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to the dasttgruct jpne etooremulateha conventional INTEL 8042 or 8742
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functions not conventionally provided by'fhe 8042 or 8742
series circuits.
Description 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 master 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 devicé . to the master processor. The
microcontroller performs the basic I/0 functions for other
peripheral devices so the host does ﬁbt have to use processor
time to perforﬁ these functions. The host only communicates
with the peripheral microcontroller which performs the
procéésing 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
integrated circuits utilize older technology which consumes
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Moreover, it is desirable to_configure a peripheral controller
to manage devices with non-standard protocols or devices which
do not conform to the standard functions provided by the
conventional peripheral controllers.

A new peripheral controller is needed which receives
instructions downloaded from the host instead of only having
access to the limited fixed functions as defined in the ROM.
This allows downloading of new instructions or patches of
segmented instruction codes to accommodate other peripheral
devices or other functions not provided by the conventional
8042 or 8742 series of integrated circuits.

Summary of the Invention

The present invention provides a relatively low power
peripheral microcontroller which utilizes memory mapped
address decode architecture to ekpand I/O control ports and
enhance 1nterrupt service capabilities to allow a single chip
to control many laptop computer applications. Extensive power
management capabilities have been added to the microcontroller
to cpnsefve power to extend the battery 1life of a laptop
computer.

The microcontroller emulates the functions of the
previous conventional peripheral controllers so that software
written for a conventional ISA computer will operate on
computers incorporating the present invention.
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peri pheral controllers. A new peripheral controller is needed which
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present 'n¥925'ser1es integrated circuits. The_peripheral controller
comprises a boot indicator which provides an active signal
vhen the RAM is receiving down-loaded instructioés from the
host, and ' B
a micropfocessor reset indicator to maintain the core
microprocessor in a reset state while the RAM receives the
down-loaded instructions from the host. The peripheral
controller also has an address counter which provides
addressing for the RAM, and includes a means for receiving
data from the host and for transferring the data to the RAM at
an address location selected by the counter.

The- peripheral controller further comprises a RAM
controller which is responsive to the boot indicator to
select, under host control, a selected address or set of
addreses, and to select a first set or a second set of data,
and control inputs for transmission to a set of RAM data;_RAM
address, and RAM control inputs connected to the RAM. The RAM
controller also receives data from the RAM for transmission to
the host.

Brief Description of the Drawings

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

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

Figure 3 is a diagram of the host and core (input/output)
I/0 buffers. ' ' ' : -

Figure 4 illustrates the host I/0O control block. '

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

Figure 6 \illustrates the address/data latch for the
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controller of the present 1invention.

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

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

Detailed Description of the Preferred Embodiment

The present invention will be described in the context of
component oriented logic with an independent microprdcessor.
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
seriél 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



'Figure 5 illustrates the data bus register buffers for the\host.

Figure 6 illustrates the address/data latch for the

-4- mcrocontroller core central processing unit (core CPU). Figure 7
i Flustrates the data bus status register. Figure 8 illustrates the
atdress decoder/bus nultiplexer circuit for the mcrocontroller core.
Figure 9 illustrates a diagram of the keﬁﬁbard scanner of the present
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flow chart Qismm exenplary boot- |oad program sequence executed during
boot - | oad the, m crocontroller core. Figure 15 illustrates a gate
A20 bypassé@iﬁﬂﬁﬁﬂﬁEFJ%izgi£§§+88§ﬁt i nventi on. " Detail ed Description
of the Preferrediierimicreséntroller core CPU 104 comprises, or emulates
the functions of, an INTEL 80C31 family microcontroller as is
well understood in the art. The core CPU 104 is programmed to
manage the operations of the peripheral controllér 103.
The Host/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 (I/0) buffers
e 120, host I/0 control 122, data bus I/0 register buffers 123,
a status register 124, an address decoder/bus multiplexer
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
convenﬁional 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[O0..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/O 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 ontoc the XDIN[0..7]
" signal bus 154 for use‘within the peripheral controller 103.
The core I/0 buffer 160 provides a tri-state buffer for
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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[O0..7] 51gnal bus 176 for use by the peripheral
controller 103.

The Host 1/0 Control Circuit
~ The peripheral controller 103 requires 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/O
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 XA2 (address line 2) signal line 200, and
a RESET_ signal line 216. These signais 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 interféce 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_
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signal line 271 is not active (the controller 103 is not
downloading). The WR60_ signal line 229 is active whenever
the host executes a write to port 60 (the XIOW_ signal line
264 is active, the XCS_ signal line is 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_ siénal 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
muitiplexer logic 194 and an input register latch 240 as
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The multiplexer logic 194 selects propagation of signals

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 propagation.
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 through the
multiplexer 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[O0..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 addresé/data latches 130 comprises an output

buffer decoder 254, an output buffer latch 256, and an address
latch 258 as depicted in Figure 6. In 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[O..?] signal bus 176, and a P2{0..7]) signal bus 177 from
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not signal line 255 (core CPU write control line well- understood
in the art), the CLKIN signal 226, and the MA[0..15] address
bus 264 to detect a write to address location 8010H by the
microcontroller core CPU 104. The decoder 254 drives a WROB_
(write output buffer) signal line 220 active and an OBG
(output buffer gate) signal line 259 active upon depgqting 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[O0..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 OB[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.decodet 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
'régister 124 is mapped into the microcontroller core CPU 104



dewnl oadi ng). The WR60_ signal line 229 is active whenever \t he host
executes awite to port 60 (the XIONsignal line 264 is active, the XCS_
signal line is active, and the XA2 signal line 200 is Iow). The WR64 signal
| 'ne 230 is active when the host 102 wites to port 64 (same as WVRG0_,
except the XA2 signal line 200 is high). %ie | A2 signal line reflects. the
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5. . register decoder 271 as explained.

Status bit 3 logic 278 responds to the XA2 51gnal 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 sidnal line 283. This 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 HWR_ 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 1line
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_ 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 dualified 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

g 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 mul 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 line 200, the HRD_ signal Iline 234, and the RESET_ signal
| Ene 216, and selectively transmits data. on the XD[0..7] signal bus 151.
The OB[O0..7) output register data bus 244jcorresponds to the out put
register of an Intel 8042 or 8742 peripheral controller, and the ST[O..7]
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buf f er | at ahe?2 2eidrdk aecskliEss | at ch 258 as depicted in Figure 6. In the
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a control decoder 300 and a bus multlplexer 304 as depicted 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 1line 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]
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



The inputs to the address |atch 258 conprise the ADI N O. . 7i\ signal bus 176,
and a P2[0..7] signal bus 177 from . - O-
port 2 on the mcrocontroller core CPU 104 as well known in the art. The
address latch 258 is controlled by an AL signal line 262 fromthe core- CPU
104 as is well understood in the art, and the RESET signal Iine 216. \Wen

t he address detterdts?58 deilt sommandt | FEowi ¢htl edréhepdE1ct gl Vapsold?.

ool oue AR o ADEahOERLaL e TG, o 2900 BN 348 U,
264. Tiseleatp propadatiorcofe sigyals 23 thel bneses Q3R s2éMal 2bkigne
255 (core CBYou b0, Canlr 8hyl tBCLHE ADr 41197] L P hud'a A1) unbhiCaChKLY
signal 226, and the NAPO.. g addr ess Bus 4 etect "a MW|F% 0 a 8_ SS
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Bl o s e hebeion asgbabyTsod berdne e om R s
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activated thddaresisocBOryH| etthef dnputheréRiBtergnemdiyemdpped a%a'bﬁss()_BG
QULPUL bt Gpshakch 356, UbhLFLES dubbal N, 201 BLERT LS o0t DD
on the OBG §ighalls on the IB[0..7) input register bus 246, and activates
the CLRIBF_ signal line 212. When a read from address 8012H
(the status register memory mapped location) océﬁrs, the
decoder 300 selects propagation of the signals 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[O0..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[O0..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 line 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 800xH to activate the
KBBS_ signal line 310.

The Keyboard Scanner
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line 259, indicating a wite to the output register by the\core CPU 104, it
all ows propagation of the signals on the ADIN[O..7] signal bus 176 to the
OB[0..7] output register data bus 244. The Status Register The
status register 124 torresponds to the status register of an I NTEL 8042 or
8742 peripheral controller as well knowil3dm the art. The status register
124 is an eight- bit (bits 0-7) register which cqnsists of 8 status bit
lines, ST[O..7] Thgndkeykpardessgagngrys1P8gi Providesoddr ReBOrY | BaEPedyi c
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output 409-423.

The Kkeyboard scanner 108 utilizes a KBD-ROW[O0..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 line 310, the ALE signal 1line 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[O0..7) keyboard row signal bus 330, and an ANYR_ signal
line 406.

The keyboard scanner 108 is connected to a keyboafd
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 bf 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 tb other OR gates in the same manner.

