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§,NTERNAL 1 NTERRUPT GONTROLLER FOR A PERI PHERAL PONTROLLE
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I nvention involves a perrp cont rol =@~ whi ch enulates:t,e.functrons of
conventional peripheral controllers and an |nterrupt controller within the
peripheral controller which generates internal i-Aberrupts ih-- response to &:
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The present invention relates to facilitating control
within Industry Standard Architecture (ISA) compatible laptop
computers. Specifically, the invention involves a peripheral
controller which emulates the functions of conventional
peripheral controllers and an interrupt controller within the
peripheral controller which generates internal interrupts in
response to a number of devices connected to the ISA computer.
The peripheral controller enters a low power mode of operation

while it awaits an interrupt from various devices, rather than
actively polling these devices to determine which device or
devices need service. -
escription of the Related Art
Conventional ISA (i.e. IBM-AT) compatible computers
utilize an integrated circuit (IC) intelligent peripheral
microcontroller to perform various control functions between
a ﬁaster.processor (the host~--the master central processing
unit and supporting resources) and various peripheral devices.
Typical I/0 functions performed by the peripheral
microcontroller involve scanning a keyboard and providing an
interface between peripheral devices and the host. The
microcontroller interfaces these peripheral devices with the
standard ISA data and control busses. The microcontroller
provides registers which enable it to function as one
peripheral device to the master processor. The
microcontroller performs the basic I/0 functions for other
peripheral devices so the host does not have to use processor
time to perform these functions. The host only communicates
with the peripheral microcontroller which performs the
processing necessary to support the other peripheral devices.
The INTEL 8042 and 8742 integrated circuits are common
peripheral microcontrollers for the ISA compatible computer
. architecture. The use of the 8042 and the 8742 integrated
citcuits,in laptop computers is undesirable because these
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devi ces need service. Description of the Related Art Conventional [ SA
(i.e. 1BMAT) conpatible conputers utilize an integrated circuit (10QC
intelligent peripheral mcrocontroller to performvarious control functions
bet ween a master processor (the host--the master central "precessing unit
and supporting resources) and various periphe&ral devices. Typical 1/0
functions perforned b the _peripheral mcrocontroller involve scanning
a keyboard and‘pF89rafag &dremdds liaeetAgTe r FerRRRed o9\ VR ESh s FanshEes
host g dTIthm'debacaagnobb%r:.nt wdmmqrm,_ Pt pherml, | seva CESs aévi sbmhhec.
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functions for | hce t et
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integrated circul{s are conmpn perlgheral n1§rocontrollgrs for the | SA

conpati bl e conﬂﬁYé?es connected to the serial ports pee to transfer daga.

In laptop computers which can operate on rechargeable

. batteries, any reduction in power cohsumption results in an

increase in battery 1life (i.e. time between battery

recharging) . However, most presently available laptops
continue to utilize the conventional peripheral
microcontrollers.

It is therefore desigable to provide a controller for use
in laptop computers which consumes substantially less power
than the conventional peripheral microcontrollers.

Newer technologies, such as CMOS (complementary metal
oxide semiconductor) exist which allow design of application
specific integrated circuits (ASIC) which consume less power:
than the conventional peripheral microcontroller. Simply
implementing the conventional controller with CMOS technology
would decrease power consumption. However, the inefficient
active scanning of conventional peripheral controllers would
continue to consume more power than is desirable because CMOS
circuits consume more power when active than when idle.

- Under the conventional design, as expléined, the
peripheral controller continuously polls various devices and
flags, and polis the keyboard scanner to determine if any data
transfers from the keyboard are required. Power |is
unnecessarily consumed in this active polling pro¢ess because
one or more devices may be inactive for extended periods of
time, during which no data transfer from the device is needed,
and the polling of the inactive device is unnecessary.

A more desirable system involves only communicating with
the peripheral devices or the keyboard when servicing is
needed by these devices. This system includes an interrupt'—
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architecture. The use of the 8042 and the 8742 integrated circuits in

| apt op conputers is undesirabl e because these

2- integrated circuits utilize older technol ogy which consunmes too nuch
power. For instance, the INTEL 8742 is a 50mA IC. Moreover,; these IC s
operate in a continuous active node in whisch they poll a status register to
determne if the host has transferred data to the peripheral controller,

pol | a keyb stie&cenaeh @Qod&b@&ﬂﬂﬁerfuﬁtkeﬂofaﬁmé’wmdc@%ﬁﬁ@ller
keyboar d, a oII the [ orts {o e%§°£1gg L evi c connected
to the seridm ¥ Fasd oot ved s PnhPEEY o oG BREIHERS. athi S
can operatetherknyhmgaableo movement of a mouse, or to activation of
other peripheral devices serviced by the peripheral
controller. The core central processing unit (CPU) of the
peripheral controller enters a low power 'idle mode, commonly
carried out by executing a halt command i@ INTEL 8031 series
microcontrollers. The microcontroller remains in the idle
mode until it receives an interrupt from one of the peripheral
devices, or the keyboard, that indicates tﬁe device needs to
transfer data. _ .

One of the complications with this implementation is that
common microcontrollers, such as an INTEL 80C31, do not
provide enough interrupts .to service all the peripheral
devices managed by the peripheral controller. Therefore, it
is desirable to provide an interrupt controller which combines
numerous interrupts to provide a single interrupt for the
microcontroller core of the peripheral controller and also to
provide a register which can be read by the core CPU to
determine which device has caused the interrupt once the
interrupt is received. '

By implementing an interrupt controller, the
microcontroller core remains idle in a low power mode until it
receives an interrupt which activates the microcontroller.
The reduction in power consumption results in extended
battery life which is particularly useful in portable-iap-top
computers. /
Summary of the Invention

The present invention provides a relatively low power
peripheral microcontroller which wutilizes memory mapped
address decode architecture to expand I/0 control ports and
enhance interrupt servicé'capabilities to allow a single chip --
to control many laptop computer applications. Extensive power
management capabilities have been added to the microcontroller
to conserve  power to extend the battery life of a laptop
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batteries, any reduction in power consunption results in an increase in
battery Ilife (i.e. time between battery recharging). However, nost
ptesently available |aptops continue to utilize t he conventi onal
peri pheral mcrocontrollers. It is therefore desirable to provide a
controller for use in |laptop conmputers whigh consunes substantially |ess
power than the conventional peripheral mcrocontrollers. Newer

t echnol ogi es, suclthas CiIgrceonlromAry dRibdtexi decifeni consteions eXioxt
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conventional perip er rollers nue to CONSUre nore
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controller continuously €n¥ s vari ous devices an and polls

keyboard scaMfér 1Bo2 Jadst AR Ery f; %Bﬁ%?@r%ﬁﬁ#i&%?té%?nﬁIQAkac?ﬁ@%%hpée

are requiregomputBeVBystefs, wherein the peripheral controller has a core
microprocessor configured to receive at least one interrupt
) and capable of operating in a low poﬁer mode while awaiting
interrupts, and also has addressable memory space. The
peripheral controller emulates the functions conventionally
performed by the INTEL 8042 or 8742 series of integrated

circuits.

The interrupt controller comprises a prescreened input
register indicator which is activated upon a transfer of any
of a first set of information from the host to the peripheral
controller, and which is prevented from becoming active upon
a transfer of any of a selected second set of information from
the host- to the peripheral controller. The peripheral
controller also comprises - at least one peripheral device
activated indicator from at least one peripheral device which
signifies that the peripheral device has been activated, and

a keyboard activated indicator signifying that a key on
a keyboard has been pressed. The interrupt controller aléo
comprises interrupt control 1logic responds to the input
register indicator, the keyboard activated indicator and the
peripheral device activated indicator, and provides an
interrupt register for the peripheral controller. the
interrupt controller also comprises at least one interrupt
request line responsive to the keyboard activated indicator,
the input register indicator and the peripheral device
activated indicator to provide an interrupt for the core
microprocessor when at least one of the input register
‘indicator, the peripheral device activated indicator, or the
keyboard activated indicator is active.

The per1phera1 device actlvated lndlcator comprises at
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'ﬁnneéessarily consuned in this active polling process because one or nore
devi ces may be inactive for extended periods of tine, during which no data
transf.er fromthe device is needed, and the polling of the,inactive device
i s unnecessary.” - A nore desirable sysgeminvolves only comrunicati ng
with the peripheral devices or the keyboard when servicing is needed by
these devices. This systemincludes an interrupt _

-3-  syst e”l\é’&b%hoﬁéoéfcssglﬂatﬁliﬁ?téff&éviéé DA i ehes Rk mﬂéﬁ%bﬂbrigea
response to_data recejved fromthe host, to actiyation of .the keybgard, to
movenent of £X¥ wﬁgd%ﬁanFaggpp&?yaﬁqﬁthat a first peripheral device

connected to a. first serial port has been activated, and a
second indicator signifying that a second peripheral device
connected to a second serial port has been activated.
The interrupt register is configured'to be addressable at
a memory location in said memory space of the core
microprocessor such that the register is read by the core
microprocessor from an address assigned to the interrupt
register in the addressable memory space of the core.
Finally, the interrupt register comprises an eight-signal
register, each signal having a corresponding signal tine which
comprise four interrupt signal lines assigned to selected
devices controlled by the peripheral controller, wherein each
.. of said signal lines represents an interrupt reflecting the
activity status of one of said plurality of peripheral
devices, and four mask signal lines which enable or disable
the interrupt signal lines.
Brief Description of the Drawings
Figure 1 is a block diagram of the peripheral controller
system according to the present invention.
Figure 2 is a block diagram of the host interface of the
system.
Figure 3 is a diagram of the host and core (input/output)
I/0 buffers.
Figure 4 illustrates the host I/0 control block.
Figure 5 illustrates the data bus register buffers for
the host.
Figure 6 illustrates the address/data latch for the
microcontroller core central processing unit (core CPU).
Figure 7 illustrates the data bus status register. _
Figure 8 illustrates the address decoder/bus multiplexer
circuit for the microcontroller cors-
Figure 9 illustrates a diagram of the keyboard scanner of -
the present invention. )
' Figure 10 illustrates an exemplary portion of the
keyboard switch matrix of the present invention. .
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ot her peripheral devices.serviced by the peripheral controller. The core
central processing unit (CPU) of the peripheral controller enters a | ow
power idle node; comonly carried out by executing a halt conmand in | NTEL
8031 series microcontrollers. The nmicrocontroller remains in the idle node
until it receives an interrupt from one ef6- he peripheral devices, or the
keyboard, that indicates the device needs to transfer data. One of the
conplications w thiginre i Dpl ebkhbtatratess ahaSChemabhcnidiagnamrobfershe

such as an | r Q¥i N to service all the
peri pher al d%€|cé§%§gna_€gr§§i?ﬁ 8¥e€$e Egn% Eién Therefore, it is
desirabl e to proFigure 1até lHEFré§ﬁ§rGIﬁﬁh%MﬁQﬂFtﬁiﬂﬁﬁﬂﬂsQﬁuﬁ#@ubOOt-

interrupts tfbéa@yléﬁkéuftngfethétﬁféggﬁtfﬂﬁvéhﬁlehcrOCOﬂtr0||er core of
t he peripheral canjiroller_an Iso t.o rOV|d regis éer whi ch caﬁlbe read

by the core CPU tirH%r Afnée *ESF?WePFu SnBAY; he
i nterrupt i scoetrodbst of thé@presamteﬁnmemngonan i-nt er r upt controller,

the m crocontroller cor e in node _unti it yeceives
it e oot i ottt B SRt ) A R b R e Bl aty BEGEL
locad progranm sequence executed during boot-load of the

microcontroller core.
Figure 15 illustrates a gate A20 bypass controller of the
present invention. .
Detailed Description of the Preferred Embodi ent

The present invention will be described in the context of
component oriented logic with an independent microprocessor.
In a preferred embodiment, the entire system is implemented in
an application specific integrated circuit (ASIC) which
includes the microprocessor within the ASIC.

The block diagram of Figure 1 illustrates the principal
system units of the present invention. The computer system
100 comprises a master processor and supporting platform
resources {the host) 102 such as an INTEL 80x86 motherboard,
a peripheral controller 103, a memory 109, a keyboard 112, and
serial input/output (I/O) peripheral devices 113. The
peripheral controller 103 includes a microcontroller core
central processing unit (CPU) 104, a host/core interface 106,
a boot loader and RAM controller circuit 107, a keyboard
scanner 108, an interrupt controller 110, and I/0 lines 114
connected to the serial I/0 devices 113.

The peripheral controller 103 emulates a conventional
peripheral microcontroller such as an INTEL 8042 or 8742 and
performs additional functions discussed herein. The
peripheral microcontroller 103 described can be implemented in
a low power CMOS application specific integrated circuit
(asIC). : A
The Microcontroller Core

The microcontroller core CPU 104 comprises, or emulates
the functions of, an INTEL 80C31 family microcontroller as is
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‘The reduction in power consunption results in extended battery life which
Is particularly useful in portable |ap-top conputers.

Sunmmar.y of the Invention The present invention provides a relatively

| ow power peripheral nmicrocontroller which utilizes menory napped address
decode architecture to expand I/ O controt7ports and enhance i nterrupt

service capabilities to allow a single chip to control many |aptop conmputer
appl i cat i orkelburderstopdwer e arthenTheagarie CPUed0Khake pregragued to

It het m cr OCOﬂ%ﬁ%éeﬁh&%ﬁ@?ﬁ%’i&ﬁsp%\ﬁe‘thfeo pRrligbrde dstdsdr fEo®l
aptop Congﬂngrgost[Core Interface

The host/core interface 106 comprises a number of
different functional blocks. These blocks are shown in Figure
2, and include a set of tri-state input/output (1/0) buffers
120, host I/0 control 122, data bus I/0 register buffers 123,
a status register 124, an address decodér/bus mulﬁiblexer
circuit 126, address/data bus latches 130, and a gate A20
bypass controller 650.

The I/0 Buffers |

The tri-state I/0 buffers 120, depicted in Figure 3,
include a host I/0 buffer 140 and a microcontroller core I/O
buffer 160. These buffers 140 and 160 are similar.

The host I/0 buffer 140 provides a buffer which utilizes
an XD_P[0..7] bi-directional host data bus 150 connected to a
conventional host I/0 bus such as an Industry Standard
Architecture (ISA) bus as is well understood in the art. an
XDO{0..7] output signal bus 152 carries a set of signals from
the peripheral controller 103 for output onto the XD_P[0..7]
host data bus 150, and an XDIN{0..7] input signal bus 154
carries signals to the peripheral controller 103 from the
XD_P[0..7] host data bus 150. The core I/0 buffer 160 also
uses an XD_OE enable signal line 156 to gate signals on the
XDO[0..7] signal bus 152 to the XD_P[0..7] host data bus 150.

Any data from the host on the XD_P([0..7] host data bus
150 will propagate through the buffer onto the XDIN([O0..7]
signal bus 154 for use within the peripheral controller 103.

The core I/0 buffer 160 provides a tri-state buffer for
the core CPU 104. The core I/0 buffer 160 utilizes an
AD_P[0..7] bi-directional address/data bus 172 connected to
the core CPU 104 Port 0 (corresponding to Port 0 of an Intel
80C31) as is well understood in the art. An AD[0..7] output
signal bus 174 carries signals from the peripheral controller
103 for output to the core CPU 104, and an ADIN{0..7] input
signal bus 176 carries signals from the core CPU 104 for input

to the perlpheral controller 103. Aan active AD_OE signal line
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he Host I/O Control Circuit ' .

The peripheral controller 103 ;equ;res a number of
control signals. Many of these signals are provided by the
host I/0 control 122, depicted in Figure 4. The host I/0

control is relatively straight forward and will be explained

in functional form.

The host I/0 control ,122 utilizes signals on an XIOW_
(I/0 write) signal line 264, an XCS_ (chip select) signal line
224, a CLKIN (CLOCK) signal line 226, an XIOR_ (I/O read)
signal line 228, an XaA2 (address line 2) signal line 200, and
a RESET_ signal line 216. These signals are the standard I/0
write, I/0 read, chip select for the conventional 8042 or 8742
peripheral controllers, clock, and reset control signa;s from
the host 102 as are well understood in the art.

The interface control 122 also uses a MIBF (mask input
buffer full flag) signal 1line 270, and a BOOT (core is
executing boot load) signal line 271.

The interface control 122 provides an SIBF (set input
buffer full) signal line 210, an HWRP_ (host write pulse)
signal line 260, an HWR_ (host write) signal line 202, a WR60_
(host write to port 60) signal line 229, a WR64_ (host write
to port 64) signal line 230, an IA2 signal line 232, an HRD_
(host read) sighal line 234, a RD60_ (host read from port 60)
signal line 236, a RD64_ (host read from port 64) signal line
235, and the XD_OE signal line 156.

The HWRP_ signal line 260 is driven active by any write
to port 60 or to port 64 by the host 102 (the XIOW_ signal
line 264 and the XCS_ signal line 224 are active). The HWR_
signal line 202 is driven active under the same conditions as
the HWRP_ signal line 260, but three. clock cycles after the
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a transfer of any of a selected second set of information fromthe host to
the peripheral controller. The peripheral controller also conprises

at | east one peripheral device activated indicator from at. | east one .

peri pheral device which signifies that the peripheral device has been
activated, and a keyboard activated9ndi cator signifying that a key on
a keyboard has been pressed. The interrupt controller also conprises
i.nterrupt cBWRPQ|signglclipepdsdsgrest BetivigpuiThee SIAR:r signahtbinet pao
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and provides an interrup regi ster heral ‘contyoll
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keyboard a-éb%ﬁi@?di@ﬁ j cat Phe! WRED | Eignal ThfePSobRAE ActdSyd GhaghLuat ed

i ndi cat or conprTsSes
the host executes a write to port 60 (the XIOW_ signal line

264 is active, the XCS_ signal line 1; active, and the XA2
signal line 200 is low). The WR64 signal line 230 is active
when the host 102 writes to port 64 (same as WR60_, except the
XA2 signal line 200 is high). The IA2 signal line reflects
the signal on the XA2 signal line when the XIOR_ signal line
228 and the XCS_ signal line 224 are active. The HRD_ signal
line 234 is driven active upon a read from port 60 or from
port 64 by the host 102 (the XIOR_ signal line 228 and the
XCS_ signal line 224 are active). The XD-OE signal line 156
is activated under the same conditions as the HRD_ signal line
234, but three clock cycles after the HRD_ signal line goes
active. The RD60_ signal line 236 is activated when the host
102 executes a read from port 60 (the XIOR_ signal line 226
and the XCS_ signal line are active, and the XA2 signal line
is low), and the RD64_ signal line 235 is activated by a read
from port 64 by the host 102 (the XIOR_ signal line 226, and
the XCS_ signal line are active, and the XA2 signal line is
high).

The Host Register Buffers

The host register buffers circuit”®™ 123 comprises
multiplexer logic 1984 and an input register latch 240 as
depicted in Figure 5.

The multiplexer logic 194 utilizes an ST[0..7] status
register data bus 242, an 0B[0..7] output register data bus
244, and is responsive to the XA2_ signal line 290, the HRD_
signal 1line 234, and the RESET_ signal 1line 216, and
selectively transmits data on the XD[0..7] signal bus 151.
The OB[0..7) output register data bus 244 corresponds to the
output register of an Intel 8042, or 8742 peripheral
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Ieast one of a plurality of device indicators which conprisea first

I ndi cator signifying that a first peripheral device connected to a first
serial -port has- been activated, and a second indicator signifying that a
second peri pheral device connected to a second serial port has been

activat ed. The interrupt register isjganfigured to be addressable at a
menory location in said nenory space of the «core mcroprocessor

such that theohégbillet,i sardadhey 910 COTE &ataarquerf [ @t &N baddr 253
oSt aned 0 UierkBLSAP e SHe Flanid 1o Q0L S5 R7RLe BTN PEE o9l
regi ster, eaperipbexhlheontgodlear.r espondi ng signal |ine which

The multiplexer logic 194 selects propagation of signals
from the 0B[0..7] output register data .bus 244 or from the
ST{0..7] status register data bus 242 to the XD[0..7) signal
bus 152. When the XA2 signal line 200 is high, the ST[0..7)
status register data bus 242 is selected for proﬁaéation.
When the XA2 signal line 200 is low the OB[0..7] output
register data bus 244 is selected for propagation. An active
HRD_ signal line 234 gates the selected signals fhrough the
nmultiplexer 194 -

The input buffer latch 240 has its inputs connected to
the XDIN[O0..7] signal bus. 154 and is controlled by the HWRP_
signal line 260. The outputs of the input buffer latch 240
are connected to an IB[0..7] input register data bus 246. The
IB[0..7] input register data bus 246 corresponds to the input
register of an Intel 8042 or 8742 peripheral controller. The
signals on the XDIN[O..7] signal bus 154 are gated through the
buffer 240 to the IB{0..7] input register data bus 246 when
the HWRP_ signal line 260 is active.

The Core Address/Data_ Latches

The core CPU address/data latches 130 comprises an output
buffer decoder 254, an output buffer latch 256, and an address
latch 258 as depicted in Figure 6. 1In the present embodiment,
the output register is mapped into the core CPU 104 memory
space at location 8010H.

The inputs to the address latch 258 comprise the
ADIN[O0..7) signal bus 176, and a P2[0..7] signal bus 177 from
port 2 on the microcontroller core CPU 104 as well known in
the art. The address latch 258 is controlled by an AtE signal
line 262 from the core CPU 104 as is well understood in the
art, and the RESET_ signal line 216. When the address latch B
258 detects an active signal on the ALE signal line 262, it
allows propagation of the signals on the ADIN[0..7] signal bus
176 and the signals on the P2{0..7] signal bus 177 to a
MA[0..15]) address line bus 264. L
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conpride four interrupt signal lines assigned to sel ected devices
controlled by the peripheral controller, wherein each of said signal |ines
represents an interrupt reflecting the act|V|ty status of one of said
plurality of peripheral devices, and four mask signal |ines which endable or
di sable the interrupt signal Ilnes -11- Brief Description of the
Dr awi nas Figure 1 is a block diagramof the peripheral controller

system according trget f&%@@e%f‘f@ten&ééade logﬁ! SLTY %ﬁﬁﬁé& ng am
of the host inter t he syst ure ram or t
Ohd cor o (i nBAERBY; Jane RPB KEPEe LPU writg RAnkipd Yiha Akl dIReTRE0OR, O

control bl ockn the akityyr ¢he CLKIN sdiggml 22 alatamd the ogi[.cnnPufd@ipessr
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Il lustrates mherdabatbaileracqrerG§Usléﬁ. The &egoder 254 |disived e WRBB_

address decoggripus SU P! BX@Eet)" CHEGnEY" 1ife 220N {VL ! @nd%hn oBG
(output buffer gate) signal line 259 active upon detecting the
write to 8010H (a write to the output buffer) by the core CPU
104. The OBG signal line 259 is activated three clock cycles
before the WROB_ signal line 220. -

The output buffer latch 256 utilizes the '-ADIN[O..’I]
signal bus 176 and the OBG_ signal line 259. When the output
buffer latch 256 detects an active signal on the OBG signal
line 259, indiéating a write to the output register by the
core CPU 104, it allows propagation of the signals on the
ADIN{0..7] signal bus 176 to the OB{O..7] output register data
bus 244.

The Status Register

The - status register 124 corresponds to the status
register of an INTEL 8042 or 8742 peripheral controller as
well known in the art. The status register 124 is an eight-
bit (bits 0-7) register which consists of 8 status bit lines,
ST{0..7], and comprises a status register decoder 270, a latch
logic 272, and status bit logic circuits 278, 280, and 282 as
depicted in Figure 7.

The status register decoder 270 responds to the UCWR_
signal line 255 and the MA[0..15] address bus 264. The status
register 124 is mapped into the microcontroller core CPU 104
memory space at’ location 8012H. The decoder 270 responds to
a write by the microcontroller core CPU 104 to address 8012H
(the status register) to enable the latch logic 272.

The latch logic 272 responds to data inputs ADIN[2], and
ADIN(4..7] from the ADIN{[0..7] signal bus 176 and provides
‘signal lines ST[2], ST[4..7])] corresponding to status bit 2,
and bits 4-7 of the status register 124. The latch logic 272
gates the signals on the ADIN[2], ADIN[4..7] lines to the
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Figure 9 illustrates a diagram of the keyboard scanner of the present

I nventi on. Figure 10 illustrates an exenplary portlon of the
keyboard switch matrix of the present invention. :

- 6- Figure 11 illustrates a schematic diagram of the }nterrupt
controller of the present invention. -1Bigure 12 illustrates a schematic
di agram of the boot- |oader circuit of the present invention. Fi gure

13 |IIustratSS[a]$cm§r1[a¢Jmp| ajigaralof 1ihesRAlten enabled by the status
‘register decoder 271 as explained.

Status bit 3 logic 278 responds to the XA2 signal line

200, the HWR_ signal line 202, the CLKIN signal line 226 and

- the RESET_ signal line 216. The logic 278 provides a signal
for an ST{3] status bit signal line 283, fThis ST[3] signal
line 283 corresponds to the level on the XA2 signal line 200
upon a pulse on the CLKIN signal line 226 and the Hwk_'signal
line 202 line is active to indicate whether the last write
from the host 102 to the input register was a command or data
as well understood in the art. A high on the XA2 line
indicates that the last write by the host to-the input
register was a command, and a low on XA2 indicates the last
write by the host to the .input register was data. The ST([3]
signal line 283 is cleared when the RESET_ signal line 216 is
activated.

Status bit 1 logic 280 is controlled by the SIBF_ signal
line 210, a CLRIBF_ signal line 212, the RESET_ signal line
216, and the CLKIN signal line 226. The logic 280 drives an
ST[{1]) signal line 214 upon a pulse on the CLKIN signal line
226 and an active signal on the SIBF_ signal 1line 210
(indicating a qualified host write to the input buffer). The
logic 280 drives the ST[1] signal line 214 inactive upon a
pulse on the CLKIN signal line 226 whenever the CLRIBF_
(indicating a read from address 8012H by the core CPU 104)
signal line 212 is activated. The ST[1] signal line 214 is
cleared when the RESET_ signal line 216 is activated.

Status bit 0 logic 282 utilizes the WROB_ signal line
220, the RD60_ signal line 236, the CLKIN signal line 226, and

L the RESET signal line 216. The logic 282 drives an ST[O]
signal line 285 active upon a pulse on the CLKIN signal line
226 whenever the WROB_ signal line 220 is active (indicating
that the core CPU 104 has written to the output register).
The logic 282 drives the ST{0] signal line 285 inactive upon -
a pulse on the CLKIN signal line 226 when the RD60_ signal
line 236 is active (indicating that the host 102 has read the
output register). The ST{0] signal line 285 is cleared when
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Sontrdller of the present invention. Figure 14 illustrates a flow
chart of an exenplary boot- | oad program sequence executed during boot-| oad

of the mcrocontroller core. Figure 15 illustrates a gate A20 -bypass
controller of the present invention. Detai |l ed Description of the
Pref erred Enbodi nent The present invwention will be described in the

context of component oriented | ogic with an independent m croprocessor. In
a preferred md)cmnsmnt siqmalanln.ne 296t de |as:t:tmi1£ém.nt ed in an application

specific integr at.ﬁg t SI Q) | CR 4 t C 0CLS$SO th| n
t he ASIC. I oc di” a—'(gIrAarﬁq Vg;li gtrjirie % | %I%%‘} Pg]s %fggab'r?imépta%%
syst em uni tgeemstmr platanbus N6t apd. thks coMpriges khe magentspef stbea
mast er processAyd ting platformresources (the host) 102 such as

an | NTEL 80x86 not herboar a peripheral controller 103, a nenory 109, a
keyboar d 11Zhe, Addxess | De¢edeF/ output (1/0) peripheral devices 113

The peripheral coje %Hd&*es]soaebwb!msamﬁuth@l@ﬁdzol::'J.Qbu(iQrEZGQ:‘Bﬂiﬁi'J.ses

processi ng unit (t[ro% 1eO4 a host/c%re Gtsexrnu ?[g.?{era3 oot Ié)a fcr: nd, RAM

control ler & FOR decoden 0L @ 04 as dep ted in
Figure 8.

The control decoder 300 responds to the UCWR_ signal line
255, a UCRD_ (conventional Read from ‘core CPU 104 as well
known in the art) signal line 257, and the MA[0..15] address
bus 264. The decoder 300 detects accesses to predetermined
addresses by the microcontroller core CPU 104 within its
memory space. The decoder provides the CLRIBF_ (Clear input
buffer full flag) signal line 212, a KBBS_ (keyboard bus
select) signal line 310, a INTR_ (interrupt register) signal
line 320, the AD_OE signal line 178, a RAM-BS_ (RAM bank
select) signal line 312, a REBOOT_ signal line 314 (a software
reset), and three multiplexer select signal lines 322, 324,
326 and a mux gate signal line 328.

The bus multiplex 1logic 304 responds to a KBR[0..7])
keyboard row bus 330 connected to the rows of the keyboard
112, the OB[0..7] output register bus 242, the IB[0..7] input
register data bus 246, the ST[0..7] status register data bus
242, an INT([0..7] interrupt register signal bus 340 connected
to the interrupt register (explained 1later), and a RAM-
DI(0..7]) signal bus 334 connected to the data lines of an
external random access memory (RAM) (not shown).

In the present embodiment, the control decoder 300
detects a read. command from the core CPU 104 at various
addresses to activate the select lines 322, 324, and 326 to
select propagation of signals on the busses 232, 262, 228,
340, 330, and 334 to the AD[0..7] signal bus 174. When a read
from address 8010H (the output register memory mapped address) -
occurs, the control decoder 300 selects the OB[0..7] output
register data bus 242 for propagation. When a read from
address 8011H (the input register memory mapped address)
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séanner 108, an interrupt controller 110, and I/O lines 114 connected to

the serial 1/0O devices 113. The peripheral controller 103 enul ates a
conventi onal peripheral mcrocontroller such as an I NTEL 8042 or 8742 and
performs additional functions discussed herein. The peri phera

m crocontrol l er 103 described can be inpteeented in a | ow power CMOS
application specific integrated circuit (ASIC). The Mcrocontroller Core
The mi crocome@irses theecORbrod4 daumsiars e300 osedpokst @sopagatiost i @hsthe,

an | NTEL 80C3lg{ A8 loh Hrd 98¥..9) 8hRt kegister bus 246, and activates
the CLRIBF_ signal line 212. When a read from address 8012H
(the status register memory mapped location) occurs, the
decoder 300 selects propagation of the sigpals on the ST[0..7]
status register data bus 242. When a read from address 8040H
(the interrupt register memory mapped location) occurs, the
decoder 300 selects propagation of signals on the INT{0..7]
interrupt register data bus 340. When a read from address
800XH (the keyboard columns memory mapped address) occurs, the
decoder 300 selects propagation of signals on the KBR[0..7]
keyboard rows data bus 330. When a read from ad@gess {the
first 16K of memory space for the core CPU 104) occurs, the
decoder 300 selects the siqpals on the RAM-DI[0..7] bus 334
for propagation. When a read from 800XH, 8010H, 8011H, 8012H
and 8040H occurs, the decoder activates the AD_OE bus 178 so
the signals on the AD{[0..7] signal bus 174 can propagate
through the core I/0 buffer 160 to the AD_P[0..7) address/data
bus 172 connected to the microcontroller core CPU 104.
The decoder detects any access to location 8037H by the
core CPU 104 to activate the REBOOT signal 1line 313 (a
software reset). The decoder detects any access to address
locations 0000H-3FFFH (the first 16K of memory space for the
core CPU 104) to activate the RAM-BS_ (RAM bank select) signal
line 311. The decoder 300 also detects any access to address
804xH to activate the INTR_ signal line 320, and detects a
read from the core CPU 104 at location'soOxH to activate the
KBBS_ signal line 310.

