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The subject invention relates to add in printed circuit cards ("PC

cards") that provide I/0O function r _ ystens. More
particularly, the invention rel aténgmpwmﬁn events external to
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CROSS-REFERENGCE TO RELATED
APPLICATIONS

Please refer to co-pending application Serial No. ___ filed on

: by MacGregor, et al, entitled IMPROVED I/O
QONNECTOH FOR ADD IN PRINTED CIRCUIT CARDS FOR
COMPUTER SYSTEMS

BACKGROUND OF THE INVENTION
1. Field of the Invention o
The subject invention relates to add in printed circuit cards ("PC
cards") that provide 1/O functions for computer based systems. More
particularly, the invention relates to detecting certain events external to
the PC card and using the same to trigger a modification of the power
dissipation state of the PC card.

2. Description of the Prior Art : _

The PCMCIA (Personal Computer Memory Card International
Association) standard was developed for the purpose of providing user
installed memory and 1/O functions for. small form factor digital computer
systems. The standard specifies a card containing a printed circuit

. board. This product is usually referred to as a PC card. There are three
PC card formats: Types |, Il and lll. The standard specifies the interface
between the PC card and the host. The hardware portion of the
interface consists of a 68 position socket on one end of the card. The 68
position socket mates with a 68 position plug mounted on a header
which is in turn mounted to a mother board or daughter board which is
located inside the host. In addition to the hardware interface, the
PCMCIA standard also specifies the signal timing protocol and software
interface format.



di ssipation-state of the PC card.

Prior Ar The PCMCI A (Personal Conputer I\/brmr%,rﬂ(}a '

| nt er nat %v(ﬂ"l 13768 Associ ation) standard was devel oped ¥ %@%r pose

of providing user installed menory and I/O functions for small form *

factor digital conputer | systenms. The standard specifies a card
~containing a printed circuit board. This product is usually
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second connector is located on the end of the card opposite the 68
position socket. The I/O connector may be attached to the PC card
either before or after the PC card is inserted into the host.

In operation, a PC card is plugged into the host. Upon insertion
of the PC card, the host is interrupted and interrogates the PC card to '
access information needed to correctly configure both itself and the PC -
card. This process is called configuration. The PCMCIA standard |
specifies that the host cannot have access to the I/O functions of the PC

card pnor the completlon of the configuration process.

In full operation, a PC card draws as much as 100 mllhamperes o’f
current. This is a problem if the host is a portable since at this rate a PCl
card would drain its host's battery in as little as two hours. To compound
matters, as PC cards have become more popular, u_sérs are choosing td
store their PC cards in the host. Of course, there is no problem when thé
host itself is powered down. But once the host is powered up, the hlgh
power dissipation of the I/O card begins. |

Recognition of the need for power management for PC cards is '

" not new. Others have worked at reducing P/C card power consumption

by using low power consuming components and power management

2. Description of the

I nterface consi sts
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| ocated on the end of the card opposite the 68 position socket. The
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the PC card is inserted into the host. I n operation, a PC
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It is yet another object of the invention to provide a system that
switches a PC card to a low power state upon disconnecting a /O data
cable to the outside world and at the same time maintains minimum
functionality for the host to retain configuration.

It is another object of the invention to provide a system that allows
a PC card to remainin a socket within the host for long periods of time
without significant drain of'th'e'host’s_ battery.

| It is another object of the invention to provide a system that allows
aPC card to b_e stored in the socket of the host even though the host
may be powered up for portions of the time.

| It is another object of the invention to provide an intuitive power
control scheme that is easy for a user to operate. -

It is yet another object of the invention to provide an automated
power down system that is apphcable to alt- PC cards provndmg e
functionality.

~ ltis another object of the invention to provide a low cost means
for implementing an automated power down scheme for PC cards.
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OBJECTS AND SUWMARY _ _ It is an object of the invention to

provide a power down system for
event.
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It is ancdher object of the invention
automatically switching between a full &
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- required for communication between the host computer and the PC

 registers.

Itis anotlier object of the mventnon.tq.p_rovidé a powerdown |
system that is compatible with existing PCMCIA host hardware and
software. '

Finally it is an object of the invention to retain the host and PC
card configuration for so long as the host is pdwere_d up without the |
need for removal and reinsertion of the PC card. o

These and other objects of the invention may be achieved by a
system for controlling the power consumption of an add in PC card
operating within a host computer wherein the ho_st_' cbmputer includes a
power supply that provides all power used by both the host and the PC
card and wherein the PC card includes communication registers

card, a microcontroller connected to an /O _s'ub system and an /O
connector having a one side connected to the /O sub system'and the
other side connected to a source of 1/O signals external to the host
computer.. The control system includes an external-register module
connected to the microcontroller and communicating with the host
computer. The external reg'ister'module contain the communications

A detector located on the PC card supphes a sugnal indicating the status
of the connection of the I/0 sub module to external source of I/O sngnals
A power management module is located on the PC card and is
connected to the detector and the power supply in the host. The power
management module supplies one or more predetermined power levels
to the microcontroller and I/O sub module as a result of the status of the
connection between the 1/0 sub module and the external source of I/O
signals. The external register moduie may be connected directly to the
power supply in the host computer so that it always receives power for
so long as the PC card is plugged into the host.. The power

add in PC cards that responds to an
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It is yet another object of the invention to provide a systemthat
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functionality for the host to retain configuration. S

anot her object of the invention to provide a systemthat allows a
PC card to remain in a socket within the host for |ong periods of tine
wi t hout significant drain of the host's battery. It is
another object of the invention to provide_g systemthat allows a