The Interrupt Controller

The interrupt controller 110 provides an interrupt
regiéter 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 1latches 474 and 476,



gates the signals on the ADIN 2], ADIN4..7] lines to the ST[Z], ST[4..7]
signal |ines when enabled by the status register decoder 271 as expl ai ned.
Status bit 3 logic 278 responds to the XA2 signal |ine 200, the HWR si gnal
line 202, the CLKIN signal line 226 and the RESET_ signal line 216. The -
| ogi ¢ 278 provides a signal for an ST[3]"ktatus bit signal Iine 283. This
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The controller 110 pro%ides the KB_EN_ (keyboard enable)
signal 518, an INT1_ signal line 430 which provides 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 tﬁe art, which woﬁld conventionally 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
iine bus 154, the WR64_ signal line 250, the WR60 signal line



the RESET signal |ine 216. The |logic 282 drives an ST[O] s\gnal i ne 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 Wwitten to the
output register). The logic 282 drives the ST[0] signal Iine 285 inactive
upon a pulse on the CLKIN signal Iine 226_when the RD60_ signal line 236 is
active (indicating that the host 102 hasl3tead t he out put register). The

ST[0] signal,. i 285 _is.cleared. when the. RESET . si.gn jpe 216 is ..

ac% i 1/at eg. 32d, [I}ﬁée gé?%é'.r-?] s&?&ﬁ&m*%sﬁg rrFf‘ﬁe%‘g% (aj",.LI.‘l%’?s?é?E??lr % er
dat a bus 2226andTheutatchpsi 6638, t 6€4 ¢ cthenhsl o gérliemmﬂsﬁeegﬁmaghem
Addr ess De S e rLau | LBL: ' [

conpri ses gﬂ%%:]tsrsgl r%%?gg:g?‘i:%o%n%ngig%x% ?r’uflrrtgl %nger .353'%5(&%%61% e6 ‘?'n
Figure 8. @ DHHMRosignpldddifer6%0 redihosignal hd inews %4 gnal BXTRSDS55,

5 e | calgEeu dis 7, eaaepient shingd ek e e ot tles
deteots acBYsEhe ABCpRaRcPEPy; ABY the BEBEI 5 5iAREL L ARG: SaErolihe RN CPU
104 wi t hi nsignaleiine 226 ¢. afitie atie XD{0] m%ﬁdﬁs;&?ebu@?@ E&iﬁﬁ@hg?m[illruout
e aa0. EibRAR S Bad ok Pue xPTE 57 SUERBISIE T rocknd) e
line 178, A2RANPHSASE ReMintatd lsat 66 Prpraides neighalsa REBOGT_ GATEARO
I3|22e_ 314 (8igRRIVA#nd €885 )  +HA ABEPRRTULEGREEX Y1 RE! 855 S atnb! MEABFE22,
’ signal line 270. -
Boot I.oader 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-lodd, 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 interfacing _
between the peripheral controller 103 and the external Random
Access Memory (RAM) (not shown). The RAM controller conprises
multiplexing logic 900, AND gates 912, and 914, OR gates 908,
and 910, and an inverter 916. The RAM controller responds to
thé 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



326 and a nux gate signal |ine 328. The bus nul tipl ex Nogic 304
responds to a KBR[O..7] keyboard row bus 330 connected to the rows of the
keyboard 112, the OB[O0..7] output register bus 242, the IB[0:..7] input

regi ster data bus 246, the ST[O0..7] status register data bus 242, an
INT[O..7] interrupt register signal bus 340 connected to the interrupt
register (explained later), and a RAM 0. .7] signal bus 334 connected
to the datachipgs 8igAH1SbEs N34 ANARN AEEPES. TP Ygid¥ Mpud 10 5310Vhe
In the presgnt enbodinent, the control decoder 300
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bus 242. \Wédresseddnkesornaddstewn)(4@HRAM-CS2 (selects lower or upper
8K of the 16K external RAM for access) signal line 928, a RAM-
WE_ (write enable for the external RAM) signal line 926, a
RAM-OE_ (RAM output enable for the external 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 Jjust
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 Xo 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
peripherals. 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
subséquent 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
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(the interrupt register menory mapped | ocation) occurs, theé decoder 300

sel ects propagation of signals on the INT[O..7] interrupt register data bus
'340. Wen a read from address 800XH (the keyboard col utmms nenory mapped
address) occurs, the decoder 300 sel ects propagation of signals on the

KBR[ 0..7] keyboard rows data bus 330. «¥#®&h a read from address (the first
16K of nenory space for the core CPU 104) occurs, the decoder 300 selects
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access to | ocatl 0 O D 6 S s U 104 to acttvate the REBOOT signal
line 313 (a sof , r detects any access to address
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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 préééeds to write data to the input
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 logie 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 detedting that the input
register has received data from the host 102. Thus, the 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



keyboard scanner for the core CPU 104. The core \can efficiently
determ ne which key is pressed and generate a scan code for the host 102.
The keyboard scanner, depicted in Figure 9, conprises an OR gate 342, an
i nput latch 344, a latch 346, a decoder 348, AND gates 352, 354, 356 and
357, and inverters 360, 364. It also inCh&des OR gates 370-384, one OR gate
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KBR[ 0..7] kegyboard row signal bus 330, and an ANYR_ signal |ine 406.
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The i nt err wptplkaited| Lar referatem cted the Figterrddt controller. The
control decoder 300 also detects this address and selects
propagation of the INT[0..7] interrupt register data bus 340
through the bus multiplex logic 304 onto the AD[0..7] signal
bus 174 and drives the AD_OE signal 1line 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/O 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
i'egister 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 eiecutes a routine in its memory to read the input
register. .

To read tr;e 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
'aétivates the AD _OE signal line 178 once again to allow the



conprises | atches 454, 456, 458, 460, 462, signal bit registers 466, 468,
470, 472, bus latches 474 and 476, o~

-14- inverters 480, and 482, AND gates, 484, 486, 488, 490, 492, and a OR
gate 494. The—+egi ster 110 is responsive to a conventional UDATA i nput
signal line 496 and a conventional UCLK-19+fput signal line 498 (froma
keyboar d/ mouse serial port as-well understood in the art), an MDATA signal
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register by checking the status register 124.

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 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 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 executlng 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 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 during 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[(O0] bit is set.



the conputer is switching fromreal to protected node as well understood in

the art. ™ These signals are referred to as the Gate A20 signal (for the
address line 20 nask) and restart signal (for the signal indicating that

t he node of the conputer is changing) herggn In the present

I nvention, a gate A20 bypass controller 6 I ntercepts.the conmand
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The core CPU 104 can also read the output fegister 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 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 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



A20 bypass controller 650 provides signals for a GATEA20 signal |ine 688,
t he RESTART signal line 692 and the MBF signal |line 270. Boot Loader and

RAM Control | er The peripheral controller 103 also includes a boot
| oader 780; depicted in Figure 12, and a fRAM controller 790 depicted in
Figure 13. The boot-|oader 780 and the controll er 790 manage the
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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 whether the signals
constitute data or a command, the host'I/O control 122 drives
the SIBF_ signal line 210 active. The status bit 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 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/O control 122



-16- chi p) signal bus 334, the XD[0..7] signal bus 151, the BA[O..7]
address-bus 856, the MA[O..15] address bus 264, the WR60A signal |ine 860,
the UCWR signal line 255, the RD60A signal |ine 862, the UCRD_ signal |ine
257, a conventional PSEN_signal line 936, the BOOT signal line 271, and

the RAM BS signal |ine 312. The RAM®Zcontroller 790 provides a
RAM DJ 0. .7 S|gnal bus 932 connected to the external RAM data |ines (not
shown), an the| HRr ssionads Lbwe cifReactivee t Ahisqaatrs Ham XA2
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occurs for ZediPateLeEHL "R 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 Control

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 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-locad 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'vectofs and look-up tables and other
instructions into the RAM, followed by downloading program
ségments and service routines for the core CPU 104 in the RAM.

. - When the boot-load sequence is.initiated, either the



'duration, t he peripheraT controller 103 initiates a power conservation node

of operation. This node 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 |nterrupt controller 110. The

interrupt initiates execution of rout i ne43 By the core CPU 104 in the

eri pheral contraqlder .1 The .pe r ol ost /

!Dnt eEf ace f@é’vﬁ’%\ﬁ %%S%eff"ggg FP‘ égho‘gf l%/ﬁoqlﬁeaé}%%aig%h’éﬁt ed
to the staﬁawwiSKBcﬁﬂueadap@n@imgcﬂnbheweth&shpthkﬁadKNSWnnntiamedrt
The host i Bher ke 'itdéde?ze%édlpﬁl‘ %%P%g&ﬁ&éét E&ﬁnﬁ@ii 809 dld!Sreset

regl ster for comrunicati ons I nput Regl ster_ Accesses

Before the Nbﬁ&%uﬁ?ﬁ&YQé%E%ﬁ?_dﬁiﬂnﬁé diae RAf d feutBrtE anyaddress)

controllerob@aa uh¢ﬂugﬂga ge 8 tauaféggsigﬁetsugesgsn1ne whet her the
I nput buffer’ |s«

avail able. TheTl} F ﬁ’er &gg P&t gg& %ﬁoé%eé%ﬁéﬁ:ﬁﬁ%ﬂ?’égﬁaﬁfﬁm
port 64 (asaeasgsaithedoRcyate) 850/\ten achtd viatst th@an.gnallva._artdﬁgsamr&xmnBoof
U1 T ag) TEESEa e Aata €9 YO Bl At e FigintcoRy bot ABle e
wite dat aThdst Bdgnapuprepggetes throhghpthephatah %@&tanﬂ Ithre ilai:cl’rmlsz
protocol igith consecutive pulses on the CLKIN signal line -226.

The signal from the latch 842 on the line 854 will be
high and activates the AND gate 870 (the RESET 1line 216 will
also have returned high--inactive) to drive the CPU~-RST signal
line active to hold the core CPU 104 in a reset state during
boot-load.