The Kevyboard Scanner
The Kkeyboard scanner 108 provides a memory mapped

keyboard scanner for the core CPU 104. The core can
efficiently determine which key is pressed and generate a scan

code for the host 102. N
_ The keyboard scanner, depicted in Figure 9, comprises an
T ‘OR gate 342, an input latch 344, a latch 346, a decoder 348,
AND gates 352, 354, 356 and 357, and inverters 360, 364. It
also 1nc1udes OR gates 370~-384, one OR gate for the decoder
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7- Wwel | understood in the art. The core CPU 104 is programmed -t0 —nanage -
t he operations of the peripheral controller 103. The Host/Core Interface
The host/core interface 106 conprises a number of differdfis S Replaced
bl ocks. These bl ocks are shown in Figure 2, and include a st Hle
i nput/output (I/0O buffers 120, host I/Qigantrol 122, data
regi ster buffers 123, a status register 124, an address decoder/bus
mul ti pl exer o@tpaHi hod2@23address/ data bus |atches 130, and a gate A20
bypass control |l er,650. The [/ O Buffer .the tri-st | ffers
120, depicted in ﬁ‘ﬁurﬁeg’?%ﬁgl ufE3E RSt II%IBO B{ﬁ’;iézefm ""rzlng&ajJ réWbY! 7]
m crocont r ol keyboard |¥dw bsfigmallobusThdk kpunnectet) tod Wtd aowssi wifl aa.
The host 1/ 1 rovides fter ' til4zes X 0..41
bi-directi o%?%%%%ddg‘gggﬁgs a%goﬂg%ﬁegéﬁeg o(ijaé lciodnvién igﬁgf‘ Eas |°}% %’ﬁ%
such as an |etgltrpoSsihder domischia SR RN ( (Baybbardaenabled| Isigmesl st boe
I the art. 4isXHAQ-uchp O¥iia il 2895 the BRNR °21gnaf'1Phe %2887 the
KBBS_ signal line 310, the ALE signal line 262, MA[O0..4]
address lines 411-414 from the MA[0..15) address bus 264, and
the RESET_ signal line 216. The keyboard scanner 108 provides
. the KBR[0..7] keyboard row signal bus 330, and an ANYR_ signal
line 406. '
The keyboard scanner 108 is connected to a keyboard
matrix 499 shown in part in Figure 10. The Kkeyboard matrix

499 is a switch matrix with rows and columns. The rows are
combined in the OR gate 342 and also form the KBD-ROW[O..7]
signal bus 400. Figure 10 of the keyboard switch matrix also
shows the connections to three of the OR gates 370, 371 and
372 of the OR gates, 370-384 shown in Figure 9. The keyboard
matrix 499 columns 427, 428, and 429 are shown connected to
the OR gates 370, 371 and 384. The remainder of the columns
are connected to other OR gates in thé same manner.

The Interrupf Controller .

The interrupt controller 110 provides an interrupt
register for the microcontroller core CPU 104 which is mapped

C into the core CPU 104 memory space at address location 8040H
in the present embodiment.

The interrupt controller 110, .depicted in Figure 11,
comprises latches 454, 456, 458, 460, 462, signal bit
registers 466, 468, 470, 472, bus latches 474 and 476,

7 inverters 480, and 482, AND gates, 484, 486, 488, 490, 492,
and a OR gate 494.

The register 110 is responsive to a conventional UDATA_ .
input signal line 496 and a conventional UCLK_ input signal
line 498 (fromka keyboard/mouse serial port as well understood
in the art), an MDATA_ signal line 508 ant an MCLK_ signal
line 510 (from another keyboard/mouse serial port with a mouse
connected as well understood in the art), the ANYR_ signal



t he peripheral controller 103 for output onto the XDP[0..7] host data bus’
150, and an XDIN O..7] input signal bus 154 carries signals to the

peri pheral controller 103 fromthe XDP[0..7] host data bus 150.. The core

| /O buffer 160 al so uses an XDCE enable signal |line 156 to gate signals on -
the XDQJ 0..7] signal bus 152 to the XDP[®167] host data bus 150. Any
dat a fronlthe host on the XD P[O..7] host data bus 150 wi || propagate

t hrough t he Jdre 406ntan tHEL KD RigNa¥| 1dngn A 4 Erors £herSTER- vf 1 hEkatms

peri pheral b&@a}ff fsiiféxerdal&?h bus 242Theur@rm~:$r¢@ bed & &lil 1ﬁ%1§][ﬁ/¢ degna clr..KIN

tri-state bu er g t cor core uf fer utilizes

an AD P[0.. Al | %i&%—daﬁ’a ’b%’s c%’rﬂmc‘i*é%l ‘E%‘ggheseapélcpu

104 Port O (lameresponﬂhewcmfwigﬂabflm 1287 aBdC8RhE ABINFOVWRYN signal

understoodlﬂh%] art. An AD[ 0..7] output signal bus 174 carries signals
éral’

fromthe perip control I er 103 for output to the core CPU 104, and an
ADI N[ 0. . 7] i nput Thiegsantyed 1e76 134 previdegnths KBOEN{ hékeyboar®Lnabhleor

input to theipephpheigl copt ider $83nadn BehbvVea PRI abrbii8es an
interrupt for the microcontroller core "cpU 104, and the
INT[0..7] interrupt signal bus 340 which provides the
interrupt register. .
Gate A20 Restart Command Bypasser )

The conventional INTEL 8042 and 8742 peripheral
controllers provide a signal to prevent propagation of address
line 20 from an ISA address bus and a signal to indicate that
the computer is switching from real to protected mode as well
understood in the art. '

These signals are referred to as the Gate A20 signal (for
the address line 20 mask) and restart signal (for the signal
indicating that the mode of the computer is changing) herein.

In the present invention, a gate A20 bypass controller
650 intercepts the command sequences from the host 120, well
understood in the art, which would conventidnally activate the
GATEA20 and the RESTART_ signals. The Gate A20 bypass
controller 650 provides these signals under hardware control
to speed up operations.

The gate A20 bypass controller 650 comprises a decoder
660, latches 662,'664 a pulse generator 666, and an OR gate
668. The decoder responds to signals on the XDIN[0..7) signal
line bus 154, the WR64_ signal line 230, the WR60_ signal line
229, the RESET’ signal line 216, and the CLKIN signal line
226. The latches 662, 664, the pulse generator 666 and the OR
gate 668 respond to one or more of a POP-CMD signal line 670,
a D1-CMD signal line 672, a NOP signal line 674, a FX-RST
signal line 676, and a D1-DATA signal line 678 all controlled
by thé decoder 660, and the RESET_ signal line 216, the CLKIN
signal line 226, and an XD[{0]) signal line 680 and an XD{[1]
signal line 682 from the XD(0..7] signal bus 154. The Gate
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¥78 al'l ows the signals on the AD[0..7] signal bus 174, propagate through
the buffer to the ADP[0O. .7] address/data bus 172. When the core CPU
104 pl aces data on its Port O data |ines, the signals propagate-through
the, core |/O buffer -160 to the ADI N[017-7] signal bus 176 for use by the
peri pheral controller 103. The Host 1/0O Control Circuit The
peripheral controller 103 requires a nunber of control signals. Many of

these signalapargypasyi ¢ashtipoller heso |pfdeimés Olsithdiglepbet & GATEASWY €
gkpllrﬁegos%idggfxggﬁgl653,“%&3'ﬂf§¥Aﬁ%r%T@yéf(Yfﬁgdssgdéﬁ '8 mIBF
signal line 270.

Boot Ioader and RAM Controller

The peripheral controller 103 also includes a boot loader
780, depicted in Figure 12, and a RAM controller 790 depicted
in Figure 13. The boot-loader 780 and the RAM controller 790
manage the downloading of programs to the peripheral
controller 103 for use by the controller in its operations.

The boot loader 780 (Figure 12) comprises a counter 800,
a gate 808, OR gates 819, 850, an AND gate 870 latches 834,
838, and 842, and an inverter 846, The loader 780 is
responsive to the XDIN({0..7] signal bus 154, the RESET _signal
bus 216, the WR60_ signal line 229, the WR64_ signal line 230,
the RD60_ signal 1line 236, the RD64_ signal line 235, the
CLKIN signal line 226, and the REBOOT_ signal line 314. The
boot loader 780 provides a BA[0..15] address bus 856, the BOOT
signal line 271, a CPU-RST signal line 858 (connected to the
conventional RST pin on the core CPU 104), a WR60A_ signal
line 860 which is activated on a write to port 60 by the host
during boot-load, and a RD60A_ signal line 862 activated on a
read from port 60 by the host 102 during boot load.

The RAM controller 790 (Figure 13) provides inteffacing
between the peripheral controller 103 and the external Random
Access Memory (RAM) (not shown). The RAM controller comprises
multiplexing logic 900, AND gates 912, and 914, OR gates 908,
and 910, and an inverter 916. The RAM controller responds to
the XD-P({0..7] host data bus 150, the AD_P[0..7] core CPU
address/data bus 172, a RAM-DI[0..7] (data lines from the RAM
chip) signal bus 334, the XD[0..7] signal bus 151, the
BA[O0..7) address bus 856, the MA[O0..15] address bus 264, the
WR60A_ signal line 860, the UCWR_ signal line 255, the RD60A_
signal line 862, the UCRD_ signal line 257, a conventional
PSEN_ signal line 936, the BOOT signal line 271, and the RAM-
BS signal line 312.

' The RAM controller 790 provides a RAM-DO[0..7] signal bus
932 connected to the external RAM data lines (not shown), an
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in functional form The host 1/0O control 22 utilizes signals on an
XIOWV(1/Owite) signal line 264, an XCS_ (chip select) signal line 224, a
CLKIN (CLOCK) signal line 226, an XIOR_ (1/Oread) signal line 228, an XA2
(address line 2) signal line 200, and a RESET signal |ine 216. These
si-gnals are the standard I/Owite, |/OR8ad, chip select for the
conventional 8042 or 8742 peripheral control I ers, clock, and reset_control

signal s frARPRES hokl] 188dxess PYR| P30nRARRNRLT ntPhdhe externad, RAM
interface cadd¥edss 12Pnéssenoteshawiy) BFa( mkcsapletsemubi;er 1bwb_lr brag)ppsdrgnal

The | nt of f 200 TR 1o PSP BTdc S ln FOF EFOp Rt r | Hidtehariid TRy 1 B

i ne 210, &EH\RPritaosnhalliet Equulttiee ekbtarmhali MNQG(‘slgma.ll—N!iné hegs,wd t e)

(host it oon”, HERE-ottlat phabfs’ foBOthe BieBtAat! Rhir)°53ghal” 1iRY
(host read)924 ghand| AnRAMASly RBULP (RELeCte£OrT phiclsoseleghsl U6ke

236, a RDG‘har(l@Q% éa@@é’rﬁaprmmrfo%acéeg@ﬁl shyRg128%neasgdat he XDCE signal

| i ne 156. eHV\RP SI nal, |ine riven active by any wite
eri heral Contro ler Functions y Y

The components of the peripheral controller 103 just
described combine to emulate the functions of a conventional
peripheral microcontroller such as an INTEL 8042 or 8742.

The microcontroller core CPU 104 is programmed *to manage
the functions of the peripheral controller 103. The operation
of the peripheral controller-103 is initiated by down-loading
a set of instruction codes to the core CPU 104 external
program/data RAM (not show). The peripheral controller then
starts executing instructions which monitor all peripheral
devices, such as the keybocard, an external mouse, and other
per‘ipheralé. When no activity occurs for a pre~determined

* duration, the peripheral controller 103 initiates a power
conservation mode of operation. This mode is entered by
executing a HALT instruction in the core CPU 104. Any
subsequent activity by the peripherals or host 102 generates
an interrupt through the interrupt controller 110. The
interrupt initiates execution of routines by the core CPU 104
in the peripheral controller 103. _

The peripheral controller 103 host/core interface 106
provides an interface for the host 104 which can be connected
to the standard host data and control busses as are well known
in the art. The host interface utilizes input and output
registers and a status register for communications with the
host 102.

Input Register Accesses
Before the host 102 writes any data to the input buffer -
of the peripheral controller 103, it checks the status )

register to determine whether the input buffer is already full
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{.0 powt 60 or to 'port 64 by the host 102 (the Xl ON S|gnal line 264 and the
XCS signal line 224 are active). The HWR signal line 202 is driven active
under the sane conditions as the HMRP signal line 260, but- three clock
cycles after the -9- HWRP_ signa

| ine 260 goes active. The SIBF_ 5|gnalli4y§_210 is driven active upon a
wite to port 60 or to port 64 by the host 102 (the XION signal |ine 264

and the XCS (ébﬁeahnél aat&2i4 oY wliethye) m/neirs tét@pw BEngi @Ralillapie 270 he

not active (ﬁhgt 1 énrea s(%hglggat la%egl q5§kg %1n%nd ;Qad QOTm port
64 (as explained herein). When the host 102 receives the
contents of the status register 124 it determines whether the
ST[1] bit (input buffer full flag) is set. If the flag is not
set, then the host 102 proceeds to write data to the ihput
register of the peripheral controller 103. This protocol is
well known in the art.

The input register is written by the host 102 during any
write port 60 or to port 64 command. - Data is written into
this register even if the mask input buffer flag MIBF 270 is
set. When the host 102 executes a write port 60 or-~to port 64
command, the XCS_ signal line 224 and the XIOW_ signal line
264 are active as well understood in the art. This in turn
causes the control signal logic 252 to drive the HWRP_ signal
line 260 active which gates the signals from the host on the
XDIN[O0..7] signal bus 154 onto the IB[0..7] input register bus
246 (Figure 5).

The MIBF signal line is a mask which prevents the SIBF_
signal line 210 from being driven active, preventing the ST[1]
signal 1line 214 from becoming active, and therefore,
preventing the core CPU 104 from detecting that the input
register has received data from ‘the host 102. Thus, ﬁhe host
I/0 control 122 drives the SIBF_ signal line 210 active only
if the MIBF signal line 270 is not active as previously
explained. The active SIBF; signal line 210 is detected by
the status bit 1 logic 280 which in turn sets the ST[1] status
line 214 active.

The interrupt controller 110 receives the signal on the
ST[1] signal line 214 which in turn propagates through the

' interrupt controller as explained below and generates an
active signal on the INT1_ signal line 430.

The INT1_ signal line, which is connected to the core CPU
104 INT1 pin well understood in the art, causes an interrupt
in the core CPU 104. "

The core CPU 104 then determines what has caused the
interrupt. The core CPU 104 determihes this by reading the
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signal line 271 is not active (the controller 103 is not downl oading). The
WR60_ signal line 229 is active whenever the host executes a wite to.port
Q0 (the XIOWsignal line 264 is active, the XCS_ signal line is active, and
the XA2 signal line 200 is low). The WR64zgignal line 230 is active when
the host 102 wites to port 64 (sane as WR60_, except the XA2 signal line
200 is hi gh)intiderip® regirtier i fxon aftlec g [tohe 7g| gnabranptheawaasgnab

[0 e M 002k LR20 801 o8 O, i S AP SiseBgh 42,

The HRD_ S|gnal €n a Ve dpon a r
port 64 by tmmﬁtomagd@ess XD@tspgn&MOHn'eo maezrrdttlﬂeeCKESesltgnaf thee

224 are actiglerlif Nadhetlonal thigerlal ot HUdoris
condi ti ons as ti] RD SI |ne 234, but three clo cycl es 5$ﬁ%r the HRD

signal line %SIH'EWVE’ TH@WH& ghegiptRE ks sb‘éﬁt |3\ﬁe9t RF wWdd 1t hlee
host 102 exeGifiiRsired €8 E@Qm%e 66b (the wzﬁarmp&naéoﬁtmﬁéﬁ and fhe

Si gnal ?.”ﬁ'e contrdl JafFoasen B) ATRaqdetErtRotis piSrres hssd melcets
XI OR_ si gnalprdpmyarfon &Kl thee DHOY & gNpl intewrupte mayister anctd usKAP40
si gnal linetﬁ%adéﬂﬂthe bus multiplex logic 304 onto the AD{0..7] signal
' bus 174 and drives the AD OE signal. line 178 active as
previously explained. The active signal on the AD OE signal
line 178 enables propagation of the signals on the AD[0..7)
signal bus 174 through the core I/0 buffer 160 to the
AD_P[0..7) core CPU address/data bus 172 and enables reading
by the core CPU 104.

The core CPU 104 analyzes the contents of the interrupt
register that it has received and determines which bit is
active. In this case, the INT({3] bit will be active,
indicating that the input register is full. The core CPU 104
then executes a routine in its memory to read the input
register.

To read the input register which is mapped in the core
CPU 104 memory space at 8011H, the core CPU 104 executes a
read at address 8011H. This address is detected by the
control decoder 300 which activates the select lines 322, 324,
and 326 to allow propagation of the signals on the IB[0..7]
input register bus 246 through the bus multiplex logic 304
onto the AD[0..7) signal bus 174. The decoder 306 also
activates the AD_OE signal line 178 once again to allow the
signals on the -AD(0..7] signal bus 174 to propagate through
the core I/0 buffer 160 onto the AD_P(0..7] core address/data
bus 172. The core CPU 104 then reads these signals into its
accumulator as well understood in the art.

The control decoder detects the read from address 8011H
to drive the CLR-IBF_ signal line 212 active. As explained,
the CLR-IBF_ signal line 212 is detected by status bit logic
st to clear the input buffer flag ST[1] so the host 102 can
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The Host Register Buffers The host register buffers circuit 123
conprises nmultiplexer logic 194 and an input register latch 240 as depicted
i m Figure 5. The nmul tiplexer logic 194 utilizes an ST[0..7] status

regi ster data bus 242, an OB[O0..7) output-register data bus 244, and is
responsive to the XA2_ signal |ine 200, tT®lHRD signal |ine 234, and the

rona b st RED endli 130 G5b " Hatallds "Rk Ap e B PR i s b
the output register byf checking dhe 80t ws ré&yitepel2phera
Output Register Accesses
Before the core CPU 104 writes to the output buffer with
data for the host 102, the core CPU checks the status register
124 to determine if the output buffer is. full or empty. The
core CPU reads the status register 124 by executing a read to
location 8012H as will be explained in reférence to the status

register 124.

If the output buffer flag in the status register 124 is
not set, then the core CPU 104 proceeds to write data for the
host 102 to the output buffer. ' | -’

In the present embodiment, the output register is mapped
into the core CPU 104 memory space at location 8010H. The
core CPU 104 writes to the output register by executing a
write at location 8010H.

When the core CPU 104 writes to address location 8010H,
the output buffer decode logic 254 detects the write at this
address and activates the OBG signal line 2%9. This in turn
selects propagation of signals on the ADIN[0..7] signal bus
176 through the output buffer latch 256 onto the OB[0..7)]
output register data bus 244. The output buffer decode logic
254 then activates the WROB_ signal line 220 which sets the
ST({0] signal 1line active in the status register 124 to
indicate that the output register is full.

The host 102 reads the status register 124 durinc a read
to port 64 (as explained herein). When the host 102 receives
the contents of the status register 124 it determines that the
ST[0] bit is set.

The host 102 then proceeds to read the output register.
The host reads the output register by executing a read from
port 60. The read from port 60 causes the host I/0 controller
122 to drive the HRD_ signal line 234 -active which gates the -~
signals on the 0B[0..7] output register data bus 244 onto the
XD(0..7] signal bus 151. The host I/O controller 122 also
‘drives the XD_OE signal line 156 active which then allows the
signals on the XD[O 7] 51gna1 bus 152 to propagate through
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©10- controller, and the ST[0..7] status register data bus 242 corresponds
to the status reglster of an InteI 8042 or 8742 peripheral control]er.

The nultiplexer logic 194 sel ects propagation of signals fromthe OB[O..7]
out put register data bus 244 or fron1th%FﬁT[0 7] status register data bus
242 to the XD[0..7] signal bus 152. Wen The XA2 5|gnal l'ine 200 is high,

he ST[O..7 ' b
the xa2 si gibr RORE 568 Bueref Ao irg toe SO R fY" Fhy el SRR TR tad
sel ected fowhppbp&Q@th@§t sangeade HRD si gnal I|ne 234 gates the sel ected
signal s through iphg @Hfélﬁﬁveioigéan aléy“%ééﬁnﬁhéuéﬁéﬁuﬁakﬁalgégﬂ“gx'ts

I nputs connectedq to the XD N Is control led b

HRD o sF onaFenatBasdiron mARsH Lostela BRI ourThe Tardnasydogatton
connect ed t @oapHl BEsOdeE]edtanuanr epes tohtiala daicdde46 .3 0bhwhliBhO acHiviatius

register bus.246 garres to tﬁﬁ% nput t nt el 42 or

8742 perlphtﬁﬁls 356 81 %%}'S| s % ?ﬁ sﬁfﬁﬁﬁogﬁ?]séﬁaﬁiﬁ Bhs

are gated tOB@Ogh?Qheutput reglster data bus 244 for . propagation to the
AD{0..7) signal bus 174. The control decoder 300 will then
activate the AD_OE signal line 178 to allow propagation of the
signals on the AD{0..7] signal bus 174 to the AD P{0..7] core
address/data bus 172.

Status Register Accesses '_
In general, the eight bits in the status register 124

(Figure 7) are defined as conventlonally defined in an AT-
compatible computer. The bits are defined as follows:
Bit 0 = output buffer full flag (1 = full):;

Bit 1 = input buffer full flag (1=full);:
Bit 2 = system flag (0 = power on, 1 = TestOk):
Bit 3 = XA2 Status Flag (0 = data, 1 = command);
-l Bit 4 = inhibit switch:; Bit 5 = transmit time out;
Bit 6 = receive time out; Bit 7 = parity error (0 = odd, 1 =
even).

The core CPU 104 reads or writes to the status register
bit 2, and bits 4-7 by reading or writing to address 8012H.
During a write to address location 8012H by the core CPU 104,
the status register decoder 270 detects the write to this
address and gates the ADIN{2], and ADIN [4-7] signal lines to
the ST[2], and ST{4..7] signal lines of the ST[0..7] status
register data bus 242. Bits 0, 1, and 3 of the status
register are controlled directly by hardware.

Bit 0 is set when the microcontroller core CPU 104 writes
to address location 8010H and is cleared when the host 102
executes a read port 60 command. When the core CPU 104 writes
to address 8010H, the output buffer decode logic 254 detects
this address and drives the WROB_ signal line 220 active,
which is detected by the status bit logic 282 which in turn
drives the ST[0] signal line 285 active (the output buffer
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buffer ‘240 to the IB[0..7] input register data bus 246 when the HWRP signal
line 260 is active. The Core Address/Data Latches The core CPU
address/data | atches 130 conprises an out put buffer decoder 254, an out-put
buffer latch 256, and an address | atch 258 as depicted in Figure 6. In the
present enbodi nent, the output register isﬂﬁhpped into the core CPU 104
nmenory space at Iocatlon 8010H." The inputs to the address |atch
258 conpri sefuthefABENEE B/tk; gngpeﬁusthﬁéw%ﬁdlaz PEKECULESsigyraead uErony
fromport 2 qgsrofbesmr) cttes Ed o147 comtrdIPU2i0detect! bhkBOYBalNahReaives

P 104 251 06| FORRac RAGRE | hiffe 244 aGHVEn YPREBTES < AgRertet b1 She.

Wien the addrstathatbht238giet @8> whniclktdyvivesgthk srrnor]e s%ld_i:tﬁé dhdhe! bR

i e S o AR LR il el 0

bus 264. Bit 1 of the status register is set when the host 102
executes a write to port 60 or to port 64, and is cleared when
the core CPU 104 reads from address 8011H (the’ input
register). When the host writes to the input register (write
to port 60 or to port 64) regardless of wﬁether the signals
constitute data or a command, the host I/0 control 122 drives
the SIBF_ signal line 210 active. The status bif_logic 280
detects the active SIBF_ line 210 and drives the ST[1] status
bit line 214 active (sets the input buffer full flag).

When the core CPU 104 reads the information in the input
register by executing a read at address 8011H, the control
decoder 300 activates the CLRIBF_ signal line 212. The status
bit logic 280 detects the active CLRIBF_ signal line 212 and
the ST[1] line 214 goes inactive (the input buffer full flag
is cleared).

Bit 3 is updated on any ihput register write by the host
102 (write to port 60 or to port 64), and reflects the state
of the host address bit two, (the XA2 signal line 200) during
the last write port 60 or write port 64 command. A write to
port 60 is a write to the input register with data, and a
write to port 64 is a write to the input register with a
command.

When the host 102 writes to the input register through a
write to port 60 or to port 64, the host I/0 control 122
drives the HWR. signal line 202 active. This gates the XA2
signal 1line 20b through the status bit logic 188 onto the
ST[3] status bit signal line 283.

The status register 124 is read by the host 102 during a ~
read from purt 64. When the host executes a read pdrt 64
-command, the host I/O0 control 122 activates the HRD_ signal
line 234 and the XA2 signal line 200 will be high. The high
on the XA2 line 200 selects the 51gnals on the ST[O .7] status
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The out put buffer decode logic 254 utilizes a UCWR_ signal line 255 (core
CPU wite control line well understood in the art), the CLKIN signal 226,
and the MA[O..15] address bus 264 to detect a wite to address |ocation
8010H by the mcrocontroller core CPU 104. The decoder 254 drives a WROB
(wite output buffer) signal line 220 aeRi4ve and an OBG (out put buffer
gate) signal line 259 active upon detecting the wite to 8010H (a wite to
t he out put luegﬁst)arbqataebvcsrzymgqmmpammetmnab thean@gdl 94, and

activated tRpgeaek 9 m‘a' egiBekar q jhae o a%e&n%hégw%@ms onto he
out put buffer |atc TiliZes the -ADIN nal bus 176_and the
OBG_ si gnal ¥PifAe-239. s%ﬂf&#thé‘sou}%t bufh rhl°§%c 6 pRtEls dfZadthen

signal on thetOPetesg8Ak XD OF_ signal line 156 to allow propagation of
the signals on the XD[0..7] signal bus 151 through the host
I/0 buffer 140 to the XD_P[0..7] host data.bus 150 for reading
by the host 102.

Program Download Contfol

The peripheral controller of the present invention
includes an external random access memory (RAM). The present
embodiment includes 16K of (RAM). This external RAM is loaded
with program code for the core CPU 104 operationé; The RAM
replaces the conventional read only memory (ROM) so that
control routines for different peripheral devices can be

-

implemented.
Upon a power-up reset or a software reset initiated by an

access by the core CPU 104 to address location 8037H (memory
mapped reset address detected by the control decoder 300 to
activate the REBOOT_ signal 1line 314, Figure 8), the
peripheral controller 103 begins boot-load. The flow chart
999 for an exemplary boot-load is shown in Figure 14 and is
described below.

During boot-load, the core CPU 104 is held in a reset
state while the program code for the core CPU 104 is loaded
into RAM. The boot-load sequence begins with the host 102
downloading interrupt vectors and look-up tables and other
instructions into the RAM, followed by downloading programnm
segments and service routines for the core CPU 104 in the RAM.

When the boot-load sequence is initiated, either the
conventional RESET_ signal line 216 or the REBOOT_ signal line
314 is active dépending on how the boot-load is initiated.
The boot-loader 780 (Figure 12) address counter 800 is reset
by the active RESET_ signal line 216 and outputs an address
0000H on the BA[0..15] address line bus 856.

- The active REBOOT_ line 314 or the active RESET_ line 216
causes the OR gate 850 to activate the signal line 852 and to
reset the latch 834 to produce a low signal on the line 836.
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l'i ne 259, indicating a wite to the output register by the core CPU 104, it
al l ows propagation of the signals on the ADINJO..7] signal bus 176 to the
OB[0..7] output register data bus 244. The Status Register .. . The
status register 124 corresponds to the _séatus register of an I NTEL 8042
or 8742 peripheral controller as well known in the art. The status

regi ster 1241h&sa§1gh§mtprbphgébbhstﬁrahgheﬂhétfﬁtdﬁ“éﬂh QRS LRES 9£c§7842

status bit lin ri se tatus register deco
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core CPU 104 a | r
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The signal on line 844 also passes through the inverter
846 and results in an active high condition on the BOOT signal
line 271. The signal on the BOOT signal line 271 propagates
through the inverter 916 (Figure 13) which causes a low
condition on the multiplexer select line 917 to select the 'A°
inputs in the mux circuit 900 to propagate tﬁiough the
multiplexer 900 to the various output signal lines from the
multiplexer 900. This results in selecting the XD_P[0..7]
host data bus 150 for propagation through the multiplexer 900
onto the RAM-DO[0..7] RAM data bus 932 which is connected to
the external RAM. The RAM-DI{0..7] RAM output data bus 334
are selected for output on the XDO[0..7] signal bus 152. The
address signals from the counter 800 on the BA[0..15] address
line bus 856 is selected for propagation through' the
multiplexer 900 onto the ADDR{0..13)] signal bus 930 connected
to the RAM address lines (not shown) . The signal -on the
BA[13]) signal line 857 is also selected for propagation onto

g the RAM~-CS2 signal line 928. The WR60A_ signal line 860 is
selected for propagation through the multiplexer 900 onto the
signal line 918. And the read 60A_ signal line 862 is
selected for propagation onto the signal line 920. A high on
RAM~CS2 selects the lower bank of RAM (0-8K), and a low on the
RAM-CS2 928 signal line selects the upper bank of RAM (8K-
16K) . )

The low on the signal line 917 also propagates through
the OR gate 910 resulting in an ac:ive RAM~CS1_ signal line
922 which selects the first 16K of kaM as active. The active

"7 signal on the RAM-CS1_ signal line 922 enters the AND gate 912
to allow the signal on the signal line 918 to propagate
through the AND gate 912 onto the RAM-WE_ signal line 926.
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ADIN[4..7] fromthe ADINO..7] signal bus 176 and provides signal l|ines
ST[2], ST[4..7] corresponding to status bit 2, and bits 4-7 of the status
rregi ster 124. The latch logic 272 gates the signals on the ADIN 2], -
ADIN 4..7] lines to the -12- ST[ 2],
ST[ 4. . 7] signal |ines when enabl ed by t i8St at us regi ster decoder 271 as

200 ?LQeﬂm&;he i Bre the, s Bat £ iR S8 rd ok Y shen g tapegr o

signal [i netma_emm lsignaRAging BAUes expilgimed.or TansSTpB]a snanaé it

si gnal "”etl?@?RAﬂl“Wﬁ_ HiMaP PIRé 926 corresponds to the signal on the
WR60A_ signal line 860 during boot operations,

With the outputs from the RAM controller selected as
explained, data from the host 102 on the XD_P(0..7) signal bus
150 propagates to the RAM_DO{0..7] signal bus. The addresses
on the ADDR{0..13]) signal bus 930 are provided by tle boot~-
load counter 800 via the BA[0..15] signal line bus 856, and
RAM-WE_ signal 1line 926 corresponds to tﬁe signals on the
WR60A_ signal 1line 860. The RAM-CS1_ signal line 922 is
active and the RAM-CS2 signal line 928 correspoﬁgs to the
signal on the BA[13] signal line 857. '

This allows the host 102 to write data or commands into
the RAM at the address nﬁfovided 'by the counter 800 by
executing write port 60 commands. Each write to port 60 by
the host results in an active signal on the WR60_ signal line
229, as previously explained. During boot~load the signal
line 836 from the latch 834 is also low, as explained, which
allows propagation of the signal on the WR60_ signal line 229
through the gate 808 to the WR602_ signal line 860.

