PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/12358
HO04B 10/10, HO4L 27/00 Al . )

(43) International Publication Date: 25 April 1996 (25.04.96)

(21) International Application Number: PCT/EP95/03632 | (81) Designated States: CZ, HU, PL, RU, European patent (AT,

(22) International Filing Date: 15 September 1995 (15.09.95)
(30) Priority Data:
08/323,282 14 October 1994 (14.10.94) Us

(71) Applicant: INTERNATIONAL BUSINESS MACHINES
CORPORATION {US/US]; Old Orchard Road, Armonk,
NY 10504 (US).

(71) Applicant (for LU only): IBM DEUTSCHLAND GMBH
[DE/DE]; D-70548 Stuttgart (DE).

(72) Inventors: BALASUBRAMANIAN, Peruvemba, Swaminath;
20 Hilltop Drive, Chappaqua, NY 10514 (US). LEE,
Nathan, Junsup; 19 Scher Drive, New City, NY 10956 (US).
LEKUCH, Scott, Douglas; 840 West End Avenue #6B, New
York, NY 10025 (US).

(74) Agent: SCHAFER, Wolfgang; IBM Deutschland Information-
ssysteme GmbH, Patentwesen und Urheberrecht, D-70548
Suttgart (DE).

BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: MULTIPROTOCOL INFRA-RED COMMUNICATION

TRANSMITTING 4 1 0 0 1 1 0 t 0 1 !
NRZ
1.6 usec
oy pa—
oA (] | .| |
500 KHz ASK subcarrier
ASK
1/4 Bit cell
NRZI/Flash | [] [ [
1/4 Bit cell
FM1 /Flash 1 U U1
1/4_Bit cell
FMO/Flash _Lﬂ ﬂ ﬂ —Lﬂ r I_I ﬂ_ﬂ._
el

(57) Abstract

A directed infrared (IR) communication controller which supports interoperability among protocols and which can communicate at
baud rates of up to 2.34 Mbps while supporting the IRDA standard as well as Sharp’s 500 KHz ASK, NRZI, and Biphase modulated IR
systems. A method for automatically determining which type of infrared signal is being received is also described.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.,

AT Austria GB United Kingdom MR Mauritania

AU Australia GE Georgia MW Malawi

BB Barbados GN Guinea NE Niger

BE Belgium GR Greece NL Netherlands

BF Burkina Faso HU Hungary NO Norway

BG Bulgaria IE Ireland Nz New Zealand

BJ) Benin IT Italy PL Poland

BR Brazil JP Japan PT Portuga!

BY Belarus KE Kenya RO Romania

CA Canada KG Kyrgystan RU Russian Federation
CF Central African Republic KP Democratic People’s Republic SD Sudan

CG Congo of Korea SE Sweden

CH Switzerland KR Republic of Korea s1 Slovenia

Cl Coee d’Ivoire KZ Kazakhstan SK Slovakia

™M Cameroon u Liechtenstein SN Sencgal

CN China LK Sri Lanka ™ Chad

cs Czechoslovakia LU Luxembourg TG Togo

cz Czech Republic LV Latvia T Tajikistan

DE Germany MC Monaco T Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine

ES Spain MG Madagascar us United States of America
F1 Finland ML Mali vz Uzbekistan

FR France MN Mongolia WN Viet Nam

GA Gabon




WO 96/12358 PCT/EP95/03632

MULTIPROTOCOL INFRA-RED COMMUNICATION.

CROSS-REFERENCE

The present application and invention are related in
subject matter to co-pending U.S. patent applications
Ser.No.(Y0994-176) filed concurrently herewith by the
same inventors and assigned to the same assignee as this
application.

BACKGROUND OF THE INVENTION:

Field of the Invention:

The present invention relates to modulating digital
communications, and more particularly to infrared (IR)
communications and a controller for handling a
multiplicity of modulation protocols used with IR signal
systems.