PC card to be stored in the socket of the host even though the host
b d - ' f the tine.. .o~ lt:is. t
by ect of the. i H1BRGPBRe, SERB0T tuls oG the 0 sypdpocule upor g™
scheme that is eigyaliffomahesietector icating that the connection of the 1/Q sybt
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functionality. Power management sysiem gHts alpowsr de themierpcontrpdar upant o

provide a | ow cagkeiftdRa signal fromftRe detdierRididAithgRabtie BBARECtIINET thdown

scheme for PC Ca\kgss'ub module to external source of /O signals is broken. |f the PC card
contains one or more independent oscillators the power management
module may control the supply of power to the oscillator upon receipt of
a signal from the detector indicating that the connection of the I/0 sub
module to external source of /O signals is broken. The detector may be
a detector pin in the I/O connector. The PC the power management
module may consist of a transistor connected between the power supply
in the host and the I/O sub-system and microcontroller in the PC card.
The gate of the transistor is connected to the detector pin in the /O
connector. The detector pin impresses a voltage on the gate of the
transistor when the connector is closed or visa versa.
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is anoat‘ er Obj ect of the invention to provide a pOV\erdonélsgs'lsss"'system
that is conpatible with the PCMCI A specifications. It is
anot her object of the invention to provide a powerdown systemthat
is conpatible with existing PCMCl A host hardware and sof tware.;

Finally it is an object of the invention to retain the host and PC
card configuration for so long as the hostg. s powered up w thout the
need for removal and reinsertion of the PC card. These and
other objects of the inven . system for:
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m crocontrol | einventigcted to an |/ O.sub systemand an 1/0

Figure 2 is a block diagram of a second preferred embodiment of
the invention.




connector having a one side connected to the 1/0 sub system and the
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¢onputer. The control systemincludes an external register nodul e
connected to the mcrocontrol ler and comruni cating with the host
conputer. The external register nodule contain the comunications

regi sters. A detector |ocated on the PC card supplies a signal

i ndicating the status of the connection of the I/O sub nodule to
external source of I/0O signals. A povger nmanagenent nodule is | ocated
on the PC card and is connected to the det ector and the power supply
I n the host. The power ta PREP nor e

pr edet er mi ned power | evel SESCFm"Ti’gﬁr?ﬁé\ m creaé?)ﬁter Ier O sub nodul e
as a result of the status of the - connection between the | /O sub
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i s plugged into tiost isaaterru‘ﬁted by\the PC card/o R6it Khioesthat it is present. Then

PCT/US95/ 13884 4he host reads certain information from the PC card, and based on this
information configures both the host and the PC card. After
configuration, the PC card need have little interaction with the host
directly. Rather, it will deal mainly with the host based application
software.

The invention uses a hardware signal to indicate the presence or
absence of an external interface. After the host and PC card are
configured, the PC card senses the hardware signal and enters the

- appropriate power state. The invention further modifies the circuitry of
the PC card so that to the software residing in the host, the PC card
appears to be powered up. This is accomptished aecording to the
present invention by arranging to have all registers necessary for
communication with the host active at all times. In addition, the contents
of centain registers are modified to signal to the host that the PC card

~ while configured is not ready to operate. This condition is also
communicated to the user either by a message on the display or by a
tone sounded through the host's speaker. -

The invention uses logic and memory, preferably in the form of an
ASIC, between the microprocessor and the host to implement all of the
registers required by the PCMCIA standard. This is referred to as an
external register module since normally, such registers would be
implemented within the microcontroller. The external register module is
designed from asynchronous low power logic and memory. This means
that the external register module does not need an oscillator to run and
therefore draws very little power. This is critical since power must be
maintained to the external register module at all times that the PC card
is plugged into the host. :
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In operation'. for example, if the /O cable to the outside world, ;
such as a LAN or telephone network, is removed, the PC card will sense ‘
this event and remove power to non-critical circuitry while maintaining
the illusion to the host that the card is in an operational state.

Figure 1.is a block diagram of a basic form of the invention. -

Referring now to Figure 1, PC card 10 has a 68 pin connector 12 thatis |

_the mechanical portion of the interface between a host computer, not
shown; and PC card 10. The host computer is typically a small portable
such as a laptop or notebook which is battery powered. Data, address
and control signals pass from connector 12 along signal conductor 14 to
external register module 16. External register module 16 consists of an
array of SRAM -and logic gates that implement all of the registers in the
PC card specified by the PCMCIA standard. In a preferred embodiment,
external register module 16 is implemented in an asynchronous CMOS
ASIC. External register module 16 is tied through lead 18, pin 20 and
lead 22 to power supply 24 in the host. The power supplied to external

~ register module 16 is non interruptable for so long as card 10 remains in

_ its socket in the host and for so long as the batteries in the host retain
their charge. '

~ From external register module 16, data is supplied to and from
. micro controller 26 via data path 28. Microcontroller 26 is typically
synchronous which means that it requires a clock and therefore is a
heavy power consumer. Microcontroller 26 communicates over data
path 30 with I/O sub-system 32. The functionality of I/O sub-system 32
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DESCRI PTI ON OF A PREFERRED ENMBODI NENT 9 To support the PCMCI'A

standard, the PC card nmust fully power

varies depending on the I/O application. For example, it would be a

~ data pump in the case of a modem application.” Or it would be a LAN

* communication chip set in the case of a LAN or a sound chip set in the
case of a multimedia application. All such circuitry is usually
synchronous and therefore a heavy power user. I/O sub-system 32
communicates with the outside world via data path 34 to I/O connector
plug 36 which mates with I/O connector socket 38 and which is in turn

' connected to I/0O cable 40. I/O cable 40 may be attached to a LAN, a
telephone network, an antenna for cellular communication, to speakers, |
etc. The I/O connector consisting of plug 36 and socket 38 is multi pin.
In the present invention, one of the pins in plug 36, pin 42, is connected
via lead 43 to gate 44 of FET 45. A mating pin 46 in IO socket 38 is
internally connected to ground 47. A power source 48 is connected’

~ through high impedance resistor 50 to lead 43. Power source 48 is
connected by leads, not shown in the Figure, through connector 12 to
power supply 24 in the host. Source 52 of FET 45 is connected via lead
54, pin 20 of connector 12 and lead 22 to power supply 24. Drain 54 of
FET 45 is connected to microcontroller 26 via lead 56 and to l/O circuit

32 via lead 58. A typical FET useful for this purpose is Model F1994ZDY
manufactured by Siliconix.