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 through 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 1line 857 is also selected for propagation onto --
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 '(O-BK) ., and a low on the



wel | known in the art. The input register is witten by the host 102
during any wite port 60 or to port 64 conmmand. Data is witten into this
regi ster even if the mask input buffer flag MBF 270 is set. v%en t he host
102 executes a wite port 60 or to port 64 command, the XCS_ signal Fine
224 and the XIOWNsignal line 264 are actidie as wel | understood in the art.
This in tu e e g r t gna
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si gnal buslfm -ont o the IB[0..7] input register bus 246 (Figure 5).
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the WR60A_ signal line 860 as explained. Thus, the signal on

the RAM-WE_ signal line 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 the boot-
load counter 800 via the BA[0..15] signal line bus 856, and
RAM-WE_ signal 1line 926 corresponds to the signals on the
WR60A_ signal line 860. The RAM-CS1_ signal line 922 .is
active and the RAM-CS2 signal line 928 corresponds 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 provided 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-locad 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 gat§'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



active signal on the INTlI _ signal |ine 430. The I NTlI signal |ine,
which is connected to the core CPU 104 INTl pin well understood in the
art,:causes an interrupt in the core CPU 104. The core CPU 104 then
determ nes what has-caused the interrupt. The core CPU 104 determnes this
by reading the interrupt register fromddw- INT[O..7] interrupt data bus
340. To read the interrupt register, the core CPU 104 executes a read from
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by the coMFTISHREt oBO%%i eh EiORYSt &4+t he select lines 322, 324, and
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The decoder
102 initializes the address in the counter 800 by writing to

port 64 with the high 8 bits of the address followed by a
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 WR64A_ 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
automatically increments the address locations for the RAM as
explained above for downloading data-to the RAM starting ét
address OOOOH.



activates the ADCE signal line 178 once again to allow the

-19- signals on the ADJO..7] signal bus 174 to propagate -tthrrough the core
|/ O buffer 160 onto*the ADP[O..7] core address/data bus 172. The core CPU
104 then reads these signals into its accunulator as well understood in the
art. The control decoder detects thegead from address 8011H to drive
the CLRIBF_ signal line 212 active. As explained, the CLRIBF_ signal line
212 is detected Ppcet #heshpst hagi compdetedcloadingealdpdnfiormdricn sych
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Regi ster AcRB¥seckepresepteg, tnidecisiendpral 93 « and G:t’ten@t&ﬁ Etrqgﬁafnbr

\C/ivi th data ffeégfnbﬁtaoat &Qﬁmﬁbeaaa?alsrsahl eheehghb_t#ﬁ ghat RAM, E&e@wseh%d 0
etermne if_the out er u e.c r.ea
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present enbB8FHAES, Hﬂmﬁﬁnﬂ%ﬁiveegigﬂ@ﬂ|Qﬁn§bﬁeBDﬁﬁﬁa tSHamak elipe 822.

menory spacehdk |Qe@éne® 01Wigh Hi¥nal from the PWR signal line 801
through the latch 834. This high signal propagates through
the latch 838, the latch 842 and the 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) signél 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 O0O0OOOH, as is well known in the art
after a reset to thé core CPU 104 as represented 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.
N : .

The host 102 can also read the RAM 109 in a manner

51m11ar to the writing of the RAM 109 as explained. The

reading regquires that the host 102 execute a read from port 60



core CPU 104 wites to the output 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. This,Ln turn selects propagation of

signals on the ADIN[O..7] signal bus 17% through the output buffer latch

256 onto the %4&1.%* BYLBK! 1689 %zera&@iﬁﬁs?fcﬁ 4 ThBeOUtpsicddd T8F a

decode | ogi C, act| vates i ne” 220 whi ch sets the
ST[0] si gieHite o RATY 69 rﬁ?h%xE%ﬁf-Ug register 124 to indicate that the

out put regitd entérhibt - cgntroi"ge_,;host 102 reads the status register 124
during a read to port 64 S, ex I ne r n ost._ 1 re ves
the contents ofA§ ﬁé‘pé'ta&ﬂf? v%tg f%&yl' gh@t%‘?’ﬁ*ﬁé%r? ‘f°9‘}?é°gif6] fﬁ# is
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signal s ordhe E€By0-104. OUtIBUttﬁéghstl%'éddaé@a@élS eAd QUBre { BRelUtls 7ﬂxo
signal bus 151. The host /O controller 122 also drives the XD CE sjgnal

line 156 AASWIGHNS (3G SiPBhY VALLS §RX §noanfcﬁsr)és[to°n7]°rg¢ 991%I1 8s
152 to prGRRGAIPIPLEE. th@nhessndd@ﬁdd@és 1¥6uwent eohbanpBRoh off]thest

data bus 1SOC}'n*t',roller 103.

The conventional peripheral controller activeély 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
peripheral interrupt occurfed: '

IR.1 = external .mouse interrupt occurred;
IR.2 = keyboara matrix interrupt occurred (a XKey has been
pressed) ;
IR.3 = input buffer full interrupt occurred:
IR.4 = mask/enable IR.O0;
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



whi ch the host can read. The core CPU 104 can al so read the output
regi ster by reading from address | ocation 8010H The read at | ocation
8010H is detected in the control decoder 300 which activates the sel ect
lines 322, 324,326 to select the signals on the OB[0..7] output register
data bus 244 for propagation to the AD[ 6287] signal bus 174. The control
decoder 300 wi then activate the AD OE signal |ine 178 to al

propagat i orf“b‘Fr?ﬂ%HE’F "FhAPE GRYENEFRDIP4 AY & gt teube1749EESEN, °EBtF‘[°(§‘ 71
Cﬁre adﬂressédamat@uénéﬁie or dlshbuus1RegFShptsAGr$msaayaor aﬂ% ofaihd |
the el ght e st gister 124 (Figure 7) are defined as
conventlona*+é %g?éﬁbﬁg ﬁ&gicg% conpati bl &€ conputer. The bits are defined
as foll ows: B| t When dthecorefGRIF 1104 execugesla-réad| 9y wfite to address
buffer ful lléé@ﬂléﬂ‘?b‘kb?b @h& aonti%it agthag fs@o aae%ﬁ;s%mé aa?i‘i%ts@>

Bit 3 = St at us = command) ; = 1nhibit smn ch

Bit 5 = traﬁ‘ﬂ‘?n"’lc’%lr‘ﬁ%t%%tth%@l“%&. $’é1:‘@l/é~’f’?‘ﬁ@%ﬂrt ‘@98" the gommandedsor
(0 = odd, Ja—wﬁilﬂé) the sidh@1CQrE tPRU UEHR I addignal IMhéeasboikhactlialeys

rite to thinadtiveafemrtecin iy Tt a%rasu%é% W SR e o o1

decoder 27(sxtpnaalzt151née2$/s| drivest the 2D eantb@aaetlvée AThd[ 3t ianed
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the 51gnal lines ADIN[4..7] from the ADIN[O0..7] 51gnal bus 176
(the ADIN[O0..7] signal bus 176 will contain sxgnals from the
core CPU 104) through to the IR.4-7 signal lines 524-527 of
the interrupt register sigﬁal bus 340. The signals on the
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), and setting the mask
bits to a low level masks the corresponding interrupt(s).

The IR.6 signal line 526 also serves to provide a signal
on the KB-EN_ signal liné 518, which in conjunction with the
signal on signal line 408 is combined in the AND gate. 357 to
activate all keyboard columns. If the inﬁerrupt from the
keyboard is masked (FR.6 signal line 526 is low), 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 ﬁardware. The

FR.0 signal 1line 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



-21- 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 comrand. When the core
CPU 104 wites to address 8010H, -the output buffer decode |ogic 254 detects
this address and drives the WROB signal +2¢e 220 active, which is detected
by the status bit logic 282 which in turn drives the ST[0] signal |ine 285
active (theColIputsigddlerlinél 2Rbag i‘mlsajgna\helfrbhe 'lih!stlaﬁehem&mtﬂseﬁ

d f /
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/O control ﬁéﬁ%ﬁr ﬁel‘ieg&n{f i%ﬁ g’ﬁ%@??ﬁ Oélig?l &5 a%B? Bﬁ?
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212. The sta¢tsveit TREEE 28HedeygChetiVie @RbhVE RbELBF érsgﬁbﬂdmae&ﬂﬁcénd
the ST[1] line 214 goes_ inactive_(the input buffer full fI Is ¢l eared),
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60 or to pootr &4buttdd oaf thet mdue Sielpressed, as is well known in the
art. ' When both the MDATA_ signal line 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 pulse 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 kéyboard 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
signél line 526 is high), the signal from the 1latch 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 1line 214 from the status register 124 goes



of the host address bit two, (the XA2 signal |ine 200) during the |ast
wite port 60 or wite port 64 conmand. 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. - When the host 102 wites to the input
register through a wite to port 60 or ffyport 64, the host 1/0O control 122
-22- drives the HAR signal line 202 active. This gates the XA2 signal

line 200 t Qeeye. th@{;s_t strtnajbs&ghaq' 3 ih882804t G st RetSvhekdaswhens thid hdsnal
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to the input register and the ST[1} signal line 214 is
activated, the IR.3 signal 1line 536 is activated unless
interrupt 3 is masked. -

Accordingly, the status of each interrupt bit ié
represented on the INT[0..7]) interrupt register data bus 340
which is read at location 8040H by the core CPU 104.

The IR.0 signal line 530, the IR.1 signal line 532, the
IR.2 signal line 534 and the IR.3 signal line 536 are combined
in the OR gate 494 to provide a signal on the INT1_ 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 becomes active,
then the INT1l_ 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 clock pulse on the CLKIN signal



The peripheral controller of the present invention includes an external
random access nenory (RAM . The present enbodi nent includes 16K of . (RAM.
This external RAMis | oaded with program code for the core CPU 104
operations. The RAMrepl aces the conventional read only nmenory (ROM -sa
that control routines for different peripheral devices can be inplenented.
Upon a power-up reset or a software reset initiated by an access by the
core CPU l(Mirie 22i6ir ehicholdattichies8G3ve £ ignal yfrappeter gatie a8 eslrough
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(Figure 12) address count
selects the signal lines connected to the 'D' input to the

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, responding 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 propaQation 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 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 bit 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 RAM for the core CPU 104.



by the active RESET signal |ine 216 and out puts an address 0000H on the
BA[ 0..15] address |ine bus 856. The active REBOOT |ine 314 or the
active RESET |ine 216 causes the OR gate 850 to activate the signal |ine
852 and to reset the latch 834 to produce a |ow signal on the |ine 836.