Problem to be Solved:
The most ubiquitous application of infrared (IR) signal

systems to date has been the remote controller for home
appliances, but IR signals are now being adapted for many
other applications such as computer communications. An
Infrared Data Access Standard committee (IRDA) has been
formed to enhance interoperability among various vendor's
products. The IRDA recommended standard utilizes a
Universal Asynchronous Receiver/Transmitter (UART) in
order to achieve low cost infrared communication with
SDLC type of communication protocols. Since this
standard is implemented with a UART, there are various
problems associated with it by virtue of the asynchronous
design. Two such problems are the bus throughput
bottleneck and the overhead associated with asynchronous
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communication schemes. UARTs have been typically
integrated into existing systems using interrupts to
initiate the transfer of data to and from the system.
The system latency in responding to these interrupt
requests generates a bottleneck which limits the data
throughput. Also, although the standard UART can run at
baud rates up to 115.2Kbps, the effective throughput is
actually much less due to the overhead associated with
asynchronous transfers. Consequently, the maximum data
rate is not adequate for applications which transfer
large amounts of data. Further, because the standard
implementation only supports Hewlett-Packards' style of
modulation, it is restricted in its application to only
devices which follow that standard.

The use of a single UART poses another problem for IR
systems since application programs usually access the
UART directly leaving no space to intercept the data.

For many existing IR communication programs, some
intervention is necessary to adjust for the fact that the
UART is being used for infrared rather than in a typical
hardwired environment.

A further problem in this art is that existing
multiprotocol communication controllers can run at only
one type of modulation scheme at a time. Consequently,
while waiting for an incoming signal, the controller is
set to accept only one type of signal. This results in a
loss of initial frames when a different type of signal is
received until the incoming modulation scheme is detected
and the controller is switched to the appropriate
demodulator. While this is not serious as long as the
communication protocol is set to deal with such problems,
in the case of applications that do not take into
account the fact that a UART is being used for IR
communication, a missing first byte could be a critical



WO 96/12358 PCT/EP95/03632

problem.

The present invention is directed to solving the problems
described above and provides an automatic modulation
detection and handling écheme which can be implemented in
an IR controller having an architecture designed to
achieve solutions for these problems.

Objects:

It is therefore an object of the present invention to
provide a communications controller which supports
interoperability between various communication protocols.

It is another object of the present invention to provide
an IR controller and technique for automatically
determining which type of signal is being received and
for producing an appropriate IR signal.

It is a further object of the present invention to
provide an IR communication system that can communicate

at high baud rates and also support the IRDA standard.

SUMMARY OF THE INVENTION

The present invention embodies a new architecture for a
communications controller and preferably a wireless
communication controller for use with infrared (IR)
signals that resolves the prior art problems of dealing
with high baud rates and supporting the IRDA standard.
The controller system essentially combines a
synchronous/asynchronous communication controller, one or
two UARTs, and dedicated support logic, along with a
number of digital modems which may consist of an IR MODEM
array connected in parallel. This combination provides a
platform which is backward compatible with many of the
existing IR communication systems and protocols while
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being advanced with regard to IR specific support and
higher data rates.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a controller architecture
for incorporation into an IR transceiver in
accordance with the present invention.

Fig. 2 is a diagram illustrating the relationship of
the signals of various modulation protocols
used with the present invention.

Fig. 3 is a block diagram of some of the components in
a Synchronous/Asynchronous Communication
Controller, or SACC, which may be used in the
architecture of the present invention.

Fig. 4 is a diagram illustrating the relationship of
the various elements in a synchronous signal.

DETAILED DESCRIPTION OF THE INVENTION

A block diagram of a controller architecture in
accordance with the present invention, which can be
incorporated in an IR transceiver, is shown in Figure 1.
The controller system essentially combines a
communication controller 10, a primary UART, UART_A, a
secondary UART, UART_B, dedicated support logic, and a
number of digital modems which may consist of an IR MODEM
array connected in parallel. The controller system and
its operation will be described in terms of its various
functions.
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Backwards Compatibility:

A standard UART, UART_A, is incorporated into the
controller system architecture to provide full
compatibility with the IRDA standard specification. For
the case where the Host containing the controller system
runs an application program which is written so that it
follows a proper infrared communication protocol, UART_A
can be connected directly between the HOST BUS and any
asynchronous modems, such as, an IRDA MODEM and an
Amplitude Shift Keying (ASK) MODEM, in an IR MODEM array.
If, however, the application program is written without
any provision for a proper communication protocol, a
second UART, UART B, may be added and connected to the
first UART, UART_A. 1In such a case, when this feature is
enabled, transmitted signals outgoing through UART_A can
be captured by second UART_B and fed back through the
HOST BUS to the HOST's central processor before the
signal is actually sent out. These intercepted signals
may then be run through an appropriate communication
protocol which will check the integrity of the data
before passing the outgoing signal to the controller 10,
the IR MODEMs and the infrared output 18. The incoming or
received data will pass through the IR MODEMS and the
controller 10 and may be filtered by the HOST processor
and transferred through second UART_B before it reaches
first UART_A. Thus, UART_A may either be connected to
the IR MODEM array directly or to UART_B. The system can
therefore fully support existing IR aware applications
and provide some degree of IR transparency to
communications written for a wired UART.