- The system of 'Figure 1-operates in the following manner. For so
long as plug 36 and socket 38 are engaged, there is a direct connection
from gate 46 of FET 45 to ground 47. ‘Thus, the signal level on gate 44
of FET 45 is 0 voits and FET 45 is in the conducting state. Inthe
conducting state, FET 45 is no more than a low value resistance in the

_' path between power supply 24 and microcontroller 26 and I/O circuitry
32. In this condition, power is supplied to the microcontroller and the I/O

" circuitry. Power supply 48 is isolated from ground 47 by resistor 50.
The current drain through resistor 50 to ground 47 is very low, of the
order of microamperes, because of the high impedance of resistor 50.

When plug 36 and socket 38 are disengaged, gate 44 of FET 45
is no longer clamped to ground. Instead, a signal having the value of +V
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sof t war e. The invention uses a hardware signal to indicate
t he presence or absence of an exttnal interface. After the host
and PC card are configured, the PC card senses the hardware signal
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oot P by e rie e R 5k chpo Rl fbidthbe Foul i Fioure 2,PC EBIPISLS . 1,
regi ster nodul kas arrectanguiar shapesicdvityhfi Btewhictoalcartiage 58 fits in ianpl ernent e.
wi thin the m cgrRdvéigtibRship. Carkinbe sihas 3%cdiet PP Boidesigned to
receive a RJ-11 or RJ-45 connector. Carriage 58 may slide in and out of
cavity 56 and occupy at least two positions. In one position, :
substantially all of the carriage is within cavity 56. In this position, the I/O
section of PC card 10 cannot be connected to the outside world and is |
therefore not being used. Ina second position, carriage 58 is out of
cavity 56 far enough to aliow an RJ type connector to be inserted into
socket 60. Electrical connection with the RJ type connector is made with
contacts 62 which supply signals to I/O sub system 32. A switch 64 is
positioned in the far end of cavity 56 and supplies a zero level orone |
level voltage indicating whether or not it is closed or open. Switch 64
. may be optical, magnetic or electrical. The function of switch 64 is to
detect when carriage 58 is fully inserted in cavity 56. A more detailed
description of carriage 58 may be found in the co-pending application |
referenced in the first section of this application. . '

“In addition to the sliding carriage connector, the embodiment of
Figure 2 differs from Figure 1 in that oscillator 66 is separate from
microcontroller 26 and I/O sub module 32. Also, a power management
module 68 is connected to power supply 24 via lead 70. Power
management module 68 is connected to microcontrolier 26 via lead 72,
to I/0 system 32 vial lead 74, to external register module 16 by lead 75

- and to oscillator 66 via lead 76. Power management module 68 is
- connected to switch 64 by lead 78. Power management module 68 may |
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desi gned from asynchronous | ow power |ogic and nenory. This means

that the awbesmsvesregi ster nodul e does not need an oscill at GcrngsokMssgand
therefore draws very little power. This is critical since power nust be
mai ntai ned to the external register nodule at all times that the PC card

Is plugged into the host. " WD 96/13768 .
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According to present invention, the PCcard is in its | owest power

state when all functions not necessary to.fintaining the illusion that the

PC card is configured and operational are shut down. This includes all
78 Func vt ST SRR s, G TR R G IOE L L1
a "not r aV' utiegRAyeer to various SeCthﬂSlQi C@p@ﬁgtbaﬁﬁd Q@th%ﬁw ef if
the 1/0 cabl e tigs im@mavtégdisterV@ndlpit in the internal register of power
management module 68 indicates the status of switch 64. The
remaining bits indicate the power state of power management module
68. Microcontroller 26 may program the power state of power
management module 68 by writing to the internal register of power
management module 68. :

In operation, when carriage 58 is extended outwardly as shown
in Figure 2, it is possible to insert a RJ type plug into socket 60 and
connect card 10 to the outside world. In the outwardly extended
position, switch 64 is open. A signal indicating the position of carriage
58 is sent via lead 78 to power management module 68. When the
‘signal on line 78 indicates that carriage is in the outwardly extended
position, the status bit in the internal register in power management
module 68 is set and an interrupt is sent from power management
module 68 to micro controiler 26 requesting that the micro controller
read its internal register and determine if its power state settings are as
desired by the micro controller. Micro controller 26 responds to the
interrupt by reading the internal register in power management module
68. If the power state is correct, no action is taken by microcontroller 26.
If however the power state is incorrect, microcontrolier 26 writes the
proper state to the internal register of power management module 68.

Power managemént module 68 distributes power according to
_ the settings in its internal register. Examples of such states are: (1) tum
off all power, (2) turn on all power, (3) turn off/on power to certain
specified sections of card 10, (4) keep all power on and do not send
interrupts to the micro controller.

The present invention has described with reference to specific
embodiments. No doubt one skilled in the ant could conceive of many
variations. However, all such variations are included within the



such as a LAN or tel ephone network, is renoved, the PC card will sense

t hi s evewio wnd7gsenove power to non-critical circuitry whilpcrresssizssai ng
the illusion to the host that the card is in an operational state.
Figure 1 is a block diagramof a basic formof the invention. L
Referring now to Figure-1, PC card 10 has a 68 pin connector 12 thatiis
the mechani cal portion of the interface between a host conputer not :
shown, and PC card 10. The host conputer is typically a small portable
such as a | aptop or notebook which is baj2ery powered. Data, address;

and control signals pass fromconnector 12 along signal conductor 14 to
external regi I of :an
array of SRAI\/?A Qd%%bﬁeﬁg@&?ﬁﬁé@&%&%ﬁ digﬂﬁéa Je{ﬁregglng‘%vg{rgz in:the
PC card speci Cl@@Spy the PCMCI A standard. In a preferred enbodi ment,
external register nodule 16 is inplenented in an asynchronous CMOS |
ASIC. External register nodule 16 is tied through lead 18, pin 20 and