Thi s signal propagates through the latch3®38 and the latch 842 with
consecutive pulses on the CLKIN signal line 226. - The signal fromthe
| at ch 842 on theThengesil hy| Ithse Gpyh ARV at04vateslocat idiD GMOHB7alEbhe
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on the 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.
ane 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 sigﬁal lines and
thus consunes ébwer. In a laptop computer, the use 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



-24- RAM CS2 928 signal |ine selects the upper bank of RAM (8K- 16K).

The I ow on the signal line 917 al so propagates through the OR gate 910
resulting in an active RAMCS1_ signal |line 922 which selects the first
16K of RAM as active..The active signal on the RAM CSl1- signal |ine 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 VE 'signal |ine 926. The .
signal on tigs€+gBfiohl Ne 918 corresponds to the signal on the WRG0A signal

| i ne 860 as -expl ained. -Thus, the signal, on the RAMVWE signpal |ine 926
corresponds to tHR dhmaPréseite 9R89 imenk, | the nkeyhransdt | fgrprdses a
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- control decoder 300, which drives 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[0..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 gate 357 if the KB~
EN_ signal line 518 is also active (the keyboard interrupt is
enabled, as previously explained). This drives the 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 ali columns are
active, as explained, at-least one of these row signal lines )
391-398 will be pulled 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 1line 408 1is also low as explained.
Accofdingly, the AND gate 352 then generates an active signal



the host results in an active signal on the WR60_ signal Line~229, as
previously explained. During boot-load the signal |ine 836 fromthe |atch
834 is also | ow, as expl ained, which allows propagation of the signal on

the WR60_ sig
860. The

RAM VIE_ si gbal thiehanpab.

pul se on th
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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 activéte the
KBBS_ signal line 310). The KBBS_ signal line 310 is combined
with the ALE signal line 262 in the AND gate 356, which

- results in a signal which latches the address 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[0..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[O..?]'
keyboard rows data bus 330 for propagation through the bus
muitiplex 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



the RAM as represented in the action block 1000 and the deci sion bl ock
1002 .of- .Fi gure 14. Thus, the host 102 nust al so down-load the routines
to the correct address |ocations. To acconplish this, the host 102
initializes the address in. ¥he counter 800 by witing to port 64 with t he
high 8 bits of the address followed by asyrite to port 64 with the low 8
bits of the address, as represented in action bl ocks 1004 and 1006,
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instruction by the core CPU 104. The instruction used is a
MOVX A, @RI or a MOVX A, @DPTR (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 rows in the respective
column has a key pressed. '

This memory mapped, interrupt driven keyboard scanner
configuration is more efficient than conventional multiple
chip, active séanning 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 periphefal
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 protected mode operation, this
signaf 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 a20

= signal provided from an Intel 8042 or 8742 integrated circuit
is controlled by a Write Output Port (WOP) command from the
80x86 host microprocessor (i.e., a write to port 64 with a D1



- 26- Once the host has conpleted |oading all information such as the
I nterrupt vectors program and | ook-up tables into the RAM represented in
deci si on bl ock 1002, and the other program segnents at various addresses
t hroughout the RAM represented in decision blocks 1010 and 1012, the host
102 term nates the downl oad by executingag-Sead port 64 comrand, as
represented in action block 1014. The read from port 64 during boot | oad
results in hexadetimasi gh&b:)OWaﬂlm,R%aAgwm ai iwEl 32 2o Tihost | 60 cledtha
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1004, operation, and is therefore, not used to control the gate A20
signal line. This requires that POP commands, when second
least significant bit is a 0, be prevented . from controlling
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 the 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 sedquences.

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[0..7] 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
632 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]



or 1014 fromeither a standard reset or a reboot. For instance, the host
may change a single routine anywhere in the RAM 109, or any piece of

i nformation | ocated in the RAM 109. The host 102 can also read the
RAM 109 in a manner simlar to the witing of the RAM 109 as expl ai ned.
The reading requires that the host 102 eR@cute a read fromport 60

-27- in acLivu%f bl ock 1000 or ,activity block 1008, instead of a wite to

port 60 as Shgiad nktne 1682 | 4Echighe Ehehr Shee CATEAZ\Signahj hiae a688eis
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The TI input is a connected to the GATEA20 signal line 692

which is, therefore, fed-back through the latch 662 on
subsequent pulses on the CLKIN signal line 226. .Thus, the
signal on the GATEA20 signal line 692 remains unchanged until
the 'D' input is again selected with the WOP command sequence
discussed.

As explained, well written software executes a NOP (a
write to port 64 with FF hex). The decoder 660 detects the
NOP, if it followed the write to port 60 with data just
detected by the decoder, and activates.the NOP-CMD signal line
674. This is also masked from the core CPU 104. '

As explained, the gate A20 bypass controller 650 also
detects the POP command and prevents it form controlling 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 line 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 cohventional 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
séquence described above, except the restart signal is
controlled by the least significant bit of the data included



i nvention provides an interrupt controller which uses signals fromthe
various peripherals and fromthe host 102 to generate a single inferrupt
for the core CPU 104 to activate the core CPU 104 fromthe | ow power node.
The individual interrupts fromthe variqyus devices are read by the

m crocontrol l er core CPU 104 fromthe | 0..7] interrupt register data bus
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signal line 680 to the signal line 690. If the XDIN[O] signal

) line 680 is low, then the AND gate 696 drives the RESTART_
signal line 692 active. The low signal on signal line 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 activeafor one clock cycle. Once the Dl-
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 through the
latch. 664 on subsequent pulses on the CLKIN signal line 226.
Thus, the signal on the signal line 690 remains unchanged
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[O0]) 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, refgrenced 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
frém_executihg these commands. 1f the decoder 660 activates



i nterrupting devices. When the core CPU 104 executes a read or wite
to address | ocation 8040H, the control decoder 300 detects this address and
activates the INTR signal line 320. When the conmand is a wite, the signal-
on the UCWR_ signal line 255 is- active. "The active signals on the INTR_
signal line 320 and the UCWR signal |ine 255 drives the AND gate 49D
active. The active: SI gnal fromthe AND &z?te 490 in turn latches the signals

fromthe I o] the 71..signal bus 176 (the
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both the UCLK signal |ine 498 and the UDATA_ signal |ine 496 are active and
interrupt O is enabled (the IR 4 signat line 524 is high). The UCLK signal
line 498 and the UDATA signal line 496 are both active when a peripheral
devi ce connected to the corresponding serial port is activated, as well
known in the art. Once these signal |ines 496 and 498 go active, the AND
gate 484 is activated, and the active signal fromthe AND gate



484 propagates through the latch 460 on the next pul se of the
-29- CLKIN signal line 226. The. signal fromthe |atch 456 then ..
propagates to the register 472 and propagates to the IR 0 signal |ine 530

if the signal on the IR 4 signal |ine 524 is high (ipterrupt—0—s—enabted)
wi th the next pulse on the CLKIN signal |I%§ 220. Thu
peri pheral connected to the serial port correspondl ngﬂlmmlﬂmmms“lmal
line 498 andyiijRe YRAEAATMERAkS:i ne 496 requests a data*transfem the*lR
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signal |ine rrven actrve unless interrupt 0 i s masked. Thé
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Thus, when tdemppistngs activated, the IR 1 signal - line 532 is driven

active.unless the 'nterr%%ot indicator which provides an active signal
when said RAM is receiving said down-loaded instructions
from said host;
a microprocessor reset indicator to maintain said
core microprocessor in a reset state while said RaM
receives said down-loaded instructions from said host:
an address counter having outputs to provide
addressing for said RAM; and
means for receiving data from said host and for
transferring said data to said RAM at an address location
selected by said counter. '
2. The peripheral controller of Claim 1, further
comprising a RAM controller, said RAM controller responsive to
said boot indicator to select under host control a selected
address or set of addreses, a first set or a second set of
data, and control inputs for transmission to a set of RAM
data, RAM address, and RAM control inputs connected to said
RAM, and said RAM controller also receiving data from said RAM
for transmission to said host.

