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NOTEBOOK COMPUTER CMOS FIRMWARE
PROCESSING METHOD AND THE RELATED
HARDWARE

BACKGROUND OF THE INVENTION

Notebook computer has become more and more pop-
ular because it can be conveniently normally operated
without external power supply. In order to let a note-
book computer work longer with self-provided power
supply, the hardware circuit of the keyboard therein
must be designed with low consumption of power sup-
ply. According to conventional method CMOS (Com-
plimentary Metaloxide Semiconductor) is commonly
used to replace NMOS (N-channel Metal Oxide Semi-
conductor) so as to reduce the consumption of electric
current. Some manufacturers may adopt QFT Type
single chip packing method. However, the basic hard-
ware structure and firmware design of a notebook com-
puter generally remain unchanged relative to a standard
computer keyboard design. The present invention not
only adopts CMOS and QFP Type but also applies the
functions of Idle Mode and Power Down of the CMOS
used. By means of firmware processing to match with a
special hardware design, keyboard and CMOS almost
consume 2zero electric current when there is no any key
code made or no any command from the mainframe
(because they are kept in idle mode or power down
mode). In comparing the consumption of electric cur-
rent in CMOS under Idle Mode and Power Down to its
normal working mode, the former is about 15% or less
relative to the normal working mode. In some single
chips, the consumption of electric current under Power
Down may be as low as 10 pA. It has been apparent that
an operator who uses a keyboard expends much time in
idle condition without touching a key than in pressing
keys (the so-called “idle condition” includes the dead
time between each two code making actions while an
user is spending time in thinking, and any dead time
caused by any reasons), that is to say, idle time in much
longer than execution time. The present invention is to
make use of this phenomenon of the distribution of time
permitting a keyboard to enter a power-saving mode
during idle time, so as to reduce power consumption.

In regular single chip microcomputers, when a firm-
ware is set to wake up from Idle Mode or Power Down,
an external interrupt signal or single chip reset should
be required.

The present invention will now be described by way
of examples only, with reference to the annexed draw-
ings, in which:

FIG. 1is a hardware circuit diagram according to the
present invention;

FIG. 2 is the single chip firmware flow chart Part-I
according to the present invention; and

FIG. 3 is the single chip firmware flow chart Part-1I
according to the present invention.

As illustrated in FIG. 1, the pins of X0-X7 each is
connected with a diode, and therefore, there are total 8
diodes. Each diode has an opposite end connected with
one another and also connected to INT1. This special
hardware connecting method matches with a special
firmware design to greatly save power consumption.
The firmware design of the present invention is outlined
hereinafter:

1. Idle Mode:

1) The scanning method for scanning each line re-
mains unchanged as used in standard keyboard, i.e., the
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the scanning line on the line to be scanned is pulled to
Low while the others are at High. Because each row is
connected to High by a 10K resistor, read-in data from
each row are all High, namely, FFH.

2) The scan period is 8 lines per 4 ms, and all lines will
be scanned within 8 ms, therefore, 8 ms can be called as
a full scan period.

3) If there is no code after one full scan period, the
firmware drives all scanning lines to Low so as to enter
Idle Mode, and therefore, the consumption of electric
current is reduced.

4) If any key is pressed down after a certain length of
time, the voltage at the corresponding row becomes
Low because the voltage at each line is Low. By means
of one of the 8 diodes, voltage of Low is transmitted to
INT1 causing it to interrupt, and therefore, the single
chip wakes up immediately to continue program execu-
tion operation. '

5) The continuous execution program drives the key-
board to start a full scan period again from the first line,
namely Y0. Before breaking a code, single chip has
already scanned all the keys been pressed. When any
code is scanned, the posterior program will be continu-
ously executed to prohibit skip code, identify the key
code sent by the ghost key . . . and etc., and then, the
program will return to scan the next line. This proce-
dure is repeated again and again.

6) After the scanning of each line within each full
scan period, the program will skip to I/0 and check if
there is any code in the buffer to be sent out. A code
will be sent out if any, or the program will immediately
check if there is any command from the mainframe (the
system) to the keyboard. If there is a command sent
from the mainframe to the keyboard, the keyboard will
receive such a command and then skip to scanning
program, or it will return to scanning problem directly
to scan the next line (before entering Idle Mode, the
keyboard will completely send out all codes registered
in the buffer).

7. When a full scan is passed, it enters Idle Mode.
However, the mainframe may send a command to the
keyboard while the keyboard enters Idle Mode. As
illustrated in FIG. 1, Data is connected between the
keyboard and the mainframe and also connected to
INTO. When the mainframe gives a command to the
keyboard, Data is turned to Low. The present invention
is to utilize this phenomenon to enable the external
interrupt function by means of the process of the firm-
ware. Once an external interrupt signal is given, the
single chip will immediately wake up from Idle Mode to
receive the command from the mainframe.