The active signal on the WR60A_ signal 1line 826
propagates to the RAM-WE_ signal line 926. Accordingly, when
the external RAM receives the pulse on the RAM-WE_ signal line
926, it accepts the data on the RAM-DO([0..7] bus 932, which is
the data from the host 102 as provided on the XD_P[0..7] host
data bus 150, and stores the data into the address selected by
the ADDR([0..15) address bus 930.

The active signal on the WR60A_ signal line 826 also
activates the OR gate 819 to produce an active signal on the
count signal line 832 which increments the counter 800 by one.
Thus, each write command will increment the counter 800 by one
to automatically increment the address on the BA[0..15])
address bus 856. When the addresses exceed 1FFFH (the first
8K of RAM) then the BA([13] signal line 857 will then become
high to cause a low on the RAM~-CS2 signal line 928 to select
the upper 8k of RAM (addresses 2000H-3FFFH).
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write to port 64 with the low 8 bits of the address, as
represented in action blocks 1004 and 1006, respectively.

The first write to port 64 causes the WR64A_ signal line
818 to go active. The active signal on the WEQﬁA_ signal
line 818 activates the OR gate 819 to activate the count
signal line 832. The XA2 signal line 200 will be high (host
access to port 64), and thus will be inverted in the inverter
812 to cause a low signal on the line 811, which loads the
high eight bits of address on the XD_P[0..7] host data bus 150
into the high eight bits of the counter.

This write to port 64 is repeated with the low 8 bits of
address on the XD_P[0..7] host data bus 150 which is loaded
into the lower 8 bits of the counter 800.

The host then continues to load the program instruction
segment at the appropriate address by executing write to port
60 commands, as represented by action block 1008, with the
data to be loaded into the RAM in the same manner as discussed
above, but with a new starting address. The counter 800
éutomatically increments the address locations for the RAM as
explained above for downloading data to the RAM starting at
address 0000H.

once the host has completed loading all information such
as the interrubt vectors program and look-up tables into the
RAM, represented in decision block 1002, and the other program

segments at various addresses throughout the RAM, répresented'

in decision blocks 1010 and 1012, the host 102 terminates the
download by executing a read port 64 command, as represented

in action block 1014. The read from port 64 during boot load

results in an active signal on the RD64A_ signal line 822.
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Status bit O logi ¢ 282 utilizes the WROB_ signal |ine 220, the RD60_ signal

line 236, the CLKIN signal |ine 226, and the RESET signal line 216. The

Iogic'282 drives an ST[0] signal |ine 285 active upon a pulse on the CLKIN

signal line

226 whenever the WROB_ signalag4+ne 220 is active (indicating

that the core CPU 104 has witten to the output register). The |ogic 282

drives the SHi® »saptés!ia nnln.QBS' giardl VEropontiee ppw§e h t
th R ne tive |n|cat|n e oS
PharcsSa i G a9 T AR e PP Y RrotRgRbes cFaEPRgn

i ne. 226 mh
102 has rea
when

the latch 838, the latch 842 andlB8he inverter 846 and results
in a low signal on the BOOT signal line 848. The low on the
BOOT signal line 271 passes through the invert 916 and selects
the B.0-6 inputs to the multiplexer 900 for propagation to the
0.0-6 outputs. This selects the AD_P[0..7] core data bus 172,
the XD[0..7) signal bus 151, the MA[13] signal line 285, the
UCWR_ signal line 255, and either of the UCRD_ signal line
257, or the PSEN_ signal line 936 which are combined in the OR
gate 908, for propagation through the multiplexer.900.

The signal line 854 returns to a low state which allows
the AND gate 870 to become inactive, and the CPU-RST signal
line 858 returns to an inactive state. This releases the core
CPU 104 from its reset state. The core CPU 104 begins
execution from address OO000H, as is well known in the art
after a reset to the core CPU 104 as représented in action
block 1016. The core CPU 104 then executes the downloaded
instructions.

The . host 102 can also execute any portion of the
downloading sequence just described and as shown in the flow
chart 999. The host can start at activity block 1000, 1004,
or 1014 from either a standard reset or a reboot. For
instance, the host may change a single routine anywhere in the
RAM 109, or any piece of information located in the RAM 109.

The host 102 can also read the RAM 109 in a manner
similar to the writing of the RAM 109 as explained. The
reading requires that the host 102 execute a read from port 60
in activity blogk 1000 or activity block 1008, instead of a
write to port 60 as explained.

The Interrupt Controller

As explained above briefly, the peripheral controller 103
can operate in a low power consumption moge. The core CPU 104
executes a HALT instruction after a pre-detérmined time period
has elapsed during which no events have been detected by the
core CPU‘104. In the halted state, the cére executes no
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the RESET signal line 216 is activated. The ST[O0..7] signal lines form
the ST[0..7] status register data bus 242 and thus conprises the contents
of the status register. The Address Decoder The address decoder/ bus
mul tiplexer circuit 126 conprises a contrglg.decoder 300 and a bus

mul ti pl exer 304 as depicted in Figure 8. The control decoder 300~

responds to ihetkk¥Riofkoank blm@lgﬁ%,aﬁm £rf onve el orResl FE ey gar e
CPU 104 as wel knomm in the i.ne 257, and the MA[Q..15
addr ess bus DBHETHRRE (RIBFer %62% r%e‘68§§e§°f”@ O CORSUBRRIANY Of the

addr esses bycoferaitescnosrol | er core CPU 104 within |ts menory space. The
d d I d F fer | lin

215 o KBBS (keybBar FHUANAUER bRBthnarat chitroli i ackifREy pof1s
regi ster) sivamions n@&mhemlAMm%altcb i etermine RAN: B8 (lm,cbanks
sel ect) signadqhddei %2a &Q%E%i%ﬂ”a‘rhb' g%eééﬂt( i‘n@&ﬁ&%ﬁ%f%f&és Qﬁd

three nul tip] exer select signal I1nes gate signa
line 328. mt%@ubﬁscmtwblex teg%ogeier%@pmegrmp‘a m@n system so

the controller can go into a low power mode. The present
invention provides an interrupt controller which uses signals
from the various peripherals and from the host 102 to generate
a single interrupt for the core CPU 104 to activate the core
CPU 104 from the low power mode. The individual interrupts
from the various devices are read by the microcontroller core
CPU 104 from the INT[0..7] interrupt register data bus 340
which is mapped into the microcontroller core CPU 104 memory
space at location 8040H.

The interrupt controller 110 includes an eight-bit (IR.0-
7) register reflected on the INT[O0..7] interrupt register data
bus 340. The bits are defined as follows: IR.0 = external
péripheral interrupt occurred:

IR.1 = external mouse interrupt occurred:;

IR.2 = keyboard matrix interrupt occurred (a key has been
pressed);

IR.3 = input buffer full interrupt occurred;

IR.4 = mask/enable IR.0;

IR.5 = mask/enable IR.1:

IR.6 = mask/enable IR.2;

IR.7 = mask/enable IR.3.

The interrupt mask bits IR.4-7 can be written by the
microcontroller core CPU 104 by a write to address location
8040H to enable or disable interrupts from any or all of the
interrupting devices.

When the core CPU 104 executes a read or write to address -
location 8040H, the control decoder 300 detects this address
and activates the INTR_ signal line 320. When the command is
a write, the signal on the UCWR_ signal line 255 is active.
The active signals on the INTR_ signal line 320 and the UCWR_
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Keyboard row bus 330 connected to the rows of the keyboard 112,

OB[0..7] output register bus 242, the I1B[0..7] input register
the ST[0..7] status register data bus 242, an INT[O..7] interr
signal bus 340 connected to the interrupi;g.egi ster (explained

t he

data bus 246,
upt register
later), and a

RAM DI[0..7] signal bus 334 connected to the data |ines of an external
random acceggg ﬁatromfm@%@s (0tv e O¥e - AND - galta 456 BCeIGAL eﬁf@g@'éf@@
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IR.4-7 signal lines 524-527 act as enable or mask signals for

the interrupt signals on IR.0-3 signal lines 530,

532, 534,

and 536, respectively. Setting the mask bits to a high level
enables the corresponding interrupt(s),iané setting the mask
bits to a low level masks the corresponding interrupt(s).
The IR.6 signal line 526 also serves to providé a signal
on the KB-EN_ signal line 518, which in conjunctioﬁ.with the
signal on signal line 408 is combined in the AND gate 357 to

activate all keyboard columns. If the interrupt
keyboard is masked (FR.6 signal line 526 is low),

from the
then the

inverter 482 drives the KB_EN_ signal line 518 high which
disables the keyboard as explained in reference to the

keyboard scanner 108.

The IR.0-3 interrupts are controlled by hardware. The

FR.0 signal line 530 is driven active when both

the UCLK_

signal line 498 and the UDATA_ signal line 496 are active and

interrupt 0 is enabled (the IR.4 signal line 524

is high).

The UCLK_ signal line 498 and the UDATA_ signal line 496 are
both active when a peripheral device connected to the

corresponding serial port is activated, as well known in the
art. Once these signal lines 496 and 498 go active, the AND
gate 484 is activated, and the active signal from the AND gate
484 propagates through the latch 460 on the next pulse of the
T CLKIN signal lipe 226. The signal from the latch 456 then

propagates to tﬁe register 472 and propagates to

the IR.O

signal line 530 if the signal on the IR.4 signal line 524 is

high (interrupt 0 is enabled) with the next pulse on

the CLKIN -~

signal line 220. Thus, whenever a peripheral connected to the
serial port corresponding to the UCLK_ signal line 498 and the

UDATA_ signal 1line 496 regquests a data transfer,

the IR. 0‘-

signal line 530 is driven active unless interrupt 0 is masked.
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-14- occurs, the control decoder 300 sel ects propagation of the signals
onthe 1 B[0..7] input register bus 246, and activates the CLRI BF_ signal

|+ ne 212. When a read from address 8012H (the status register nmenory
mapped | ocation) occurs, the decoder 30Qs;5el ects propagation of the
signals on the ST[0..7] status register data bus 242. Wen a read from
addr ess 8040H ( tige | Rheekipt egl Eb‘.gh.—.rmrmmé nsPPegobCaldtiinie ORRBRS ,tﬁéle

feai st er qariaSs S Thihe 28181 aRh R wlRTE S o480RY 1ihe RO ERHR o

col ums nentact iveepe dhokl éss)e@cgmrasqti\he whist @d swouse0 pealiphiesair «ﬁmgzde on

of Sianals Qedlisd®E hatd e mdioad rats da h&@%&%%& frg Loy

address (the TS menory space for the cor occurs,

decoder 300 @eladutter enghhesmonsehdSRANEBFERG, . 3F baswedd known in the
art. When both the MDATA_ signal liné 508 and the MCLK_
signal line 510 go active, the AND gate 486 is activated, and
the signal from the AND gate 486 propagates through the latch
458 on the next pulse on the CLKIN signal line 226. If
interrupt 1 is enabled (IR.5 signal line is high), then the
signal from the latch 458 propagates through the register 470
to the IR.1 signal line 532 with the next clock pﬁlse on the
CLKIN signal line 226. Thus, when the mouse is activated, the
IR.1 signal line 532 is driven active unless the interrupt 1
is masked. ;

The interrupt 2 signal line 534 is driven active when the
ANYR_ signal line 406 is active. The ANYR_ signal line 406 is
activated when a key is pressed on the keyboard as will be
explained with respect to the keyboard scanner 108. When the
ANYR_ signal line 406 goes active, the signal on this line
propagates through the latch 456 on the first pulse on the
CLKIN signal line 226. If interrupt 2 is enabled (the IR.6
signal line 526 is high), the signal from the latch 456
propagates through the register 468 on the next pulse on the
CLKIN signal line 226 onto the IR.2 signal line $34. Thus,
whenever a keypress occurs, the IR.2 signal line 534 is driven
active unless interrupt 2 is masked.
The interrupt 3 signal line 536 is activated when the

ST(1] signal 1line 214 from the status register 124 goes
active. The ST[l] 51gnal line 214 is activated when the host
writes to the 1nput register, as previously explained. The
signal on the ST[1] signal line 214 propagates through the
latch 454 with a pulse on the CLKIN signal line 22&. If .
interrupt 3 is enabled (IR.7 signal line 527 is high), then
the signal from the latch 454 propagates through the register
466 onto the interrupt 3 signal line 536 with the next pulse
on the CLKIN signal line 226. Thus, when the host 102 writes
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for propagation. \Wen a read from 800XH, 8010H, 8011H, 8012H and 8040H
occurs, the decoder activates the ADCE bus 178 so the signals on the

AD[ 0..7] signal bus 174 can propagate through the core I/O buffer 160 to
the AD_P[0..7] address/data bus 172 conngated to the microcontroller core
CPU 104. The decoder detects any access to | ocation 8037H by the

core CPU 104:ot Otaétlms&t&egREE@@T &h@nalhd i Be[333 ég%népf ¥alee beget) .

The decoder te ny 0 address,.loc 3FFFH (the first
16K of nemo@f tﬁ e‘f[g'o:%e 6190%4} al‘tt:{é)v&tse pREIYAREBS URIRRF
bank selectﬁn&qpnﬂptImlmslmhhkéﬂmadecoder 300 also detects any access to
address 804xH t ' he I d t r ead
fromthe core @%c%%%dﬁ%ﬁidat |étgingr 0 actt [ vaat et hg{%z%(é@e& S"fﬁ% fs
310. The KeepresenSedniear the INM@--Wdybcsﬁiqrrlmramwtﬂm dq&mxbtdmﬂ&
menory  MAPREdenkqEPoREd AtCARRRidiPisddb P the Clike b 104he  cOTe

can efficiently term ne key is pressed and generate a scan code
for the host 102The IR. %@Wﬂo&r@%%eﬁh%éﬁ ot éi"}qr}?lFllg}tPree 582, the
conprises agrOB 8ahBad4Rinansipmnd e IRI44signhat Thnd4636 aarke steiirdS,

in the OR gate 494 to provide a signal on the iNfl_ signal
line 430. The INT1_ signal line 430 is ‘connected directly to
the INT1_ signal line 430 (not shown) of the microcontroller
core CPU 104, as is well known in the art. If any one of the
interrupt signal lines 530, 532, 534 or 536 become; active,
then the INT1_ signal line 430 is activated and generates an
interrupt for the microcontroller core CPU 104.

When the microcontroller core receives the interrupt, it
resumes its active mode, if it was in the halted mode. The
core CPU 104 then determines which device has generated the
interrupt. To determine which device has generated the
interrupt; the microcontroller core CPU 104 reads the
interrupt register (i.e., it executes a read to address 8040H
which is the address assigned to the interrupt register).
When the core CPU 104 executes the read to 8040H, the control
decoder 300 detects this address and activates the INTR_
signal line 320. The INTR_ signal line 320 is combined with
the UCRD_ signal line 257 in the AND gate 488. When both
these signal lines 320, and 257 are active, the AND gate 488
is activated, and the signal from the AND gate 488 propagates
through the AND gate 492 on a elock pulse on the CLKIN signal

o line 226 which latches the signal from the gate 488 through
the latch 462 to the AND gate 492. When the AND gate 492 is
active, the inverter 480 provides the signal to select the
signals connected on the IR.0-7 interrupt signal lines 524-527 -~
and 530-536 for propagation through the latch 476 onto the
INT{0..7] interrupt register data bus 340. The first pulse on
the CLKIN signal line 226 will latch these signal onto the
INT[0..7) interrupt register data bus. When the signal from
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AND gates 352, 354, 356 and 357, and inverters 360, 364. It also includes
OR gates 370-384, one OR gate for the decoder

-15-

out put 409-423. " The keyboard scanner 108 utilizes a

KBD- RON 0..7] keyboard row signal bus 400 connected to the rows of a
keyboard matrix as shown in figure 10 for-3®dr rows of the eight possible

rows,

a KBEN (keyboard enable) signal line 516, the UCRD_ signal line 257,

the UOWR_ si ¢iel invewtess4sphtetuBBs inaghivel i ree 3nck IRyolie lsiteml thie

and

262, MALO..4ke 1@%rsesalélgf§néilﬂ%sf riRrddee M €5 LBk agdr eﬁgp@ﬂst%&]bhe
t he RESET signal I1ne vi des

keyboard scanner 108 pro
latch™ 476 from propagation through the latch 476. The 'D!

input is connected to the INT[0..7] interrupt register data
bus 340, thus the signals on this bus 340 are fed-back through
the latch on subsequent pulses on the CLKIN signal line 226.
Accordingly, the signals are maintained on the INT{0..7]}
signal line bus until another read from the core CPU 104.

The control decoder 300, respondlng to the read at
location 8040H, also activates the select lines 322, 324, 326
to select the signals on the INT{0..7] interrupt register data
bus 340 for propagation through the bus multiplex.logic 304
onto the AD{0..7] signal bus 174. The control decoder 300,
responding to the read from 8040H, also activates the AD_OE
signal 1line 178 which allows the signals on the AD[0..7]
signal bus 174 to propagate through core I/0 buffer 160 to the
AD_P[0..7] core address/data bus 172  which connects to the
core CPU 104 port 0 bus lines.

Once the core CPU 104 has the information on the
INT[0..7] interrupt register data bus 340, it can check this
information to determine which .it is set. The core CPU 104
checks the status of bits 0, 1, 2, and 3 of this information.
Any bit that is high signifies that the corresponding device
needs to transfer data. The core CPU 104 then executes a
respective service routine to carry out communications with
the device or devices, and transfer the necessary data. Each
bit has an assigned interrupt vector for the core CPU 104
where the service routine for the respective device is located
in the external RAaM for the core CPU 104.

The read by the core CPU 104 at location 8040H also
clears the interrupt register. The active signal from the AND
gate 474 which resulted from the core CPU 104 read at location
8040H propagates via signal line 540 to each of the registers ’
466, 468; 470, 472 and the active signal clears these
registers. An active signal on the RESET_ signal line 216

‘also clears these registers. Accordingly, the IR.0-3 signal

lines 530, 532, 534 and 536 respectively, return to an
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the KBR[0..7] keyboard row signal bus 330, and an ANYR_ signal |ine 406.

The keyboard scanner 108 is connected to a keyboard matrix 499 shown in

part in.Figure:10. The keyboard matrix 499 is a switch matrix with rows and

colums. The rows are conbined in the GR4gate 342 and also formthe '

KBD- ROWN 0. . 7] signal bus 400. Flgure 10 of the keyboard switch matrix al so

shows the céhpetivensstate hrans o heheIRRLgatehosyD, 13ne asdo372led tdeesR

gates, 370-384cehoun in Figure 9. The keyboard matrix 499 colums 427, 428,

and 429 are_shown connected to the OR gates 370, 371 and 384. The renainder

of the colu$¥%—5$¥9%%§§e§$€8395 other OR gates in the sane manner. The

| nt errupt CbntroThe;keyﬁngmeédﬁﬁﬂémpbfcamy%ﬁféseﬂﬂOiﬁveutﬂeﬁ differs

i nterrupt r for .t Qre U 10 [ i S

o The cof SRS PRI P e o tnd pellinc it 4R ThoN crnmRe fht o

enbodi ment . systenThe Interraphvenhiocoblersyisitiendepi ciephratdi gnrtegrhted

conprises | 4 4 4 (P's] ['S

470, 472, b‘gisf?‘g‘ts'%héésl"ﬁ’fi@alg; %%aﬁ-f;’n%%?fce?l?“’%% of) é Hfggi"%kﬁ 4{

486, 488, 4dKeympess is detected, the rows are 1nd1v1dually read - the
scanner activates one cclumn and reads one row at a tlme to

determine if a key has been pressed. Moreover, the scanner
constantly monitors the keyboard to detect any keypresses.
Once the scanner determines which key has been pressed, the
scanner interprets the location of the key (or keys) that has
(have) been pressed into a scan code by the host 102, as is
well understood in the art. *A common Keyboard scanner is the
INTEL 8049,

A conventional peripheral controller, such as an INTEL
8042 or 8742, actively polls the keyboard scanner periodically
to obtain the scan codes generated by the keyboard scanner.
This scanning and polling is an active process which
continuously changes the signal levels on signal lines and
thus consumes pover. In a laptop computer, the ﬁse of
multiple integrated circuits, operating in a constantly active
mode, consumes more power than is desirable.

The present invention only scans the keyboard when the
core CPU 104 receives an interrupt from the keyboard
indicating that a key has been pressed. Moreover, the
scanning is carried forth in a more efficient manner which
allows the core CPU to read an entire column with one
instruction. .

In the preésent embodiment, the keyboard comprises a
switch matrix with fifteen columns and eight rows, as depicted
in part in Figure 10. ‘The matrix columns are mapped into the
external data memory space of the core CPU 104. The matrix
activation address is 8000H to activate all columns in the
matrix, and the keyboard columns can be individually activated
when the core CPU 104 reads from addresses 8001H-800FH.
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and a ‘OR gate 494. The register 110 is responsive to a conventi onal
UDATA input signal line 496 and a conventional UCLK input signal |ine 498
(from a keyboard/ nouse serial port as well understood in the art), an
MDATA signal line 508 and an MCLK signal line 510 (from anot her
keyboar d/ nouse serial port with a nouse c@®rected as well understood in the

art), the ANYR_ signal - 16- l'ine
406, an ST[1] si gharead ey Zule feene t FRYU P fxom SQAQKE is diptackedsin bue

242, the RESEdntfb¥nabcbige 350, WEidHKdMNves the KBBS_ signal line 310
active. When the 8000H address is placed on the MA[{0..15]
address bus, the core CPU 104 pulses the ALE signal line 262.
The active ALE signal line 262 and the active KBBS_ signal
line 310 drives the AND gate 356 active which latches the
signals on the MA[O..4] address lines 411-414 through the
latch 346 onto the signal lines 424-426 to the decoder 348.
The address to the decoder 148 will be OH, which activates the
signal line 408. This activates the AND géte 357 if the KB-
EN_ signal line 518 is also active (the keyboard interrupt is
enabled, as previously explained). This drives'ghe signal
line 359 active, which drives the outputs of the OR gates 370-
384 active. This, in turn, pulls all the columns in the
switch matrix 499 (Figure 10) low. This leaves the keyboard
matrix 499 columns in a state to generate an interrupt anytime
a key is pressed on the keyboard.

The keyboard scanner 108 is connected directly to the
KBD-ROW[0..7] signal bus 400 from the keyboard matrix 499, as
seen in Figure 10. The signal lines 391-398 in the signal bus
400 are active low. These signal lines 391-398 are combined
in the OR gate 342. When a Key is pressed and all columns are
active, as explained, at-least one of these row signal lines
391-398 will be pu.led low. The low on any one or more signal
lines 391-398 generates a high on the signal line 399 from the
OR gate 342, which is inverted to a low signal by inverter
360. - |

The signal line 408 is also 1low as explained.
Accordingly, the AND gate 352 then generates an active signal
on the ANYR_ signal line 406 which the interrupt controller
100 uses to pfovide an interrupt to the core CPU 104, as
previously explained.

¢ e the core CPU 104 is interrupted and determines that ~
the keyboard has generated the interrupt, as explained, it
executes a keyboard service routine. In the service routine,
the core CPU 104 begins scanning the keyboard columns by
reading addresses 8001H-800FH untll the key which has been
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signal line 226, the INTR_signal |ine 320, the UCWR_ signal |ine 255, the
UCRD signal line 257, and the ADIN[O..7] signal bus 176. The
controller 110 provides t he KBEN_ (keyboard enabl e) signal 518, an I NT1_
signal line 430 -which provides an interygipt foér the microcontroller core
CPU 104, and the [INT[O..7] interrupt signal bus 340 which provides the
interrupt redeslsed isGHoarn®20 Restart Command Bypasser The

conventional | L 8 42 and 87 rlpheral trollers provide a
signal to preven Sit F'Br?rcﬁcodﬁ’d:r"e]@seq i i&¥%0 ﬁgnﬁgﬁ I’fﬁ?‘gﬁidrfé?g‘ b8
and a signabdﬁmesﬁdunathet&Q@lmhéoebﬂpnamgeJsthﬁMHBﬂﬁ ngignaih léak 300 is
pr ot ect ed I Q&EHH t xﬁ?ﬁﬁ? I
referred tgggglgﬁg%tbfégé na fd}f o‘?é? ress I ne é%gﬁgéé % d of
restart S|gﬁ@ﬁsef@ﬂdﬂﬁ§ﬁﬁ%ﬁ&ﬂt|¢ﬁﬁ%%§$n§d@ﬁaﬁsﬁﬁesﬁﬁ§§ &o ﬁ@&kﬁﬁﬁﬂntmels

changi ng) hei@sn. g4 nal'ﬁlﬁg%%?serﬁhé Re®t i af nﬁlgﬁiﬁe@.@obﬂ@%‘é“mbln d
controll er 650 rhtercegﬁz t he command se uences fronlthe host 12 ?

under st ood MWithnethe « ALEn S38R%| 41860 i dRaltRe aANPy Hatke héséATEﬁZ-Bc}and
the RESTARTresugtal $n a $hen&Btehi2R léyenes the addréss on the MA{0..3)

signal lines 411-414 from the MA[0..15) signal bus 284 through

. the latch 346, as previously explained.- The signals from the
latch 346 are provided to the decoder 348. A single column is
activated because only one signal line 408-423 is activated by
the decoder 348, corresponding to the address 8001H~-800FH, and
only one OR gate 370-384 is driven active to activate one
column in the switch matrix 499. '

The core CPU 104 then drives the UCRD_ signal line 257
active which combines with the active KBBS.. signal line 310 to
activate the AND gate 354 and drive the signal line 355 high.
This high signal on line 355 latches the signals on the KBD-
ROW[0..7]} bus 400 through the latch 344 onto the KBR[O..7]
keyboard row signal bus 330. These signals represent the
logic level of every row in the column activated.

The contrel decoder 300 will also activate the
appropriate select lines 322, 324, 326 to select the KBR[0..7]
keyboard rows data bus 330 for propagation through the bus
multiplex logic 304 onto the AD[0..7] signal bus 174. The
control decoder will also activate the AD_OE signal line 178,
which will in turn allow propagation of the signals on the
AD[0..7]) signal bus 174 through the core I/0 buffer 160 to the
AD _P[0..7) core address/data bus 172 as previously explained
for a read cycle by the core CPU 104.

If no signal from the KBR[0..7] signal bus 330 is low,
then no key in any row in the column activated has been
pressed. The core CPU 104 then executes a read at the address
location of the next column, and reads the KBR[0..7) data bus
330 once again to determine if a key in the column newly
activated was pressed. The core CPU 104 proceeds to activate
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controller 650 provides these signals under hardware control to speed up
oper ati ons. The gate A20 bypass controller 650 conprises a decoder
660, {.atches 662, 664 a pul se generator 666, and an OR gate 668. The -
decoder responds to signals on the XDINO374] signal line bus 154, the
WR64_ signal line 230, the WR60_ signal line 229, the RESET, signal |ine
216, and thenelLkidiwmgnalt | anet 226, THead adthesr&p, i®64théhecdliide, and

generator 08853085t RnA8e AR FINAN CcRS.8) ILERRh 2P TR L

signal |ine 676, Eactt xelﬁ-gﬁTAnsﬁgnaKelpnéW®ﬂ3q£ rowanuﬁobMawwypdlua one

gﬁcg(([j)ﬂ)] 62?%3?#‘%22"?&0 ;—ﬁt a%ﬁltﬁgﬁgl ngme% rom |h§ dZE% £

si gnal bus H¥8¥X 2pec@Bd; @r a MOVX A, @D well known in the art where
RI or DPTR holds the column address and A is the accumulator
of the core CPU 104. When the core CPU 104 executes this
command, the signals on the KBR[0..7]) keyboard rows data bus
330 will be read into the accumulator of the core CPU 104 for
processing to determine if one of the rowsjin the respective
column has a key pressed. .

This memory mapped, interrupt driven keyboard scanner
configuration is more efficient than conventional” multiple
chip, active scanning configurations, and requires less core
CPU 104 processing time and consumes less power than the
conventional configurations. '

Gate A20 Bypass Controller _

The 'gate A20 Signal from a conventional peripheral
controller is used to control address line 20 from an 80x86
microprocessor as is well understood in the art. During real
mode operations, the signal masks signals on address line 20
from propagating. During pfotected mode operation, this
signal is high, and therefore, allows propagation of the
signal on address line 20. The Gate A20 signal is also high
upon power-up of the computer. _

Under the conventional implementation, the gate 220
signal provided from an Intel 8042 or 8742 integrated circuit
is controlled by a Write Output Port (WOP) command fr-m the
80x86 host microprocessor (i.e., a write to port 64 with a D1
hexidecimal (hex) value, followed by a write to port 60 with
data, as is well understood in the art). The wvalue of the
gate A20 signal is controlled by the second least significant
bit of the data included with the write to port 60 as is well
understood in the art. _

" Properly written software issues a no operation (NOP)
command following the WOP command and then begins polling the
peripheral controller status register to determine when the
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-17- A20 bypass controller 650 provides signals for a GATEA20 signal line
688, the RESTART signal line 692 and the MBF signal |ine 270. Boot Loader
and RAM Control'ler The peripheral controller 103 also includes-a boot

| oader 780, depicted in Figure 12, and a-RAM controller 790 depicted in
Figure 13. The boot-|oader 780 and the RAM control |l er- 790 manage t he

downl oadi ng nbppﬁ@grmnt@céhptéewmecnl 1mmaeé¢ efhald IHedWOrs @ gt dthiton

controller inp_its _operationg ade 78Q (Figure 12)
conpri ses a &8uﬁ?@PR§66 ag dgtge§&8un%ﬁ %P@ Q'an AND gate 870
| at ches 834, 838 Thandaané ofamueagamnvéﬂpesu@h@l ma?helboa@ercﬁaarqlied

responsive 19, L XN, - dlestonabrbUTes. difaFESHE ol kel ehuBoZL0 ¢4 he

VWR60_ si gnal nal” 't ne, 230, RD60
236, the RDG¥itBi @ml FKi ﬁ@’QBBaIFﬁb chty thifaresuldsy oin mrﬁﬁéq@@@r

signal line @3dra¥hen, and is therefore, not used to tontrol the gate A20
signal line. This requires that POP commands, when second
least significant bit is a 0, be preventéd from contrelling
the gate A20 signal. ‘

According to the present invention, the GATEA20 signal
line 688 is controlled by hardware instead of by the core CPU
104 (Figure 15). The hardware detects and intercepts the
command seguences which would normally control thé gate A20
signal through the core CPU 104. The gate A20 bypass
controller 650 provides the hardware to detect and intercept
these command sequences and to prevént the core CPU 104 from
receiving these command sequences. '

The decoder 660 detects the first WOP command (write to
port 64 with a D1 hex value) from the host 102 and activates
the D1-CMD signal line 672. If the decoder 660 detects a
write to port 60 (a write to the input register with data on
the XDIN[O.;V] signal line bus 154) by the host 102 following
the write to port 64 just detected, the decoder activates the
D1-DATA signal line 678. The active D1-DATA signal line 678
selects the 'D' input to the latch 662 which is connected to
the XDIN[1] signal line 682 (the second least significant bit
on the XDIN{0..7] signal bus 154). If the XDIN{1] signal line
682 is low, then the GATEA20 signal line 688 is driven low on
the next pulse on the CLKIN signal line 226. If the XDIN[1)
signal line 682 is high, then the GATEA20 signal line 688 is
driven high on the next pulse on the CLKIN signal line 226.