3. The peripheral controller of Claim 2, wherein said
RAM control inputs comprise:

. a RAM write enable signal:

a RAM output enable signal; and

at’ least one RAM chip select signal to activate .
selected portions of said RAM. ' )

_ 4. A peripheral controller for use with a host IBM-AT
compatible computer system, said peripheral controller having
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I s masked. The interrupt 2 signal line 534 is driven active when the
ANYR_ signal line 406 is active. The ANYR_ si gnal-line—4066—s—activated
when a kéy is pressed on the keyboard as will be e pect to
t-he keyboard scanner 108. Wen the ANYR_ signal El!‘mmﬁgm mnn e, the
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the CLKIN signal line 226. If interrupt 2 is enabl ed (the IR 6 signal line
igg is hhgh)cofbe nigpraprbressiore bapabl¢560ﬁropagguﬁian(iﬁﬂ###@ﬁlegsster
on t pyls Ialsb=)X 6 t &>
io%%igd \%h % ¥4 é)ﬁk%é\éé rg f‘ﬁAﬁ? galie Ha r?ff%34 | }

i ne 534. enever ress occur the' (R 2 si gnal
driven acktpvere@eive |¢\Q‘é¥l'r%|9§d§dl sipgtxugtions  fgrem ?ru‘ﬂ)‘?s ' i SRR

line 536 ?ériﬁhbﬁ&efbdﬁi'@&ii\ér%hhha?dwluhe ntu&&zfdnﬂn dfe theat INTEL

register act LV TTe
ST[1] si gﬁ&l“zl oFe 8742 | senies, ofcdnhsgTatcd ffb’s,’chFfesst‘dt lf’rﬁ?tb?ra
regi ster, céﬁt&bi!bwﬁoynﬁﬁlﬁﬁi ed ~The signal on the ST 1] Si gnal line 214

propagates through th tch lsgnal 226.
If interrupt 3 is eﬁaa?%‘glt I‘ﬁ'f]%% §§§0 EEE Qlf’%é'%%t hSigﬂgl
fromthe | at chwhesh padﬂagAMeast trecaghmlgesnegl QP&m-A@@ dﬂﬁﬁﬂ%ﬁé@napt 3

signal |ine 53 th Hye ;s pul se on the CLKIN signal line 226. Thus,
when t he host ?Eymvvrl tltae

a RAM controller, said RAM controller responsive to
said boot indicator to select a first set or E.second set
of data, address, and control inputs for transmission to
a set of RAM data, RAM address, and RAM control inputs
connected to said RAM

a microprocessor reset indicator to maintain said
core microprocessor in a . reset state while said RAM
receives said down-loaded instructions from said host;
and _

an address counter to provide addressing for said
RAM.

5. The -peripheral controller of Claim 4, wherein said
RAM control inputs comprise:
a RAM write enable signal;
a RAM output enable signal: and
at least one RAM chip select signal to activate
selected portlons of said RAM.

6. A method of downloadlng instructions to a random
access memory (RAM) in a peripheral controller for use with a
host IBM-AT compatible computer system having an Industry
Standard Architecture (ISA) data bus, said RaM having a
plurality of .addressable storage locations, said peripheral
controller having a core microprocessor capable of executing’

. said down-loaded instructions located in said RAM, said
peripheral controller alsc having a RAM controller for
selecting a plurality of potential inputs to said RAM for
transmission to said RAM, said peripheral controller emulatingz
the functions of the INTEL 8042 or 8742 series of integrated

This Sheet Has Been Replaced .




to the input register and the ST[1] signal line 214 is activated, the IR 3

signal line 536 is activated unless interrupt 3 is nas

Accordingly, the status of each interrupt bit is repr gﬁmHmj!lwﬂluw
INT[O..7] interrupt register data bus 340 which is reads OH
by the core CPU 104. The IR 0 signat42+ne 530, the IR 1 signal Ilne

532, the IR 2 su}gg: line.534 and the IR 3 signal |ine 536 are conbined in
the OR gat e AFF%5r, FAYf BEYh FORRF iHidng \ire stepmIofine 430. The INTI

S|hgnal) I :c neh430 is Commlfalﬂir@hg%agrébg ddihter iﬂagﬁlziaig Uultfi:ut‘l};& @&tq!d .
shown) of the migr er. £o s is nown in the ar
any one of the |(r21>tg.'&)qﬁz OPs’T 4’ f%‘fglh‘égfms%ﬁe%sa becones acti ve,
then the I NTlI_ signal dqtnlevaﬁm<3 8 hoot viridicatolr g&rmmmvdrdém'aﬂ aglivieor
the microcontrol kg d5¥1%5T§%184 eri hefa3n ddifk éf°w§é8”é¥' Q%gu ;

t, e, 1 t haft ed

receives the interrup resu S active no
mode. The core GPG%G’A—%@;@%M'H@M dinstemctions feomraesd hbet:

interrupt. To det er @cte vt s Q'? QeViniérB $08888b3! eHleskie iﬂ&?&ﬁ‘t‘ﬂr tBhe
m crocontrol ler _cqre .CPU_ .10 reads e interrupt register (1.e

executes a read P8R &F&f%ﬁ?%l%ﬁc¥%p¥ﬂﬁe§§8¥e§§ &s Jieffdd ‘F%nfih‘élon
interrupt registwhileWsaid hRAmorxec@iUebOélsﬁmcub%-ubadb@adlﬁﬁtﬁﬁéﬁﬁonﬁshe
control decoder %gmdggq t ty s address and activates the INTR_ signal

i ne 320. The | Si gna %°d 320 is conbined with the UCRD si gnal line
257 in the AND gate 488190\1“@@ BofhrstesetsofnimputsetoB2ranguigsioar o
active, the AND ggi@ #@&®; s activated, and the signal fromthe AND gate 488

pr opagat es through the AND %ate 492 on a clock pulse on the CLKIN signal
executing write 1nstructlons from the host to said

peripheral controller, said write instructions providing
said down-loaded instructions for said RAM:
" automatically incrementing said address counter to
address additional storage locations in said RAM; and
activating a download terminated indicator upon
completion of down-loading operations.
7. The method of Claim 1, wherein said selecting a
first set of inputs comprises the steps of:
selecting signals on said host data bus for
transmission to said RAM; , '
selecting signals on said outputs from said counter
for transmission to said RAM address lines; and
selecting a first set of control signals for
transmission to said RAM.
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-31- line 226 which | atches the signal fromthe gate 488 through the |latch
462 to the AND gate 492. When the AND gate 492 is active, the inverter 480

provi des the signal to select the signals connected on the IR 0-7 interrupt
signal lines 524-527 and 530-536 for propagation through the tatch 476 onto
the INT[O..7] interrupt register data bus 340. The first pulse on the CLKIN
signal line 226 will latch these signal_ggto the INT[O0..7] interrupt

regi ster data bus. Wien the signal fromthe inverter 480 returns inactive,

one clock cycle | MBIHOD RND SHRHATUS\FOR PROVIDINES DOMMECOEDEDO the ' D

out 1S connedt B eh el IR MEH et Grnfeh ColimontR (s

the signals on this bus 340 @iy fiom at ch on subsequent

| th | ‘ djzaal. L%
55, 2 . AR Sl ol 9SS S e

core CPU 1Rther infigmabien ko @ rardpisoml qoiairb gy t 93k faansg in
| ocation 8%9H:nah§ﬁryctslt&a;a%$:dt h&cﬁﬁt@dtdréﬁeﬁ@)? c3ﬁgat§3§et eorpléer t he

signal s on |nterru =T |ster bus f.or atlon

t hrough t he %ﬁ% rﬁﬁ[‘?‘(’p‘ﬁi ?(ﬁ:}f%t 3{’ ﬂﬂ%(f ?{-5 ‘gijf

control dechSercdiiiat ikeks auliputdro (Lo )r EQdaﬁ rmnwd%c@ésmam E(M)t he
AD CE signa e o] o] gnal bus
172 to propiat b phESsEiaa, By Pths dRan e, Prbbhptued é%oséo

addr ess/ dateepirharal \poubrebherc(303) thencexecubesltheger tlr(sttm;ﬁmxms
Once  the o@s Gemédhte 1Me PaActibfis bffeéﬁéhﬁﬂonam 1iier) HohS afla 8742

i nterrupt rqgrster data bus_ 340, i1t can check
ies integrated circuits. The perlpheral controller (103)

also provides other features not provided by the conventional

8042 or 8742 by executing other downloaded instructions
located in the RAM. '

SCJ-1421
1101921
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informetion to determ ne which bit 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 correspondi ng device needs to transfer data. The core
‘CPU 104 then executes a respective service routine to carry out
comuni cations with the device or devigcgsy 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 RAM
for the core CPU 104. ' - 32- The
read by the core CPU 104 at |ocation 8040H also clears the interrupt
regi ster. The active signal fromthe AND gate 474 which resulted fromthe
core CPU 104 read at | ocation 8040H propagates via signal line 540 to each
of the registers 466, 468,470 472 and the _aciive signal clears these
regi sters. An active sign RESE:{__éiﬁnal line; 216 al so clears
these registers. Accordin IR R3S gll |ines 530, 532, 534.and
536, respectively, return ctive|staesdnd the.INT1_ signal .line
430 al so goes inactive. Thel d Scanrem- >1 The keyboard scanper of
the present invention diffe t he cq ﬁtﬁc nal keyboard scanner in an
| BM AT con‘p@i bl e system venti gualo.syqtem a separate integrated
N .
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circuit continually scans the colums of a keyboard, and when a keypress is
detected, the rows are individually read -- the scanner activates one
colum -and reads one row at atine to deternmine if a key has been pressed.
Mor eover, the scanner constantly nonitors the keyboard to detect any
keypresses. Once the scanner. determ n2g18hi ch key has been pressed, the
scanner interprets the |ocation of the key (or keys) that has (have) been
pressed i mgo a scan code by. the host 102, as is well understood in the art.
A common KEyboard-scanher is the I NTEL 8049. A conventhgpal peri pher al
controller,\such as an I NTEL 8042 or 8742, acti y polls the:keyboard~
scanner perﬁﬁqically to obtaﬁﬂ t he scan codes gerferated by t& keyboard
scanner. Thi s ‘scanni ng and pdiIH T n activ ocess whi c® conti nuggsly