| ead 22 to power supply 24 in the host. The power supplied to external
regi ster nodule 16 is non interruptable for so long as card 10 renmains in
its socket in the host and for so long as the batteries in the host retain

their charge. . From external register nodule 16, data is
"supplied to and from ~mcro controller 26 via data path 28. | :
~Mcrocontroller 26 is typically synchronous whi ch neans that iﬁ

requires a clock and therefore is :a heavy power consuner. 5

M crocontrol |l er 26 conmuni cates over data path 30 with I/ O sub-i systen1

32. The functionality of 1/0 sub-system 32




-9- varies depending on the 1/0O application. For exanple, it would be a
data punp wostmzregase of a nodem application. O it woul d bepcrnisdiizsss
¢ommuni cation chip set in the case of a LANor a. sound chip set in the case
of a multinedia applicati | such’ C|rCU|try |s usually synchronous and
t herefore y power user. I/ O sub: syst em 32 -col MQS_AM—Lh-Lhe =
out si de wor | &m‘g\‘m to I/ O connector-.plugj GP-FBAE BEWt -
/0O connecto_:\m “ ich is in turn connect 3 i{@ Gaklke 40.
cable 40 may attachtd Yo'a LAN, a tel eptgne net wor At

cel lul ar .conmuni cation, to speakers, etc. The I/O connector consisting of
plug 36 and socket 38 is mul ti-pin. In tl]_ Rigsent i nvention, one of the
pins in plug 36, pin 42, is connected via ead 43 to gate 44 of FET 45. A
mating pin 46 in 1/0O socket 38 is internally connected to ground 47. A

power source 4&Nr@t¢§amégqsthrough h| gh i npedance resistor 50 to |ead 43.
Power source 48 is _

/0O

1. A system for controlling the power consumption of
an add in PC card operating within a host computer wherein said host
computer includes a power supply that provides all power used by said
PC card and wherein said PC card includes communication regieters
required for communication between said host computer and said PC
card, a microcontroller connected to an /O sub system and a multi-pin
IO connector having a first side thereof connected to said I/O sub
system and the second side thereof connected to a source of 1/O signals
external to said host computer, said control system comprising:

' ‘an external register module connected to said
microcontroller and communicating with said host computer, said
external register module containing said communications registers;

a status detector located on said PC card and adapted to
detect whether said I/0 sub system is processing /O information and
supplylng a status signal indicative thereof;

' a power management module located on said PC card,
said power management module being connected to said detector for
receiving said status signal, and said power management module being

‘connected to the functional circuitry of said PC card for supplying one or
more predetermined power levels thereto as a result of said status
S|gnal S '

2 " The system of claim 1 wherein said status detector
is a switch operatively connected to said multi pin connector and
adapted to provide a signal indicative the status of said connector.

3. The system of claim 1 wherein said external
register module is connected dlrectly to said power supply in said host
computer. = - :
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connect ed by

of connect or
connected to
58. A typica
by Sili.conix.
manner. For s
connection fr

gate 44 of FET 45 is 0 volts and FET 45 is in the conductlng state.

ate, FET 4% s norgbigebiad Aalfy HAbHe KERI sbaare 11 the

conducti ng st
bet ween power
this conditio
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AMENDED  SHEET

Waen

ocket 38 are disengaged, gate 44 of "FET 45 is no |onger
ound. Instepd, a-g{PBakeRPyl dbin ASwiareiif sald golver
management system cuts all power to said microédntroller upon receipt
of a signal from said detector indicating that said connection of said /O
sub-system to external source of I/O signals is broken.

6. . The system of claim 1 wherein said_ PC card is
further characterized by at least one oscillator and wherein said power

management module supplies power to said oscillator and wherein said |
power management system cuts all power to said oscillator upon receipt

of a signal from said detector indicating that said connection of said I/O

- sub-system to external source of /O signals is broken.

connector connected to said power management module

~ side of said resistor.being conneéted to said one or more pi_ns in said

* second side of said /O connector, said pins mating with said one or

7. The system of claim 1 wherein said PC said
detector compnses S
one-Or more detector pms in said flrst sude of said /O

a resistor having a first and second electrical side; said first

first side of said I/O connector;
a source of voltage connected to said second side of said
resistor; and
- a ground-connected to one or more detector pins in said

more detector pins in said first side of said /O connector.
8. The system of claim 7 wherein said power

management module comprises a register communicating with said
microcontroller and said detector and further characterized by logic

—_—

—_—
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Z10- s | npressed on gate 44. This causes FET 45 to be essentially
infinite |w0|9nnmance from:source to drain which in turn i sobctresesacysy

supply 24 fromm crocontrol”mlll ﬂ" “H"kub system 32. In this state, PC
card 10 draws as little as rrent. ThUS t he povver

consunption has been reduced.by up tb ¥ 00 tinmes. - Elghte-2=ksan)
bl ock di agram of an alternative enbodi nent of "the pres nrtwa;w&mmm BEHN ||
common reference nunerals in Figures 1 and 2 refer to ghe s amicdiionent g,
Referring now to Figure 2, PC card 10 has-1&-r ect angul ar=staped-cavt 1

into which a carriage 58 fits in a sliding relationship. Carriage 58 has a

socket portion &@uﬁﬂjsaaaﬂ@dtte Supply- pewer ¥ saidlmpsrobdntidligragtitbsaier /OCar ri age
58 may slide in u%r-]sys?em getermmed by the status of said register. |
9. -The system of claim 7 wherein said power
‘management module comprises a transistor having a first terminal, a
second terminal and a control terminal, said control electrode being
connected to said first terminal of said resistor, said first terminal being
further connected to said power supply in said host and said second
terminal being connected to said to said micro controller.