The signal on the GATEA20 signal line 688 remains
unchanged until the host 102 executes another WOP command ..
sequence with a changed signal level on the XDIN[1l] signal
line 682. This results because the D1-DATA signal line 678 is
only active for one clock cycle. Once the D1-DATA signal line
678 goes inactive, this selects the TI 1nput to the latch 662.
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boot | oader 780 provides a BA[O0..15] address bus 856, the BOOT signal |ine
271, a CPU-RST signal line 858 (connected to the conventional RST pin on
the core CPU 104), a WR60A_ signal line 860 which is activated on a wite
to port 60 by the host during boot-I|oad, afgba RDGOA signal |ine 862
activated on a read fromport 60 by the host 102 during boot | oad. The
RAM control | eTh29rY Fmpue i8) aprcmnrchm:emtmfanengAtnBM/eersﬂqrmlpeliﬁbersaglz

control er 10%as 58, o GepekoBendop dcseeg \BwkicH M, (ngecbou Tie

RAM control | er ¢conpriSés nu exi ng ogi Cc
gates 908, an@ubﬁ@quﬂmtapuISﬁﬁﬁﬂart §6CENiNFﬁmﬂmmhtlbmeeBZﬁespdﬁ@BStothhe

XD-P[ 0. . 7] y ushéSEATthoA&ehgl ﬂneC@§§ @ﬁ%ﬁﬂgr@ﬁéﬁgﬂ&;@dbﬁ%tll
172, a RAN*DlE%eb?E I nes from bus 334
u

XD{0..7] sign 15mPthé5Bﬁ?élnﬁe&&&Fégsbig B8 @ﬂecwendlsfquence
address bus 2@4sculzegedR60A_ signal line 860, the UCWR. signal line 255, the
o O e O A 308" e ot SO 2R & s 2
The RAM contr efrliee %20 porctyidie switiRARF DRRR) . 7] Thiegdizicodier $ED ocdetbectsdthe
the external %M,daﬁi.fa kk:nefoff&}eéhQW’wﬁlte to port 60 with data 3just
detected by the decoder, and activates the ﬁOP-CMD signal line
674. This is also masked from the core CPU 104. -
As explained, the gate A20 bypass controllér €0 also
detects the POP command and prevents it form contrfoli.ng the
GATEA20 signal line 688. The decoder 660 detects a POP
command from the host 102"(a write to port 64 with Fx hex)
when the second least significant bit of the data is a 0, and
activates the POP-CMD signal 1line 670 to prevent further
execution of this command by the core CPU 104 as explained
herein.
The - restart signal, well understood in the art, is an
active low signal in the conventional design, and activates a
CPU reset to the 80x86 microprocessor. This signal is
inactive on power-up.
The restart signal is conventionally controlled by the
POP command. The value of the restart signal is controlled by
the least significant bit of the signal on the host data bus.
The restart signal is also controlled by the WOP command
sequence described above, except the restart signal is
controlled by the least significant bit of the da-a included
with the wfite:to port 60 executed by the host 102.
According to the present invention, the decoder 660
detects the WOP command sequer e as described above, and when

the decoder activates the Di~-DATA signal 1line 678, this

activates-the 'D' input from the latch 664. The 'D' input is
connected to the least significant bit, the XDIN[O] signal
line 680, of the XDIN[0..7) signal bus 154. The next pulse on

the CLKIN signal line 226 latches the signal on the XDIN[O]
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“18- ADDR[ 0. . 13] address bus 930 connected to the external RAM address
lines (not shown), a RAMCS2 (selects | ower or upper 8K of the 16K .

ext er nal
ext er nal
ext er nal

RAM f or access) signal

selects 10K 1RaNked ! £rpal (Rol (ol 23iP e’ 8! akiV8:s%%he resTART_

The Perlphera

tro
signal line 692 active. The low signal on signal line 690

remains low until another WOP command with a high on the
XDIN[O) signal line 680. This results because the Di1-DATA
signal line is only active for one clock cycle. Once the Di-
DATA signal line 678 goes inactive, this selects the TI input
to the latch 664, which is connected to the signal line 6%90.
The signal on the signal line 690 is fed-back thréuéh the
latch 664 on subsequent pulses on the CLKIN signal line 226.
Thus, the signal on the signal 1line 690 remains unéhanged
until the *'D*' input is again selected with a WOP command
sequence as explained. -

The RESTART _signal line 692 is also activated upon a POP
command from the host 102 when the XDIN[0] signal line 680 is
low. The decoder detects the POP command when the XDIN[O]
signal line 692 low, and activates the FX-RST signal line 676.
When the decoder 660 activates the FX-RST signal line 676,
connected to the pulse generator 666 trigger input, the pulse
generator 666 produces an active low pulse for a predetermined
duration; referenced to the CLKIN signal line 226, on the
signal 1line 694 connected to the PULSE0 output of the
generator 666. The pulse on the signal line 694 causes the

AND gate 692 to activate the RESTART signal line 692 for a

duration determined by the pulse generator 666 which initiates
a reset in the host 102.

Because these operation are controlled by hardware in the
gate A20 bypass controller 650, the core CPU 104 is prevented
from executing these commands. If the decoder 660 activates
any of the POP-CMD signal line 670, the D1-CMD signal line
672, the NOP-CMD signal line 674, or the D1-DATA signal line
678, which are combined in the OR gate 668, then the OR gate
668 produces an active signal on the MIBF signal line 270.
The MIBF signal line 270, as previously explained, prevents
the input buffer flag in the status register 124 from being
set during a write to port 60 or to port 64 by the host 102.
Accordingly, the interrupt controller 110 does not generate an
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The conmponents of the peripheral controller 103 just described combine to
enmul ate the functions of a conventional peripheral mcrocontroller such as
an | NTEL 8042 or 8742. The m crocontroller core CPU 104 is
programed-t o nmanage- t he functions of the perlpheral controller 103. The
operation of the peripheral controller 10%1s |n|t|ated by down- | oadi ng a
set of instruction codes to the cor 04 xter r am dat not
show). The pHRtSFRENRE £oh: FBE EPthgﬁgpgg% °r’f§'| l?&’ieo%é
nmoni tor all ¢méspﬂ@tafedevtnes;nputhreglsherkamMOangram dohtegyen dlommArsds .
and ot her peri pherﬁ% gy‘}en ac bﬁ}% Yadieur gakor fedieieder :Bf@ﬂarred
erar

duration, the peri’p Cont'Fol | ef Initiates a power caonsefvation node
of operailcwﬁmbOGim%nhsdeotbeﬁn@@hgﬁﬂﬂﬁn§&xﬁﬁ|ﬁ@eaPFPE¢nFn§PW&ﬂﬁ%9F|¢P?he
core CPU 1045y 3 Sy éabéﬁagemsﬁqtre\e tih Bdhd h@r‘eeéh@hébah§t0'ae|%(i'%tct10§rom
generates an |nterru t throu the interrupt controller 110. The

i nterrupt |r#h¢aﬁ@h]%&bcmﬁtbﬁroregéﬁéﬁﬁe§5b§hﬁhén86P§1€PU 104 in the

peri pheral controller 103. The peripheral controller 103 host/core
interface 106 provides an interface for the host 104 which can be connected
to the standard host data and control busses as are well known
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in the art. The host interface utilizes input and 'O'GT"[O'Ut “tegi'sters and a

status register for communications with the host 102 ter
Accesses Before the host 102 witegzany data to SCU [“"HE! ;ﬂ“T
t he peripheral controller 103, it checks the status regl en te determn

whet her the input_dudfrer is already full
-19- (contains data) or whether it is enpty and avail abl e. The host
102 reads the statusAnegnterrup?4 dontnglieredrf ram joterrépt adréxpnai ned

herein). pdWEshd 0 Nesht182162C&#dESubBe in a host Industry sStandard
Architecture (ISA) compatible computer system, said peripheral
controller having a core microprocessor configured to receive
at least one interrupt and capable of operating in a low power
mode while waiting for interrupts, said éore microprocessor
also having addressable memory space, - said peri_ph_eral
controller emulating the functions conventionally performed by
the INTEL 8042 or 8742 series of integrated circuits, said
interrupt controller comprising: '

a prescreened input register indicator “which is
activated upon a transfer of any of a first- set of
information from said host to said peripheral controller,
and which is prevented. from becoming active upon a
transfer of any of a selected second set of information
from said host to said peripheral controller;

at least one peripheral device activated indicator
from at least one peripheral device which signifies that
said peripheral device has been activated;

a keyboard activated indicator signifying that a
key on a keyboard has been pressed;

interrupt control 1logic responsive -to said input
register indicator, said keyboard activated indicator and
said peripheral device activated indicator, said control
logic providing an interrupt register for said peripheral

controller; and
at least one interrupt request line responsive to

said keyboard activated indicator, said input register
indicator and said peripheral device activated indicator
to provide an interrupt for said core microprocessor when
at least one of said input register indicator, said
peripheral device activated indicator, or said keyboard
activated indicator is active.
2. The interrupt controller of Claim 1, wherein the .
peripheral device activated indicator comprises at least one -
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contents of the status register 124 it deterni nes whet {bis Rtpm

(i nput buffer full flag) is set. If the flag is not set, u 102
proceeds to wite data to the input register of the per| Ier
103. This protocol is well known in the arnts. he i nput reglster I'S
witten by the host 102 during any wite port 60 or to port 64 command.
Data is wittgp & puialftyeafsa@h@aeﬂndicébergasgam\&muﬁiiey +1-age ki BE
270 is set. We ost 102.executes a wite port 60 or-to port 64
conmand, the %@gﬁg?gﬂﬁﬁ PPRRT354NG4d the XI ON signal line 264 are active

as well understood in thefdrst ifidicatort witgrcafiysesy tthatcanfxnd;tq»@nﬁﬂ:héﬁg&c
252 to drive the |g 260 _activ | S

t he host on the XB&EF eé#ﬁ%gﬁgg ¢ 54£on§l¥€% r%%§%§§ ﬁ%u?aségls?ggl
bus 246 (Figure 5)act1vat¢de BNBF S|gnal line is a mask mhlch prevents the
S| BF signal [ine 210 fr9”1E%bBﬁdd“£ﬁﬂlé%¥dﬁM*sfﬁﬁ Efih&g £RatSTlal] é%&Bﬁh

i ne 214 from becom ng active, and therefore, preventing the core
from det ecti ng thaPeFHEhPﬁﬁ&tdF¥§F§tEPnHSEtF€c§PVéds&ﬁQﬁ@ﬂﬁﬁﬁ%@kaER%? h@é.
Thus, the host |/ QeeRt AetivaLedri ves the SIBF signal 1ine 210 actiye only

3. The interrupt controller of Claim 2, wherein said
interrupt register contains the status of said plurality of

device indicators.

4. The interrupt controller of Claim 3, wherein said
interrupt register is configured to be addressable at a memory
location in said memory space of said core microprocessor such
that said register is read by said core microprocessor from an
address assigned to the interrupt register in said addressable
memory space.

5. The interrupt controller of Claim 3, wherein said
interrupt register comprises an eight-signal register, each
signal having a corfesponding signal line, said signal lines
comprising:

four interrupt signal lines assigned to selected
devices controlled by said peripheral controller, wherein
each of said signal 1lines represents an interrupt
reflecting the activity status of one of said plurality
of peripheral devices: and

four mask signal lines which enable or disable said
interrupt signal lines.

6. An interrupt driven peripheral controller for use
with a host ISA compatible computer system, said host having
address lines énd operable in a real and a protected modes,
said peripheral controller having a core microprocessor
configured to receive at least one interrupt and capable of.
operating in a low power mode while awaiting interrupts, said
core microprocessor also having addressable memory space and
said peripheral controller providing an interface between the
host and a plurality of peripheral devices, said peripheral

AR Ty



if the MBF signal line 270 is not active as previousty explrai-red:-The
active SIBF_ signal line 210 is detected by the stighidghbi nggﬁglégg
[ rupt
ﬁE &ﬂiﬁh in
[

which in turn sets the ST[1] status line 214 acti ve.

control l.er 110 receives the signal on thegST[1] si gnﬂﬂﬂ]lﬂ ,ﬂll)ﬂ

turn propagates through the interrupt controller as and

gener at es a@cgggdm;éygyaﬁpﬁygﬂﬂga INT1_ signal line 430. The | NTI _

signal line, which is connected tq the core CPU 104 I NT1 pin well

understood in the art @ &§@§§sr5ﬁlﬁﬁﬁﬁhrﬁﬂt°PﬁpPﬁer88?ﬁtEgU 3p4 a stagyg

core CPU 104 themeddistienri Nethdtat &aslatdsedorirespohdingpt .rebhiestcare CBY

104 determ nes thig By re3dhNIrkARL 8042 and 8742 series  integrated
circuits:

a prescreened host indicator which is activated when
said host transfers any of a first set of information to
said input register, and is prevenfed from becoming
active upon a transfer by said host of any of a selected
second set of information to said inpuf register;

a peripheral device indicator from at least one
peripheral device which signifies that said beripheral
device has been activated; -

interrupt control logic responsive to said host
indicator and said peripheral device indicator to provide
an interrupt register for said peripheral controller; and

at least one interrupt request line responsive to
said interrupt register and connected to the core
microprocessor to provide an interrupt to said core
microprocessor when the interrupt request line activated
in response to at least one of the host indicator or the
peripheral device indicator becoming active.

7. The peripheral controller of Claim 6, further
comprising at least one keyboard indicator signifying that a
key on a keyboard has been pressed:;

8. The peripheral controller of Claim 6, wherein said
peripheral device indicator comprises a indicator from a first
serial port to signify that a peripheral device connected to
said first serial port has been activated;

9. The interrupt controller of Claim 7, wherein said
register containé the status of at least one peripheral device
indicator, said host indicator, and said keyboard indicator.

10. The interrupt controller of Claim 9, wherein said
interrupt register is configured to respond to a read command
from said core microprocessor from a selected address within
said core microprocessor memory space assigned to said

interrupt register.
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-20- interrupt register fromthe INT[0..7] interrupt data bus 340. To read
the interrupt register, the core CPU 104 executes a read from address
| ocation 8040H to obtain the contents of the interrupt, register. This read
at 8040H produces signals on the I NT[O.. 7_]4r$'t_nt errupt register data bus 340
as wll be explained in reference to the Inmterrupt controller. The

control decoder 3 al d C S ngd._.s S praqpagation_of,
the INT[O..7] int ggf up?gfeg'ltns eté%‘%%t ac%g%@%efhggughggh‘e agu(smﬁ%f?fﬁl ggid

| ogi ¢ 304 onseletbedDiecond segymf informpt ionl atmprisasha ABCEofi gamhahidse
178 active r £V =Y : ' | t '

| ne 175" onaf] Seiatd Rt C4ll Sraif ba Bt b Phaag §her PR Poes, Spdess,
t hrough the t&pes| Qf pEpidr hewt oaite ¥ ShRngy bstweepy eF&adat anBus

172 and enabpest&epdinfiolist bE opeta®lonlf said nbr core CPU 104 anal yzes |
the contents of the interrypt reqgi ster that.jt has received and determn nes
which bit s actibe: TRR SRCSTERRE CoMFqhien[oh; Elgim dye Wligrein said
i ndi cating timtetheptnpelgistgirsteonpeibeas| anTheigiotes{ibhhl04ine register
configured to reflect the activity status of each of said hest
indicator, said peripheral device indicator, and said keyboard

indicator, said eight signal lines comprising:
four interrupt signal lines, each of said interrupt
signal lines assigned to selected devices controlled by
the peripheral controller, each of said signal 1lines
representing an interrupt from one of said peripheral

devices, said host, or said keyboard: and
four mask interrupt signal lines which enable or
disable the interrupts represented by said four interrupt

signal lines.
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then executes a routine in its nenory to read the input register. To
read the input register which is nmapped in the core CPU 104 nenory space at
8011H, the core CPU 104 executes a read at address 8011H. This address is
detected by the control decoder 300 whichygctivates the select |ines 322,
324, and 326 to all ow propagation of the signals on the IB[0..7] input

regi ster bus 246 through the bus nul ti plggtrd@gi ¢ 304 onto the ADO.. 7]
signal bifedddl Int feondai1180Orar! & Pabhordll eSorthg1 P OF signal line 178
once agarn to alTow the SsignalS on the ADU.. 7] signal bus 174 to propagate
through the core I/0O buffer 160 onto the ADP[0..7] core address/data bus
172. The core CPU kHditteenupte desvdnh eseiphesailcent1dlder t((303F Goruhs# @ as wel |
understood in the art. The control decoder detects the read from
address 8011H t endindustivh&t@idard BEchstepriare | (i168) 20@pattitil ¢ scompgtaaxpl ai ned,
the CLR-IBF signal line 212 is detected by status bit logic 280 to clear

t he i nput buff ePrevigdgs STEYPteyp te einipize poger: gonsumption as compared to

conventional peripheral controllers. The peripheral controller
(103) utilizes an internal interrupt controller (110) which
responds to inputs from an ISA compatible microprocessor host
{102), a keyboard (112), a mouse, and other devices connected
to the I/0 ports of the ISA compatible computer. The interrupt
controller (110) provides an interrupt register for the
peripheral controller (103) and generates an interrupt any
time or more of the demode if no interrupts are detected for a
predetermined period of time. When the interrupt controller
(110) generates an interrupt, the peripheral controller (103)
is activated from its low power mode and services the device

or devices which have caused the interrupt.

Fig. 11



-21- determne that it can execute another wite to the input register by
checking the status register 124. Qut put Regi ster Accesses Bef ore
the core CPU 104 wites to .the output buffer with data for the host 102,
the core CPU checks the status regisfes 124 to determine if the output
buffer is full or enpty. The core CPU reads the status register 124 by
executing a read to location 8012H as will be explained in reference to the
status register 124. If the output buffer flag in the status register
124 is not set, then the core CPU 104 proceeds to wite data for the host
102 to the output buffer. In the present enbodi ment, the output

I s.mapped into the core CPU 104 nenory space at | ocation 8010H.

regi ster
The
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core CPU 104 writes to the out put register by executing a wite at |ocation

8010H. When the core CPU 104 wites to address |ocation 8010H, the
out put buffer decode |ogic 254 detects the wite at this address and
activates the OBG signal line 259. Threszin turn selects propagation of

signals on the ADIN[O..7] signal bus 176 through the output buffer latch®
256 onto the OB[0..7] output register data bus 244. The output buffer
decode Io&c 254 then activates the WROB_ signal |ine 220 wiich sets~the
ST[ 0] signal line active inghe status regist 24 to indicate that "the
out put regﬁs’\(}er is full. o, The host 102 reads the stat usegi ster @24
during a read to port 64 (as)MexXprarmeyg herei n)‘;a‘\é\]hen the ho 102 recel ves
the contents of the status réqi S¢ete 144 it det ines that the ST[0] it is

set . She host 102 then pi o%& flo read gMe output regPSter. Th& host
r eads thet@‘;f puf"'remi st er ng a read om port 60. AThe read K rom
port 60 ca :;ecg(}%h.e: ost | erf 122 to drive the HRD| signal || ne
234 active ‘Wig ﬁa gs 1 h the OB[0..7] outp ragi st ey dat a bus
244 onto thaé[&f&z '1_silg The host 140 cont™ol'Tler 122 allso
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drives the XD OE signal line 156 active which then allows the signals on

the XD[0..7] signal bus 1.52 to propagate through
140 onto the XDP[ O..7] host data -bus 150 which

-22- the host

|/ O buffer

t he host can read.

The core CPY A4

by reading from address | ocation 8010H.

can al so read the output

regi ster-

The read at

| ocati on 8010H i s

detected in the—control decoder 300 which activatgithe select |ines 322,
324, 326 to select the signals on the OB[O0..7] outrput register data bus 244

for propagatiofto the . S
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T~

AD[0..7] signal bus 174. The control decoder 300 will then activate the
ADCE signal line 178 to all ow propagation of the signals on the ADO..7]

signal bus 174 to the AD P[0..7] core address/data bus 172. St at us
Regi ster Accesses In general,4kq% eight bits in the status register
124 (Figure 7) are defined as conventionally defined in an AT- conpatible

conputer. The bits are defined as follows: Bit 0 = output buffer full flag
(1 =full); Bit 1 = input buffer full flag (1=full); Bit 2 = systemflag (O
= power on, 1 = Test(k); Bit 3 = XA2 Status Flag (0 = data, 1 = comuand);
Bit 4 = inhibit switchg Bit 5 = transmt tinme out; BLL, 6 = receive tine
out; Bit 7 = parity erTor (0 = odd, 1 = even). The corg CPU 104 reads
or wites to the status register bit 2, and bits 4-7dy re&ing or witing
to address 8012H. Duridig a wite to address | ocati on'g8012Hgby the core CPU
104, the status regist®r decoder 270 detects the wi2 to £his address and

gates the AQ N[2], andj{ADIN [4-7] signal lines to thef ST[2]} and ST[4..7]
si gnal Iine@ of the ST[O0..7] status . N N
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regi ster data bus 242. Bits 0, 1, and 3 of the status register are
controlled directly by hardware. Bit O is set when the mcrocontroller
core CPU 104 wites to address |ocation 8010H and is cl eared when the host
102 executes a read port 60 cormand5 Y@en the core CPU 104 wites to
address 8010H, the output buffer decéde | ogi ¢ 254 detects this address and
drives the WROB signal |ine 220 active, which is detected by &%9 status bit
|l ogic 282 which in turn drives the ST[0] signal |ine 285 3;*T (the out put
buf f er , -23- full #lag is set). Wen
t he host 102 executes a read from

242
ADIN[0..7] —CL7< 2;72 —~——5T[0..7]

LATCH
ADIN[2] | "ol STI2]
(fom(a] |0} oSt )
VI S I
ADINGE] | o_sTi6]
RONTL o, ol ST) )
- CR G .
RESET <278 i
MA[0..15]—<Z¢4
UCWR 2545 |DECODE
_—==24" o6iC
CLKIN. <2261 57
- ST[3
HWR _—— 202 278 ‘Trl;l—/
RESET._. 276 Jer
CLKIN 226 o1k
SIBF - 270 o ST[1]
CLR__IBF - fj;j = 274
RESET_. 278 _JeR
CLKIN 226 Meik
sT[0
WROB - 220 P [0]
RD60.. 22 | 2% 285
RESET_ 227¢ dcR
CLKIN P2 RN

FIG. 7



port 60, the host I/O control 122 detects this read and drives the RD60_
signal line 236 active which is detected by the status bit |logic 282 which
drives the ST[0] status line 285 inactive (this clears the output buffer
flag). - -Bit 1 of the status regizéfr is set when the host 102 executes
a wite to port 60 or to port 64, an 3cleared when the core CPU 104
reads from address 8011H (the input register). Wen the host wites to
the input register (wite to port 60 or to port 64) regardless of whet her
the signals constttute data or a conmand, the host I/Q.coni4oll 122 drives

t he SI BF_ signal T3 ne 210 active. The status bitl ogfc EBO| cts the
active SIBF_ 1ineg210 and drives the ST[1] status %b:% 81 active (sets
the input buffer gull flag). When the core treendsuthe
information in theg input register by executing a read‘ ﬂﬂ?éss 8011H, the
control decoder 3P0 activates the CLRIBF signal i e 212. The status bit
| ogi c 280 detects|the active CLRIBF_ signal line 2]12]apd the|ST[1] |ine 214
goes inactive (the input buffer full flag is clearéd Bit 3is
updated on any iwput register wite by the host ]&g§ﬁ&@§ﬁ§3§§ port 60 or to
port 64), and rgl ects the state NIMINIM MM
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of the host address bit two, (the XA2 signal |ine 200) during the |ast
wite port 60 or wite port 64 comand. A wite to port 60 is a wite to
the input register with data, and a wite to port 64 is a wite to the

i nput register with a command. the host 102 wites to the input
regi ster through a wite to port 60 of fo port 64, the host I/0O control 122
drives the HWR- signal line 202 active. This gates the XA2 signal |ine 200
through the status bit logic 188 onto the ST[3] status bit -signal |ine 283.
The status register 124 is read by the host 102 during a read from pert 64.
When the host executes a read port 64 command, the host I/O control 122
activates the HRD_ signal line 234 and the XA2 signal line 200 will be

hi gh. The hifgh on the XA2 lin
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- 24- regi ster data bus 242 for propagation through the nmux 194, and the
active HRD signal line 234 gates these signals onto the XD O0..7] signal
bus 151. The host 1/0O control 122 then .activates the XD CE_signal line
156 to all ow propagation of the sigmglig on the XD 0..7] signal bus 151
through the host 1/0O buffer 140 to the XDP[O..7] host data bus 150 for

reading by the host 102. Program Downl oad Contr ol The peri ral
controller of *he present |nvention i ncl udes an external randesiaccess
menory (RAM . Tﬁe pr esgent odi ment | ncludes 16K of (RAM. This gxternal
RAMis | oaded wth priogr ode for tlhe core CPU 104 operations he RAM
repl aces Khe convent i epal only ry (ROM so that controkoutines

for dlffe nt peri phefjal

pe
N

ces can He  inpl enented. L‘.
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Upon a power-up reset or a software reset initiated by an access by the
core CPU 104 to address |l ocation 8037H (nenory mapped reset. address
detected by the control decoder 300 t€ g tivate the REBOOT_ signal |I|ine
314, Figure 8), the peripheral con 4 | er 103 begi ns boot-load. The-
flow chart 999 for an exenplary boot-load is shown in Figure 14 and is
descri bed bel ow. During boot-| oads~the core CPU 104 is held in a reset
state while the pregramcode for the come CPU 104 is | oaded into RAM The
boot - | oat sequence™begi:ns with the host «102 downl oadi ng interrupt vectors
and Iook%hp t abl es©and ot her instructﬁdhs into the RAM foll owed by
domnloadgpg progr alp segnents and servgzg routines for the core GPU 104 in

t he RAM When~t he boot -1 oad sequ eisinitiated, either £he
conventi&nd& RESET® signal line 216 or the REBOOT_ signal line 3f4 is
active d péndiqg how the boot-load is initiated. The bootgl oader 780
(Figure /AA2) addr’esqg counter 800 is reset by the active RESEﬁQ rgnal |ine
216 and/oNt puts anj}address 0000H on the BA[0..15] addr-ess |ine bus 856.

The ac e REB line 314 or the active RESET line 216 causes| the OR
gate 8\_ to acji signal line 852 and to
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_This signa

boot - | oad.
and results in an active hlgh condition on the BOOT si

feset the latch 834 to produce a | ow signal

on the |ine 836.

propagates through the latch 838 and the latch 842 with

consecuti ve pul ses on the CLKIN signal
| atch 842 on the line 854 will
_line 216 w |
CPU- RST si gnal

be hH
al so have retur
line actiye,to hold the core CPU 104 in a reset state during

i ne 226.

The signa
h, and activates the AND gate 870 (the

d“%igh--inactive) to drive the

“ffom t he

The signdl on line 844 al so passes thraugh t he |nverner|846
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4
line 271. The signal on the BOOT signal |ine 271 propagates through the
inverter 916 (Figure 13) which causes a | ow condition on the nultiplexer
sefect line 917 to select the "A inputs in the nmux circuit 900 to
propagat e through the nultipl exer 900! t 613 he vari ous out put signal l|ines
fromthe nmult Nl exer 900.  This results in selecting the XDP[O..7] host
data bus 150 fbr propagati Qqn through the multipl exer 900 onto the

RAM DJ 0. . 7] %M dat a~pus which is connected to the external RAM The

RAM DI [ 0. . 7] M out pdk® dat'y busg 334 are sel ected for output on the

XD 0..7] sigpal bus 1§2. e a%?es signalk fromthe counter 800 t he
6y i s sele®ed for propagation tKeough

BA[ 0. . 15] addrigss |iné~ bugY 85
the mul tiplex& 900 ofpo t% A 0.313] siygnal bus 930 connected tq the
RAM addr ess | ghes (no@sho ). QThelsi gnalxon the BA[13] si gnal Ii% 857
is also selected for propagation-ontd the RAM CS2 si gnal line 928. QJhe

WR60A signal {line 860 is sl ected r propggation through the multi,pl exer
900 onto the gignal lijne 918. n he r 60A_signal line 862 .ils
sel ected for propagatijon orfto the nal Pijne 920. A high on RAM CSj
sel ects theo ¢wer baqk of (RAM ( d- ang | ow on the RAM CS2 gzﬁsignal
i ne sel ectg}ﬂ he uppsr ba%k Ofk\F\&( K- =X ' N
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18K) . The I ow on the signal line 917 al so propagates through the OR
gate 910 resulting in an active RAMCS1_ signal |ine 922 which selects the
fiorst 16K of RAM as active. The active signal on the RAMCS1_ signal line
922 enters the AND gate 912 to al |l ow §hgqsignal on the signal line 918 to
propagate through the AND gate 912 onto the RAMWE_ signal |ine 926.

-26- The signal on thg7signal |ineN18 corresp s to € snghal on the
WR60A_ signal line 86( as/4eAp§# ed. JThus, the |%ﬁ£1‘w0/'

299
NC ADDR Y 7900 ~
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7002
o DONE
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1004
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et

J 7006
WRITE 64, ADDRL

INC ADDR - l 100
| WRITE 60, CODF
“\reap 0 covt)

7072

7074
READ 64, kv [*—

e
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the RAMVE_ signal line 926 corresponds to the signal on-'the WRG0OA signa
1ine 860 during boot operations. Wth the outputs fromthe RAM
control ler selected as explained, da&/¥romthe host 102 on the XD P[O..7]
signal bus 150 propagates to the RAMDJ 0..7] signal bus. The addresses on
t he ADDR[ 0. .13] <ignal bus 930 arq_provided by the boot- |oad counter 800
via the BA[O..1 signal line bus &56, and RAMWE_ signal |ine 926
correspgnds to the signals on t he JAR60A_ signal |ine 860. The RAM CS1_
si gnal Qine 922's active and the BAM CS2 signal line 928 corregponds to
the sigpal on the BA[13] signal |ioxe 857. This allows the st 102 to
wite data or cofmands into thg RAM at the address provided by tihe counter
800 by executing|wite port 60 ands. Each write to port 60 hy the host
results in an acfive signal on®he|{WR60_ signal |ine 229, as previously

expl ai ned. urijng boot-1oad thessShgnal |ine 836 fromthe kgtc 834 is
al so | ow, as‘'explai ned, mhicgsal ows jpropagafli on of the sigha n the WR60
signal line 229 {hrough the €| 808}to the 0A signal | i'™Ne $60.
The active sigpal on the RGPA signal/ line 826 propagates to the
RAM WE_ signal |ine 926. Accozginq when | -
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the external )
accept s:t he data o
host 1@2 as g

active: 5| gnal

BA[ 13]
si gnal

rece__vesﬂ' L he_.,_p:_ul se on the RAM».K/\E Sl gnal L. ne c926

D'_P's_ 7]

"on th’e \hRGOA ‘si gnal

Fieal d¢ noy i i\ t.é \‘ | Ccs2
& tidden become hi gh to cause a | ow on the RAM
Iineéli g to se Ve € upper 8k of RAM (addresses 2000H 3FFFH).
e present invention relates to facilitating control

within Industry Standard Architecture (ISA) compatible laptop
computers. Specifically, the invention involves a peripheral
controller which emulates the functions of conveﬁfional
peripheral controllers and an interrupt controller within the
peripheral controller which generates internal interrupts in
response to a number of devices connected to the ISA computer.
The peripheral controller enters a low power mode of operation
while it awaits an interrupt from various devices, rather than
actively polling these devices to determine which device or
devices need service. T
Description of the Related Art

Conventional ISA (i.e. IBM-AT) compatible computers
utilize an integrated circuit (IC) intelligent peripheral
mlcrocontroller to perform various control functions between
a master_processor (the host--the master central processing
unit and supporting resources) and various peripheral devices.
Typical 1I/0 functions performed by the peripheral
microcontroller involve scanning a keyboard and providing an
interface between peripheral devices and the host. The
microcontroller interfaces these peripheral devices with the
standard ISA data and control busses. The microcontroller
provides registers which enable it to function as one
peripheral device to the master processor. The
microcontroller performs the basic I/0 functions for other
peripheral devices so the host does not have to use processor
time to perform these functions. The host only communicates
with the peripheral microcontroller which performs the
processing necessary to support the other peripheral devices.