changes the signal |evels on gn@lad i fes and t consunes @bmer. B a

| apt op co ter, the use_of | twn ijnt egr at ircuits, operating i a
constant|yftrTve noge, ¢onsumgs 3£%§: ower tha®d s desirabl g. The
present inv 1ngﬂ.an y s¢afis t he qxbo rd when the core CPU 104_\£ec ives
an int errug. <fmc@ he! keybpard adndijcati ng that .a key &as been ¢y esped.
Moreover, the,,sEdgning {s]carLi h in a nore_efficiwsM|mnner ch
al | ows the cpre o reafl an entire colum with %he
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instruction. In the present enbodi ment, the keyboard conprises a
switch matrix with fifteen colums and eight rows, as depicted in part in
Figure 10. The matri x colums are mapped into the external data nenory
space of the core CPU 104 The matrix activation address is 8000H to
activate all colums in the matrix, he keyboard col utms can be

i ndividually activated when the core 104 reads from addresses

8001H 800FH. — A read by the core CPU 104 from 8000H is detected in the
control decod®r 300, which drives the KBBS_ signak |ine 310 active. Wien

t he 8000H addeess is placed on the-MA[O..15] addrgss bus, the core CPU 104
pul ses the AGETsignaI line 262. The active ALE sighal line, 262 and the
active KBBS sfignal |ine 310 drives the AND gate 6 active which |atches
the signals o the MA[O..4] address |ines 411-414|through the |atch 346
onto the sigpgl lines 424-426 to the decoder 348. |The address to the
decoder 148 wjl| be OH, which activates the sigﬁ@ |ine 408. This activates
the AND gate™357 if the KB- EN_signal line 518 N al so active (the
keyboard inteqrupt is enabled, as previously expl\g
Signa| | i N (e nfi\/eﬁmhir-h diiays t he out 8
active. HisNin turn, pulls all the colums\|n %h
(Figure 10y low. This |eaves the keyboard mat\| x 499 colums in a state]to

generate anf interrupt anytine a kg}
RONO. .7

keyboard s¢ ted
: ngnal-lfnés 391-3é8

rectly to
seen i n Flpn

391-398 i t{ve | ow.
are conbi a key i sed and all columms are
active, as™ S%| t hese rov ynal |ines 391-398 will
be pulled I\gw. r \lrore si gna i\nes 391-398 generates a
hi gh on th§_§iq_§l line 399 fro e OR gate 34p ich is inverted to a
| ow si gnal rla:y irn;verter g@ % ~ &
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360. 'The signal line 408 is also | ow as explained. Accordingly, the AND
gate 352 then generates an active signal-

- 34- on the ANYR signal |ine 406 which the interrupt controller 100 uses
to provide an interrupt to the core CPU 104, as previously explained. =~ -
Once the core CPU 104 is interrupted an(} determnes that the keyboard has
generated the interrupt, as expl ained, fl 3executes a keyboard service
routine. In-the service routine, the core CPU 104 begi ns scanning the
keyboard col ums by readi ng addresses 8001H 800FH until the key which has
been pressed is found. When the microcontroller core CPU 104 reads
froman address in the 80@lH 800FH range, the KBBS si gnal -line 310 is
activated by the control decoder 300 which detects any ai t hese, addr esses
(it detects addresses 800sH to activate the KBBS_ signals :l i ne ®10). The
KBBS_ signal .line 310 is ‘&@nbined with the ALE signal ,|f 262| n the AND
gate 356, which results i®& a signal which | atches the address®n the.

MA[0..3] signaylines 411-414 fromthe MAJO. .15] signal|bus 284 through
the Iatch 346, ':\‘as previougly explained. The S|gnals frypjtheg ftch 346 are
provided to theg de codera§8 A single colum is activalep beRalise only one
signal |ine 40%3 i's ivated by the decoder 348, coffespofifing to the
address 8001H 80®FH, and \] ' o
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only one OR gate 370-384 is driven active to activate one colum in the
swtch matrix 499. The core CPU 104 then drives the UCRD_ signal |ine
257 active which conbines 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 | atches the signals on the KBD- RONO..7] bus 400 through the

| atch 344 onto the KBR 0.. 7] keyboardﬁ%ﬂ@signal bus 330. These signal s
represent the logic |evel of every rowin the columm activated./ / The
control decoder 300 will also activate the appropriate sel ect iéés 322,
324, 326 to select the KBR[O. .7] keyboard rows data bus 33@ for
propagati on through the bus nultiplex logic 304 onto the ADO..7] signal
bus 174. The control de

\Qﬂiscrb\é,l“ It :ﬁ'ﬂdﬁl&pu{m core 1/

r wll also ac'? te the AD CE si line 178,
opagation of th gnals on th @T[EU.W'P'

buf fer 1go—e—the .
-35- AD P[0..7] core addresg/data bus|172ApgHprlevi ously gxpl ained for a
LeadBE%c!e Fy thfhcore CEU OfpINT2 lfDnotﬁéﬂgal o tie fB?[g..?L si gha
us is |ow, en no key n e%ég%—%gﬁ1va ed has bheen
pressed. The core CPU 104 t lﬁia re at XMé adqress | ocation of
determne 11 a key in the cd Ipact ?%m%i%“ﬂ 51 e4sea”The core cru
104 proceeds to activate 03 Q3 i:%s] ) :
D4  Q4}—=t1 )
CR G
RESET_- 276 j.
MA[0..15]—=Z64
2454 |DECODE
UCWR_——=—1 LocIC
CLKIN. <228 579
HWR 202 ST[3]
RESET_ /ZZ dcr
CLKIN - - >CLK
SIBF _ 270 ST[1]
CLR IBF’ 272 280 274
RESET_ /Z;Zc CR
CLKIN £Z26 Lk
- sT{0]
WROB.- 220 o [0]
RD60 222 2= 285
RESET_ /*”Ze CR
CLKIN 226 Leoik

FIG. 7



ofie colum at a tine, read all rows in the colum, and activate the next
colum, until the key pressed is |ocated. Each read of an entire
colum of rows is executed in one instruction by the core CPU 104. The
instruction used is a MWX A, @l -or a MOVX A, @PTR (well known in the
art) where R or DPTR holds the col um agddfess and A is the accumul ator- of
the core CPU 104. Wen the core CPU 104 executes this command, the signals
on the KBR[0..7] keyboard rows data bus 330 will be read into the

accurul ator of the core CPU 104 for processing to deternine,if one of the
rows in the respeglive ‘colum has a key pressed. ry mapped,
interrupt.driven keyboard scanner configuration is qe— |ff ent than
conventional mul t&hie chip, active scanning conflgurgfhams:sand requires

| ess core CPU 104Sprocessing time and consunes |es pngéfnﬁﬁéﬁ the .
conventional configurations. Gate A20 Bypass Contro fThe gate A20
signal froma conyentional peripheral controller ifs useﬂ ontrol .
address line 20 fqgom an 80x86 m croprocessor as is i
art. During real

72

de operations, the signal maskg [sl S
20 fron1propagaﬁ§ g. During protected node opergi' ~ signal is
hi gh, and therefwie, allows propagation of the sign MY ss line 20.
The Gate A20 signg@l is also high upon power-up of \j o} Under
t he conventional inplenentation, the gate A20 signg ov|i ded fron1an I nt el
8042 or 8742 i ¥ fostmenet a e t Port (WOP)
comand from the B0x86 host nicrdﬁrocessor (i.e.,] g te port 64 with a
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-36- -hexidecimal (hex) value, followed by a wite to port 60 with data, as
is well understood in the art). The value of the gate A20 signal is
controlled by the second | east significant bit of the data included wth
the wite to port 60 as is well understood in the art. Properly
witten software i ssues a. no operation ) command foll ow ng the WOP
command and then begins polling the perlé ral controller status register
to determ ne when the NOP has been accepted, which indicates that the WOP
operation is conplete as is well understood in the art. The val ue 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 value), but this results in

unpr edi ct abl e—eperation, and is therefore, not used to control the gate A20
signal line. "This reqTires t hat, POP commands, when second | east
significant 2 is a & be prev fromcontrolljn A20 Si éal
According to e presépt i nventi i i A
controlled b ardwar et | nst ead gé

har dwar e detedts and ijntercepts i Fy
control the gdte t hr ™ |
bypass controlll er s the h ia
conmmand sequerces nt
conmand se®yiences. e [deco
(wite to Pory 64 Wi qﬁ §§ 5 : e
D1- CVD signal {line 6 h 5 AN S S
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w-ite to port 60 (a wite to the input register with data on the XD N O.. 7]
signal line bus 154) by the host 102 followng the wite to port 64 just
detected, the decoder activates the D1-DATA signal |ine 678. The active

D1- DATA signal line 678 selects the "D input to the latch 662 which is
connected to the XDIN 1] signal I|ne 682 gthe second | east significant bit
on the XDIN 0..7] signal bus 154). & XDI N[ 1] signal line 682 is |ow,

t hen the GATEA20 signal |ine 688 |s drlven Iom1on the next pulse on_the
CLKIN signal line 226. If the XD N 1]

-37- signal ling 682 is hlgh then t he '‘GATEA20 signal line 688 is " ven

hi gh on t he nextwpul se ®n gnal |ine 226. The signal «on the
GATEA20 signal |ftne 688|re 5 unchang¢d until the host 102 execuﬂdg

anot her W£Rhconnand segienge ¥ 8ged signal level on the X 1]
signal |in&682. This r€su e D1- DATA signal line 678 only