10. The system of claim 8 wherein said second
terminal of said of said transistor is connected to said /0 sub system.

11. The system of claim 9 wherein said transistor is a
field effect transistor. |

12. An add in PC card for supplying ‘network
communications functions to a host computer . wherein the connector to
the network is a RJ type universal jack consisting of a socket and plug,
and wherein said host computer includes a power supply that provides
all power used by said PC card and wherein said PC card includes
communication registers required for communication between said host
computer, said PC. card comprising:

a frame having a substantially rectangular top view wuth a Iong
and short dimension surroundmg and at least pamally supporting a
printed circuit board: - -
- top and bottom covers attached to sald frame and surrounding
said printed circuit board; -
. a first connector mounted to said frame along one of said short
" dimensions and connected to said printed circuit board;
~ acavity in said card formed by an opening in the short dimension
of said frame opposite said first connector and said top and bottom
covers; - - -
' a carriage having a socket portion and a support and contact
portion, said carriage being slidably mounted in said cavity and

‘This Sheet Has Been Rci
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- cavity 56 and occupy at |east two positions. In one position, substanﬁially
al | of tvhegsmsmsage is within cavity 56. In this positionpchisse. ection
of PC card 10 cannot be cprrectet—tot1E outside world and 1s t ere ore not

bei ng used. In a second ppriis SBEET s BEENgEe 58 |9—euf—e%—c—aw—t—y—56—1—ar
enough to allow an RJ typk corfif€EACRP to b |nsert cket 60. .

El ectrical connection wi th—tie—RITYpPE connect or Elllﬁ wtu)t!uacts 62
whi ch supply signals to I/O sub system 32. A swit ed in the

far end of cavity 56 and supplies a zergglkevel or one |evel voltage
i ndi cating whether or not it is closed or open. Switch 64 nmay be optical,

t V\:h ’
reanet ot i ] WSO AV A OR, e
carriage 58 Stﬁi"t‘iaﬁﬂrﬂﬂ qfrﬁ%“l’né’%"@ﬁ%ﬁdﬂ’ﬁ@maﬁﬁﬂ icauity andrazseefied in t he

first secti OrpdsitldrhWﬁe?é?ﬁbafc%b@Km pomon of shiti e4ltiageqs dLﬂ’SlHEQJffeaidj' ng
carriage connect.or -igure 1 in-

Chat ogci 1T akevig ano s saRket Sidlacifkally Bohedtaf o sBkEoaR®E it mom o
. 32. Also, a boaed, swidagekebeingdhdaptédio mate withcéaid R&tmmlugeuppl y 24 via

o 19 on oevader g fofe b FRRLSH Sl PAn BpaRrbRgl & 2° v °
lead 75 and @gdoeammuaicatiopethiough said first conpneastorwithgaid hostiodul e 68 is
connected to switch 64 éﬁ’l/beélfb gygsteﬁpﬁﬁhnfﬁﬁ‘éﬁ%ﬁﬁﬁbnm%lﬂmﬁ%m

and connected to said microcontroller; :
an external register module mounted on said printed circuit ‘
board and connected to said microcontroller: and communicating with |
said host computer, said external register modtf.lle containing said
communications registers; o
~ aswitch located adjacent said cavuty for detecting the
presence of said carriage within said cavity and generating a status |
signal indicative thereof; | |
a power management module mounted on said printed
circuit board, said power management module being connected through
said first connector to a source of power in said host, 'operatively .
connected to said microcontroller and said /O sub system and .
connected to said switch for receiving said status signal and supplying
one or more predetermined power levels to said microcontroller and I/O
_sub-system as a re'sult of said status signal.

13. The system of claim 12 whereln said external
register module is connected dlrectly to said power supply in said host
computer.

14. © The system of claxm 13 wherem saud power.
management module comprises a register communicating with said
microcontroller and said switch and further characterized by logic
circuitry adapted to supply power to said microcontroller and said /O
sub-system determined by the status of said register.

-
—
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WD 96/ 13768 |
PCT/ US95/ d33A3768 PCTHIS95/13884

-wconsist of a nmulti-bit in 1i|| ﬂmﬂ“ ll'ogic circuitry and circuitry for
di stributing power to var lﬂ Hmﬂu card 10#based on the status of
its internal register. One*bit itn thesinternal regi T

managenent nodul e 68 indicates the status of sw ﬁ'dIHl%&ﬁi-::FFhé‘ﬁg D=
“remaining bits indicate the power state of power! managéftdt=5

~ 68. Mcrocontroller 26 may programthe. poper stat®&-of power

" managenent nodule 68 by witing to the internal register of power
managenent nodul e 68. ' r'q@ﬂﬁ,-SS i's
extended outwardly as shaa/h The sxské}gfag?riée}%?fﬂﬁq?gmp%és}éldb e to insert a
R] type plug | managenant systemm guts all powebimeaid KQrsubtsystem: uror (RCBIRle
world:. In the ¥r RfiG&tector indicafity thatrsaid Bbhkéctith bFsA830 A
signal i ndi cat?ﬁ%%ﬁﬁ:‘g@t%?on ofe ' Is sent via lead 78 to

power nanagemef¥DHYE@

carria . 28 |

tg;8n axfRIAal feurce ot o signes 'sgﬁof‘?ﬂe 78 indicates
that carriage is in the outwardly extended position, the status bit
in the internal register _in power : dul [, set and an
Interrupt is sent from p(l\h,er naﬁgg%g%ﬁmlm 1%1?’(“?["%}?16%&@(9%?1"%?0 i :
control | er 26 managemery system tcuits all powerdatsaid migrocontroller upon receipt

- ~ of a signal from said detector indicating that said connection of said /O

sub-system to external source of /O signals is broken.

17. The system of claim 12 wherein said PC card is
further characterized by at least one oscillator and wherein said power
management module supplies power to said oscillator and wherein said
power management system cuts all power to said oscillator upon receipt
ofa sign.al from said switch indicating that said carriage is within said
cavity.