System Throughput:

In order to increase the effective data rate, a
synchronous communication block is incorporated into the
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controller 10. This block will be called a
Synchronous/Asynchronous Communication Controller, or
SACC, herein, and like UART A is provided with Direct
Memory Access (DMA) as will be more fully explained.
This SACC, which may be a modified version of a Z85C30
FSB obtainable from VLSI Technology, Inc., Burlington,
MA, as will be more fully explained below, is designed to
operate either in synchronous mode or in asynchronous
mode, and is therefore the only component that is
connected to both synchronous and asynchronous IR MODEMs
in the IR MODEM array.

The SACC primarily functions to send or receive the data
in synchronous mode for high speed data transfer. The
use of synchronous data transfer improves system
throughput by eliminating the overhead of start and stop
bits which are required in asynchronous communication.
Support logic is provided in the SACC to switch the
system clock source 12 to the SACC to enable synchronous
data rates of 2.34Mbps, 1.152Mbps, 576Kbps, 288Kbps, and
144Kbps. Further, the SACC may improve system
performance by being adapted to assume many of the tasks
which would normally require the system processor. For
example, the SACC may include the ability to perform
address recognition, CRC calculation, and frame status
maintenance in hardware.

As noted above, one of the biggest problems in high speed
data transfer is the bus throughput bottleneck. Although
there are several ways to resolve this problem, including
a local frame buffer, in the present architecture Direct
Memory Access (DMA) with 16 by 8 bit FIFOs is used for
the receive and transmit of both UART A and SACC HOST
interfaces. UART_B is also equipped with FIFO but does
not use DMA. Since the number of DMA channels on the HOST
BUS is usually limited, two channels may be shared by
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both the UART A and SACC. Each DMA channel can be
programmed to use either of these two channels or it can
be disabled as well. Two interrupt signals are generated
to gain attention from the Host. One of these two
interrupts is generated solely by UART A and the other
one is shared by SACC, UART_B, and the Power Management
logic 14 (see Figure 1).

Multiple Modulation Schemes:

The present system is intended to support multiple
modulation schémes and, as a result, an array of digital
modems is included, which preferably are IR MODEMs and
consist of an array of five units or components. The
array preferably incorporates an IRDA compatible MODEM
(IRDA MODEM), a Sharp 500KHz Amplitude Shift Keying (ASK)
compatible MODEM (ASK MODEM), an NRZI with a fractional
Bit Cell pulse width Flash MODEM (NRZI MODEM), a Biphase
or FM with a fractional Bit Cell pulse width Flash MODEM
(FM MODEM), and a Consumer Device MODEM (CD MODEM).
Exemplary preferred embodiments of the ASK MODEM, NRZI
MODEM, and FM MODEM for use in this system are disclosed
in co-pending U.S. patent applications Ser.No.(Y0994-
178), (Y0994-176), and (Y0994-179), filed by the same
inventors on even date herewith, and incorporated herein
by reference. Since the NRZI MODEM, FM MODEM and CD
MODEM are not utilized by UART_A, UART_A is only
connected to the IRDA MODEM and ASK MODEM, while the SACC
can be connected to all five MODEMs. UART B is not
connected to any MODEM.

The modulation scheme of the IRDA MODEM is the same as
the IRDA standard. By way of a brief description here to
provide a basic understanding, signals are conceptually
divided into bit cells and on the transmitter side, a
pulse of 3/16 bit cell width or a fixed width
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approximately 1.63 microseconds long, is developed
whenever the transmitting data is zero (see the
comparison of signal forms in Figure 2). On the receive
side, the received pulse is prolonged for a full bit cell
width and a LOW signal is generated for that bit cell
period to produce an NRZ (Non-Return-to-Zero) signal
output. The incoming transmitted signal is also in NRZ
format.

The modulation scheme of the ASK MODEM follows Sharp's
500 KHz subcarrier ASK modulation. On the transmit side,
500KHz subcarrier square wave pulses are.transmitted
whenever the transmitting data is zero (see Figure 2).

On the receive side, a digital bandpass filter is
implemented to demodulate the ASK modulated signal to NRZ
format. As a part of the bandpass filter logic, S500KHz
carrier detect logic is used to distinguish the ASK
modulated signal from other signals.