D1- DATA signal 'l ine 678 goes .
I —the |atch 662. The Tl input is a

al 1ine”Z692 which is, thérefore, fed-back
$dquient mﬂieq on the CIKIN signal |ire 226,
Thus, the signal on the 0 signal kine 692 remains unchanged untill the
"D input is again selef ifth the WOP command sequence di scussed.
As expl ained, well witjen|sofftware exegutes a NOP (a

active forYone clock c
i nactive, thNs selectsg
connected to Xhe GAT

t hrough the | atch 662
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wite to port 64 with FF hex). The decoder 660 detects the NOP, if it _
followed the wite to port 60 with data just detected by the decoder, and.
activates the NOP-CVMD signal line 674. This is also masked fromthe core
CPU 104. As expl ai ned, the gate-A20 bypass controller 650 al so detects
t he POP command and prevents it formcontro I|ng t he GATEA20 signal |ine
688. The decoder 660 detects a POP co d¥rom the host 102 (awite to
port 64 with Fx hex) when the second | east~significant bit of the data is a
0, and activates the PQR-CMD signal line 67 to prevent further execution

of this comzhd by the™core:CPU 104 as expl ai ned herei n. The restart
ive low signal in the

si gnal , melﬂfunderstoodbln the art, is an
conventlonahnde5|gn agd activates a CPU npeset to the 80x86 mi croprogessor.
Thi s S|gnal IS I nactTve on power-up. Ll.The restart signal is =

ed by the POP conmmand. The val ue of the restagt
the least significant bit of the signal t he host

conventi onal QZ:ont ol
signal is co tN@Iléé

data bus. restart gignal is also controlled by the WGP comma quence
described oYe, excepj the restart signal is controlled by the |eas{".
significanf/ prt of dat a i ncl uded
-38- withedhe wi Ho—port 60 executed by the host 102 AEpor ing to
t he present® n%gnt cn, the decoder 660 )
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detects the WOP command sequence as descri bed above, and when the decoder
activates the D1-DATA signal line 678, this activates the 'D input from
the latch 664. The 'D input is connected to the |least significant bit, the
XDL.N[ Q] signal line 680, of the XDINO..7] signal bus 154. The next pul se
on the CLKIN signal line 226 |latches th® &3 gnal on the XDIN 0] signal line
680 to the signal line 690. |If the XDIN O] signal line 680 is |ow, then
the AND gate 696 drives théBRESTART signal line 692 actfye. The |ow |
signal on signal line 690 remains |ow until another WOP eonmand with a:htbh
on the XD ] signal line&80. This resul t g$sbecause the, D1- DATA 5|g

line is onlRactive for onégtl ock cycle. Onad the Di- JA signal g?2%78
goes inactigb, this select®the Tl input to tfe latc which is

| &n the line 690 is
$ pul ses ®n"tlhe CLKIN si grjal
unchanged unti
J as expla&}é@
upon a ommand f reyp®pe
der detect\d {pe
iflvates the FX- RST

connected td, the signal ling 690. The sig
fed-back thrdugh the |atch. {664 on subseq
line 226. Thus, the sigpal ¢n the signal
the "D input is again | e¢ted with a
The RESTART_ signal 1in® 69p is also acti
host 102 when the XDIN O] signal line 680 i W.
POP command when the XDIN O] signal line 602 |o :
signal line 676. Wen the decoder 660 act‘Varesgﬁ ‘FX- RST signal ling 6/6,
connected to the pul se genefator 666 trigger |nput,Athe pul se generatgr £66
produces an for a predgtermdAed dur@t]on) referenced{to
the CLKIN sidghal line 226, o the signalyLlipe 694 C nnéglﬁd to the PULSED
out put of thQ nerat or 666. {The pul se M the signal |[nef694 causes the
AND gate 692 activate, th¢ RESTART_ signplaline &92{fof a duration

determ ned by ége pul se genefjator 666 whi Ihitrates a re¢set in the hosg
102. Bec e these opEr 4tion are con ed by hardware 1 n the|gate
A20 bypass controlcher ﬁSO ot e core CPUQ%O4 ed
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from executing these commands. If the.decoder 660 act.i.vat es

-39- any of the POP-CM signal
NOP- CVD signal |ine 674,
in the OR gate 668,
M BF si gnal

line 670,

then the OR gate 668
line 270. The M BF si gnal

or the D1-DATA signal

t he D1- CMD si gnal

preduces an active signal on the

Ifhe”67é:-fﬁéﬂnun.”
line 678, which are conbi ned

~prevents the input buffer flag in the
to port 60 or to port 64 by the host 102. Accordingly,

during a wit
i nterrupt cont

104. Thereforeggthe .cqre

iigfa§7?ég?:t2;eviously expl ai ned,

124 from bei ng set

t he

| ler 110 dogs not generate an interrupt for the core CPU

104 does not

read the input

regi ster and

I gnores these bsm"rands.'\ ™~ N | J 40
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1. A peripheral controller for use with a host | BM AT conpati bl e
conputer system. said peripheral controller having a core m croprocessor
sai d peripheral controller performng input and output functions for said

host, said peripheral controller conprising: -~ .a random access
menory (RAM coupled to said core12/13 mcroprocessor, said RAM ’
configured such that instructions |ocated in : sai d RAM are accessible

for execution by said cq m croprocessor, said \gured to '
recei ve down-| oaded ins{ru om $ai d host] g r boot
i ndi cat or which provide fgsétf ﬁ%&&f S reQ@vi ng
sai d down-| oaded instruct I d host erf address
counter havi o] ts coupl ed 'g,.FmWA?o pr ovi de J adﬂ(e%gii’ng for
said RAM /)‘%jbﬁ# means—for—receryi ng sfid down-|l dJaded instructions
from sai d_hPs-t____... NRYEF BRNSMI [g—saldl down-dlogdgqd instructions to
said RAM at}] an hddr ess | ocation kel ect gd by sai d]agdress counter;
and : a mcroprocegsor reset indiftator couplleq to said core
m croproces:or, sai d nmicroprocgssor reset ind|cator resgorsive to Said boot
indicator tp maintain said cope~yicroprgocessof |in a resdgt |state while said
RAM recei vegs said dowl oaged _i ns . 2. The peripheral
controller ! ¢her H@NVEai o recei ving qonpri ses a RAM
controller haV| ng first and segong-Set s of adfrless inputls,| first and second
sets of data inputs, RAM addrs gut puts coupj gd to addfegs inputs to said
RAM and RAM data outputs coupl ed?do da{% nputls to said M said RAM

q

control |l er responsive 1Q u i ndi sel ect- yinder host control
the first or the secon TpU flor transivli sion to said RAM
address oJiputs and T4g contrgl the fji or the second
set of datfa i nputs forl 2 > sai d RAN/I data outpyits, and said RAM

control |l erf al so receiving dat from sai QO%MfOr transm s$ion to said host.

WRITE 64, ADOKL

l 1008
_ ~
N ADDR e 60 CODE
(READ 60, CODE)

R

7072

1074
READ 64, &¥ [

et

| 4’ 7076 .
(o mj | FIG. 14




41 3.  The peripheral controller of claim2, wherein said RAM

control inputs conprise: a RAMwite enable signal;
~a RAM out put enabl e signal; and at | east one RAM chip sel ect
-~ signal to activate selected portions of said RAM 4, . The

- peripheral controller of claim3, wheygjy;said address counter is

i npl emented in hardware to provi de addresses for accessing consecutive

- menory locations in&aid RAM - - b.  The peripheral controller of
claim4, wherein sai® address counter&d s i npl enented as an i.ntegrated _
circuit V\/ni&h provi qgs addr esses for sccessing consecutive nenor Y.l Ocati ons

in said RAND <6 The peripH€ral controller of claim3, Sherein

sai d down- | ¢aded i n&fructi ons conpri s instructions whi ch nodify=functions

previ ously igpl enent Ed by instruck{‘on stored in said RAM 7. A

peri.pheral controllef for use vvit% ost | BM AT conpati bl e conpufer

system said perfphefal controller haling a core mcroprocessor sfid

peri pheral contr@+er performng ing and out Ryt functions f shi d host,

sai d peripheral contfoller conpmjsi o a randomeaseEss .nenory

(RAM coupled to saild core , said core m croprocessor

capabl e of executing instructions ocatLd+p-~said RAM said RAM

configured to recei Ve down-| oadeg, instructi

Lfraom said host for
execution by said cqre rricroproc%s ; o o -
) O
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a bdot. Fndicator resp i sendi or
instructions to said RAN’ZEB at or “pfovi4
when said RAMi S receiv oaaed i nst{r u

a RAM control ler, said RAM cont rol | er- having first}ahd ‘s%ébﬂ_di)&??
of data inputs, and first address inputs froman afidiess counter apd :
second address inputs fromsaid core microprocessot, “sald"RAM CGRtrof | er
responsive to an active signal. on sai #0boot i ndica or to select sai
set -42- . of data 3
i nputs, sand saild fi rﬁtpenpheraifccaﬂkd»ﬂlesfon ngeuwith 4 dostt IBMsAT sompatible a
set of RAM data out puts a.gd RAKI addr ess O(L)h ts connected to data.

i nput s and CHPBMIEE SYSERGy SAAR RaRrolley g @ COTe TMCTORTOChESCY

cessor
reset '“%&g& l‘éf’rp ﬁ 'ﬂgutcﬂ%daou tput %ﬁé’%ﬁﬁzﬁ&%&t gl
responsive 'to an active signal. oot I cat or _ mal ntai n
said core penphqmlomﬁmﬂer cmmpnsmg;et state V\/m I e said RAM recei ves

sai d down-| oaded instructions fromsaid hos peri pher al
control ler of claim® AR ﬁc‘éeéFdWom eFmFR]Fq hég FﬁB °P¥es RAM
bt o 3, SRR, aig P conirted" Yo XA e
signal to activatid RAMeateeathmsﬂﬂe dorsexetution by saidi abrdrAdibroprocessor, said
' . RAM configured to receive down-loaded instructions from said host;
a boot indicator which provides an active signal when said RAM
is receiving said down-loaded instructions from said host;
an address counter having outputs coupled to said RAM to provide
addressing for said RAM;
means for receiving said down-loaded mstructlons from said host
and for transferring said down-loaded instructions to said RAM at an
-address location selected by said address counter; and
a microprocessor reset indicator coupled to said core
microprocessor, said microprocessor reset indicator responsive to said boot
indicator to maintain said core microprocessor in a reset state while said

RAM receives said down-loaded instructions.

