AT Veo M CL SL 100K
X \ C15KT |24 csts
' 1 C14 125 CSC.SJA_/
tam{ and 2 fax: G & o
' 1 1t csn__—
EKDAT , L ) c10 ﬁ cStl0 .~
' i 2042 ¢ |2 C:
EKBOLK ! i 10 [ EXC  EMULATION cs 3 css
r T PORT COLUMN ¢7 [21 CS1
! ! SELECT C§ 20 CS6
' ' 41| exer ouTPUTS C5 [19 S5
! - g :; cH__—
: v 2 lma 44 Pin PLCC c2 [15 cs2
] | Ct 14 CS1
KBoK | I & B il
' 1 PC KEYBOARD TO SWITCH MATRIX
KBDAT 1 ] 8 PORT
T T D communicATIONs R
l ey S, WSS .
R N e e o N : ROW % 3_61 Egﬂ-si/
' ! DATA  p4 35 ROATA_.—
1 ! INUTS Ry  f35 RDAT3
. 4 Do, e RDAT
' Go ) | NC Rt [3 RDATI
| ) RO k) a RDATO
] [}
e : OSCI  0SCO Vs RP VXA WX
LINE INTERFACE 43 42 2 7 I3 4
Veo
10MEG o o
Voo © 8 x 2K
400 Mz Vec
Vel
= P ao
Jumpers
JP1 1-2: PC/XT type keyboard
SO 2~ AT[PS2 type keyboard
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Electrical Specifications

Absolute Maximum Ratings

Ratings Symbol Value Unit
Supply Voltage ] V0D e 03710470 e N
Input Vottage | e YN ¥880.310VDD 403y
Current Drain per Pin | 25 mA
(NOLINCIIAING VSS 0T VDD) | ettt e
Operating Temperature Ta Trowto T HigH °C
URSHCFJ8-xx 0to +70

URSHCFJ8-Cxx -40 to +85

Thermal Characteristics

Characteristic Symbol Value Unit
Thermal Resistance Tia °C per W
m Plastic 60
u Cerdip 60
m PLCC 70

DC Electrical Characteristics (Vdd=5.0 Vdc +/-10%, Vss=0 Vdc, Temperature range=T low to T high unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Output Voltage (1 LOAD<10uA) Vou 0.1 v

Control Timing (Vdd=5.0 Vdc +/-10%, Vss=0 Vdc, Temperature range=T low to T high unless otherwise noted)

Characteristic Symbol Min Max Unit
Frequency of Operation fosc MHz

m Crystal Option 4.0
_____ ® External Clock Opton e 08 A
Internal Operating Frequency fop MHz

m Crystal (fosc/ 2)

*The minimum period tuL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 21 tcyc.
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