The modulation scheme of the NRZI MODEM briefly operates
as follows. For the transmitted signal, the incoming
digital data is first encoded in NRZI (Non-Return-to-
Zero-Inverted) format, which undergoes a transition
whenever the transmitting data is zero. Additionally,
zero bits are inserted in the incoming data, before
encoding, whenever five consecutive 1 bits are detected.
Then, a fractional, preferably about 1/4, bit-cell width
IR Flash pulse is transmitted whenever a transition is
detected in the encoded signal (see Figure 2). On the
receive side, whenever a transition in the incoming IR
signal is detected, the output signal is toggled to
Create an NRZI format signal. The NRZI formatted signal
is fed to the SACC and the SACC decodes it into NRZ
format data.

The modulation scheme of the Biphase or FM MODEM briefly
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is as follows. For the transmitted signal, the incoming
data is first encoded as Biphase Mark (FMl) or Biphase
Spéce (FMO) format, which data formats follow different
transitions in the data. Then the encoded bit cell in
each format is divided into a 1/2 bit cell for
consideration. 1In both formats, whenever there is a HIGH
level signal in the half bit cell, a fractional,
preferably about 1/4, bit-cell width IR Flash pulse is
transmitted (see FM1l/Flash and FMO/Flash in Figure 2).

On the receive side, whenever a pulse is detected, the
pulse is extended to the full half bit cell width. 1In
some cases, such as when receiver saturation occurs, the
received pulse may be lengthened by the receiver circuit.
Therefore, in order to avoid confusion between a single
pulse and two combined consecutive pulses, the second
sampling time is determined from the leading edge of the
first incoming pulse. This FM formatted received signal
is decoded by the SACC to NRZ format.

The CD MODEM is achieved by simply bypassing all of the
preceding MODEMs and using the baudrate generator of the
SACC to generate a carrier frequency for the transmitted
pulse. The MODEM software uses a system timer to
determine pulse duration. On the receive side, there are
several ways to implement the CD demodulator. For
example, the unmodulated signal may be fed to the Data
Carrier Detect (-DCD) pin of the SACC so that software
can be used to measure the carrier frequency and then
measure the pulse duration. Various other ways to
support the Consumer Device Infrared signals will be
within the purview of those of skill in the art.

Multiple Modulation Detection Support:

Since the IR controller of the invention can support
multiple modulation schemes, provisions are included to
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find out which MODEM of the IR MODEM array to use for a
particular communication. The IR modulation detection
strategy builds upon the fact that the IR controller can
be configured to run a synchronous MODEM at the same time
as the asynchronous MODEMs are running. That is, the
IRDA MODEM, ASK MODEM, and CD MODEM, as well as either
one of the NRZI or FM MODEMs, may all be enabled at the
same time while the controller is ready to receive an
incoming signal. Although existing IR communication
programs usually have some sort of communication protocol
to recover lost data, earlier applications which used an
IRDA type modulated signal did not run any such protocol.
The IRDA modulation detection therefore must occur
without the loss of any data. Because the IRDA type of
signal may not recover from the loss of the first
character of data, UART A should be connected to the IRDA
MODEM and be ready to receiver IRDA data. In contrast,
the ASK type of signal has always had some sort of
communication protocol since the introduction of such a
scheme, so loss of the first character is acceptable.
Since the ASK modulation scheme will recover from the
loss of a character, only the auto carrier detection
logic of the ASK MODEM needs to be enabled while waiting
for an incoming signal. The IR controller may then
switch on the ASK modem only after the first bit of the
ASK carrier is detected. Since high speed synchronous
communication always runs a communication protocol, it is
predictable as to whether NRZI or FM modulation will be
used so either modem may be selected while waiting.
Finally, the CD MODEM is always connected to the -DCD
line of the SACC.

When an unknown signal reaches the receive line RXD of
the present controller, the incoming signal will go
through the IRDA MODEM, the selected synchronous MODEM
(NRZI or FM), and the CD MODEM in parallel with the ASK
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carrier detection logic. If the incoming signal is IRDA
type, then:

1) UART_A should receive the correct data without any
. frame error;

2) the ASK carrier detect logic should not detect any
ASK carrier; and

3) the SACC should either not receive a valid opening
frame character or receive an aborted frame. The -
DCD line of the SACC should detect some transition
of level, and from that, the program should be able
to measure the pulse width and carrier frequency if
the pulse is wide enough to be a consumer device
signal. From all of these occurrences, the program
can conclude the incoming signal is IRDA type.