The INTEL 8042 and 8742 integrated circuits are common
peripheral microcontrollers for the ISA compatible computer
architecture. The use of the 8042 and the 8742 integrated
circuits in laptop computers is undesirable because these
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0. . bus 932, which. is the daga frontthg
host . data bu$.150 _and_stores the
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-27- The wite to port 60 by the host 102 with data for the RAM
continues until the necessary programcode is |oaded into the RAM as
represented in the action block 1000 and the decision block 1002 of Figure
14. ©~ - Thus, the host 102 nust also down-load the routines to the correct
address | ocations. To acconplish this, “"fe host 102 initializes the address
in the counter 8 ort 64 with tgg igh 8.hits of the

] 0 by witing to.

address f RS zf%WQ%iFgougb£f2%4°&Ffﬁ ERENNGECTYL WIS T GPIRSWRRF ess,
as repr esdwicednich awwean. bl PoksinStdnace¢d tBEG6INTBIp8UUiRvdlsy.a SomA The, first
wite to par ca t Lgn i g jve. The
active si gﬁéf”g’%ﬁ'he 4;@: ggéé?rg#%e%lé §§P %’g’? égst %éﬁggegi‘foéiesl’gnt o]
activat e whdchottheyspghilalstatesxegirterntosdgherminecifothei hdsbehas gh
(host acc o ki\ertidrledi LBHEELT k) bBE1T RUEEHSSa L2 1O
cause a Igv%%?}sgna elé)inﬁté%g Fla,neEBLI{)l% V\F/Jnﬂlech Ioa‘é‘s {Eee?{ir)g% gllgﬁt kacgsazg
addr ess ofCEREEXD Ppo.dettermine datfa Buske¥o has o beed hPgRSERghtomi tthef t he
counter. keyboard, and poll the serial ports to determine if any
devices connected to the serial ports need to transfer data.

In laptop computers which can ope;ate on rechargeable
batteries, any reduction in power cohsumption results in an

increase in battery 1life (i.e. time between battery

recharging). However, most presently availaéle laptops
- continue to utilize the conventional peripheral
microcontrollers.

It is therefore desigable to provide a controller for use
in laptop computers which consumes substantially less power
than the conventional peripheral microcontrollers.

Newer technologies, such as CMOS (complementary metal
oxide semiconductor) exist which allow design of application
specific integrated circuits (ASIC) which consume less power
than the conventional peripheral microcontroller. Simply
implementing the conventional controller with CMOS technology
would decrease power consumption. However, the inefficient
active scanning of conventional peripheral controllers would
continue to consume more power than is desirable because CMOS
circuits consume more power when active than when idle.

Under the conventional design, as expléined, the
peripheral controller continuously polls various devices and
flags, and polls the keyboard scanner to determine if any data
transfers from the Kkeyboard are required. Power |is
unnecessarily éonsumed in this active polling process because
one or more devices may be inactive for extended periods of
time, during which no data transfer from the device is needed, -
and the polling of the inactive device’is unnecessary.

A more desirable system involves only communicating with
the peripheral devices or the keyboard when servicing is
needed by these devices. This system includes an interrupt.-

This is the replacemem shegt
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This wite to port 64 is repeated with the low 8 bits of address on the
XDP[0..7] host data bus 150 which is |oaded into the lower 8 bits of the
count er 800. The host then continues to | oad the programinstruction
segnent at the appropriate address by executing wite to port 60 conmands,
as represented by action block 1008,-a#th the data to be |oaded into the
"RAM in the sane manner as di scussed above, but with a new starting address.
The cosysdrersodiglt pratuces nterruptst forh'ehacwsneashdamhtqmntsrcbblerhe RAM

as exp'ﬁ{ Q%&g&fa’é é&rageaoﬂf@eéwa dei»gmlt g“ha'%‘t\_'v' HAddth8 £¢ 1 5496

t he host has conplete I nfornmation suc as t he

i nt er r b keybeard, o&Parﬁ‘%W?‘b%kDSp § apPuse; ntQ¥ the RAtMivaddanented in

deci si %h@xockpéQQ hei‘ﬁd t h@ePibes PIAGFACSEIMBY S BheVary li’é'fl sgSSes
t hr oughout t resented in decision blocks 1010 and t he host
102"t SPREHA e, ISR GO ey RHERA | REORRRATa 64 (CEmmE ke

repr es perdpher=IC ¢t i Xar lériterdha Loadpbwen- ﬁ.@llb by icgmberlyl oad
resul tSza'::'rxl:':.ae %(i;[tl.\i? Slglgxlxturs]gtahehg%4éomxsn'a%&al I&%E%Z%ml serles
nicrocontrollers. The microcontroller remalns in the idle
mode until it receives an interrupt from one of the peripheral
devices, or the keyboard, that indicates the device needs to
transfer data. _ '.

One of the complications with this implementation is that
common mnicrocontrollers, such as an INTEL 80(_'_:31, do not
provide enough interrupts .to service all the peripheral
devices managed by the peripheral -controller. Therefore, it
is desirable to provide an interrupt controller which combines
numerous interrupts to provide a single interrupt for the
microcontroller core of the peripheral controller and also to
provide a register which can be read by the core CPU to
determine which device has caused the interrupt once the
interrupt is received.

By implementing an interrupt controller, the
microcontroller core remains idle in a low power mode until it
receives an interrupt which activates the microcontroller.
The reduction in power consumption results in extended
battery life which is particularly useful in portable iap-top
computers. .
Summary of the Invention

The present invention provides a relatively low power
peripheral microcontroller which utilizes mnemory mapped
address decode architecture to expand I/0 control ports and
enhance interrupt service capabilities to allow a single chip
to control many laptop computer applications. Extensive power
managemeni: capabilities have been added to the microcontroller
to conserve  power to extend the battery life of a laptop
computer.
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-28- This latches a high signal fromthe PWR signal [ine 801 through:thé

| atch 834. This high signal propagates through the latch 838, the |atch 842
and the inverter 846 and results in a | ow signal on the BOOT signal |ine
848. The | ow on the BOOT signal line 271 passes through the invert 916 and
selects the B.0-6 inputs to the nultipd-exer 900 for propagation to the
0.0-6 outputs. This selects the AD P[ 0..7] core data bus 172, the

XD[ 0. . 7] mgyﬂhebusmugnccpnérnm4e33 sﬁgﬁéhtbsne 2B® tmyﬂgnﬂhnsignaf line

255, an h é{;ﬂg ngls hg,P #?f# e 936
whi ch aﬁbe&?% ned |n% he O%ﬁ]g ﬁlc%%gr%?éflg%ggstat |§8n rou wéfg
mul ti pl SRe¥terw. for aThG°§V§%§P°PPFIe £8h reompakible 5 CFQM’%‘E%\t‘e W\iﬂ-l;h

all ows operate on computers incorporating the present invention.

One aspect of the invention involves an interrupt
controller for an interrupt driven peripheral controller for
use in a host Industry Standard Architecture (ISA) compatible
computer system, wherein the peripheral controller has a core
microprocessor configured to receive at least one interrupt
and capable of operating in a low poﬁer mode while awaiting
interrupts, and also has add;'essabie memory space. The
peripheral controller emulates the functions conyentionally
performed by the INTEL 8042 or 8742 series of integrated
circuits. .

The interrupt controller comprises a prescreened input
register indicator which is activated upon a transfer of any
of a first set of information from the host to the peripheral
controller, and which is prevented from becoming active upon
a transfer of any of a selected second set of information from
the host to the peripheral controller. The peripheral
controller also comprises at least one peripheral device
activated -indicator from at least one peripheral device which
signifies that the peripheral device has been activated, and

a keyboard activated indicator signifying that a key on
a keyboard has been pressed. The interrupt controller also
comprises interrupt control logic' responds to the input
register indicator, the keyboard activated indicator and the
peripheral device activated indicator, and provides an
interrupt register for the peripheral controller. the
interrupt controller also comprises at least one interrupt
request line responsive to the keyboard activated indicator,
the input register indicator and the peripheral device
activated indicator to provide an interrupt for the core
microprocessor when at least one of .the input register
indicator, the peripheral device activated indicator, or the
keyboard activated indicator is active.

The peripheral device activated indicator comprises at
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the AND gate 870 to becone inactive, and the CPU RST signal |ine 858
returns to an inactive state. This releases the core CPU 104 fromits reset
state. The core CPU 104 begi ns execution from address, 0000H, as is well
known in the art after a reset to thescore CPU 104 as represented in action
bl ock 1016. The core CPU 104 then executes the downl oaded instructions.
The host 102 can al so execute any portion of the downl oadi ng sequence j ust

descri berbaetd dite BP0 grurdei dy @ Gy icd Hhd bt dos twieddh detipr fbea
activity_plock,l or.1014 fr n1e|th§£ a stand

reboot . TLE F‘Hggg’ﬁé’éfotd%jegﬂb ying, ek qg £insh, 8"—?’3@?‘?&3 g:f}%ﬁ%‘g% in

t he RAMddifhectredinfopaediimst i séoiakht port! dues coeen abetiRalefil9.and a  The

oS! et SR41EREoL S BBy MR ETnBLSHD L D ELE

a read foanngsked g ia seeendt seriadkportohas hean iagtimaked.1008, instead

of a wite taROGLIRRPEHRAAYT iENeohHigurdd tE0PE fddféssable at
a memory location in said memory space of the_ core
microprocessor such that the register is read by the core
microprocessor from an address assigned to the interrupt
register in the addressable memory ~space of the core.
Finally, the interrupt register comprises an eight-signal
register, each signal having a corresponding signal tine which
comprise four interrupt signal lines assigned to selected
devices controlled by the peripheral controller, wherein each
of said signal lines represents an interrupt reflecting the
activity status of one of said plurality of peripheral
devices, and four mask signal lines which enable or disable

the interrupt signal 1lines.
Brief Description of the Drawings

Figure 1 is a block diagram of the peripheral controller
system according to the present invention.

Figure 2 is a block diagram of the host interface of the
system.

Figure 3 is a diagram of the host and core (input/output)
I/O0 buffers.

Figure 4 illustrates the host I/0 control block.

Figure 5 illustrates the data bus register buffers for
the host. _

Figure 6 illustrates the address/data latch for the
microcontroller .core central processing unit (core CPU).

Figure 7 illustrates the data bus status register.

Figure 8 illustrates the address decoder/bus multiplexer
circuit for the microcontroller cor:

Figure 9 illustrates a diagram of the keyboard scanner of -
the present invention. )

Figure 10 illustrates an exemplary portion of the

. keyboard switch matrix of the present invention.
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As expl ai ned above briefly, the peripheral controller. 103 can operate in a

| ow power consunption nnde The core CPU 104 executes a HALT instruction: ’
after a pre-determ ned Tine period has el apsed during which no events have
been detected by the core CPU 104. In the halted state, the core executes
no . - -29- instructions and sinply waits
for an interupt on one of its |nterruptfm Thi s node reduces power
consunption of the controller 103 he conventional - peri pheral

control | er acti Vﬂ% P! | 1 Val] MisePREbRNCA Al sERURAEEC! Oadgheatll NBsl | the
device is requestl ata trans grese |nvent|on provi des an
in errupt controller of the present invention.

Figure 12 illustrates a schematic diagram of the boot-
loader circuit of the present invention.

Figure 13 illustrates a schematic diagram of the RaAM
controller of the present invention.

Figure 14 illustrates a flow chart of an exemplary boot-
load program sequence executed during "boot-load of the
microcontroller core.

Figure 15 illustrates a gate A20 bypass controller of the
present invention.

Detailed Description of the Preferred Embodlment
The present invention will be described in the context of

component oriented logic with an independent microprocessor.
In a preferred embodiment, the entire system is implemented in
an application specific integrated circuit (ASIC) which
includes the microprocessor within the ASIC.

The block diagram of Figure 1 illustrates the principal
system units of the present invention. The computer system
100 comprises a master processor and supporting platform
resources (the host) 102 such as an INTEL 80x86 motherboard,
a peripheral controller 103, a memory 109, a keyboard 112, and
serial input/output (I/0) peripheral devices 113. The
peripheral controller 103 includes a microcontroller core
central processing unit (CPU) 104, a host/core interface 106,
a boot loader and RAM controller circuit 107, a keyboard
scanner 108, an interrupt controller 110, and I/0 lines 114
connected to the serial I/0 devices 113.

The peripheral controller 103 emulates a conventional
peripheral micriocontroller such as an INTEL 8042 or 8742 and
performs additional functions discussed herein. The
peripheral microcontroller 103 described can be implemented in
a low power CMOS application specific integrated circuit
(ASIC). _ . )
The Microcontroller Core

The microcontroller core CPU 104 comprises, or emulates
the functions of, an INTEL 80C31 family microcontroller as is

Thie g ¥y ropdzsemeer ehoat
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interrupt controller to provide an interrupt drivem systemso the _
controller can go into a |ow power-npde. The present invention provides
an interrupt controller which uses signals fromthe various peripherals and
from.the host 102 to generate a single interrupt for the core CPU 104 to
activate the core CPU 104 fromthe | ow power node. The individua

interrupts fromthe various devices are-pead by the mcrocontroller core
CPU 104 fromthe INT[O .7] interrupt register data bus 340 which is napped
into the rvelboumdexétecdcin etiiPlantd MTDCOXSPARY 204 deAproyrSidda

I ter
By gér‘ﬁ*ﬁﬁ?iﬁ”ﬁﬁ'{- %5?7%*?8?‘%? dfEnd b it gomedanieni¥si vl o
defined astReiiesk/CoreoIntexfacesl peripheral interrupt occurred; IR 1 =

external rmouse méerﬁé@e/eswrsﬂtef&ae kexboagﬁl?g&%@ﬁ“ :a”t RurRr  of

ocour t od; SHEEREoRE SIRGHEPRAT ISR 5 ThaRA GRS EneRSBowR G Figure

nask/enam2%|&ﬁdhlnc1ude a set of tri-state input/output (I/0) buffers
120, host I/0 control 122, data bus I/0 register buffers 123,
a status register 124, an address decodér/bus mulﬁiblexer
circuit 126, address/data bus latches 130, and a gate A20
bypass controller 650.

Ihe 1/0 Buffers :

The tri-state I/0 buffers 120, depicted in Figure 3,
include a host I/0 buffer 140 and a microcontroller core I/0
buffer 160. These buffers 140 and 160 are similar.

The host I/0 buffer 140 provides a buffer which utilizes
an XD_P[0..7) bi-directional host data bus 150 connected to a
conventional host I/O bus such as an Industry Standard
Architecture (ISA) bus as is well understood in the art. An
XDO[0..7] output signal bus 152 carries a set of signals from
the peripheral controller 103 for output onto the XD_P[0..7]
host data bus 150, and an XDIN[0..7] input signal bus 154
carries signals to the peripheral controller 103 from the
XD_P[0..7]) host data bus 150. The core I/0 buffer 160 also -
uses an XD_OE enable signal line 156 to gate signals on the
XDO[0..7] signal bus 152 to the XD_P[0..7] host data bus 150.

Any data from the host on the XD_P[0..7] host data bus
150 will propagate through the buffer onto the XDIN[O0..7]
signal bus 154 for use within the peripheral cohtroller 103.

The core I/0 buffer 160 provides a tri-state buffer for
the core CPU Yo4. 'The core I/0 buffer 160 utilizes an
AD_P[0..7] bi-directional address/data bus 172 connected to
the core CPU 104 Port 0 (corresponding to Port 0 of an Intel
80C31) as is well understood in the art. An AD[0..7] output
signal bus 174 carries signals from the peripheral controller
103 for output to the core CPU 104, and an ADIN[O0..7] input
signal bus 176 carries signals from the core CPU 104 for input

to the peripheral controller 103. An active AD_OE signal line -
This is the replacement sheet

T 4 a0
Dater = | AUG 190



IR 7 = mask/enable IR 3. The interrupt mask bits IR 4-7 can be witten,
by the mcrocontroller core CPU 104 by a wite to address | ocati on 8040H to’
enable or disable interrupts fromany or all of the interrupting devices.
Wien the core CPU 104 executes a read or wite to address |ocation 8040H,
the control decoder 300 detects this address and activates the | NTR_ signal

| ine 320. Wen the conmmand is a wite, thg-signal on the UCWR signal |ine

255 is active. The active signals on the INTR_ signal line 320 and the

UCVR _ 178 allows the signals on the3@&D[0..7) signal bus 174,
propagate. through the buffer to the AD_P[0..7] address/data
bus 172.

When the core CPU 104 places data on its Port 0 data
lines, the signals propagate through the core I/0 buffer 160
to the ADIN[0..7] signal bus 176 for use by the peripheral

controller 103.

The Host I/0 Control Circuit ’ ’ .

The peripheral controller 103 requires a number of
. control signals. Many of these signais are provided by the
host I/0 control 122, depicted in Figure 4. The host I/0
control is relatively straight forward and will be explained

in functional form.

The host I/O0 control 122 utilizes signals on an XIOW_
(I/0 write) signal line 264, an XCS_ (chip select) signal line
224, a CLKIN (CLOCK) signal line 226, an XIOR_ (I/O read)
signal line 228, an XA2 (address line 2) signal line 200, and
a RESET_ signal line 216. These signals are the standard I/0
write, I/0 read, chip select for the conventional 8042 or 8742
peripheral controllers, clock, and reset control signals from
the host 102 as are well understood in the art.

The interface control 122 also uses a MIBF (mask input
buffer full flag) signal 1line 270, and a BOOT (core is
executing boot load) signal line 271.

The interface control 122 provides an SIBF (set input
buffer full) signal line 210, an HWRP_ (host write pulse)
signal line 260, an HWR_ (host write) signal line 202, a WR60_
(host write to port 60) signal line 229, a WR64_ (host write
to port 64) signal line 230, an IA2 signal line 232, an HRD_
(host read) sighal line 234, a RD60_ (host read from port 60)
signal line 236, a RD64_ (host read from port 64) signal line
235, and the XD_OE signal line 156.

The HWRP_ signal line 260 is driven active by any write
to port 60 or to port 64 by the host 102 (the XIOW_ signal
line 264 and the XCS_ signal line 224 are active). The HWR_
signal line 202 is driven active under the same conditions as
the HWRP_ signal line 260, but three. clock cycles after the
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,Signal line 255 drives-the AND gate 490 active. The active signal fromthe
" AND bate 490 in turn latches the signals fromthe signal |ines ADI N 4..7]
fromthe ADINJO..7] signal bus 176 (the ADIN[O..7] signal bus 176 will
contain signals fromthe core CPU 104) through to the I1R.4-7 signal lines
524-527 of the interrupt register signal bus 340. -The signals on the

1R 4-7 signal lines 524-527 act as enabt®-or nask signals for the interrupt
signals on IR 0-3 signal lines 530, 532, 534, and 536, respectively.
Setting t HORRsKsignal thineh260 0066l ackiNees Thee SIRE cqigRahgline 210

i nterrupt (&8 it ddtidrd hﬁpms& xtariee 1o pbeY 66 \V6F f@gﬁsrthez; by the

cor espordhag bl Glow,, 1938, nR, S, o ek ol 20aRt Ra,
t he signal2aah axgrettiver whéni theommdsignahel% @ane i’§57nds'o actiivat e
ol kevbosieheolhe, rieddle EleT 4ty | YBTALE KRURARY. | GoRE BB
|ine 518 H#ignadhi Tinegi 233 eist hotkepbbive a@tmpcan#mlm«err el@Berice hott he
otbom s SRR, Thd RS0 O clopi L s8R gy

the host executes a write to port 60 (the XIOW signal line
264 is active, the xcs_ signal line is aeplve, and the Xa2
signal line 200 is low). The WR64 signal line 230 is active
vhen the host 102 writes to port 64 (same as WR60_, except the
XA2 signal line 200 is high). The IA2 signal line reflects
the signal on the XA2 signal line when the XIOR_ signal line
228 and the XCS_ signal line 224 are active. The HRD_ signal
line 234 is driven active upon a read from port 60 or from
port 64 by the host 102 (the XIOR_ signal line 228 and the
XCS_ signal line 224 are active). The XD-OE signal line 156
is activated under the same conditions as the HRD_ signal line
234, but three clock cycles after the HRD_ signal line goes
active. The RD60_ signal line 236 is activated when the host
102 executes a read from port 60 (the XIOR_ signal line 226
and the XCS_ signal line are active, and the XA2 signal line
is low), and the RD64_ signal line 235 is activated by a read
from port 64 by the host 102 (the XIOR_ signal line 226, and
the XCS_ signal line are active, and the XA2 signal line is
high).

The Host Register Buffers
The host register buffers circuit”™ 123 comprises

multiplexer logic 194 and an input register latch 240 as
depicted in Figlre 5.

The multiplexer logic 194 utilizes an ST[0..7] status
register data bus 242, an OB[0..7] output register data bus
244, and is responsive to the XA2_ signal line 200, the HRD_
signal line 234, and the RESET_ signal 1line 216, and
selectively transmits data on the XD[0..7] signal bus 151.
The O0B[0..7] output register data bus'244 corresponds to the
output register of an 1Intel 8042. or 8742 peripheral

T+is I the randanemsn snset
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signal line 498 and the UDATA_ signal line 496 are active and interrupt.O
Is enabled (the IR 4 signal line 524 is high). The UCLK_ signal |ine 498"
and the UDATA signal line 496 are both active when a peripheral device '
connected to t-he corresponding serial port is activated, as-well known in
the art. Once these signal lines 496 and 498 go active, the AND gate 484 is
activated, and the active signal fromthgAND gate 484 propagates through
the latch 460 on the next pulse of the CLKIN signal |ine 226. The signal

fromthe | agshtA6P1EREN aticOPERAL ST [0 1e seatabereiztdt @ALRAGHLS218
the IR 0 signal line %Sgolf t he S|ﬂnal on,the 1R 4 signal line 524 is_high
d t

(interrupt ©°FEeERABIRJFOWPR HH2 rediSEeEnof nanclRFRLs BHHA 9% nB7420.
Thus, wheneperipheeal pbentrotdemected to the serial port corresponding to
(e UL L el b0 B8 BP0 o B0Tkel 5 SBRLERIERL? SidRhTe,
masked. from the OB[0..7] output register data .bus 244 or from the
ST[0..7] status register data bus 242 to'the XD[0..7) signal
bus 152. When the XA2 signal line 200 is high, the ST([0..7]
status register data bus 242 is selected for proﬁaéation.
When the XA2 signal line 200 is low the OB[0..7] output
register data bus 244 is selected for propagation. An active
" HRD_ signal line 234 gates the selected signals fhrough the
~ multiplexer 194 -
The input buffer latch 240 has its inputs connected to’
the XDIN{0..7] signal bus 154 and is controlled by the HWRP_
signal line 260. The outputs of the input buffer latch 240
are connected to an IB[0..7] input register data bus 246. The
IB[0..7] input register data bus 246 corresponds to the input
register of an Intel 8042 or 8742 peripheral controller. The
signals on the XDIN[0..7] signal bus 154 are gated through the
buffer 240 to the IB[0..7] input register data bus 246 when
the HWRP_ signal line 260 is active.
The Core Address/Data Latches
The core CPU address/data latches 130 comprises an output
buffer decoder 254, an'output buffer latch 256, and an address
latch 258 as depicted in Figure 6. 1In the present émbodiment,
the output register is mapped into the core CPU 104 memory
space at location 8010H.
The inputs to the address latch 258 comprise the
ADIN(0..7] signal bus 176, and a P2[0..7] signal bus 177 from
port 2 on the microcontroller core CPU 104 as well known in
the art. The address latch 258 is controlled by an ALE signal
line 262 from the core CPU 104 as is well understood in the
art, and the RESET_ signal line 216. When the address latch
258 detects an active signal on the ALE signal line 262, it .
allows propagation of the signals on the ADIN[0..7] signal bus
176 and the signals on the P2{0..7]) signal bus 177 to a

MA[0..15] address line bus 264.
This is the roplacement sheet
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-31- The interrupt 1 signal |ine 532 goes active when the MCLK
signal line 510 and tne MDATA signal line 508 both go active. These |ines
go active when a nouse peripheral device requests a data transfer. This
occurs when the nouse is noved or a button on the nouse is pressed, as is
wel | known in the art. Wen both tly MDATA signal |ine 508 and the MCLK_
signal line 510 go active, the AND gate 486 is activated, and the signal

fromthe ANDraat couSSutor ﬁmtreSdébbddgméﬁlﬁd asah uébBisast ke pewr pul se
on the CLKIN} ignaIZth?c226 nterru %fh% nq%ggd ééé&S si gnal
line i sSHPHR R&n<PRe §F§h§? |WﬁﬁQ?1 5 Ot HReeFRFSREh t he
regi st ein4tRe am:o hethR CLXKIYnsignale ZZQ, varnd tm.mm. c1srka@diesson the
e 5207268 e, ket SnpEdEs, 1187, dRuPEaET 186 B  Bordif by “epgl! O
i nt er r upiceosoygtublleneceg8e CBUdJLPgen ﬂbeudecmﬂen 25¢ drives a WROB_
(write output buffer) signal line 220 active and an OBG
(output buffer gate) signal line 259 active upon detecting the
write to 8010H (a write to the output buffer) by the core CPU
104. The OBG signal line 259 is activated three clock cycles
before the WROB_ signal line 220. - '

The output buffer latch 256 utilizes the -ADIN[0..7] .
signal bus 176 and the OBG_ signal line 259. When the output
buffer latch 256 detects an active signal on the OBG signal
line 259, indicating a write to the output register by the
core CPU 104, it allows propagation of the signals on the
ADIN([O0..7] signal bus 176 to the 03[0..7] output register data

bus 244.

The Status Register

The - status register 124 corresponds to the status
register of an INTEL 8042 or. 8742 peripheral controller as
well known in the art. The status register 124 is an eight-
bit (bits 0-7) register which consists of 8 status bit lines,
ST[{0..7], and comprises a status register decoder 270, a latch
logic 272, and status bit logic circuits 278, 280, and 282 as
depicted in Figure 7.

' The status register decoder 270 responds to the UCWR_
signal line 255 and the MA{0..15)] address bus 264. The status
register 124 is mapped into the microcontroller core CPU 104
memory space at’ location 8012H. The decoder 270 responds to
a write by the microcontroller core CPU 104 to address 8012H
(the status register) to enable the latch logic 272.

The latch logic 272 responds to data inputs ADIN[2]), and
ADIN[4..7] from the ADIN{O0..7] signal bus 176 and provides
signal lines ST{2), ST{4..7) corresponding to status bit 2,
and bits 4-7 of the status register 124. The latch logic 272
gates the signals on the ADIN[2)], ADIN[4..7] lines to the
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ANYR_ signal line 406 is active. The ANYR_ signal line 406 is activated
when a key is pressed on the keyboard as will be explained with respect to
t he keyboard scanner 108. \Wen the ANYR signal |ine 406-goes- active, the

. signal on this line propagates through the latch 456 on the first pulse on
the CLKIN signal line 226. [If interr 2 is enabled (the IR 6 signal |ine
526 is high), the signal fromthe [atch 456 propagates through the register

468 on hh@zﬁxtsﬁ sez7pn éf&xaCiLKllPﬂn%sgnahehl halPfe PNy t BRel Rs€atignal
line 534 enever, s ,occurs, the IR 2 Signal line 534 is
driven 589F§§eﬁn98§9dﬁﬁt@73uﬁFy ainatyy The interrupt 3 signal

line 536 is seatust bdtwierlddic Jfd] responds| toethed Xakr gl si phes
oot wr 08c St IR, piBnadging: 202, sl cntall <Xkl (i A€ alal on
t he ST[thesRBSET | sagndl4limnepRdst.es Thier dwglict (258 amﬂvmsvatsnm@m se on
527 15 EORNA PRiA preks, bt SlpREL ”Fi?é"hb%i”a@g%%g?‘? Jthr Lihe
regi stelln66283|t gorrespangs: ot thesilgval |qm@l%6<pm epm@e on
the CLIGPbAi §Nh14éNen280e dIKEN ¥M9Hal mﬁ@%zé%awﬁeem “signal
line 202 line is active to indicate whether the last write
from the host 102 to the input register was a command or data
as well understood in the art. A high on the XA2 line
indicates that the 1last write by the host to -the input
register was a command, and a low on XA2 indicates the last
write by the host to the input register was data. The ST[3]
signal line 283 is cleared when the RESET_ 51gna1 line 216 is
activated.
Status bit 1 logic 280 is controlled by the SIBF_ signal
line 210, a CLRIBF_ signal line 212, the RESET_ signal line
216, and the CLKIN signal line 226. The logic 280 drives an
ST[1] signal line 214 upon a pulse on the CLKIN signal line
226 and an active signal on the SIBF_ signal 1line 210
(indicating a qualified host write to the input buffer). The
logic 280 drives the ST[1] signal line 214 inactive upon a
pulse on the CLKIN signal line 226 whenever the CLRIBF_
(indicating a read from address 8012H by the core CPU 104)
signal line 212 is activated. The ST[1] signal line 214 is
cleared when the RESET_ signal line 216 is activated.
Status bit 0 logic 282 utilizes the WROB_ signal line
220, the RD60_ signal line 236, the CLKIN signal line 226, and
the RESET_signal line 216. The logic 282 drives an ST(0]
signal line 285 active upon a pulse on the CLKIN signal line
226 whenever the WROB_ signal line 220 is active (indicating'
that the core CPU 104 has written to the output register).
The logic 282 drives the ST[0]) signal line 285 inactive upon -
a pulse on the CLKIN signal line 226 when the RD60_ signal -
line 236 is active (indicating that the host 102 has read the
output register). The ST[0]) signal line 285 is cleared when
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-82- to the I nput register and the ST[I] signal line 214 activated, the
IR 3 signal line 536 is activated unless interrupt 3 is masked.
Accordingly, the status of each interrupt bit is represented on-the
INT[O..7] interrupt register data bus 340 which is read at |ocation 8040H
by the core CPU 104. The 1R 0 siggal line 530, the IR 1 signal line
532, the IR 2 signal line 534 and the IR 3 signal |line 536 are conbined in

the OR gRéeRrEBET OsigPdlda inesi A&l ionatbevhbiéd, signal line 430. The INT1_
signal line éﬁg I§Tf8??9§tegighEECtanég form the ST({0..7] status
register data bus 242 and thus comprises the contents of the
status register.
The Address Decoder .

The address decoder/bus multiplexer c¢ircuit 126 comprises
a control decoder 300 and a bus multiplexer 304 as depicted in
Figure 8. o

The control decoder 300 responds to the UCWR_ signal line
255, a UCRD_ (conventional Read from ‘core CPU 104 as well
known in the art) signal line 257, and the MA[0..15) address
bus 264. The decoder 300 detects accesses to predetermined
addresses by the microcontroller core CPU 104 within its
memory space. The decoder provides the CLRIBF_ (Clear input
buffer full flag) signal line 212, a KBBS_ (keyboard bus
select) signal line 310, a INTR_ (interrupt register) signal
line 320, the AD _OE signal line 178, a RAM-BS_ (RAM bank
select) signal line 312, a REBOOT_ signal line 314 (a software
reset), and three multiplexer select signal lines 322, 324,
326 and a mux gate signal line 328.