18. The system of claim 17 wherein said host computer
is battery powered. ' '

This Sheet Has Been Rerilaced
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read its internal register and determne if its power state settings are as
desired bywblegnivsgro controller. Mcro controller 26 responpgérisosifBisss
interrupt by reading the internal register in power managenent nodul e

68. If the power state is correct, no action is taken by mcrocontroller

26. I f however the power state is.incorrect, mcrocontroller 26
wites the proper state to t hel ¥rd er nal regi ster of power nanagenent
nodul e 68. Power managenent ‘nodul e 68 distributes power |
according to the settings in its internal register. Exanples of such
states are: (1) turn off all power, (2) turn on all power, (3) turn
of f/on power to certain specified sections of card 10, (4) keep all
power on and do not send interrupts to the mcro controller.

The present invention has described \A%Q-Pe-f-er erge to specific
enbodi nents. No doubt one skilled in €lart cowPd conceive of many

vari ations. However, all such vari agi ' uded within the W -
96/ 13768 ( F——=- 7> r;_ PCT/ U895/ 13884
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¥ 12- I nt ended scope of the present invention as defined by the

fol | ow ngwo 96/13768C! ai nNs. PCT/US95/13884
.- 13 - CLAIM5S 1 1. A systemfor controlling the power consunption of
a PC card coupled to ' . .
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Lcard 3
170 4 conPEfPBr havi ng WQRED INBL

a second 5

12 a host conputer providing all power to said PC card, whey
i ncludes a mcrocontroller connected to an |1/ O sub

i d ted to. ' / O signal B
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(57) Abstract

A system for controlling the power consumption of an add-in PC card (10) operating within a host computer. The host computer
includes a power supply (24) that provides all power used by the PC card (10). The PC card includes communication. registers required
for communication between the host computer and the PC card. The PC card also includes a microcontroller (26) connected to an I/O
subsystem (32) and a muiti-pin 'O connector (36). A first side of multi-pin O connector (36) is connected to the VO subsystem and
second side (38) is connected to a source of I/O signals external to the host computer. An external register module (16) is connected to the
microcontroller (26) and communicates with the host computer. The external register module (16) contains the communication registers.
A status detector located on the PC card (10) detects whether the I/O subsystem (32) is processing VO information, and supplies a status
signal indicative thereof. A power management module (68) is also located on the PC card (10) and is connected to the status connector.
The power management module receives the status signal from the status detector and supplies one or more predetermined power levels as
a result of the status signal.
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1 2. The systemof claiml wherein said status detector is a switch 2
Qperat ively connected to said I/O connect or and adapl%d—hr--

nal

3 indicative the status of said swtch." REPLACEMENT GHEET
- 14 - 1 4. The system of claim .1 “v;hefrel th”sal d pover oy mydul e
cuts all 2 power to said I/O sub- system upon recei pt;: dfiex.sitg m sai d
status 3 detector indicating that said I/ O sub- syste‘mrs nﬁF:e—Gap@d_I:d

sai d
-9-

varies depending on the I/O application. For example, it would be a
data pump in the case of a modem application. Or it would be a LAN
communication chip set in the case of a LAN or a sound chip set in the
case of a multimedia application. All such circuitry is usually
synchronous and therefore a heavy power user. /O sub-system 32
communicates with the outside world via data path 34 to IO connector
plug 36 which mates with /O connector socket 38 and which is in turn
connected to /O cable 40. /O cable 40 may be attached to a LAN, a
telephone network, an antenna for cellular communication, to speakers,
etc. The I/O connector consisting of plug 36 and socket 38 is multi-pin.
In the present invention, one of the pins in plug 36, pin 42, is connected
via lead 43 to gate 44 of FET 45. A mating pin 46 in /O socket 38 is
internally connected to ground 47. A power source 48 is connected
through high impedance resistor 50 to lead 43. Power source 48 is
connect_ed by leads, not shown in the Figure, through connector 12 to
power supply 24 in the host. Source 52 of FET 45 is connected via lead
54, pin 20 of connector 12 and lead 22 to power supply 24. Drain 54 of
FET 45 is connected to microcontroller 26 via lead 56 and to I/O circuit
32 via lead 58. A typical FET useful for this purpose is Model FI9942DY,
manufactured by Siliconix.

The system of Figure 1 operates in the following manner. For so
long as plug 36 and socket 38 are engaged, there is a direct connection
~ from gate 46 of FET 45 to ground 47. Thus, the signal level on gate 44
of FET 45 is 0 volts and FET 45 is in the conducting state. In the
conducting state, FET 45 is no more than a low value resistance in the
path between power supply 24 and microcontroller 26 and VO circuitry
32. In this condition, power is supplied'to the microcontroller and the I/O
circuitry. Power supply 48 is isolated from ground 47 by resistor 50.
The current drain through resistor 50 to ground 47 is very low, of the
order of microamperes, because of the high impedance of resistor 50.

When plug 36 and socket 38 are disengaged, gate 44 of FET 45
is no longer clamped to ground. Instead, a signal having the value of +V

" AMENDED SHEET |




4 external source of 1/0 signals. 1 5. The system of cIa.Lm;ﬂ::nmEFWi n
sai d power management nodule cuts all 2 power to sa'— Ch mwF’E@r upon
receipt of a signal fromsaid status detector 3 indi ﬁFFh’g 't'hai a{% 1
sub-systemis not coupled to said external source of 1/ 0O 4§ ﬂ@.