If the incoming signal is a 500KHz ASK modulated signal,
then: 1) the IRDA MODEM will not demodulate the signal
properly causing a possible frame error on the UART_A; 2)
the ASK carrier detect logic should detect the carrier;
and 3) the SACC may possibly receive an aborted signal.
The -DCD input of the SACC should detect transition and,
from that, the program should be able to measure the
pulse width and carrier frequency if the pulse is wide
enough to be a consumer device signal. From this
observation, the program can conclude that the received
signal is an ASK signal and prepare the controller to
receive an ASK signal instead of an IRDA signal.

If the incoming signal is a high speed synchronous signal
(see Fig. 4), the SACC should detect proper flags and an
unaborted data frame along with the correct CRC. If this
is the case, it can clearly assume that the received
signal is a high speed synchronous signal (either NRZI or
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FM).

If the incoming signal is none of the above, then by
measuring the duration of transition of the incoming
signal on the -DCD line of SACC, it can be determined
whether it is a consumer bus signal since a consumer
signal is relatively slow but has a fixed carrier
frequency unlike an IRDA signal.

Echo Cancellation:

The system includes several features specifically to
compensate for some of the problems encountered in using
infrared as a transmission medium. For example, when the
IR light signal is transmitted by the IR transceiver, the
infrared signal or electrically coupled signal can be
picked up by the receiver coupled in the transceiver
unit. This type of echo is sometimes useful for
collision detection or transmission verification, but,
most of the time, this echo is more troublesome than
beneficial for the communication protocols. Therefore,
the controller architecture also provides an option to
cancel the echo of its own transmitted signal. The
outputs of all the IR MODEMs are combined and sent to an
Echo Cancellation logic circuit 16 (see Figure 1).
Circuit 16 has a pulse output on transmit data line TXD
and an input on receive data line RXD, which lines go to
I/0 pads 18 that interface with the IR transceiver which
produces and receives IR light pulses. If echo
cancellation is enabled, the receive data line RXD is
gated off about 25ns after the leading edge of the
transmitted pulse and remains off for 750ns after the
trailing edge of the transmitted pulse on transmit data
line TXD. 1If echo cancellation is disabled, the
transceiver can receive any incoming signal from another
receiver or transmitter. The output of the echo
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cancellation logic on TXD is brought out to the I1/0 pad
18, as well as fed back to the receive line RXD if loop-
baék is enabled, so that it can receive its own
transmitted signal. This loop-back feature is useful for
system diagnosis.

Power Considerations:

One of the significant advantages of infrared wireless
communication over other types of wireless communication
is that it can operate at very low power and therefore it
is suitable for low power applications such as portable
computer communication. However, as the data rates and
operating distances increase, power dissipation in such
infrared communication is becoming quite significant. As
a result, very thorough Power Management logic 14 is
incorporated in the present architecture for selectively
activating and deactivating the various components. In
particular, UART_A, UART_B and the SACC can be
individually shutoff under software control. Of course,
UART_A has to be on to use UART_B since UART_B without
UART_A is not a useful configuration. Only the currently
selected MODEM of the IR MODEM array need be enabled and
the rest of the MODEMs may be disabled. 1In addition to
these individual controls, there may also be a global
disable signal that will put the whole IR communication
controller into low power state while retaining all of
the register contents. The controller may provide a
programmable flag that indicates the activity of the IR
communication that can be used along with the global
disable signal in order to prevent an unwanted disable in
the middle of communication. While the controller is in
low power state, any incoming infrared signal can
generate an interrupt if enabled so that the Host can
return the controller to the active state. The
controller can be connected to two infrared transceivers
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with separate power down signals in case the system needs
two infrared windows to cover more than one direction.

The architecture also provides circuitry 20 for producing
a signal that can be used for controlling the gain of the
IR transceiver. This gain control signal can be used
with transceiver power down signals, and transmit data
(TXD) and receive data (RXD) signals in order to control
the transmitting power as well as the receiver amplifier
gain. The gain control signal is multiplexed with the
transmitting data TXD signal (see Figure 1) so that the
design of the IR transmitter can be simplified in case
the receiver gain control is not used. Since the
controller covers a variety of data rates and modulation
schemes, it is very difficult to optimize the IR
transceiver for one particular speed and modulation. 1In
case the dual channel receiver is designed for high speed
and low speed, the controller also provides high speed
input as well as low speed input. The low speed input is
connected to the asynchronous IRDA MODEM and the high
speed input is connected to the NRZI, ASK, and FM MODEMS.
The CD MODEM input is connected to both the high speed
and low speed inputs.