The bus multiplex logic 304 responds to a KBR[0..7]
Xeyboard row bus 330 connected to the rows of the keyboard
112, the OB[0..7] output register bus 242, the IB[0..7] input
register data bus 246, the ST[0..7] status register data bus
242, an INT([0..7] interrupt register signal bus 340 connected
to the interrupt register (explained later), and a RAM-
DI{0..7] signal bus 334 connected to the data lines of an
external random access memory (RAM) (not shown).

In the present embodiment, the control decoder 300
detects a read  command from the core CPU 104 at various
addresses to activate the select lines 322, 324, and 326 to
select propagation of signals on the busses 232, 262, 228,
340, 330, and 334 to the AD[0..7] signal bus 174, When a read
from address 8010H (the output register memory mapped address) -
occurs, the control decoder 300 selects the OB[{0..7] output )
register data bus 242 for propagation. When a read from
address 8011H (the input register memory mapped address)
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" the INT1_ signal line 430 (not shown) of the nmicrocontroller core CPU 104,

as is well known in the art. If any one of the interrupt signal |ines 530,
532, 534 or 536 becomes active, then the INTI _ signal line 430 is activated
and generates-an interrupt for the mcrocontroller core GPU 104. --  \Wen

the mcrocontroller core receives the interrupt, it resunmes its active
node, if it was in the halted node. Theldere CPU 104 t hen determ nes which

device has generated the interrupt. To deternine which device has
gener at ed ®@@UIa; ekheptcontinoli deeedars éppers%lﬁ@mrmabada ©oife the

i nt errupt gfg,l,&igero,gltﬁe,lgfo -ﬁfuix@ﬁu £r alekk o5 SUHH M Wades the

e esa o e Se s e of tRecbEL 5Bh a&“@%@eﬂ‘%&%&&%@éﬁ?‘ﬁfx““t =

activates (tiee| NERtus gnegllst:ec 3rémoryhmapped 3ogatlioh)necodArss amiedi ned

s 50 SRSl 9 a0 brlopddii0R0°4 B Dlona DSt B g0 A 97

si gnal frostatus ANRister Astarpm@i2s Whesugh neasl AOn ks rédss (BO&'OH:I ock

Dot | [Eng SuOperte. ol eRRO aliet BAE ABBHELINT oL, ey,

i s decoder 300 selects propagation of signals on the INT[O..?]
interrupt register data bus 340. When a read from address
800XH (the keyboard columns memory mapped address) occurs, the
decoder 300 selects propagation of signals on the KBR[0..7)
keyboard rows data bus 330. When a read from address (the
first 16K of memory space for the core CPU 104) occurs, the
decoder 300 selects the signals on the RAM-DI[0..7] bus 334
for propagation. When a read from 800XH, 8010H, 8011H, 8012H
and 8040H occurs, the decoder activates the AD_OE bus 178 so
the signals on the AD[0..7) signal bus 174 can propagate
through the core I/0 buffer 160 to the AD_P[0..7]) address/data
bus 172 connected to the microcontroller core CPU 104.

The decoder detects any access to location 8037H by the
core CPU 104 to activate the REBOOT signal 1line 313 (a
software reset). The decoder detects any access to address
locations 00OOH-3FFFH (the first 16K of memory space for the
core CPU 104) to activate the RAM-BS_ (RAM bank select) signal
line 311. The decoder 300 also detects any access to address
804xH to activate the INTR_ signal line 320, and detects a
read from the core CPU 104 at location.BOOxH to actiQate the
KBBS__ signal line 310.
The Keyboard Scanner
The keyboqrd scanner 108 provides a memory mapped
keyboard scanner for the core CPU 104. The core can
efficiently determine which key is pressed and generate a scan
code for the host 102. _
. The keyboard scanner, depicted in Figure 9, comprises an
- OR gate‘342, an input latch 344, a latch 346, a decoder 348,
- AND gates 352, 354, 356 and 357, and inverters 360, 364. It
also includes OR gates 370-384, one OR gate for the decoder
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active, the inverter 480 provides the signal to select the signals
connected on the IR 0-7 interrupt signal lines 524-527 and 530-536 for
propagation through the latch 476 onto the INT[0..7] interrupt register
data bus 340. The first pulse on the CLKIN signal line 226 will latch.these
signal onto the INT[O..7] interrupt U¥g§ter data bus. Wien the signal from
-33- the inverter 480 returns inactive, one clock cycle later, this

sel ect s dugpt (@d-42Hes connect . a to the "D input to the latch 476 from
propagation through the latch 476. The 'D .input is connected to the
INT[O..7] int gugge¥%%§§ erSgapper 108 wutilizes a KBD-ROW[0..7)

keyboard row signal bus 400 connected to the rows of a
keyboard matrix as shown in figure 10 for four rows of the
eight possible rows, a KB_EN_ (keyboard enable) signal line
516, the UCRD_ signal line 257, the UCWR_‘signal line 255, the
KBBS_ signal 1line 310, the ALE signal'line 262, MA[O0..4)
address lines 411-414 from the MA[0..15) address bus 264, and
the RESET_ signal line 216. The keyboard scanner 108 provides

. the'KBR[o..7] keyboard row signal bus 330, and an ANYR_signal
‘line 406. . :

. The keyboard scanner 108 is connected to a keyboard
matrix 499 shown in part in Figure 10. The keyboard matrix
499 is a switch matrix with rows and columns. The rows are
combined in the OR gate 342 and also form the KBD-ROW[O0..7]
signal bus 400. Figure 10 of the keyboard switch matrix also
shows the connections to three of the OR gates 370, 371 and
372 of the OR gates, 370-384 shown in Figure 9. The keyboard
matrix 499 columns 427, 428, and 429 are shown connected to
the OR gétes 370, 371 and 384. The remainder of the columns
are connected to other OR gates in the same manner.

The Interrupt Controller _

The interrupt controller 110 provides an interrupt

register for the microcontroller core CPU 104 which is mapped
. into the core CPU 104 memory space at address location 8040H
in the present embodiment.

The interrupt controller 110, .depicted in Figure 11,
comprises latches 454, 456, 458, 460, 462, signal bit
registers 466, 468, 470, 472, bus latches 474 and 476,

7 inverters 480, and 482, AND gates, 484, 486, 488, 490, 492,
and a OR gate 494.

The register 110 is responsive to a conventional UDATA_ .
input sigpal line 496 and a conventional UCLK_ input signal
line 498 (from a keyboard/mouse serial port as well understood
in the art), an MDATA_ signal line 508 anc an MCLK_ signal
line 510 (from another keyboard/mouse serial port with a mouse
connected as well understood in the art), the ANYR_ signal
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bus 340, thus the signals on this bus 340 are fed-back through the latch on

subsequent pul ses on the CLKIN signal line 226. Accordingly, the signals: *
are mai ntained on the INT[O..7] signal |ine bus until another read fromthe
core CPU 104. The control decoder 300, responding to the read at

| ocation 8040H, - al so activates the select lines 322, 324, 326 to select the
signals on the INT[O..7] interrupt regisig@s data bus 340 for propagation
through the bus mul tiplex-1ogic 304 onto the ADO..7] signal bus 174. The
control deddder 4], aressbi] ngignalhd inead1f4r RonBAMY], sBL 60. 2qt istaitass t he

DCE si lye e ¢ 7 ' ., | | s.ont AD O ] na|
178 to brofsgitiet Bakd Bhe J4US o RARE S ihal UHR 226) B Pl
addr ess/ dasdangd 1ipen2én tHendNERt GignakokinecrA2a04ther YCWRpu s igneds.

Once the caipeCBs]Odhdascribe & 1thes a0 237 ! Bagl %ﬁ&%nﬁk{br}tﬁﬁr nal
regi ster data S S 540, it can check this information to determ re FCh it
is set. Thguéb §5CPU 104 checks the status of bits 0, 1, 2, and 3 of this

i nformation. Anyhei tohbebllerhigb previGessthBaksl B CEkepHAARE BaatIW)Ce

LEr o0 oFARRRY LT, g, 50T S a9 Thite’ LEORAUC an
interrupt for the microcontroller core CPU 104, and the
INT[0..7] interrupt signal bus 340 which provides the
interrupt register. L
Gate A20 Restart Command Bypasser .

The conventional INTEL 8042 and 8742 peripheral
controllers provide a signal to prevent propagation of address
line 20 from an ISA address bus and a signal to indicate that
the computer is switching from real to protected mode as well

understood in the art.

These signals are referred to as the Gate A20 signal (for
the address line 20 mask) and restart signal (for the signal
indicating that the mode of the computer is changing) herein.

In the present invention, a gate A20 bypass controller
650 intercepts the command sequences from the host 120, well
understood in the art, which would conventidnally activate the
GATEA20 and the RESTART_ signals. The Gate A20 bypass
controller 650 provides these signals under hardware control
to speed up operations.

The gate A20 bypass controller 650 comprises a decoder
660, latches 662, 664 a pulse generator 666, and an OR gate
668. The decoder responds to signals on the XDIN[0..7) signal
line bus 154, the WR64_ signal line 230, the WR60_ signal line
229, the RESET_: signal line 216, and the CLKIN signal line
226. The latches 662, 664, the pulse generator 666 and the OR
gate 668 respond to one or more of a POP~CMD signal line 670,
a D1-CMD signal line 672, a NOP signal line 674, a FX-RST
signal line 676, and a D1-DATA signal line 678 all controlled
by the decoder 660, and the RESET signal line 216, the CLKIN
signal line 226, and an XD[0] signal line 680 and an XD[1]
signal line 682 from the XD[0..7) signal bus 154. The Gate
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" the device or devices, and transfer the necessary data. Each bit has an
\assiéned I nterrupt vector for the core CPU 104 where the service routine
for the respective device is located in the external RAMfor the core CPU
104. The read by the core CPU 104 at |ocation 8040H al so clears the
interrupt register. The active signatt#romthe AND gate 474 which-resulted
fromthe core CPU 104 read at |ocation 8040H propagates via signal |ine 540
to each of the registers 466, 468, 470, 472 and the active signal

clears th r r tdve g e S I | so
clears thegggr eﬁ%ﬁfsﬁorﬁg‘%ﬁéf’ p50 fﬁ}o@ﬂi J'93 %Eﬁgﬁl Qﬁgs 453%%
534 and 53619M@dspddg v@8§, F&%r&g@‘%‘ﬁ signal line 692 and the MIBF

signal line 270.

Boot lLoader and RAM Controller

The peripheral controller 103 also includes a boot loader
780, depicted in Figure 12, and a RAM controller 790 depicted
in Figure 13. The boot-loader 780 and the RAM controller 790
manage the downloading of programs to the peripheral
controller 103 for use by the controller in its operations.

The boot loader 780 (Figure 12) comprises a counter 800,
a gate 808, OR gates 819, 850, an AND gate 870 latches 834,
838, and 842, and an inverter 846. The loader 780 is
responsive to the XDIN[0..7] signal bus 154, the RESET_signal
bus 216, the WR60__ signal line 229, the WR64_ signal line 230,
the RD60_ signal line 236, the RD64_ signal line 235, the
CLKIN signal line 226, and the REBOOT_ signal line 314. The
boot loader 780 provides a BA[0..15] address bus 856, the BOOT
signal line 271, a CPU-RST signal line 858 (connected to the
conventional RST pin on the core CPU 104), a WR60A_ signal
line 860 which is activated on a write to port 60 by the host
during boot-load, and a RD60A_ signal line 862 activated on a
read from port 60 by the host 102 during boot load.

The RAM controller 790 (Figure 13) provides inteffacing
between the peripheral controller 103 and the external Random
Access Memory (RAM) (not shown). The RAM controller comprises
multiplexing logic 900, AND gates 912, and 914, OR gates 908,
and 910, and an inverter 916. The RAM controller responds to
the XD-P[0..7) host data bus 150, the AD P[0..7] core CPU
address/data bus 172, a RAM-DI[0..7] (data lines from the RAM
chip) signal bus 334, the XD[0..7) signal bus 151, the
BA[0..7]) address bus 856, the MA[O0..15] address bus 264, the
WR60A_ signal line 860, the UCWR_ signal line 255, the RD60A_
signal line 862, the UCRD_ signal line 257, a conventional
PSEN_ signal line 936, the BOOT signal line 271, and the RAM-
BS signal line 312.

The RAM controller 790 provides a RAM-DO[0..7] signal bus
932 connected to the external RAM data lines (not shown), an
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-34- inactive state and the INT1_ signal Iine 430 al so goes inactive. The
keyboard Scanner The keyboard scanner of the present invention differs
fromthe conventional keyboard scanner in an | BM AT conpatible system In
a conventional system a separate integrated circuit continually scans the
colums of a keyboard, and when a keypress is detected, the rows are
i ndividually read -- the scanner activall8s one colum and reads one row at
atime to determne if a key has been pressed. Mreover, the scanner

const ant | YARRR @ or 53] h@ddngissar ks 0 936t cconnegtédy toesties. ePheentlle RAMNNer
det er m nesaqdyédls KE¥nbas (REENsRERATSUa RAR-TEINNFeldity Alcvet tJ}eed%Q%'hg“

of the key (or l%%sr t hat has (have) been pressed Into a scan cod
host 102, 9t 1L 6Fn g&tex feraaecess) ofkgnakey boardR & e o RAMT s

the | NTEL W49(write énamleerﬁdhzonﬁhe Eesc'tgbaaal reant r@iérgél lilyﬁa @%e%“ 4 NTEL
8042 or 8 _Aacti lls, the ar canner periodically to obtaln
the scan c%éqesda%enwe‘gg"ﬁu‘fhﬁnﬁg%og?ﬁ Egﬁnﬁ' gr%al RAM) signal line
924, and a RAM-CS1_ (chip select for RAM which selects 16K

bank of external RAM for access) signal line 922.

The Peripheral Controller Functions

The components of the peripheral controller 103 just
described combine to emulate the functions of a conventional
peripheral microcontroller such as an INTEL 8042 or 8742.

The microcontroller core CPU 104 is programmed -to manage
the functions of the peripheral controller 103. The operation
of the peripheral controller-103 is initiated by down-loading
a set of instruction codes to the core CPU 104 external
program/data RAM (not show). The peripheral controller then
starts executing instructions which monitor all peripheral
devices, such as the keyboard, an external mouse, and other

*

per‘ipheralé. When no activity occurs for a pre-determined

N duration,' the peripheral controller 103 initiates a power
conservation mode of operation. This mode is entered by
executing a HALT instruction in the core CPU 104. Any
subsequent activity by the peripherals or host 102 generates
an interrupt through the interrupt controller 110. The
interrupt initiates execution of routines by the core CPU 104
in the peripheral controller 103,

The peripheral controller 103 host/core interface 106
provides an interface for the host 104 which can be connected
to the standard host data and control busses as are well known
in the art. The host interface utilizes input and output
registers and a status register for communications with the
host 102.

Input Register Accesses
Before the host 102 writes any data to the input buffer .

of the peripheral controller 103, it checks the status
register to determine whether the input buffer is already full

Trbe  the repdaterant shoet
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THi s scanning and polling is an active process which continuously changes

the signal |evels on signal lines and thus consunes power. In a | aptop
conputer, the use of multiple integrated circuits, operating in a
constantly active node, consunmes nore power than is desirable. - The

present invention only scans the keybkqa-d when the core CPU 104 receives an
interrupt fromthe keyboard indicating that a key has been pressed.
Mor eover (contrins adatay h;(Rhethdrfdttﬁsrampﬂprandfhmwﬁmabn@ﬂneWHﬁﬂCh

T e M E A (R thEAL AR el AU TR 480 o) B b B mome (L0

the present éembo nprises a Sw
coIunnsQﬂm(éﬁgﬁWR@@kﬂeQﬁﬁ€§9iaﬂed|Wh%&rthﬁnh@iﬁwéOZOréﬁenmesrthe

col uUMns G SREP Sk itHe éﬂ&@gtﬁ%ﬂtéﬁtfzw@fde e@ﬁﬁfneé &ﬂstﬁa%e ﬁgu 104.

The matrj x activati,on address is Hto activat colums 1N
matrix, SHHd X thd & dymparty bud Hagndis/sgtal | FEathpyslag \Msenotche

core CPlée]d),4 tmdstﬁéoﬁb%d:drmeﬁrSQQéblssQQFH:riﬁe data to the input
register of the peripheral controller 103. This protocol is
well known in the art. o

The input register is written by the host 102 during any
write port 60 or to port 64 command. = Data is written into
this register even if the mask -input buffer flag MIBF 270 is
set. When the host 102 executes a write port 60 or-to port 64
command, the XCS_ signal line 224 and the XIOW_ signal line
264 are active as well understood in the art. This in turn
causes the control signal logic 252 to drive the HWRP_ signal
line 260 active which gates the signals from the host on the
XDIN[O..7] signal bus 154 onto the IB[0..7) input register bus
246 (Figure 5).

The MIBF signal line is a mask which prevents the SIBF_
signal line 210 from being driven active, preventing the ST[1)
signal 1line 214 from becoming active, and therefore,
preventing the core CPU 104 from detecting that the input
register has received data from the host 102. Thus, fhe host
I/0 control 122 drives the SIBF_ signal line 210 active only
if the MIBF signal line 270 is not active as previously
explained. The active SIBF_ signal line 210 is detected by
the status bit 1 logic 280 which in turn sets the ST[1] status
line 214 active.

The interrupt controller 110 receives the signal on the

- ST[1) signal line 214 which in turn propagates through the
interrupt controller as explained below and generates an
active signal on the INT1_ signal line 430.

The INT1_ signal line, which is connected toc the core CPU

104 INT1 pin well understood in the art, causes an interrupt

in the core CPU 104.
The core CPU 104 then determines what has caused the
interrupt. The core CPU 104 determihes this by reading the
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- 35- A read by the core CPU 104 from 8000H is detected in the
control decoder 300, which drives the KBBS signal line 310 active. Wen
t he 8000H address is placed on the MAJ0..15] address bus, the core CPU 104
pul ses the ALE signal line 262. The %ﬁtlve ALE signal line 262 and the
active KBBS_ signal line 310 dri vesa%e AND. gate 356 active which | atches

ont o neheesrapY FRedsy Phofl ShE IvEL 752} dafer iRt s 1B afhrg O

decoder To4gead Ithee iDteniupt xregisters the cgrgn@PUIﬂﬁélam@cuﬁas;a
acti vat %éah%ré%'%&&i@sé@oééti% dfﬁron '@&o%‘t%'lﬁl thb” § é‘f_slgﬁxém |ve

(the keyboard interrupt is enap revi ousl exp al ned I's drives

the si ghBECXrppE Fegifterye, Wﬂ%hréﬁqlv% Pﬁéoaupﬁeéycsﬁ sdenedsyArs 370-
384 acttqe. INTG..7] Gnterrapt srédistdre aatemisus n3kbe as will be

explained in reference to the interrupé-controller. The
control decoder 300 also detects this address and selects
propagation of the INT{0..7) interrupt reéister data bus 340
through the bus multiplex logic 304 onto the AD[0..7] signal
bus 174 and drives the AD OE signal. line 178 active as
previously explained. The active signal on the AD_OE signal
line 178 enables propagation of the signals on the AD[0..7]
signal bus 174 through the core I/0 buffer 160 to the
AD_P[0..7] core CPU address/data bus 172 and enables reading
by the core CPU 104.

The core CPU 104 analyzes the contents of the interrupt
register that it has received and determines which bit is
active. In this case, the INT[3] bit will be active,
indicating that the input register is full. The core CPU 104
then executes a routine in its memory to read the input
register.

To read the input register which is mapped in the core
CPU 104 memory space at 8011H, the core CPU 104 executes a
read at address 8011H. This address is detected by the
control decoder 300 which activates the select lines 322, 324,
and 326 to allow propagation of the signals on the IB[0..7)
input register bus 246 through the bus multiplex logic 304
onto the AD([0..7] signal bus 174. The decoder 300 also
activates the AD_OE signal line 178 once again to allow the
signals on the -AD[0..7] signal bus 174 to propagate through
the core I/0 buffer 160 onto the AD_P{0..7) core address/data
bus 172. The core CPU 104 then reads these signals into its
accumulator as well understood in the art.

The control decoder detects the read from address 8011H
to drive the CLR-IBF_ signal line 212 active. As explained,
the CLR-IBF_ signal line 212 is detected by status bit logic
280 to clear the input buffer flag ST[1) so the host 102 can
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switch matrix 499 (Figure 10) low. This |eaves the keyboard matrix 499
columms in a state to generate an interrupt anytinme a key is pressed on
t he keybhoard. The keyboard scanner 108 is connected directly to the
KBD- RON O. . 7] si.gnal bus 400 from thejkeyboard matrix 499, as seen in
Figure 10. The signal lines 391-398 in the signal bus 400 are active |ow.

These sigit@rnimestBlt- 398 ¥ah CORBERLE idhdtHeIRwgdte 343 tmensfﬁ?ﬁey IS

pressed and all columms are a %lve as expl gined, at-least one o ese row
si gnal GBS LRy b CREFH LT ﬁ e| fatYR TPYEStSE drfdny one or nore signal
i nes 391-39® istérahcoaskbe signal line 399 fromthe OR gate 342,

which is invept t | o i I l.overter 0. The signal.line 408
is also | ow }gef@j:ﬁ %‘%e&ov%éc%i%@/y‘%ﬁﬁ Si‘i\ﬁb?tgh? R H%‘Ff%%ﬁe‘fh‘lflés an
acti ve siagmalfogntheechpsyR1ORgnthel core/0BUwhedtks Hehe mtatuptreypistet| er

100 t ' ' t CR , |
useigltlotw %\Q[tg_‘rr rh[éh”:ifr'EHQ &%egggelbﬁ?ff%r R, ]fQﬂ& g%d@éﬁfﬂ S! ¥The

expl ai ne e core 4 I's interrupte ter'm nes t hat
t he keylsoxied CRYs rgads: hed stistusixagiffier a2 o iy fxrenting axaeadste

keyboar § o@lt\Micre 80294 A whilltBe 82pYhSReHOVh P€ference to the "status
register 124.

If the output buffer flag in the staﬁus register 124 is
not set, then the core CPU 104 proceeds to write data for the
host 102 to the output buffer. '

In the present embodiment, the output registe; is mapped

into the core CPU 104 memory space at location 8010H. The
T core CPU 104 writes to the output register by executing a
write at location 8010H.

When the core CPU 104 writes to address location 8010H,
the output buffer decode logic 254 detects the write at this
address and activates the OBG signal line 259. This in turn
selects propagation of signals on the ADIN[0..7] signal bus
176 through the output buffer latch 256 onto the 0OB{0..7)
output register data bus 244. The output buffer decode logic
254 then activates the WROB_ signal line 220 which sets the
ST[0] signal 1line active in the status register 124 to
indicate that the output register is full.

The host 102 reads the status register 124 durinc a read
to port 64 (as explained herein). When the host 102 receives
the contents of the status register 124 it determines that the
ST[{0] bit is set.

The host 102 then proceeds to read the output register.
The host reads.the output register by executing a read from
port 60. The read from port 60 causes the host I/0 controller
122 to drive the HRD_ signal line 234 -active which gates the -
signals on the OB[0..7]) output register data bus 244 onto the
XD[0..7] signal bus 151. The host I/0 controller 122 also
drives the XD_OE signal line 156 active which then allows the
signals on the XD[0..7]) signal bus 152 to propagate through

Thde 1o gim Ry )
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the core CPU 104 begi ns scanni ng the keyboard col unms by readi ng addresses

8001H 800FH until the key which has been
-36- pressed is found. When the mcrocontroller

core CPU 104 reads

froman address in the 8001H 800FH range, the KBBS_ signal line 310 is
activated by the control decoder 300.which detects any of these addresses
(it detects addresses 800xH to activate2he KBBS signal |ine 310). The
KBBS signal line 310 is conbined with the ALE signal line 262 in the AND

gate 356, WhePFest/@ Pukfer f4hantitdie %R ¢he

hosk dataopushd 50

MA[ 0. . 3]

which the host can read.
The core CPU 104 can also read the output register by

reading from address location 8010H. The read at location
8010H is detected in the control decoder 300 which activates
the select lines 322, 324, 326 to select. the signals on the
OB[0..7) output register data bus 244 for. propagation to the
AD[0..7] signal bus 174. The contrecl decoder 300 will then
activate the AD_OE signal line 178 to allow propagation of the
signals on the AD[0..7] signal bus 174 to the AD_P[0..7] core
address/data bus 172. .

Status Register Accesses -
In general, the eight bits in the status register 124

(Figure 7) are defined as conventionally defined in an AT~
compatible computer. The bits are defined as follows:
Bit 0 = output buffer full flag (1 = full):

Bit 1 = input buffer full flag (1=full);

Bit 2 = system flag (0 = power on, 1 = TestOk):

Bit 3 = XA2 Status Flag (0 = data, 1 = command);

Bit 4 = inhibit switch; Bit 5 = transmit time out;

Bit 6 = receive time out; Bit 7 = parity error (0 = odd, 1 =
even).

The core CPU 104 reads or writes to the status register
bit 2, and bits 4-7 by reading or writing to address 8012H.
During a write to address location 8012H by the core CPU 104,
the status register decoder 270 detects the write to this
address and gates the ADIN[2], and ADIN [4-7) signal lines to
the ST[2], and ST{4..7] signal lines of the ST[0..7] status
register data bus 242. Bits 0, 1, and 3 of the status
register are controlled directly by hardware.

Bit 0 is set when the microcontroller core CPU 104 writes
to address location 8010H and is cleared when the host 102
executes a read port 60 command. When the core CPU 104 writes
to address 8010H, the output buffer decode logic 254 detects
this address and drives the WROB_ signal 1line 220 active,
which is detected by the status bit logic 282 which in turn
drives the ST[0] signal line 285 active (the output buffer

This is the replacement sheet



"~ signal lines 411-414 fromthe MAJO..15] signal bus 284 through the latch
346, as previously explained. The signals fromthe |latch 346 are provi ded
to the decoder 348. A single colum is activated because only one signal
line 408-423 is activated by the decoder 348, corresponding to the address
8001H 800FH, and only one OR gate 3762384 is driven active to activate one
colum in_the switch matrix 499. The core CPU 104 then drives the
UCRD sigddl fliask 135758k1 i ve WigR hthenbrsts 102 eXerutesi ac XBRE frognal

|Tih_ne ﬁl@om 604, i vnéalawe W@]gmeram%ﬁmohéitéd?s tﬁ)ﬁ%Lﬁ%éﬁ&E‘d gé gl gh
200"t hr S16h IR0+ ol 13he, "2 HE RS S AEES o3 ATeRPEPanAY bBRC530.
These ssats bdfr doeyitc t2@21 whichl dta]vem‘ thersTro) s8athe Qdndmgs
gg;?!gﬁgg e seﬁelgﬁﬁsnesgg%f ﬁiﬁ_ggé%u? ugfé%tf}ﬂg KBngtlvgieke;Bgard
rows data buBi%3@d faf tmgpagamma1x¢gxagprtms bet mhenptbe hogitc B# onto
o e e e, E8port oreE 68 pdlt W A A NAS e 1S
on the 0.CoFesi GRUI 104 1¥§aﬁﬁroﬁgﬁmthédé§ﬁésl/Qﬁﬂaﬁfedthﬂ)txnp&m

register). When the host writes to the input register (write

to port 60 or to port 64) regardless of wﬁether the signals

constitute data or a command, the host I/0 control 122 drives

the SIBF_ signal line 210 active. The status bif_logic 280

detects the active SIBF_ line 210 and drives the ST[1] status

bit line 214 active (sets the input buffer full flag).

When the core CPU 104 reads the information in the input

register by executing a read at address 8011H, the control
decoder 300 activates the CLRIBF_ signél line 212. The status
bit logic 280 detects the active CLRIBF_ signal line 212 and
the ST[1] line 214 goes inactive (the input buffer full flag
is cleared).

Bit 3 is updated on any input register write by the host
102 (write to port 60 or to port 64), and reflects the state
of the host address bit two, (the XA2 signal line 200) during
the last write port 60 or write port 64 command. A write to
port 60 is a write to the input register with data, and a
write to port 64 is a write to the input register with a
command. |

When the host 102 writes to the input register through a
write to port 60 or to port 64, the host I/0 control 122
drives the HWR. signal line 202 active. This gates the XA2
signal line 200 through the status bit logic 188 onto the
ST[3])] status bit signal line 283.

The status register 124 is read by the host 102 during a
read from port 64. When the host executes a read port 64
command, the host I/0 control 122 activates the HRD_ signal
line 234 and the XA2 signal line 200 will be high. The high
on the XA2 line 200 selects the signals on the ST[0..7] status

This is the replacememnt sheet
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" AD P[0..7] core address/data bus 172 as previously expl ained for a read
cycle by the core CPU 104. If no signal fromthe KBRO..7] signal bus
330 is low, then no key in any row in the colum activated has been
pressed. The core CPU 104 then executes a read at the address-!ocatlon of
the next colum, and reads the KBR[-0..7] data bus 330 once again to
determne if a key in the colum new y-ggti vated was pressed. The core CPU

1Q4 proceeds to activate _ - 37- one
col um at xegisker datwd kaid 2d@vfornprbpagation, thesdgh aghe \tRi¥e 19E, d

colum, ungne dEEIHEHRH CSSEgnh® 1981554 gates these signals onto the
XD[0..7) signal bus 151. The host I/0O control 122 then
activates the XD_OE_ signal line 156 to allow propagation of
the signals on the XD[0..7) signal bus 151 through the host
I/0 buffer 140 to the XD _P[0..7) host data.bus 150 for reading

by the host 102.

Program Download COntfol

The peripheral controller of the present invention
includes an external random access memory (RAM). The present
embodiment includes 16K of (RAM). This external RAM is loaded
ﬁith program code for the core CPU 104 operations; The RAM
replaces the conventional read only memory (ROM) so that
control routines for different peripheral devices can be

-

implemented.
Upon a power-up reset or a software reset initiated by an

access by the core CPU 104 to address location 8037H (memory
mapped reset address detected by the control decoder 300 to
activate the REBOOT_ signal 1line 314, Figure 8), the

. peripheral controller 103 begins boot-load. The flow chart
999 for an exemplary boot-load is shown in Figure 14 and is
described below.

During boot-load, the core CPU 104 is held in a reset
state while the program code for the core CPU 104 is loaded
into RAM. The boot-load sequence begins with the host 102
downloading interrupt vectors and look-up tables and other
instructions into the RAM, followed by downloading program
segments and service routines for the core CPU 104 in the RAM.

When the boot-load sequence is initiated, either the
conventional RESET_ signal line 216 or the REBOOT_ signal line
314 is active depending on how the boot-load is initiated.
The boot-loader 780 (Figure-12) address counter 800 is reset
by the active RESET_ signal line 216 and outputs an address
0000H on the BA[0..15) address line bus 856.