6. The systemof claim1l wherein said PC card incl u‘dé?“ht‘
oscillator = 2 receiving power from said power managefent nodul e, wherein
said 3 power managenent nodule cuts all power to said oscillator upon
receipt of a 4 signal fromsaid status deteldt-or indicating that said I/O
sub-systemis not 5 coupled to said external -source of 1/0 signals. 1 7.
The system of cl aiisrintprdseeeion g@tedMPCI'marcduS@ﬂFEFTSwto Be essentiallpnsfirfife ifor e

bower nanagenent aaaRencs oMt 86k i iftcf ARG ShiarbcPORERe B 2
el ectrical side; $®mmicrosonyblier 25 and Y& sbly wtertnoiiiZ blei this Haten@€ eardt 0 sai d
one or nore pins igpawdiad filid a5 1SflRafp @t cBfteAt. | TRLS RIVESWEF consumption

has been reduced by up to 100 times.

e i,

Figure 2 is a block diagram"of an alternative embodiment of the
present invention. The common reference numerals in Figures 1 and 2
refer to the same components. Referring now to Figure 2, PC card 10
has a rectangular shaped cavity 56 into which a carriage 58 fits in a
sliding relationship. Carriage 58 has a socket portion 60 designed to
receive a RJ-11 or RJ-45 connector. Carriage 58 may slide in and out of
cavity 56 and occupy at least two positions. In one position,
substantially all of the carriage is within cavity 56. In this position, the /O
section of PC card 10 cannot be connected to the outside world and is
therefore not being used. In a second position, carriage 58 is out of
cavity 56 far enough to allow an RJ type connector to be inserted into
socket 60. Electrical connection with the RJ type connector is made with
contacts 62 which supply signals to I/O sub system 32. A switch 64 is
positioned in the far end of cavity 56 and supplies a zero level or one
level voltage indicating whether or not it is closed or open. Switch 64
may be optical, magnetic or electrical. The function of switch 64 is to
detect when carriage 58 is fully inserted in cavity 56. A more detailed
description of carriage 58 may be found in the co-pending application
referenced in the first section of this application.

In addition to the sliding carriage connector, the embodiment of
Figure 2 differs from Figure 1 in that oscillator 66 is separate from
microcontroller 26 and /O sub module 32. Also, a power management
module 68 is connected to power supply 24 via lead 70. Power
management module 68 is connected to microcontroller 26 via lead 72,
- - to /O system 32 viallead 74, to external register module 16 by lead 75
and to oscillator 66 via lead 76. Power management module 68 is
connected to switch 64 by lead 78. Power management module 68 may

EN wg{) SHEET
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7 . a source of voltage connected to said second side of said _
resistor; and 8 _ a ground connected to one or nore detector pins in
sai d second side of 9 said |I/O connector

- 15 - 1 8. The systen1or Claim 7 wherein said power nanagenent nodul e

conprises 2 a reg| with said mcrocontroller.and said
st at us. det ect or, [I!nm mmuﬂgment nmodul e further including |ogic
circuitry adapt ed t o+ suppl ys power to said m crocqw:t-exza:ndm—'-f'/ o]
sub-system determ ned by. . REPLACEMENT SHEET

- 13 -

CLAIMS

e

1. A system for controlling the power consumption of a PC card coupled to
a host computer providing all power to said PC card, wherein said PC card
includes a microcontroller connected to an I/O sub system and an I/O
connector having a first side connected to said I/O sub system and a second
side connected to a source of I/O signals external to said host computer,
said system comprising:

an external register module connected to said microcontroller and
communicating with said host computer said external register module

indicating the status of said PC card to said host computer;

o W O N O O s W N

a status detector located on said PC card and adapted to detect whether

od

said I/O sub system is processing I/O information and supplying a status
signal indicative thereof; and

a power management module connected to said status detector for
receiving said status signal, said power management module controlling,
application of-power to said I/O sub system in response to said status signal
said power management module supplying power to said external register

module regardless of whether said I/O sub system is processing I/O

o N O O A W N

information. _ -

1 2. The system of claim 1 wherein said status detector is a switch
2 operatively connected to said I/O connector and adapted to provide a signal

3 indicative the status of said switch.




5 the status of said register. 1 9. The system of claim7 wherein said
power managenent nodule 2 conprises a transistor having a first termnal, a

second term nal and ntrol 3 terminal, said control termnal being
connected to said fi%ﬁﬁx&d&of 4 said resistor, said first
term nal being connecgm wer supply in said 5 host conputer, and
said second term nal lnﬁm !@ﬂ& said 6 mcrocontroller. 1 10.

The system of claim8 whefeif nd term nal of saj '

connected to said I/0O sub system 1 12. A PC card f
conmmuni cati ons functions between a host 2 conputer and alfnetwgr
sai d host conputer includes a power supply 3 that provi d, Datd 1. %oyver sed “
by said PC card, said PC card conprising: 4 a fi rs{—“%:meefﬂF—m

di sposed on sai d PC card; 5 a carriage having a socket portion, said
carriage slidably nount ed in a6 cavity il# said PC card and novabl e between
a first position wherein 7 substantially all of said carriage is within

sai d davi4y e aystemooid cla8mpdswherein ogidr powersmiatagemsng tmpdre jants all sai d

carrigge i s outsi i d . . .
g2 power to saclilﬁ 7o) sub-system upon receipt of a signal from said status

3 detector indicating that said I/O sub-system is not coupled to said

4 external source of I/O signals.

1 5. The system of claim 1 wherein said power management module cuts all
power to said microcontroller upon receipt of a signal from said status detector

indicating that said I/O sub-system is not coupled to said external source of I/O

&> WM

signals.

—

6. The system of claim 1 wherein said PC card includes at least one oscillator
receiving power from said power management module, wherein said
power management module cuts all power to said oscillator upon receipt of a

signal from said status detector indicating that said I/O sub-system is not

A s WwN

coupled to said external source of I/O signals.

5 S

7. The system of claim 1 wherein said PC card comprises:

one or more detector pins in said first side of said I/O connector
connected to said power management module;

a resistor having a first and second electrical side; said first side of
said resistor being connected to said one or more pins in said first side
of said I/O connector;

a source of voltage connected to said second side of said resistor; and

a ground connected to one or more detector pins in said second side of

O 0 N O O e W N

said I/O connector.
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9 :'cavi ty;

0 a mcrocontroller disposed on said PC card and

conmmuni cating through 1 said first connector with said host conputer;
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an [/0 sub syst PC card and connected to said
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8. The system of claim 7 wherein said power management module comprises
a register communicating with said microcontroller and said status detector,
said power management module further including logic circuitry adapted to
supply power to said microcontroller and said I/0 sub-system determined by

the status of said register.