Hardware:

Industry standard components may be used to reduce design
time and cost in assembling and constructing the
controller of the invention. For example, in the above-
described architecture UART_A and UART B may be
implemented using a 16550 FSB (Function System Block)
available from VLSI Technology, Inc., Burlington, MA.

For the SACC, a modified version of a Z85C30 FSB also
available from VLSI Technology, Inc., that was originally
designed by Zilog Inc., may be used. These three FSBs may
be integrated into a 0.8 micron CMOS Standard Cell design



WO 96/12358 PCT/EP95/03632

_15_

along with control power management logic (14), echo
cancellation logic (16), gain control logic (20), and
host interface logic as well as the IR MODEMs.

The Z85C30 FSB may be modified in such a way that it
follows the architecture described above. Since the SACC
is typically used at higher baud rate, the bus throughput
is most critical. Therefore, the depth of the FIFOs for
both receive and transmit are increased to 16, as seen in
Fig. 3, and DMA support is added. Further, in order to
reduce Host intervention while running data, some
automatic features such as automatic two opening flag
insertions are added (see Fig. 4). The SDLC format frame
has been adopted for the IRDA and therefore, as an
extension to IRDA, the high speed synchronous
communication also uses an SDLC frame. This frame has a
minimum width of two opening flags (OF), an optional 8
bit address field (ADDR) followed by the data field
(DATA), a 16 bit CCITT CRC, and then finally a minimum of
one closing flag (CF) as shown in Figure 4. Accordingly,
the Z85C30 FSB hardware may be configured to
automatically insert a minimum of two opening flags, and
may be modified to assert a 16 bit CCITT CRC at the end
of a frame automatically if synchronous communication is
enabled, as well as to append a minimum of one closing
flag at the end of the CRC. 2ero-bit stuffing is also
used to distinguish flags from data as well as to ensure
that some AC (Alternating Current) components exist in
the frame so that the digital phase lock loop can be
locked on the incoming signal in case the NRZI MODEM is
used.

The Z85C30 FSB implementation is modified to allow its
baud rate generator (BRG) counter to be used as a
transmit byte counter. The PCLK source selection for the
BRG is changed to accept the WRITE signal to either WRITE
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register seven (WR7) or the transmit FIFO as the clock
input rather than the PLCK input when bit one of WRITE
register fourteen (WR14) is set. When this mode is
selected the BRG counter is decremented in response to
each WRITE signal to either WR7 or the transmit FIFO.
The zero count output of the BRG is used to activate the
asynchronous clear of the send abort bit (bit 3) in WRITE
register 10 WR10 when in this mode. In the current
implementation, the BRG may therefore be loaded with the
number of bytes intended to be transmitted and the send
abort bit may be set by software. When the correct
number of bytes have been written to the transmit FIFO,
the BRG zero count output will be set and the send abort
bit will be reset so the frame will be closed with a
flag. If the system closes the frame before the correct
number of bytes have been sent, the send abort bit will
remain set and the frame will close with an abort
sequence.

In order to simplify the external miscellaneous logic,
the implementation utilizes the built-in digital phase
lock loop (DPLL) of the SACC and the deserializers of the
SACC and UARTs as much as possible. Therefore, the IR
MODEM array is not designed to lock on to the carrier
frequency but simply to modulate or demodulate signals
with some minimal digital filters. Suitable
implementations of the IR MODEMs are disclosed in the
above-cited co-pending applications. As the wave forms
indicate in Figure 2, the encoder and the modulator
convert the NRZ wave form to a corresponding modulated
signal. The decoder and demodulator convert the
modulated signals back to NRZ format. Either UART A or
the SACC is then responsible for appending or deleting
the start/stop bits or flags.
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In order to comply with the IRDA standard as well as to
proyide 100 percent compatibility with asynchronous
serial COM port application, a 16550 UART is selected for
UART_A. The address of UART A is completely programmable
so that it can be mapped to any standard COM port
addresses. The addresses for the SACC and UART B as well
as the Control (20) and Power Management (14) logics (see
Figure 1) are reserved in 16 continuous byte locations.

A separate 8 byte address range is reserved for
configuration of the chip.