’ The active REBOOT_ line 314 or the active RESET_ line 216
causes the OR gate 850 to activate the signal line 852 and to
reset the latch 834 to produce a low signal on the line 836.

ks s the repdatemart shost
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Each read of an entire colum of rows is executed in one instruction by
*‘the tore CPU 104. The instruction used is a MWX A, [err]R or a MOWX A
‘@PTR (well known in the art) where Rl or DPTR holds the col um address
and A is the accurmulator of the core CPU 104. \Wen the core CPU 104
executes this command, the signals on t_gS_KBR[O . 7] keyboard rows data
bus 330 will be read into the accunul at of the core CPU 104 for

[ d I
ey pr osod i BIBHRL Bropatitel chisSusiEnd 3pUEn B30I ithe A% A4F °
confi gur at it sm@ﬂ%lmseﬁahnc‘bheeﬁlal(&ﬁaslgnlaﬂl pliimecBRp. active
scanni ng confi guigal ig f‘nﬂrbﬁq%hree%.d% 5@? oﬁp'{tﬂé}“liﬂ{é’%@A{Z}glg P and

consunes | ess power t t he conventional con pass

rations. Gate
Control Ter DigH aiKk aGhIYakRF EREAND EAEe: ELhGNS BRAETLe Limee 46 Will
control |l er alsd/hade! Petlfthed higH-eifabtivelOtbr @Five tHX YPUFRSTORIQERESOr

sk o1 gndidReiNe S (RO e SR B SEloA0tng R °p%é?%h°2§?5§e2§e%é fode
oper ati on, bodt-dasdqynal i s high, and therefore, allqms propagation of the
The signal on line 844 also passes through the inverter
846 and results in an active high condition on the BOOT signal
line 271. The signal on the BOOT signal line 271 propagates
through the inverter 916 (Figure 13) which causes a low
condition on the multiplexer select line 917 to select the 'A!
inputs in the mux circuit 900 to propagate tﬁ}ough the
multiplexer 900 to the various output signal lines from the
multiplexer 900. This results in selecting the XD_P[0..7]
host data bus 150 for propagation through the multiplexer 900
onto the RAM-DO[0..7] RAM data bus 932 which is connected to
the external RAM. The RAM-DI[0..7] RAM output data bus 334
are selected for output on the XDO[0..7] signal bus 152. The
address signals from the counter 800 on the BA[0..15] address
line bus 856 1is selected for propagation through' the
multiplexer 900 onto the ADDR{O0..13] signal bus 930 connected
to the RAM address lines (not shown). The signal .on the
BA({13] signal line 857 is also selected for propagation onto
P the RAM~-CS2 signal line 928. The WR60A_ signal line 860 is
selected for propagation through the multiplexer 900 onto the
signal 1line 918. And the read 60A_ signal line 862 is
selected for propagation onto the signal line 920. A high on
RAM~-CS2 selects the lower bank of RAM (0~8K), and a low on the
RAM-CS2 928 signal line selects the upper bank of RAM (8K-
16K) . ’

The low on the signal line 917 also propagates through
the OR gate 910 resulting in an ac:ive RAM-CS1_ signal line
922 which selects the first 16K of kaM as active. The active
" signal on the RAM-CS1_ signal line 922 enters the AND gate 912
to allow the signal on the signal line 918 to propagate

through the AND gate 912 onto the RAM-WE_ signal line 926.
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signal on address line 20. The Gate A20 signal is also high upon power-up
of the conputer. Under the conventional inplenmentation, the gate AZ0
signal provided froman Intel 8042 or 8742 integrated circuit is controlled
by a Wite Qutput Port (WOP) conmand fromthe 80x86 host m croprocessor
(i.e., awite to port 64 with a D1 hexi deci mal - (hex) value, followed by a
wite to port 60 with data, as is well "@fdferstood in the art). The val ue

of the gatg A20. signal is controlled b & e second |l east sjignifjcany bit of
The dat . 190 RASIE G0 (e REIPET 4058 P 180 REFFEPRRRE HAIPRITASITh The
art. thep@e0a wsidgral shined &0 |3s mplainedperiisn {HeORigreaireo
0L 02788 AP TEN S0 LHE"oRI0CRE- U0 e o WAL e
WR60A_ signal line 860 during boot operations. _ :

With the outputs from the RAM controller selected as
explained, data from the host 102 on the XD_P[0..7] signal bus
150 propagates to the RAM DO[0..7) signal bus. The addresses
on the ADDR[0..13] signal bus 930 are provided by tlie boot-
load counter 800 via the BA[0..15] signal line bus 856, and
RAM-WE_ signai line 926 corresponds to the signals on the
WR60A_ signal 1line 860. The RAM-CS1_ signal line 922 is
active and the RAM-CS2 signal 1line 928 correspoﬁgs to the
signal on the BA[13] signal line 857. '

This allows the host 102 to write data or commands into
the RAM at the address "ﬁ}ovided by the 'counter 800 by
executing write port 60 commands. Each write to port 60 by
the host results in an active signal on the WR60_ signal line
229, as previously explained. During boot-load the signal
line 836 from the latch 834 is also low, as explained, which
allows propagation of the signal on the WR60_ signal line 229
through the gate 808 to the WR60A_ signal line 860.

The active signal on the WR60A_ signal 1line 826
propagates to the RAM~WE_ signal line 926. Accordingly, when
the external RAM receives the pulse on the RAM-WE_ signal line
926, it accepts the data on the RAM-DO[0..7]) bus 932, which is
the data from the host 102 as provided on the XD _P[0..7) host
data bus 150, and stores the data into the address selected by
the ADDR[O0..15] address bus 930.

The active signal on the WR60A_ signal line 826 also
activates the OR gate 819 to produce an active signal on the
count signal line 832 which increments the counter 800 by one.
Thus, each write command will increment the counter 800 by one
to automatically increment the address on the BA[0..15)
address bus 856. When the addresses exceed 1FFFH (the first
8K of RAM) then the BA[13] signal line 857 will then become
high to cause a low on the RAM~CS2 signal line 928 to select
the upper 8k of RAM (addresses 2000H-3FFFH).

This is the replacement sheet
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-38- NOP has been accepted, which indicates that the WOP operation is
conplete as is well understood in the art. The value of the gate A20
signal may al so be controlled by the Pul se Qutput Port (POP). command (a
wite to port 64 with an Fx hex val yg),_but this results in unpredictable

operation, and is therefore, not used to tontrol the gate A20 signal l'i ne.
Thi's requi reiﬁ?éh%ﬂ"@ @WS@O V‘Gﬁntﬁ%C%%é eﬁfé ﬁﬁ’i"é&ﬁﬁng Aé a 0,
be prevented g o 't he

rom control, t he gate Accor
presentR@HvﬁﬁPFbﬂueﬁhEnE%#Eﬁge Beg %FaFVnBr98§aWb°8@ﬁt#§Iﬂ@&QQFf%ﬂ%ﬂwwe

I nst eadtﬁé RaM heaﬁo&%;ﬁ%@elﬂﬂad Figurtthe Shctiohheiwskwaoeodeaggt srad
|nterce$ thenCﬁgnag 8@%”%% iggWQjcg. woul d normally control the gate A20
si gnal SRTLEHRA ogk & 0 Phetdjate A20 bypass control I er 650
provi des t heThas¢gwihe hosietl2 must | alspcdownflezd cdrerendutdéngesndas and
to prevenl LBE,-88E€adBHes4 1663 Ri0Ree! Vigl éé%ffml§eq'dﬁac?xost
102 initializes the address in the counter 800 by writing to
port 64 with the high 8 bits of the address followéd by a
write to port 64 with the low 8 Dbits of the address, as
represented in action blocks 1004 and 1006, respectively.

The first write to port 64 causes the WR64A "signal line
818 to go active. The active signal on the WngA_ signal
line 818 activates the OR gate 819 to activate the count
signal line 832. The XA2 signal line 200 will be high (host
access to port 64), and thus will be inverted in the inverter
812 to cause a low signal on the line 811, which loads the
high eight bits of address on the XD_P[0..7]) host data bus 150
into the high eight bits of the counter.

This write to port 64 is repeated with the low 8 bits of
address on the XD_P[0..7] host data bus 150 which is loaded
into the lower 8 bits of the counter 800.

The host then continues to load the program instruction
segment at the appropriate address by executing write to port
60 commands, as represented by action block 1008, with the
data to be locaded into the RAM in the same manner as discussed
above, but with a new starting address. The counter 800
automatlcally increments the address locations for the RAM as
explained above for downloading data to the RAM starting at
address 0000H.

Once ﬁhe host has completed loading all information suéh
as the interruﬁt vectors program and look-up tables into the
RAM, represented in decision block 1002, and the other program
segments at various addresses throughout the RAM, represented ~
in decision blocks 1010 and 1012, the host 102 terminates the _
. download by executing a.read port 64 command, as represented -

in action block 1014. The read from port 64 during boot lcad
results in an active sighal on the RD64A_ signal line 822.
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The decoder 660 detects the first WOP command (wite to port 64 with a. D1
hex val ue) fromthe host 102 and activates the D1-CVD signal line 672. ‘If
t he decoder 660 detects a wite to port 60 (a wite to the input register
with data on the XDIN O..7] signal line bus 154) by the host 102 foltow ng
the wite to port 64 just detected, th_(_a2 ecoder activates the DI1- DATA
signal line 678. The active D1-DATA si gnal line 678 selects the ' I nput

Second Iité‘é{if?ga“?*.‘%gn{as PSR HRInSR, 192 7 "Né.”gf’“ﬁ# “Riem %E?Flﬁﬁé 4eF

XDI N[ 1] sitdiraugh thesgtateh| 834 - t h@ish dighr seban m@pagagessa:hmwh ven
| ow on t hameXtate 389N thiee 18!EhNsai208A thikee 1398 rtek! slalee am "Jééulse%na'

L 082 | d Yy e oA o SBnd PS8k, O b SO

signal |iBooAB8igamdi hinanzhanpassestthrowgh hctsd irbirtx @de mcnmluité/@

comne, SSHERCHH, Ll pateds Suprelal ek Gt A IRaleli e o e,

one cl ock Q})ﬂ:‘IGeOUMSt-heTDiSMMthgrﬁle |AD) P B8 Th e slatay dus Eiﬁ:?,

sel ects tRgellxgRu7 ) RildHal Aud £52; the MA[13] signal line 285, the
UCWR_ signal line 255, and either of the UCRD_ signal line
257, or the PSEN_ signal line 936 which dre combined in the OR
gate 908, for propagation through the multiplexer.900.

The signal line 854 returns to a low state which allows
the AND gate 870 to become inactive, and the CPU-RST signal
line 858 returns to an inactive state. This releases the core
CPU 104 from its reset state. The core CPU 104 begins
execution from address O000H, as is well known in the art
after a reset to the core CPU 104 as représented in action
block 1016. The core CPU 104 then executes the downloaded
instructions.

. The . host 102 can also execute any portion of the
downloading sequence just described and as shown in the flow
chart 999. The host can start at activity block 1000, 1004,
or 1014 from either a standard reset or a reboot. For
insfance, the host may change a single routine anywhere in the
RAM 109, or any piece of information located in the RAM 109.

The host 102 can also read the RAM 109 in a manner
similar to the writing of the RAM 109 as explained. The
reading requires that the host 102 execute a read from port 60
in activity blogk 1000 or activity block 1008, instead of a
write to port 60 as explained.

The Interrupt Controller

As explained above briefly, the peripheral controller 103
can operate in a low power consumption mode. The core CPU 104
executes a HALT instruction after a pre—détérmined time period
has elapsed during which no events have been detected by the
core CPU 104. In the halted state, the core executes no
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-39- The Tl input is a connected to the GATEA20 signal |ine 692 which is,
therefore, fed-back through the |atch 662 on subsequent pul ses on the CLKIN
signal line 226. Thus, the signal on the GATEA20 signal line 692 remains
unchanged until the 'D input is agalggsel ected with the WOP conmmand
sequence di scussed. As expl ained, well witten software executes a NOP
(a writgnsbrootiofd wnthsimplax)waifhe siecoger - q4t8rgdapecen bhe NeP.idd it

f ol | owed Ehe wite.to por, qg Mﬁéh da&a j ust_detected by the dﬁﬁoﬂﬁ{’ and
act i vat BRECREUREPPENS si grikt™ | PR 6T S S RUVEY SEPHRNRRYA 9P ot % or e

CPU 104controldeexpPai.ned, the gate A20 bypass controller 650 al so detects
the POP comppd Wb FRaL | betQpResYY  8bhe8oi 18y actively polls
. various peripheral devices to determine if a device is
requesting a data transfer. The present invention provides an
interrupt controller to provide an interrupt driven system so
the controller can go into a low power mode. The present
invention provides an interrupt controller which uses signals
from the various peripherals and from the host 102 to generate
a single interrupt for the core CPU 104 to activate the core
CPU 104 from the low power mode. The individual interrupts
from the various devices are read by the microcontroller core
CPU 104 from the INT[0..7]) interrupt register data bus 340
which is mapped into the microcontroller core CPU 104 memory
space at location 8040H. '

The interrupt controller 110 includes an eight-bit (IR.O-

7) register reflected on the INT[0..7] interrupt register data
bus 340. The bits are defined as follows: IR.0 = external
péripheral interrupt occurred;

IR.1 = external mouse interrupt occurred;

IR.2 = keyboard matrix interrupt occurred (a key has been
pressed) ;

IR.3 = input buffer full interrupt occurred;

IR.4 = mask/enable IR.0;

IR.5 = mask/enable IR.1:;

IR.6 = mask/enable IR.2;

IR.7 = mask/enable IR.3.

The interrupt mask bits IR.4-7 can be written by the
microcontrollexr core CPU 104 by a write to address location
8040H to enable or disable interrupts from any or all of the
interrupting devices.

When the core CPU 104 executes a read or write to address -~
location 8040H, the control decoder 300 detects this address
and activates the INTR_ signal line 320. When the command is
a write, the signal on the UCWR_ signal line 255 is active.
The active signals on the INTR_ signal line 320 and the UCWR_
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GATEA20 signal |ine 688. The decoder 660 detects a POP command fromthe
host 102 (a wite to port 64 with Fx hex) when the second | east significant
bit of the data is a 0, and activates the POP-CVD signal line 670 to

prevent further execution of this command by the core CPU 104 as expl ai ned
her ei n. The restart signal, well ygﬁgrstood in the art, is-an active’

| ow signal in the conventional design, d activates a CPU reset to the

80x86 55 NSt Th
Cestart SPOWRRL a¥tle 225 Urired Ehe, Alpl G3%S L R R rorne #REVR ue
of the resngnalsfgnmlths bUﬂtgétﬁed9@ylnh§ur@a§nt§hgﬁ|theaaiqbaﬂsofrpme
si gnal Onthaesbeﬁaldﬁﬁebtﬁmﬁhs [ 25 8Fbm SERO ADIN Rl 59 %q%tﬁsﬂl b%@ By et he

WOP command segyence descri bed ahove,_ excepti.the res tar

control | edthg P@NI[é’ast"]sﬁg‘ﬁ’ﬁ]c s 16 %:hec%?%m nﬁ}%’a@ SV\FFRmt kBewrite
to port 6Geogscepueddn) ttierdwgh €62the IR.AcOrdgigial Ol ifes p525e627 of

e oy e, Soh e e L G T IS G T HE
activatesIRhQ-?begnamtlinQSIde-saﬂchc&Gés eﬁhbleDbrlmpsk signals for

the interrupt signals on IR.0-3 signal lines 530, 532, 534,
and 536, respectively. Setting the mask bits to a high level
enables the corresponding interrupt(s),iané setting the mask
bits to a low level masks the corresponding interrupt(s).

The IR.6 signal line 526 also serves to providé a signal
on the KB-EN_ signal line 518, which in conjunctioﬁ’with the
signal on signal line 408 is combined in the AND gate 357 to
activate all keyboard columns. If the interrupt from the
keyboard is masked (FR.6 signal line 526 is low), . then the
inverter 482 drives the KB_EK_ signal line 518 high which
disables the keyboard as explained in reference to the
keyboard scanner 108.

The IR.0-3 interrupts are controlled by hardware. The
FR.0 signal line 530 is driven active when both the UCLK_
signal line 498 and the UDATA_ signal line 496 are active and
interrupt 0 is enabled (the IR.4 signal line 524 is high).
The UCLK_ signal line 498 and the UDATA_ signal line 496 are
both active when a peripheral device connected to the
corresponding serial port is activated, as well known in the
art. Once these signal lines 496 and 498 go active, the AND
gate 484 is activated, and the active signal from the AND gate
484 propagates through the latch 460 on the next pulse of the
CLKIN signal line 226. The signal from the latch 456 then
propagates to tﬁe register 472 and propagates to the IR.O
signal line 530 if the signal on the IR.4 signal line 524 is
high (interrupt 0 is enabled) with the next pulse on the CLKIN --
signal line 220. Thus, whenever a peripheral connected to the
serial port corresponding to the UCLK_ signal line 498 and the
UDATA_ signal line 496 requests a data transfer, the IR.0
signal line 530 is driven active unless interrupt 0 is masked.
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" connected to the | east significant bit, the XDINNQ signal |ine 680,

XDI N[ 0. .

| at ches
si gnal

7] signal bus 154. The next pulse on the CLKIN signal |ine 22

the signal on the XD N 0] _ _
line 680 to the signal line 6901-4f the XDIN O] signal line. 6

| ow, then the AND gate 696 drives the RESTART_ signal |ine 692 active.
| ow si gnal, orFh¢ ghBterruptoob Fégmicds Jigve uh32| gerst et INGP ebiaranthwith a
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%figwﬂﬂﬂi %n the mouse is pressed, as is well known in the
art. When both the MDATA_ signal liné 508 and the MCLK_
signal line 510 go active, the AND gate 486 is activated, and
the signal from the AND gate 486 propagates through the latch
458 on the next pulse on the CLKIN signal 1line 226. If
interrupt 1 is enabled (IR.5 signal line is high), then the
signal from the latch 458 propagates through the register 470
to the IR.1 signal line 532 with the next clock pﬁlse on the
CLKIN signal line 226. Thus, when the mouse is activated, the
IR.1 signal line 532 is driven active unless the interrupt 1
is masked.

The interrupt 2 signal line 534 is driven active when the
ANYR_ signal line 406 is active. The ANYR_ signal line 406 is
activated when a Kkey is pressed on the keyboard as will be
explained with respect to the keyboard scanner 108. When the
ANYR signal line 406 goes active, the signal on this line
propagates through the latch 456 on the first pulse on the
CLKIN signal line 226. If interrupt 2 is enabled (the IR.6
signal line 526 is high), the signal from the latch 456
propagates through the register 468 on the next pulse on the
CLKIN signal line 226 onto the IR.2 signal line 534. Thus,
whenever a keypress occurs, the IR.2 signal line 534 is driven
active unless interrupt 2 is masked.

The interrupt 3 signal line 536 is activated when the
ST[1) signal line 214. from the.status register 124 goes
active. The ST[1] signal line' 214 is activated when the host
writes to the {nput register, as previously explained. The
signal on the ST[1] signal line 214 propagates through the

latch 454 with a pulse on the CLKIN. signal line 226. If .

interrupt 3 is enabled (IR.7 siéngl line 527 is high), then
the signal from the latch 454 propagates through the register
466 onto the interrupt 3 signal line 536 with the next pulse
on the CLKIN signal line 226. Thus, when the host 102 writes
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| at ch 664 on subsequent pulses on the CLKIN signal |ine 226. Thus, the

signal on the signal line 690 remai ns unchanged until the 'D input is
again selected with a WOP command sequence as expl ai ned. The RESTART _
signal line 692 is also activated upon a POP command fromthe host 102 when

the XDIN[ 0] signal line 680 is |ow. Thgﬁggcoder detects the POP conmand -
when the XDIN 0] signal line 692 |ow, and activates the FX-RST signal |ine

676. Wenydegdec 6 ' eanih - B35 g hn , nnect ed
to. the pulttémre1 Bgﬁe?gﬁ)?@G%g%?Hﬁg%tej af‘ﬁpﬁ%ﬂ,@(t %%ﬁl sgi ‘e‘hgr %%?QG(?Z& r oduces

an active ackdviatiedh 1 &heq FRedetBiIiHedldheat Poh, I%f activatedo vRdess N
signal |i igtdupt 3 hgs Maplddl) i ne 694 connected to the PULSEO out put of

the generator §66. The pulse _gn the signal Line 694 causes the AND gate 692
to activate théGRESFARE Yy g elisfem"‘eafé%z for 2R atty e’a’é%?mﬁeg by-St he

pul se geneepresdfifedvore theiINBi®es. ) riasstrrupt heedbstetORata busBgaguse

control | o et i, F <l o e YAHAL By Oene o080 Sl AN PR S

commands. |f tMheddPodesigsmladinamtad0 ahefIRhe FgnaVil thens32|i tbes70,

the Dl- CVPgpsi20B3ynk"€ine 534 and the IR.3 signal line 536 are combined
in the OR gate 494 to provide a signal on the iNTl_ signal
line 430. The INT1_ signal line 430 is ‘connected directly to
the INT1_ signal line 430 (not shown) of the microgontroller
core CPU 104, as is well known in the art. If any one of the
interrupt signal lines 530, 532, 534 or 536 becomé; active,
then the INT1_ signal line 430 is activated and generates an
interrupt for the microcontroller core CPU 104.

When the microcontroller core receives the interrupt, it
resumes its active mode, if it was in the halted mode. The
core CPU 104 then determines which device has generated the
interrupt. To determine which device has generated the
interrupt, the microcontrecller core CPU 104 reads the
interrupt register (i.e., it executes a read to address 8040H
which is the address assigned to the interrupt register).
When the core CPU 104 executes the read to 8040H, the control
decoder 300 detects this address and activates the INTR_
signal line 320. The INTR_ signal line 320 is combined with
the UCRD_ signal line 257 in the AND gate 488. When both
these signal lines 320, and 257 are active, the AND gate 488
is activated, and the signal from the 'AND gate 488 propagates
through the AND gate 492 on a clock pulse on the CLKIN signal
line 226 which latches the signal from the gate 488 thfough
the latch 462 té the AND gate 492. When the AND gate 492 is
active, the inverter 480 provides the signal to select the
signals connected on the IR.0-7 interrupt signal lines 524-527
and 530-536 for propagation through the latch 476 onto the
INT({0..7) interrupt register data bus 340. The first pulse on
the CLKIN signal line 226 will latch these signal onto the
INT(0..7) interrupt register data bus. When the signal from
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672, the NOP-CMD signal line 674, or the D1-DATA signal |line 678, which are
conbined in the OR gate 668, then the OR gate 668 produces an active signal
on the MLBF signal line 270. The MBF signal line 270, as previously
expl ai ned, prevents the input buffer-flag in the status register 124 from
being set during a wite to port 60 eB33-0 port 64 by the host 102.
Accordingly, the interrupt controller 110 does not generate an

-41- i rthe riupterfter 489 setarOEUiNest iMear oher elockecyole l?&’tler04tdass not

read theséi‘é&%erHéSTs‘ibn%'ld Iﬂ{@é eéohh@é‘é Cog@Ndse tpt ﬁ% ?0
applicant = has _descri bed referred embodi ments,_ ot her nents of t he
present%qﬁﬁﬂnﬁaﬁ frem proﬁjgatlon through the 'latch 476.

input is connected to the INT[0..7] interrupt register data
bus 340, thus the signals on this bus 340 are fed-back through
the latch on subsequent pulses on the CLKXIN signal line 226.
Accordingly, the signals are maintained on the INT[0..7]
signal line bus until another read from the core CPU 104.

The control decoder 300, respondlng' to the read at
location 8040H, also activates the select lines 322, 324, 326
to select the signals on the INT(0..7]) interrupt register data
bus 340 for propagation through the bus multiplex.logic 304
onto the AD[0..7) signal bus 174. The control decoder 300,
responding to the read from 8040H, also activates the AD_OE
signal line 178 which allows the signals on the AD[0..7]
signal bus 174 to propagate through core I/0 buffer 160 to the
AD_P[0..7] core address/data bus 172 which connects to the
core CPU 104 port O bus lines. '

Once the core CPU 104 has the information on the
INT[0..7] interrupt register data bus 340, it can check this
information to determine which .it is set. The core CPU 104
checks the status of bits 0, 1, 2, and 3 of this information.
Any bit that is high signifies that the corresponding device
needs to transfer data. The core CPU iO4 then executes a
respective service routine to carry out communications with
the device or devices, and transfer the necessary data. Each
bit has an assigned interrupt wvector for the core CPU 104
where the service routine for the respective device is located
in the external RAM for the core CPU 104.

The read by the core CPU 104 at location B8040H also
clears the interrupt register. The active signal from the AND
gate 474 which resulted from the core CPU 104 read at location
8040H propagates via signal line 540 to each of the registers ‘
466, 468, 470, 472 and the active signal clears these

T registers. An active signal on the RESET_ signal line 216
also clears these registers. Accordingly, the IR.0-3 signal
lines 530, 532, 534 and 536, respectively, return to an

"v
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obvious to those skilled in the art and do not detract fromthe subject
matter regarded as the invention. 1. An interrupt
controller for an interrupt driven peripheral a controller for use in a
host ILndustry Standard Architecture (1 SA) conpatible conputer system said
peri pheral controller in conmunicatior3g4th said host and configured to
provide an interface between said host and a plurality of peripheral

devi ces, $nadtpwei phtate cnd r dhieer INRY ngsigpale hine ogddceadsp cgnkisgur ed
to recei vgnakrhgast one interrupt, and furher having an input buffer
coupled to sajd host and configured to receive information transferred to

sai d i npuEh e nne
The keyboard scanner of the present invention differs

from the conventional keyboard scanner in an IBM AT compatible
systemn. In a conventional system, a s_eparate integrated
circuit continually scans the columns of a keyboard, and when
a keypress is detected, the rows are individually read —-- the
scanner activates one column and reads one row at a time to
determine if a key has been pressed. Moreover, the scanner
constantly monitors the keyboard to detect any keypresses.
Once the scanner determines which key has been pressed, the
scanner interprets the location of the key (or keys) that has
(have) been pressed into a scan code by the host 102, as is
well understood in the art. “A common keyboard scanner is the
INTEL 8049.

A conventional peripheral controller, such as an INTEL
8042 or 8742, actively polls the keyboard scanner periodically
to obtain the scan codes generated by the keyboard scanner.
This scanning and polling is an active process which
continuously changes the signal levels on signal lines and
thus consumes powver. In a laptop computer, the ﬁse of
multiple integrated circuits, operating in a constantly active
mode, consumes more power than is desirable.

The present invention only scans the keyboard when the
core CPU 104 receives an interrupt from the keyboard
indicating that a key has . been pressed. Moreover, the
scanning is carried forth in a more efficient manner which
allows the core CPU to read an entire column with one
instruction. .

In the présent embodiment, the keyboard comprises a
switch matrix with fifteen columns and eight rows, as depicted
in part in Figure 10. The matrix columns are mapped into the
external data memory space of the core CPU 104. The matrix
activation address is B000H -to activate all columns in the
matrix, and the keyboard columns can be individually activated
when the core CPU 104 reads from addresses 8001H-800FH.
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host, said core mcroprocessor configured to operate in a | ow power node
while waiting for interrupts, said core mcroprocessor also having
addressabl e nenory space, said peripheral-controller .emulating the
functions conventionally perfornmed by the I NTEL 8042 or 8742 series.of -
integrated circuits, said interrupt c38 ol | er conpri'si ng: L a

d der in co ti wth said input buffer and responS|ve T
tﬁgocontents freeéng r}?%nc?’f'%ng?%r} 4 B5oR B8O tis Aekeetedpin bhéfer

an out putomtrohedeeodder 300qQVivliih alpiwesr €R8EeRBBBPUE ,_wllstlej_rné ngly gat or
whi chhasa@&@gt [ Vﬁhﬁhatt%eang GISIHI ggﬁ%lg%%r st atﬁ}%%? E’Pgﬁ%%ge act | vat | pgany

sai d prescreened I nput regls .
of a firaddeess djus nfmmwm ¢Ptbm®4a|m11m the iR siyngl butri@rzs@nd

deact | vaj{dOasel de PAEECIARARM | L HBY! S 4! S8LLU.URARGY dAMIET of

any of a selected .secon of mati on from sa put
buffer; 11ne 310 dr;we§ f‘Fh%tAH@taﬁfeﬁ 3§5c@mma{hmhmﬂahche|sertrpé}er al

devi ce, smithis on tﬂﬁéﬁ.ﬁ?b hayi RSt DuhoBr MIiNh 3 g,{égpera;edew ce

acti vat di cat or becomes active en sa| or-'senses
t hat thgﬁﬁéh & PntRvFRE 51gna1 HdhesecAr4cd 3 abedthe decoder 348 g

. second aateecatdaresa; mmel dabbaarv\ub mkbylb@acnd QfhicH @dt3Sfates the an
aHjaM|VMed|nmCMOr

?g; B(l;}[’lsfg\/ con{jqeg l%f g%%"’%é ﬁh ge?ﬁ&&r d5¢0 1 Shea&Br
EN_ 51gnal line 518 is also actlve (the keyboard 1nterrupt is
enabled, as previously explalned). This drives the signal
line 359 active, which drives the outputs of the OR gates 370-
384 active. This, in turpn, pulls all the columns in the
switch matrix 499 (Figure 10) low. This leaves the keyboard
matrix 499 columns in a state to generate an interrupt anytime
a key is pressed on the keyboard.

The keyboard scanner 108 is connected directly to the
KBD-ROW([0..7) signal bus 400 from the keyboard matrix 499, as
seen in Figure 10. The signal lines 391-398 in the signal bus
400 are active low. These signal lines 391-398 are combined
in the OR gate 342. When a key is pressed and all columns are
active, as explained, at-least one of these row signal lines
391-398 will be pu.led low. The low on any one or more signal
lines 391-398 generates a high on the signal line 399 from the
OR gate 342, which is inverted to a low signal by inverter
360. o

The signal 1line 408 is also low as explained.
Accordingly, the AND gate 352 then generates an active signal
on the ANYR SLgnal line 406 whlch the 1nterrupt controller
100 ‘uses to prov1de an lnterrupt to- the core CPU 104, as
previously explalned S _

(1 the core CPU 104 1s 1nterrupted and determlnes that ©
the keyboard has generated the 1nterrupt as explained, it
executes a keyboard service routine. In the service routine,
the core CPU 104 begins scanning the keyboard columns by
reading addresses 8001H-800FH until.the key which has been
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signal in said interrupt controller signifying that a key on the keyboard
has been pressed; 43

i nterrupt control logic responsive to said prescreened input register

i ndi cator, said keyboard activated indicator and said peripheral device
activated indicator, said interrupt conggol |ogic having an interrupt

regi ster containing the status of said input register indicator,

said peﬂgﬁgygﬁedkﬂg(xbund, activated indicator and said keyboard

2ot vat od 1 0l Gt R el dk 8Bl hronox, WU THBb "0k b2 BODLI A
address in the 8001H~800FH range, the KBBS_ signal line 310 is
activated by the control decocder 300 which detects any of
these addresses (it detects addressés 800xH to activate the
KBBS_ signal line 310). The KBBS_'siénal line 310 is combined
with the ALE signal line 262 in the AND gate 356, which
results in a signal which latches the addreéss on the MA{0..3)
signal lines 411-414 from the MALO. .15] s:Lgnal bus 284 through
the latch 346, as prevxously explalned._ The signals from the
latch 346 are provided to the decoder 348. A single column is
activated because only one signal line 408-423 is activated by
the decoder 348, cor:ééponding to the address 8001H-800FH, and
only one OR gate 370-384 is driven active to activate one
column in the switch matrix 499.

The core CPU 104 then drives the UCRD_ signal line 257
active which combines with the active KBBS.. signal line 310 to
activate the AND gate 354 and drive the signal line 355 high.
This high signal on line 355 latches the signals on the KBD-
ROW(0..7] bus 400 through the latch 344 onto the KBR{O0..7)
keyboard row signal bus 330. These signals represent the
logic level of every row in the column activated.

The control decoder 300 will also activate the
appropriate select lines 322, 324, 326 to select the KBR[0..7]
keyboard rows data bus 330 for propagation through the bus
multiplex logic 304 onto the AD{[0..7] signal bus 174. The
control decoder will also activate the AD_OE signal line 178,
which will in turn allow propagation of the signals on the
AD{0..7] signal bus 174 through the core I/0 buffer 160 to the
AD P{0..7] core, address/data bus 172 as previously explained
for a read cycle by the core CPU 104.