9. The system of claim 7 wherein said power management module
comprises a transistor having a first terminal, a second terminal and a control
terminal, said control terminal being connected to ‘said first electrical side of
said resistor, said first terminal being connected to said power supply in said
host computer, and said second terminal being connected to said

microcontroller.

10.  The system of claim 8 wherein said second terminal of said transistor

is connected to said I/O sub system.

12. A PC card for supplying communications functions between a host
computer and a network wherein said host computer includes a power supply
that provides all power used by said PC card, said PC card comprising:

a first connector disposed on said PC card;

a carriage l{aving a socket portion, said carriage slidably mounted in a
cavity in said PC card and movable between a first position wherein
substantially all of said carriage is within said cavity and a second
position wherein said socket portion of said carriage is outside said
cavity;

a microcontroller disposed on said PC card and communicating through

said first connector with said host computer;

| amaEnecrn gHEET




3 ricrocontroller, said I/O subsystem communi cating with the socket portion
4 of the carriage; 5 an external register nodul e di sposed on said
PC card and connected to 6 saidmcrocontroller and conmunicating with said
host conputer, said exter naI 7 register nodule indicating the status of

said PC card to sai d host conputer; 9 a switch |ocated adjacent
said cavity for detecx—png—t—he—presernca or 0 absence of _said-¢

within said cavity and en at us signal & g@ﬁl‘g@@‘mggw gh&wo
and 2 a povver \ "di sposed on sgjd PC car&i%1 power
3 nmanagement nodul e said first con ngg, o_'r: ________ R 3 enof
4 power in said host corrputer and coupl ed to said sv f-or *ﬁr;er:vrﬁ

said 5 status signal, said power managenent nodule cont roI | ing application
of power 6 to said rri crocontroller and said I/O sub-systemin response to

said status 7 signal. 1 14. The systemof claim 13 wherein said power
managenment nodule 2 conprises a regid&er communicating wth said

‘mcrogontrol | g5 PpOkubabyhtémi dlsl%bsed%n sAddpeovRa JHRNAGHIERY moéﬂhe further
including logic circuitry adapted to 4 supply power to said

m cr oSontmigkdcentmildr,satid /00 ssbiystemt eommaeicating neithbthe socket portion

4 of the carriage;

an external register module disposed on said PC card and connected to
saidmicrocontroller and communicating with said host computer, said external
register module indicating the status of said PC card to said host
computer; | |

a switch located adjacent said cavity for detecting the presence or

©C W 0O N O O

absence of said carriage within said cavity and generating a status signal

-

indicative thereof; and

a power management module disposed on said PC card, said power
management module connected through said first connector to a source of
power in said host computer and coupled to said switch for receiving said
status signal, said power management module controlling application of power

to said microcontroller and said I/O sub-system in response to said status

~N o a0 A~ W N

signal.

-

14. The system of claim 13 wherein said power management module
comprises a register communicating with said microcontroller and said switch,
said power management module further including logic circuitry adapted to

supply power to said microcontroller and said I/O sub-system determined by

g W N

the status of said register.
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5° the status of said register.
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1. 15. The systemof claim 12 wherein said power nanagenent

modul e cuts all 2 power to said |/ O sub- system upon recei pt of a signal
fromsaid status deteetor—3—ndicating that said I/ O subsystemis not

coupl _Ed to an external | ﬂ"m |ﬁ||m||
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15. The system of claim 12 wherein said power management module cuts all
power to said I/O sub-system upon receipt of a signal from said status detector
indicating that said I/O subsystem is not coupled to an external source of I/O

signals.

16. The system of claim 12 wherein said power management module cuts all
power to said microcontroller upon receipt of a signal from said status detector
indicating that said I/O subsystem is not coupled to an external source of I/0

signals.

17. The system of claim 12 wherein said PC card includes at least one
oscillator and wherein said power management module supplies power to said
oscillator and wherein said power management system cuts all power to said
oscillator upon receipt of a signal from said switch indicating that said

carriage is within said cavity.

18. The system of claim 12 wherein said host computer is battery powered.




1 16. The system of claim 12 wherein said power managenent nodule cuts

all - 2 power to said mcrocontroller upon receipt of a signal froms, sal d
status detector 3 indicating that said |/O subsystem. epred. to an
external source of 1/O 4 signals. 1 17. The £> where| n

.tﬁm?és_\&eﬁ'a'ﬁ e
td;g gémgfgs)sal d

said PC card includes at | east one 2 _osm'llato_r
managenent nodul e supplies power to said 3 oscill

power managenment systemcuts all power to said 4 opcill “:EPQOT] Tecei pt of
a signal fraBSTRACT switch indicating that said 5 carriage is within sald
cavity. 1 18. The system of claim 12 wherein said host conmputer is

battery powered.

ACTIVE POWER DOWN FOR PC CARD /O APPLICATIONS

A system for controlling the power consumption of an add-in PC card operating within
a host computer. The host computer includes a power supply that provides all power
used by t.he PC card. The PC card includes communication registers required for
communication between the host computer and the PC card. The PC card also
includes a microcontroller connected to an I/0O subsystem and a multi-pin /O connector.
A first side of the multi-pin I/O connector is connected to the /0O subsystem and a
second side is connected to a source of 1/0 signals external to the host computer. An
external register module is connected to the microcontroller and communicates with
the host computer. The external register module contains the communication registers.
A status detector located on the PC card detects whether the 1/0 subsystem is
processing 1/O information, and supplies a status signal indicative thereof. A power
management module is also located on the PC card and is connected to the status
connector. The power management module receives the status signal from the status

detector and supplies one or more predetermined power levels as a result of the status
signal.

(Figure 1)
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