As noted above, the IR communication controller of the
invention can be implemented with or without UART_B
depending upon the application the system is intended to
support. 1If the programs that will run with the
controller are written for IR communication with the
standard UART, then UART_B may be omitted. If, however,
the controller must support application programs which
were written without awareness of the fact that the COM
port is used as an infrared communication port, then
UART_B must be added. When UART B is added and the
wrapping of signals of UART_A and UART_B is enabled, the
serial in data of UART_A is connected to the serial out
of UART B, and the serial out data of UART_A is connected
to the serial in of UART_B. The MODEM signals are
connected as a null MODEM cable. For example, the -RTS
pin of UART A is connected to the -CTS pin of UART_B and
vice versa. The -DTR of UART_A is connected to the -DST
of UART B and vice versa. The -DCD pin of UART_A is
connected to the OUT1 of UART_B and -RI of UART_A is
connected to -OUT2 of UART_B. When the wrapping is not
enabled the UART_A serial in or serial out data lines can
be connected to either the IRDA MODEM or ASK MODEM. The
MODEM control signals such as -RTS or -DTR remain
connected between UART A and UART_B whether the wrapping
is enabled or not. The Baudout clock of UART_A is
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connected to the clock input of UART B so that UART_A and
UART_B can always run at the same speed. It is
impbrtant, however, to make sure that the Baud Divisor
Latch of UART B always has a value of 1. The line
control register (LCR) of UART B, except for the bit 7
which is the Baud Divisor Latch Access bit, is designed
to have the same values as UART_A whenever the LCR of
UART_A is updated so that communication between UART_A
and UART_B can be performed with the same configuration.
Although the suggested UART B implementing industry
standard 16550 UART is typically used without DMA
support, the 16550 has built-in DMA support logic. Since
the system bus throughput is one of the bottlenecks, DMA
support logic for UART A has been implemented in this
embodiment. Because of the requirement of high bus
throughput during the wrapping of UART_A and UART_B, it
is expected that the wrapping will run only at slow baud
rate and therefore, DMA is not supported on the UART_B in
this particular implementation.

The transmit data line (TXD) is connected to the outputs
of the IRDA MODEM, ASK MODEM, NRZI MODEM, FM MODEM and CD
MODEM and the receive data line (RXD) is connected to the
inputs of the IRDA MODEM, ASK MODEM, NRZI MODEM, and FM
MODEM. The output of the CD MODEM is connected to the -
DCD line of the SACC. The transmit data line of the SACC
is activated only during the time the -RTS of SACC is
active so that the transmitter can be quiet during the
idle or receive state. The Control logic can enable one
or more MODEMs at a time depending on the protocols it is
running. The IRDA MODEM and FM MODEM use oversampling
clocks for both transmit and receive. The NRZI MODEM
also uses the oversampling clock although it is not
absolutely necessary. The ASK MODEM uses a system clock
to generate a fixed frequency carrier and the receiver
also uses the system clock to synthesize a digital
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bandpass filter. The CD MODEM uses a built-in baudrate
generator.

It will be seen that the IR controller of the invention
can be used in any computing system as well as in any
appliance controller along with some intelligent
processing units such as an embedded infrared
communication controller. This IR controller can also be
used in an adapter card for a desktop computer as well as
in peripherals such as printers in order to provide local
directed wireless communication.

Wwhile the invention has been particularly shown and
described with respect to a preferred embodiment thereof,
it will be understood by those skilled in the art that
changes in form and details may be made therein without
departing from the scope and spirit of the invention.
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CLAIMS

1. A controller system for use in a communication
transceiver having a bus for internally transferring
signals, comprising:

a plurality of modem means for selectively
modulating and demodulating synchronous and
asynchronous signals with respective coding formats,
at least one of said modem means encoding
asynchronous signals and at least one of said modem
means encoding synchronous signals;

a UART connected between said bus and at least one
of said asynchronous signal encoding modem means for
transferring asynchronous signals therebetween; and

a synchronous/asynchronous communication controller
(SACC) means, connected between said bus and said
plurality of modem means, for transferring
asynchronous signals between said bus and said
asynchronous signal encoding modem means and
transferring synchronous signals between said bus
and said synchronous signal encoding modem means,
whereby said controller system modulates and
demodulates signals with both synchronous and
asynchronous coding formats.