2. The peripheral controlier of claim 1, wherein said means for
reteiving' comprises a RAM controller having first and second sets of address
inputs, first and second sets of data inputs, RAM address outputs coupied to
address inputs to said RAM, and RAM data outputs coupled to data inpﬁts to said
RAM, said RAM controller responsive to said boot indicator to select under host
control the first or the second set of address inputs for transmission to said RAM
address outputs and to select under host control the first or the second set of data
inputs for transmission to said RAM data outputs, and said RAM controller also

receiving data from said RAM for transmission to said host.



Bt o

im 8, whereinllsaid addréssq‘

f

| npl emented in hardware to | dsésses for ackessing consecut
menory |ocations in Sa!mnﬂlmn‘ﬂmﬂﬁm‘)T The per pgiﬁ) FEBMOD! | pri
claim9, wherein said L 21 4.S|inmplenmente S ‘an integratgd
circuit which provides addresses for accessing consgcliie-nenory |
i n said RAM - -11. The peripheral controlle of claim8, wh
sai d down-| oaded instructions conprisd instructiorrs=wWiTch nodify
functions previously inplenmented by instructions - stored in said RAM -

12. A nmet hod & dovihel pexifiheral icontrollert ofHclaink @, awheneid cszidh RAM scoméobr y ( RAM)
in a peripheral controller, said peripheral controller for use wwth a host

| B+ AT conpPRY%S FEMPHSRut er system (host) having a data bus, said RAM havi ng
a plurality of addresspAhe witt@", elsig@f;i ons and a plurality of address
lines for accessing. sal.d addressahle Stdrage. locations, said peripheral
control l er having a coRAMriootpnpenatde signal; apdbl e Ff execuH ng siai d ]
instructions located in said sai d per.ipheral ,controller also having a
RAM control | er for sé’lti}@f'i?ﬁm&mws? t ggngl de activalg selegied portigns af ¢ RAM
controller for th@RANgSI On through said RAM o _ _

-43- controller to said RAM said peripheral controller perform ng input

and output functy ons 'Ifh%rpeﬁ%hgrapggﬁtrollseiaiogcﬂa?ﬁl@z(\jwh%lqel rsim | 'ésgecoﬁxtltglps of

is implemented in hardware to provide addresses for accessing consecutive

9. ° The peripheral controller o

memory locations in said RAM.

5. The peripheral controller of claim 4, wherein said address counter
is implemented as an integrated circuit which provides addresses for accessing '

consecutive memory locations in said RAM.

6. The peripheral controller of claim 3, wherein said down-loaded
instructions comprises instructions which modify functions previously
implemented by instructions stored in said RAM.

7. A peripheral controller for use with a host IBM-AT compatible
computer system, said peripheral controller having a core micropiocessor said
peripheral controller performing input and output functions for said host, said
peripheral controller comprising:

a random access memory (RAM) coupled to said core
microprocessor, said core micropfbcessor capable of executing instructions
located in said RAM, said RAM configured to receive down-=loaded-
instruction from said host for execution by said core 'microprocessor;

a boot indicator responsive to the host’s sending down-loaded
instructions to said RAM, said host indicator providing an active signal
when said RAM is receiving said down-loaded instructions from said host;

a RAM controller, said RAM controller having first and second
sets of data inputs, and first address inputs from an address counter and
second address inputs from said core microprocessor, said RAM controller

responsive to an active signal on said boot indicator to select said first set



initializing an address counter having outputs, sai
as a first set_of address inputs to said RAM cont rd ; ("FMF

sel ecting said fi set of .addre$s i nputs for tramns ion throug'ﬁ
sai d RAM cont roummm& ! :” ﬂmrputs of sai d RAM slich tfwggpige s, o
¢ Mtted to said RAM ' acty viting

sai d address co

a boot indicator which provides anh active signal tolsél pertpher al
controller when said RAMis receiving.gaid instructifons from sal d-
host ; activating a mcroprocessor resetlwiReétecator 10 naintain
said core . ST 84t APt S8Rd shifl first 8 OF adards npuks, it bangadisdoifAdlar ecei ves
sai d I nstructions fromsaid host; : selecting signals o
sai d data bus freshofdRAMdsta ewpuisrands RAM jaddress outputs gogng ata -

executing wite & ppecTale SIF M oTuh 'tgoggépr%&ggi id peripheral

controller, said %rlte comrands’ provi instructions for said RAM
autonmatical l'y increneat imigropaockssoddr eset cindivator t coupdelt ess said core
additional storage locations jn said RAM . ) .activating a
down- | oad t er i nERTBPIORYSAR, B} TEFPRRFIYE M RTL BFH(? $gnal on smgi‘B%Qdﬁégﬁ‘ng
operations; to maintain sak®loBfel inihoniBothedi® B MRl sidfe WAElESRM ROQY! S For
transm ssi on throug sal d controller for transmssion to said
RAM and receives said |downiloadadaindtreetions dromtsaidf heidt a i nputs for
transm ssi on through said RAM controller for transm ssion to said

RAM 13.8. A The¢ pariyhed] contblle dfulaifro?, whereitd dald RAM Sontr&llérAT
conpati bl e conputer system (host), said peripheral controller having a core

ni cr opr oc esEther comprises _P?TEFEQIHBPB*‘ ICOERFIEREI n a random access nenory

(RAM) during operatio I?IMS@'HEL i | controller in a first node, said
peri pheral controll erEa SO opera eeol£l a’ second node during which said core

m’ croprocessor remai naRAMaomp:te&nabt&a:ig:ﬂmhdsai d host down-| oads
Instructions to said m%st%géﬁAM chip select signal to activate selected portions of
said RAM. '

9. The peripheral controller of claim 8, wherein said address counter
is implemented in hardware to provide addresses for accessing comsecutive

memory locations in said RAM.

10.  The peripheral controller of claim 9, wherein said address counter
is implemented as an integrated circuit which provides addresses for accessing
consecutive memory locations in said RAM.

11." The peripheral controller of claim 8, wherein said down-loaded
instructions comprise instructions which modify functions previously
implemented by instructions stored in said RAM.

12. A method of down-loading instructions to a random access memory
(RAM) in a peripheral controller, said peripheral controllér for use with a host
IBM-AT compatible computer system (host) having a data bus, said RAM having
a plurality of addressable storage locations and a plurality of address lines for
accessing said addressable storage locations, said i)eﬁpheral controller having a
core microprocessor capable of executing said instructions located in said RAM,
said peripheral controller also having a RAM controller for selecting a plurality
of potential inputs to said RAM controller for transmission through said RAM
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44-- peripheral cont roI | er perfor m ng i nput and
host in said flLsLmod&_sm_d_peLppheral controll

a RAM controll er d a second set -of_emggﬁﬂs
and a first and HI !ﬂl ta inputs, sai 0 | er ic upl i ng
*a

TI

said first set o S ahd said first sgt
RAM whi | e sai d peri pheral cont roll er operates in $ald second node_j
order to receive down-|oaded instruct#8ns from sald-hest——sard

down-| oaded instructions conprising either a replacenment set of ‘
i nstructi osentellepwd RadSRAN, peaid padpliralceontrotied perfomungnﬁpnmrd swputof i nput
and output functiogns,_ or a npdification set of instructions which nodifies
functions Pmstiersforsaidhestnsaid methad comprising thengers ofihi ch al | ows sai d

peripheral control | egifiii b8R8 otrhfdf Rlhvib Bltpufl] s ‘Rifhrd eBiplea©ns

as a first set of address mputs to sald RAM controller, .

selectmg said first set of address inputs for transmission . through
said RAM controller to address mputs of said RAM such that signals on
said address counter are transmitted to said RAM;

activating a boot indicator which provides an active signal to said
peripheral controller when said RAM is receiving said instructions from
said hoét;

activating a microprocessor reset indicator to maintain said core
microproceésor in a reset condition while said RAM receives said
instructions from said host; |

selecting signals on said data bus from said host for transmission
to said RAM; |

executing write commands from said host to said peripheral
controller, said write commands providing said instructions for said RAM;

automatically incrementing said address coumnter to address
additional storage locations in said RAM;

activating a down-load terminated indicator upon completion of
down-loading operations;

selecting said second set of address inputs for transmission through
said RAM controller for transmission to said RAM; and

selecting said second set of data inputs for transmission through

said RAM controller for transmission to said RAM.

13. . A peripheral controller for use with a host IBM-AT compatible - -
computer system (host), said peripheral controller having a core microprocessor
executing instructions located in a random access memory (RAM) during
operation of said peripheral controller in a first mode, said peripheral controller
also operable in a second mode during which said core microprocessor remains

in a reset state and said host down-loads instructions to said RAM, said
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peripheral controller performing input and output functions for said host in said
first mode, said peripheral controller comprising:

a RAM controller having a first and é second set of address inputs
and a first and a second set of data inputs, said RAM contmilef éoupling. |
said first set of address inputs and said first set of data inputs to said
RAM while said peripheral controller operates in said second mode in
order to receive down-loaded instructions from said host, said
down-loaded instructions comprising either a replacement set of
instructions allowing said peripheral controller to perform a set of input
and output functions, or a modification set of instructions which modifies
func’ci(_)ns previously implemented by instructions or which allows said

peripheral controller to perform additional input or output functions.

B rackl i

19 FEB 1999 J