If no signal from the KBR[0..7] signal bus 330 is low,
then no key in any row in the column activated has been
pressed. The core CPU 104 then executes a read at the address
location of the next column, and reads the KBR[0..7] data bus
330 once again to determine if a key in the column newly
activated was pressed. The core CPU 104 proceeds to activate
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.a mernory location in said addressabl e nenory space of said core

'm croprocessor; and I nterrupt processing | ogic which provides
at | east one interrupt request line as an output of said interrupt
controller, said interrupt processing |l ogic responsive to said
keyboard activated indicator, said inputz-. regi ster indicator and said
peri pheral device activated indicator, said I nterrupt request |ine

congect ed lomesacdlanhe antcraOptﬁlmessomé@ RNV ¢8waN in cti:he | BbehianPt 4R4
said core CeSSr i rru ctivating said core

m croproce?sg{ Q%ufn 35 %?egﬂ‘gwﬁprgggg 5; s&?fﬁﬁ%ﬁﬁq & AFFERA-
power node. Each read ofhan endrixetcalomm obf arowd i ahrecutedhin ebfet he
first deteghehrht %pqsswﬁeteoﬁa b%%stlwes%hé Ehmhauo%f oRed PET 3!

devi ces, sald Iura | ty “of erﬁg eral devi

first peri¥ R BRI O Y% A ¢ @BPTRy §Weddr Mlowpﬁorltn ¢hesg@nt)hoshere

conputer; Rmdor DPTR holds tﬂué&%’I@mﬁGéaaBéEQ' aﬂthC%sC%'ée%‘&%ﬁ&xﬁa@tor

second serial ,port of said. st conput er

i nterrupt 8&nttH | GPTEf P05 304 V\Hg’re& i gorR &HUIpt04 egkerutesurtinks

cont ai ns tbemmaaﬂushwé:smqhaﬂsﬂdﬂItHéQKBHfGLC?]IRéyﬁ%hQGSrows data bus
330 will be read into the. accumulator of the core CPU 104 for
processing to determine if one of the rows in the respective
column has a key pressed. )

This memory mapped, interrupt driven keyboard scanner
configuration ishmofe efficient than conventional” multiple
chip, active scanning configurations, and requires less core
CPU 104 processing time &nd consumes less power than the
conventional configurations. '

Gate A20 Bypass Controller

The gate A20 signal from a conventional peripheral
controller is used to control address line 20 from an 80x86
microprocessor as is well understood in the art. During real
mode operations, the signal masks signals on address line 20
from propagating. During pfotected mode operation, this
signal is high, and therefore, allows propagation of the
signal on address line 20. The Gate A20 signal is also high

~upon power-up of the computer.

- Under the conventional implementation, the gate 220
signal provided from an Intel 8042 or 8742 integrated circuit
is controlled by a Write Output Port (WOP) command fr~m the
80x86 host microprocessor (i.e., a write to port 64 with a D1
hexidecimal (hex) value, followed by a write to port 60 with
data, as is well understood in the art). The wvalue of the
gate A20 signal is controlled by the second least significant
bit of the data included with the write to port 60 as is well
understood in the art. .

’ Properly written software 1ssues a no operation (NOP)
command follow1ng the WOP command and then begins polling the
peripheral controller status register to determine when the

This is the replacement sheet

Date: = ! AUG 1996



4. The interrupt controller of claim3, wherein said interrupt register
~conprises an eight-signal register, each signal having a corresponding

signal line, said signal |ines conprising: four interrupt
signals lines; each assigned to one of a plurality of devi ces
i nterfaced through said peripheral contrpiler, wherein each of said
44 signal lines represents an interrupt reflecting the activity

status of Qb ®fa- been atee tBHUr&thh thﬁ%%kﬁgefﬁbtdﬁﬁbcﬁép éﬁgratlon
Four mask SIsgncf%almplle eeS a\As’;hIJ.Cs wenlal uné)erstlzggg fnaglgevg}:tl:?n of sard

The value of the gate A20 signal may also be controlled

by the Pulse Output Port (POP) command (a write to port 64

with an Fx hex wvalue), but this results in unpredictable

operation, and is therefore, not used to gontrol the gate A20

signal line. This requires that POP commands, when second

the gate A20 signal. -

According to the present invention, the GATEA20 signal
line 688 is controlled by hardware instead of by the core CPU
104 (Figure 15). The hardware detects and intercepts the
command sequences which would normally control theé gate A20
signal through the core CPU 104. The gate A20 bypass
controller 650 provides the hardware to detect and intercept
these command sequences and to prevent the core CPU 104 from
receiving these command seguences.

The decoder 660 detects the first WOP command (write to
port 64 with a D1 hex value) from the host 102 and activates

. the D1-CMD signal line 672. If the decoder 660 detects a
write to port 60 (a write to the input register with data on
the XDIN[O.;7] signal line bus 154) by the host 102 following
the write tolﬁbft 64 just detected, the decoder activates the
D1-DATA signal line 678. The active D1-DATA signal line 678
selects the 'D' input to the latch 662 which is connected to
the XDIN{1] signal line 682 (the second least significant bit
on the XDIN{0..7] signal bus 154). If the XDIN([1l] signal line
682 is low, then the GATEAZO 51gna1 line 688 1s driven low on
the next pulse on the CLKIN signal I‘ne 226. 'If the XDIN[1]
signal line 682 1s hlgh then the GATEA20 signal line 688 is
driven high on the next pulse on the CLKIN signal line 226.

The signal on the GATEA20 signal line 688 remains
unchanged until the host 102 executes another WOP command ..
sequence with a changed signal level on the XDIN[1] signal
line 682. This results because the D1-DATA signal line 678 is
only active for one clock cycle. Once the D1-DATA signal line
678 goes inactive, this selects the TI 1nput to the latch 662.

This is the *epiarsmem snest
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I nterrupt signal |ines. 5. An interrupt driven peripheral
controller for use with a host PC conpatible conputer system said host
havi ng an address but with a plurality of signal lines, said peripheral
controller having a core mcropr ocessg conflgur ed to receive at |est one

interrupt and caonfigured to ope in_alow [ g
interr upT% ai dPYe 1H & oﬁP 88?&29 s Gy %%g?gggwg%qn@n%rgbg ace
and sai dwipbeh phies Al ttontefdter FHesiqhtiak a:hnqnlgérf&bé béetkebn 6RE hQQt and

a plural '1}[;% gg?gls{;_;%gﬁrégls qﬁyleﬁé cERIfR RS gngﬂflerlainéoﬁgol | @i PERSI NY:

an i nput an out register ed to said host said
i nput arﬂlmbuon ridae &W@%&o@%@ﬁlﬁb %Hh%oﬁ%ff%‘ﬁﬂ‘%é“?‘i}?a??ﬁar“ﬂﬁlan

transferge V\Fﬁ-‘é\; di 4¥921in adél st a Pei tRhgi@l wopriamhared ; sequence
a stat us regl st abl e” by said host, said status register enul ating

t he statdlss¢‘é§$§tier of conventional |NTEL 8042 and 8742 series int egrat ed
circuits;  ag explame@ degorier writeenmMsuftataren exedutesdai P (egi ster

and responsi ve nt s, of for I tde@ b he
host to ¥&itej ﬁBuP°F§g|6§t %h%% e oujtrgut 0 td%} (fxecogieeé%c?gw |h%g a
prescreelm@pl hast iﬂdlf(bammwaml thehasrite to gpxtet FPe with edat® anuFkacti ve
state, Sg| dehgs pcaiae when
ee?%ﬁga% e?dcﬂ%l A alct(:%.va'l:%r %ﬁﬁeﬁ?? chRessigndica

sai d hos st set ormation to said input
regi st er674nd 'ﬂhastlsaalag paskedr £romedhed ar CPU 104. -

As explained, the gate A20 bypass controller €50 also
detects the POP command and prevents it form contfoliing the
GATEA20 signal line 688. The decoder 660 detects a POP
command from the host 102 (a write to port 64 with Fx hex)
when the second least significant bit of the data is a 0, and
activates the POP-CMD signal 1line 670 to prevent further
execution of this command by the core CPU 104 as explained
herein.

The  restart signal, well understood in the art, is an
active low signal in the conventional design, and activates a
CPU reset to the 80x86 microprocessor. This signal is
inactive on power-up.

The restart signal is conventionally controlled by the
POP command. The value of the restart signal is controlled by
the least significant bit of the signal on the host data bus.
The restart signal is also controlled by the WOP command
sequence described above, except the restart signal is
controlled by the least significant bit of the da-a included
with the write-to port 60 executed by the host 102.

According. to the present invention, the decoder 660
detects the WOP command sequer e as described above, and when
the decoder activates the Di-DATA signal line 678, this
activates-the 'D' input from the latch 664. The 'D' input is
connected to the least significant bit, the XDIN[0] signal
line 680, of the XDIN[0..7) signal bus 154. The next pulse on
the CLKIN signal line 226 latches the signal on the XDIN[O]

Tt ta Sheope o
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i ndi cator upon a transfer by said host of any of a sel ected second set of

i nformation to said i nput regi.ster; a first detector in
comuni cation with a peripheral device, said det ect or havi ng: an
out put providing a peripheral device iTR<Tator in said peri phera

control ler, wherein said detector actjves said peripheral device
i ndi cat or SiEBAlshined68Rcterthestinahaiingi&®Oer Lfhthel XBEN([ Q3 Hignbden.

activatedjine. 680 is low, then the AND gate 696 drives thé'°RESTART

nterrupt Qo0 ih29 63 "aSRITEN CoLY N 1D A0 TEP20ENAS Yine 690
remains low until another WOP command with a high on the
XDIN[0] signal line 680. This results because the D1-DATA
signal line is only active for one clock cycle. Once the Di-
DATA signal line 678 goes inactive, this selects the TI input
to the latch 664, which is connected to the signal line 690.
The signal on the signal line 690 is fed-back thréuéh the
latch 664 on subsequent pulses on the CLKIN signal line 22s6.
Thus, the signal on the signal line 690 remains unéhanged
until the 'D' input is again selected with a WOP command
sequence as explained. -

‘The RESTART_ signal line 692 is also activated upon a POP
command from the host 102 when the XDIN{0] signal line 680 is
low. The decoder detects the POP command when the XDIN([O0]
signal line 692 low, and activates the FX-RST signal line 676.
When the decoder 660 activates the FX~RST signal line 676,
connected to the pulse generator 666 trigger input, the pulse
generator 666 produces an active low pulse for a predetermined
duration; referenced to the CLKIN signal line 226, on the
signal 1line 694 connected to the PULSEO output of the
generator 666. The pulse on the signal line 694 causes the
AND gate 692 to activate the RESTART signal line 692 for a
duration determined by the pulse generator 666 which initiates
a reset in the host 102.

' Because these operation are controlled by hardware in the
gate A20 bypass controller 650, the core CPU 104 is prevented
from executing these commands. If the decoder 660 activates
any of the POP-CMD signal line 670, the D1-CMD signal line
672, the NOP-CMD signal line 674, or the D1-DATA signal line
678, which are combined in the OR gate 668, then the OR gate
668 produces an adtive signal on the MIBF signal line 270.
The MIBF signal line 270, as previously explained, prevents
the input buffer flag in the status register 124 from being
set during a write to port 60 or to port 64 by the host 102.
Accord{hgly, the interrupt controller 110 does not generate an

-~
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sai d prescreened host indicator and said peripheral device indicator, said
interrupt -control logic having an interrupt register containing the status

of sai d prescreened host indicator and said peripheral device
i ndi cator, and wherein said intgrrupt register is configured to
respond to a read conmand fromsaid core mcroprocessor froma

sglject ed nr@dinegse Vtéi‘lldﬂléacdréOCBU 104. rrm{ecrwm@sqihmé/ CHfCLp 4 Sai d
a ress eln S to s nterr |
interr up?’ (?g-’s %%&I%%?c ’\?\B’gg hr?)?ﬁ#'a’eﬂs I’@é’?& 3'}1 ,crqgmands.

request |i ne dd though putthsef saphlisastr uphapr ocdssenipédgi prefErired
I nt e”ug}nbcd:lﬁlex{@&ueé{:héi‘nsmﬂﬁh Hhahe % Rye sgyd ESEBEPH&%%E% n | ¢ 1n

response t ont ent's of Sai interrup Stér, sai err upt
r equest OpVA®USo e ck@se oskilled; ga 6%M%emﬁ%r®@ﬁodesgct ﬂGtngﬁkﬂfnnm

'”terrUEhet%dﬁ?ébﬂ“ﬁétf@frfﬁgéf§§§Oés the iWR@Rtils.interrupt request line

is activated by said interr request logic in response to at | east
one of the host indicator or the peripheral device i ndi cat or becom ng
active, the interrupt activating the core m croprocessor - -when the
core mcroprocessor is operating in said | ow power nopde. 6. The

peri pheral controller of claimb5, further conprising keyboard sensor | ogic
i n conmuni cation with a keyboard of said host conmputer, said keyboard sense
| ogi c responsive to the activation of any key on the keyboard, said
keyboard sense | ogi c having an output which provides at |east one keyboard
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i ndi cator signifying that a key on a keyboard has been-—pressed:- : - 7.
The interrupt controller of claim6, wherein said i nﬁ‘l%éngttH é&t@placed '

contains the status of said peripheral device indica

i ndi cator, and said keyboard |nd|cator42 8.

controller of claim7, wherein said intérrupt reglster

respond to a reggu%gﬂﬁend fromsaid core m croprocessor fronla selected
address within Sard core m croprocessor nenory space assigned to said

interrupt register.an interrupt controller for an interrupt driven
peripheral controller for use in a host Industry Standard
Architecture (ISA) compatible computer system, said peripheral
cbntroller having a core microprocessor configured to receive
at least one interrupt and capable of operating in a low power
mode while waiting for interrupts, said core microprocessor
also having addressable memory space, -"said peripheral
controller emulating the functions conventionally performed by
the INTEL 8042 or 8742 series of 1ntegrated circuits, said
interrupt controller comprising:

a prescreened input register indicator "which is
activated upon a transfer of any of a first- set of
information from said host to said peripheral controller,
and which is prevented. from becoming active upon a
transfer of any of a selected second set of information
from said host to said peripheral controller;

at least one peripheral device activated indicator
from at least one peripheral device which signifies that
said peripheral device has been activated;

a keyboard activated indicator signifying that a
key on a keyboard has been pressed;

interrupt control logic responsive -to said input
register indicator, said keyboard activated indicator and
said peripheral device activated indicator, said control
logic providing an interrupt register for said peripheral
controller; and .

at least one interrupt request line responsive to
said keyboard activated indicator, said input register
indicator and said peripheral device activated indicator
to provide an interrupt for said core microprocessor when
at least one of said input register indicator, said
peripheral device activated indicator, or said keyboard
activated indicator is active.

2. The interrupt controller of Claim 1, wherein the
peripheral device activated indicator comprises at least one

llIIIIII llllll Illll lllll ll llII
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9, The interrupt controller of claim7, wherein said ?ﬂéQﬁ&#

conprises an eight-signal-line register configured to refl y
status of each of said host indicator, said peripheral devjﬁ"ﬂﬁ“lﬁﬁ'lﬂ“‘
and sai d keyboard indicator, said eightssignal lines conpri .

four interrupt signal |ines, each of said interrupt signal |ines

assi gned ¢p DL faBity WAlddVied Oevicesord| i ArhdWaldey peri ‘ggsggg
controllef eaq@ of said signaL |l i nes representing an intertupt fromone of
sai d per i HRIEIERR CRUPTISIAY 05t . or said keyboard: and

four mask interruptasiigrst indiemtuy shigmifiyingothditsaht frectperipRaral

of the interr s Lepr y id f Interrunt. signal I.ines.

10. The peri%g%‘zlf%? c%%?’?%‘??%? o?gcldaai %S%esreezl' JSai &rs‘?aﬁetEEFBr i's

responsi ve to agtivatedt odanfroma first serial port of said host computer

to signify that a ri dew e 834 d L Let seri Lt has
Rer i BBEbAL dvaeaReNCd i Al ¢ EhiE! cBia

been acti vat ed. 1 he I nterrupt con claim

sai d sel ect ed RSpheEal deviee FanRegkedobpr Assgcandesestiadomantishasd
data witten fHeuR dtivwoséqf o sai d peripheral controller to control the

sel ected one c.z’f the ﬂggrfr?éexs'fv%]@l céﬁggglffersglfdcggﬂn' 2, wherein said
interrupt register contains the status of said plurality of
device indicators. .

4. The interrupt controller of Claim 3, wherein said
interrupt register is configured to be addressable at a memory
location in said memory space of said core microprocessor such
that said register is read by said core microprocessor from an
address assigned to the interrupt register in said addressable
memory space. |

5. The interrupt controller of Claim 3, wherein said
interrupt register comprises an eight-signal register, each
signal having a corresponding signal line, said signal lines
comprising:

four interrupt signal lines assigned to selected
devices controlled by said peripheral controller, wherein
each of said signal 1lines represents an interrupt
reflecting the activity status of one of said plurality
of peripheral devices; and

four mask signal lines which enable or disable said
interrupt signal lines.

6. An interrupt driven peripheral controller for use
with a host ISA compatible computer system, said host having
address lines and operable in a real and a protected modes,
said peripheral controller having a core microprocessor
configured to receive at least one interrupt and capable of.
operating in a low power mode while awaiting interrupts, said
core microprocessor also having addressable memory space and
said peripheral controller providing an interface between the
host and a plurality of peripheral devices, said peripheral

Iy T e e e
* ¢ L M s *
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12. An interrupt-driven peripheral controller for use in a host PC
~conpatible tonputer system said peripheral "‘controlTer in conmmunication
with said host and in conmunication with at Thige86éetPlaeBpsT Repeedl devi ce,

sai d peripheral controller having a core mcro igured to
receive at | east one interrupt and confLjgured t he | ow power
node while waiting for interrupts, said interr conpri si ng:

a host W idshid1Ed0cdmsPDashyge to the contents of information
transferred by said host to sald peripheral .controll.er, said detector
v ng 2 hostA MRy FRRELRETE DA, PusHi, r s he T o A ShARE d
det ect or upon aregi.st'ertmm’;bbr emulefter netomwmredpadisay d heglistemsut esf
sysf[ emto sal d.cﬂﬁ“e‘?{ﬂcﬁ‘kal NTELCOQE)'&Ql laq{d. 8742 series a'[i[nlt atdlf
peri pheral device activated detector responsive to at east one
peri pheral devi@@&CWdsF peri pheral device activated detector

a prescreened host indicator which is activated when \

said host transfers any of a first set of information to

said input register, and is preven.ted from becoming

active upon a transfer by said host of any of a selected
second set of information to said inpuf register;

a peripheral device indicator from at least one
peripheral device which signifies that said peripheral
device has been activated; -

interrupt control logic responsive to said host
indicator and said peripheral device indicator to provide
an interrupt register for said peripheral controller; and

at least one interrupt request line responsive to
said interrupt register and connected to the core
microprocessor to provide an interrupt to said core
microprocessof when the interrupt request line activated
in response to at least one of the host indicator or the
peripheral device indicator becoming active.

7. The peripheral controller of Claim 6, further
comprising at least one keyboard indicator signifying that a
key on a keyboard has been pressed;

8. The peripheral controller of Claim 6, wherein said
peripheral device indicator comprises a indicator from a first
serial port to signify that a peripheral device connected to
said first serial port has been activated:

9. The interrupt controller of Claim 7, wherein said
register contains the status of at least one peripheral device
indicator, said host indicator, and said keyboard indicator.

10. The interrupt controller of Claim 9, wherein said -
interrupt register is configured to respond to a read command
from said core microprocessor from a selected address within
said core microprocessor memory space assigned to said

interrupt register.
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© 47 havi ng a peripheral device activated indicator as an output which

signifies to said peripheral controller when said peripheral device
beconmes active; a keyboard activated detector responsive to
activation of any key on a keypgggd of said host, said keyboard
activated detector having a keybdard activated indicator as an

out put, said,l eyb e(rj ?ﬁ&%ygﬁngg contr{:ﬁﬁ%rcaéf)rcfégﬁ(' di ng?%rs%(.qpaoa}g sai d

peri pher al con rol cates eyb has
been pr &edegteshgecond set of 1nﬁP§W?§éPnr§9@E§§Sﬁég¢cs$%s%6H@Mﬁ@am@Ssald

host w ghe BR€aCRF9ttehdEdom saidPREERNE6aEcHE¥OECoRE b Y LT I pasor . and
sai d keéboard tlvated i ndi cator, and which has at, | east _one

i nt er r upttNESquett 531%k hesknw (ﬁﬁ“gut o changg &Fq‘ée%uﬁlaédi t 5edai oa%re
m cropr pm&@ted/\/lnﬁfd@sw othespexatienref said Hbeltopr ocessor is operating in

e | ot Dot G o M i Rupg, conlEBAIRIOCEE X B 5 LG Loy hovey oo
requestlhugrrupmjx&g&sumescompnmsaslan eightkxignadn lhbher meggiskewen
pef'pheééhfiaﬂE 9'kgrrgfiegﬁetﬂ%tgc@1bgﬁ§ Lé@tus of each of said hest
indicator, said peripheral device indicator, and said keyboard
Aindicator, said eight signal lines comprising: _
four interrupt signal lines, each of said interrupt
signal lines assigned to selected devices controlled by
the peripheral controller, each of said signal lines
representing an interrupt from one of said peripheral
devices, said host, or said keyboard; and
four mask interrupt signal lines which enable or
disable the interrupts represented by said four interrupt
signal lines.
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'cor‘rf)ati bl e conmputer system said peripheral controller providing 'QWM e

I nterface between said host and at | east one peripheral device, said

peri pheral controller having a core mcrocontroller configured to receive

at least one interrupt and configured to operate in a powehisdowmn rmﬂ@;éﬁmfkesheet
waiting for interrupts, said peripheral controller conpr|5|ng

an input buffer configured to receive information transf rrii
sai d host; . an input buffeg detector respon5| to b9 F&Bs1998
of information by said host to said peripheral cont roI | er, said

i nput buffer detegtor Rﬁvmt contmnerlmusn biufefxﬁbt . &%&@ Opeh phsrafily, OUt put

which is activated by sai buf f det ect or n a transfer
from sai d hownireller fgrousenin emQShﬂdedeamimd Archttecmngu(ISé\r) compatible

Keyboard of CHERNrIYFioRs S84 Betifuedt ebtpt i Brimpdiist i o et
detect ed i ndjopfipredas pmlwﬁrpuﬁerMbCHetWé‘enadéid hb%t eﬁh Ryhaality dfesiphake

detector when a key, on the keyboard is depressed,
devices, 5aid peripheral Controller having a core microprocessor configured to

receive at least one interrupt, and further having an input buffer coupled to said
host and configured to receive information transferred to said input buffer by said
host, said core microprocessor configured to operate in a low power mode while
waiting for interrupts, said core microprocessor also having addressable memory
space, said peripheral controller emulating the functions conventionally performed
by the INTEL 8042 or 8742 series of integrated circuits, said interrupt controller
comprising: -

a decoder in communication with said input buffer and responsive
to the contents of information transferred by the host to said input buffer,
an output of the decoder providing a prescreened input register indicator
which has an active state and an inactive state, said decoder activating
said prescreened input register indicator upon detecting 2 transfer of any
of a first set of mformation from said host to said input buffer, and
deactivating said prescreened input register indicator upon a transfer of
any of a selected second set of information from said host to said input
buffer;

a first detector in communication with a peripheral device, said
detector having an ontput providing a peripheral device activated indicator
which becomes active when said detector senses that the peripheral device
has been activated;

a second detector in communication with a keyboard of said host,
an output of said second detector providing a keyboard activated indicator
responsive to the activation of any key on the keyboard to provide a

signal in said mterrupt controller 31gmfy1ng that a key on the keyboard
has been pressed;

(LTI



48 I nterrupt request logic responsive to said input buffer

I ndi cator and sai d keystroke detected indicator, said interrupt control

| ogi ¢ having an interrupt requested indicator as an output which becones
active when said interrupt request |ogic senses that at | east one of said
I nput buffer indicator and said keystroke detected indicator becones
active, said interrupt requested indicator coupled to said core

m crocontrol l er, and wherein when the cgre mcrocontroller is operating in
said power down node, said mcrocontroller responds to activation of the

LB;?;{ :Jg;. requested I nghcALPEol fagil Fdiforie R re b RSt kiGNt | NUe
indicator, said keyboard activated indicator and said peripheral device
activated indicator, said interrupt contrél logic having an interrupt register
containing the status of said input register indicator, said peripheral device
activated indicator and said keyboard activated indicator, wherein said
interrupt register is configured to be read by said core microprocessor at
a memory location in said addressable memory space of said core
microprocessor; and

interrupt processing logic which provides at least one interrupt
request line as an output of said intermpt controller, said interrupt
processing logic responsive to said keyboard activated indicator, said input
register indicator and said peripberal device activated indicator, said
interrupt request line conmected to said core microprocessor to provide an
interrupt for said core microprocessor, said interrupt activating said core
microprocessor when said core microprocessor is operating in said low

power mode.

2, The interrupt controller of claim 1, wherein the first detector s
responsive to at least one of a plurality of peripheral devices, said plurality of
peripheral devices comprising:

a first peripheral device connected to a first serial port of said host
computer; and
a second peripheral device connected to a second serial port of said

host computer.

3. The interrupt controller of claim 2, wherein said interrupt register
further contains the status of said plurality of device indicators.

4, The interrupt controller of claim 3, wherein said interrupt register
comprises an eight-signal register, each signal having a corresponding signal line,
said signal lines comprising:

four interrupt signals lines, each assigned to one of a plurality of

devices interfaced through said peripheral controller, wherein each of said

R is is it lacement sheset
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signal lines represents an interrupt reflecting the activity status of one of
said plurality of peripheral devices; and

four mask signal lines which enable or disable activation of said
interrupt signal lines. '

5. An interrupt driven peripheral controller for use with a host PC
compatible computer system, said host having an address but with a plurality of
signal lines, said peripheral controller having a core microprocessor ﬁonﬁgm:ed
to receive at lest one interrupt and configured to operate in a low power mode
while awaiting interrupts, said core microprocessor also having addressable
memory space and said peripheral controller providing an interface between the
host and a plurality of peripheral devices, said peripheral controller comprising:

an input register and an output register coupled to said host, said
input and output registers providing temporary storage for information
transferred between said host and said peripheral controller;

a status register readable by said host, said status register emulating
the status register of conventional INTEL 8042 and 8742 series integrated
circuits;

a decoder in communication with said input register and responsive
to the contents of information transferred by the host to said input register,
an output of the decoder providing a prescreened host indicator which has
an active state and an inactive state, said decoder activating said
prescreened host indicator when said host transfers any of a first set of
information to said input register, and deactivating said prescreened host
indicator upon a transfer by said host of any of a selected second set of
information to said input Iregister;

a first detector in communication with a peripheral device, said
detector having an output providing a peripheral device indicator in said
peripheral controller, wherein said detector actives said peripheral device
indicator when said detector senses that said peripheral device has been
activated;

W -
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interrupt control logic in communication with and responsive to
said prescreened host indicator and said peripheral device indicator, said
interrupt control logic having an interrupt register containing the status of
said prescreened host indicator and said peripheral device indicator, and
wherein said interrupt register is configured to respond to a read command
from said core microprocessor from a selected address within said core
microprocessor memory space, said address being assigned to said
interrupt register; and

interrupt processing logic which provides at least one interrupt
request line as an output of said interrupt processing logic, said interrupt
request line activated by said interrupt request logic in response to the
contents of said interrupt register, said interrupt request line connected to
the core microprocessor to signal an interrupt to said core microprocessor
when the interrupt request line is activated by said interrupt request logic
in response to at least one of the host indicator or the peripheral device
indicator becoming active, the interrupt activating the core microprocessor

when the core microprocessor is operating in said low power mode.

6. The periphberal controller of claim S, further comprising keyboard
sensor logic in communication with a keyboard of said host computer, said
keyboard sense logic responsive to the activation of any key on the keyboard,
said keyboard sense logic having an output which provides at least one keyboard
indicator signifying that a key on a kéyboard has been pressed.

7. The interrupt controller of claim 6, wherein said interrupt register
contains the status of said peripheral device indicator, said host indicator, and
said keyboard indicator.

8. The interrupt controller of claim 7, wherein said interrupt register
is configured to respoﬁd to a read command from said core microprocessor from
a selected address within said core microprocessor memory space assigned to said
interrupt register.
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9, The interrupt controller of claim 7, wherein said interrupt register
comprises an eight-signal-line register configured to reflect the activity status of
each of said host indicator, said peripheral device indicator, and said keyboard
indicator, said eight signal lines comprising:

four interrupt signal lines, each of said interrupt signal lines
assigned to one of 2 plurality of devices interfaced by the peripheral
controller, each of said signal lines representing an interrupt from one of
said peripheral devices, said host, or said keyboard; and

four mask interrupt signal lines which enable or disable activation

of the interrupts represented by said four interrupt signal lines.

10.  The peripheral controller of claim 5, wherein said first detector is
responsive to an indicator from a first serial port of said host computer to signify
that a peripheral device connected to said first serial port has been activated.

11.  The interrupt controller of claim 5, wherein said selected second
set of information comprises a set of commands and data written from said host

to said peripheral controller to control the selected one of the address signal lines
of said host.

12, An interrupt-driven peripheral controller for use in a host PC
compatible computer system, said peripheral controller in communication with
said host and in communmication with at least one peripheral device, said
peripheral controller having a core microprocessor configured to receive at least
one interrupt and configured to operate in the low power mode while waiting for
interrupts, said interrupt controller comprising:

a host write detector responsive to the contents of information
transferred by said host to said peripheral controller, said detector having

a bost write indicator as an output which is cited by said detector upon a

transfer of information from said host computer system to said peripheral

controller;
at least onc peripheral device activated detector responsive to at

least one peripheral device, said peripheral device activated detector
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having a peripheral device activated indicator as an output which signifies
to said peripheral controller when said peripheral device becomes active;

a keyboard activated detector responsive to activation of any key
on a keyboard of said host, said keyboard activated detector having a
keyboard activated indicator as an output, said keyboard activated
indicator providing a signal in said peripheral controller that indicates that
a key on the keyboard has been pressed; and

interrupt request logic responsive to said host write indicator, said
peripheral device activated indicator, and said keyboard activated
indicator, and which has at least one interrupt request line as an output
which is coupied to said core microprocessor, wherein when said core
microprocessor is operating in the low power mode, the core
microprocessor exits the low power mode upon activation of the interrupt

request line by said interrupt request logic and continues operation.

13.  An interrupt driven peripheral controller for use with a host ISA
compatible computer system, said peripheral controller providing an interface
between said host and at least one peripheral device, said peripheral controller
having a core microcontroller configured to receive at least one interrupt and
configured to operate in a power-down mode while waiting for interrupts, said
peripheral controller comprising:

an input buffer configured to receive information transfers from
said host;

an input buffer detector responsive to 2 transfer of information by
said host to said peripheral controller, said input buffer detector having an
input buffer indicator as an output which is activated by said input buffer
detector upon a transfer from said host of information into said input
buffer; and

a keystroke detector responsive to activation of any key of a
keyboard of said host, said keystroke detector providing a keystroke
detected indicator as an output which is activated by said keystroke
detector when a key on the keyboard is depressed;
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interrupt request logic responsive to said input buffer indicator and
said keystroke detected indicator, said imterrupt control logic having an
interrupt requested indicator as an output which becomes active when said
interrupt request logic senses that at least one of said imput buffer
indicator and said keystroke detected indicator becomes active, said
interrupt requested indicator coupled to said core microcontroller, and
wherein when the core microcontroller is operating in szid power down
mode, said microcontroller responds to activation of the interrupt
requested indicator by exiting said power-down mode to continue

operation.
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