2. The system of claim 1 wherein said plurality of
modem means comprises an IRDA MODEM and an NRZ1I
MODEM.

3. The system of claim 1 wherein said plurality of
modem means comprises an IRDA MODEM and a Biphase
MODEM.
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4. The system of claim 1 wherein said plurality of
modem means comprises an ASK MODEM.

5. The system of claim 1 further comprising Direct
Memory Access means coupled to said UART and said
SACC means.

6. The system of claim 1 further comprising means for
selectively managing the power supplied to said
UART, SACC, and said plurality of MODEM means.

7. The system of claim 1 further comprising:

receiving means, connected to said plurality of
modem means, for receiving and feeding modulated
signals thereto; and

transmitting means, connected to said plurality of
modem means, for transmitting modulated signals
therefrom.

8. The system of claim 7 further comprising gain
control means, connected to said receiving means and
said transmitting means, for controlling the gain of
said modulated signals.

9. The system of claim 7 further comprising echo
cancelling means, connected to said receiving means
and said transmittiﬁg means, for gating off said
receiving means for a predetermined period after the
output of a transmitted signal on said transmitting
means.

10. The system of claim 7 further comprising IR output
means, connected to said transmitting means, for
converting transmitted signals from said
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transmitting means to IR light signals.
The system of claim 1 further comprising:

checking means for checking a signal for integrity;
and

a second UART, connected between said UART and said
bus, for intercepting and transmitting an input
signal to said checking means for an integrity
check.

The system of claim 1 further comprising clock
means, connected to said SACC, for producing
synchronous data rates of 2.34 Mbps, 1.152Mbps, 576
Kbps, 288Kbps, and 144Kbps.

The system of claim 1 wherein said SACC means
further comprises:

means for performing address recognition;
means for CRC calculation; and
means for frame status maintenance.

The system of claim 1 wherein said plurality of
modem means comprises:

an IRDA MODEM, an NRZI MODEM, a Biphase MODEM, an
ASK MODEM, and a CD MODEM; and

further comprising means for enabling said IRDA
MODEM, ASK MODEM, and CD MODEM, and either one of
said NRZI or Biphase MODEMs, at the same time, when
said MODEMS are ready to receive an incoming signal.
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The system of claim 14 further comprising:

means, in said SACC, for detecting a transition in
an incoming signal; and

means, coupled to said SACC, for measuring the pulse
width and carrier frequency of said incoming signal.

A method for modulating and demodulating signals
with both synchronous and asynchronous coding
formats in a communication transceiver having a bus
for internally transferring signals to be modulated,
comprising the steps of:

connecting a plurality of modems in parallel for
selectively modulating and demodulating synchronous
and asynchronous signals with respective coding
formats, at least one of said modems encoding
asynchronous signals and at least one of said modems
encoding synchronous signals;

connecting a UART between said bus and at least one
of said asynchronous signal encoding modems for
transferring asynchronous signals therebetween; and

connecting a synchronous/asynchronous communication
controller (SACC) between said bus and said
plurality of modems, for transferring asynchronous
signals between said bus and said asynchronous
signal encoding modems and transferring synchronous
signals between said bus and said synchronous signal
encoding modems,

The method of claim 16 wherein said plurality of
modems comprises an IRDA MODEM and an NRZI MODEM.
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18. The method of claim 16 wherein said plurality of
modems comprises an IRDA MODEM and a Biphase MODEM.

19. The method of claim 16 wherein said plurality of
modems comprises an ASK MODEM.

20. The method of claim 16 further comprising the step
of connecting a second UART between said UART and
said bus, for intercepting and transmitting an input
signal from said UART to said bus for an integrity
check.

21. The method of claim 16 further comprising the step
of connecting a clock to said SACC, for producing
synchronous data rates of 2.34 Mbps, 1.152Mbps, 576
Kbps, 288Kbps, and 144Kbps.

22. The method of claim 16 further comprising the steps
of using said SACC for performing address
recognition, CRC calculation, and frame status
maintenance.

23. The method of claim 16 wherein said plurality of
modems comprises an IRDA MODEM, an NRZI MODEM, a
Biphase MODEM, an ASK MODEM, and a CD MODEM, and
further comprising the step of enabling said IRDA
MODEM, ASK MODEM, and CD MODEM, and either one of
said NRZI or Biphase MODEMs, at the same time when
said MODEMS are ready to receive an incoming signal.

24. The method of claim 23 further comprising:

means, in said SACC, for detecting a transition in
an incoming signal; and
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means, coupled to said SACC, for measuring the pulse
width and carrier frequency of said incoming signal.
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