2. Power Down:

As illustrated in FIG. 1, two additional control lines
are connected to 1/0 for controlling the communica-
tion with the mainframe (the system), namely, a Pull
Low Disable Keyboard and a Reset. These two control
lines match with a special firmware design to achieve
power down function. A control switch or automatic
timer switch is fastened in & notebook computer main-
frame. If the computer is at an idle condition for a fixed
length of time, it will be detected by the computer main-
frame and, the computer will be then set at Power
Down Mode, i.e., through Pull Low Disable Keyboard
to pull the line to Low. Under this condition, the key-
board will detect the pin at all times. If it is detected that
the mainframe has been pulled to Low, the firmware
will automatically set to enter Power Down Mode, so
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as to greatly reduce the keyboard from consuming elec-
tric current (about 10 pA) and disable the keyboard.
When the operator wishes to use the computer again,
the control switch on the notebook computer main-
frame is pressed on and, the keyboard will immediately
wake up (for mounting the control switch, the earth
wire and the reset control pin are connected).

FIGS. 2 and 3 illustrate the flow chart of the firm-
ware as designed according to the present invention.
Step 20 indicates the start of the process. Step 21 indi-
cates the default of the ICs in FIG. 1 and the scanning
of all lines at 8 ms as a full scan period. Step 22 is to
detect if there is any command from the mainframe to
the keyboard. If a command from the mainframe to the
keyboard is detected, do the command 23 and then
return to scanning program, or skip to step 24 to check
if any code to be sent from the buffer. If there is any
code to be sent from the buffer, do the job, or return to
scanning program to scan the next line, Step 26 is to
check the status of every key after one full scan period,
so as to enter Power Down Mode if Pull Low Disable
Keyboard is pulled to Low, or to continue Step 28 if it
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is pulled to High. When enters Step 28, it is to check if 25

scanning job has been completed. If scanning operation
is completed, it immediately enters Step 30, or it will
return to scanning program. When enters Step 30, it is
to check if there is any code to be sent out from the
buffer. If there is a code to be sent out from the buffer,
the code is sent out immediate and then, the keyboard
will return to scanning program. If there is no any code
to be sent out from the buffer, it immediately enters Step
31 of Idle Mode. Step 32 indicates that the single chip
wakes up immediately if there is any key been pressed
or any command from the mainframe been given to the
keyboard. Step 29 indicates that the program will return
to Step 21 if the Reset key is pressed during Power
Down Mode. Step 33 is the code sending program code.
If there is any code detected, it will immediately skip to
Step 34 so as to send out the code, or it will skip to Step
35 50 as to scan next line.

As indicated, the present invention provides an im-
proved, simple hardware circuit and a keyboard firm-
ware processing technique which enable a keyboard to
self-check its current status so as to save power con-
sumption by pulling all scanning lines to Low when
keyboard is under idle condition.

What is claimed is:

1. A method of operating a combination of (i) a com-
puter having a buffer and a reset button and (ii) an asso-
ciated keyboard having a plurality of keys and scanna-
ble key sensing lines to selectively reduce power con-
sumption of the combination by automatically selec-
tively entering one of an idle mode and a power-down
mode of operation, said method comprising the steps of:

scanning the key sensing lines of the keyboard in

sequence one after another to completely scan the
key sensing lines within one full scan period
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detecting a command supplied by the computer to the
keyboard and, in response, executing the command
and then returning to the scanning step;

checking the buffer to detect a code to be sent and, in
response to detecting a command to be sent from
the computer to the keyboard, sending the code to
the computer and then returning to the scanning
step, and, in response to detecting no code to be
sent from the buffer to the computer, scanning a
next line of the key sensing lines;

checking to detect if all codes stored in the buffer
have been sent out after one scan period and, in
response, operating said keyboard in an idle mode
of operation wherein said scanning step is not per-
formed;

detecting an activation of a key of said keyboard and,
in response, supplying an interrupt signal for oper-
ating said keyboard in an active mode wherein said
scanning step is performed;

enabling an interrupt of the keyboard with the key-
board operated in said idle mode wherein said key-
board is responsive to a command to the keyboard
received from the computer for changing a mode
of operation from said idle mode to said active
mode for performing said scanning step;

detecting a disable signal from the keyboard to the
computer after one scan period so as to operate said
computer in a power down mode of operation; and

detecting an operation of the reset button and, in
response, operating the keyboard in the active
mode of operation wherein said scanning step is
performed.

2. A computer system having automatic power re-

duction modes of operation, comprising:

a processor selectively operable in a normal operating
mode and a power down mode of operation;

a keyboard including a plurality of keys and a plural-
ity of key sensing lines, said keyboard including
scanning means responsive to an activation of said
keys for selectively scanning said key sensing lines
to provide a code signal to said processor;

means for detecting completion of a scan cycle of all
of said key sensing lines by said scanning means
and, in response, one of supplying said code signal
to said processor and an idle mode when no key-
board inputs are detected by said plurality of key
sensing means;

means for detecting an operation of said processor in
said power down mode of operation and, in re-
sponse, inhibiting an operation of said completion
detecting means such that said keyboard goes into
said power down mode; and

reset means for operating said processor in said nor-
mal mode of operation and for initiating scanning
of said key sensing lines of said keyboard by said
scanning means.

3. The computer system according to claim 2 wherein
said keyboard includes timer means responsive to a
command signal from said processor and to said scan-
ning means for selectively inhibiting scanning of said
key sensing lines by said scanning means.
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