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{57) Abstract

circuits is not useful. Various embodiments are disclosed.

{54) Title: COMMUNICATION CIRCUIT HAVING NETWORK CONNECTION DETECTION CAPABILITY

Methods and apparatus for providing network communications capa-
bility to a computer system in accordance with standard communication line
protocols are described, including interface circuits (70, 80, 90, 100, 110)
which sense various characteristics of the communication lines (22, 24, 26,
28, 30) to control or provide signals (72, 82, 92, 102, 112) 1o control power
to line drivers and/or other substantial power consuming cxrcmtry to con-
serve power when communication line conditions indicate powering such
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The present invention relates generally to the field of digital

communi cations, and particular to conmuni cati ons interface circuits
and power managenent systens and net hods. . Related Art
Var.i ous conmuni cation interface standards are known for B_Ls E’Eﬂ J
‘tomuni cati ons B kA4 6corrputer syst ens and peri pheral ju:i' 9 2
bxanpl e of such an interface is the RS-232 seri al connunlcatlons

I nterface standard which is used in many applications, including

| BM conpati bl e personal conputers. Qher common standards include the

RS- 485 or RS-422 standards. Such
ncl ude speci fi cati onCOMMUNILRAIGIEY o DA e £y
manuf acture to comunicate with eacmumumgmgL__gAgggggmmgonaIIy, t he
Circuitry used to provide a conputer systemw th RS-232 conmuni cati ons
nterface capability " remains active and powered even when not
connected to a

d|o|tal connunlcatlons standards
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The present application is a continuation-in-part
of U.S. Patent Application No. 08/534,954 filed
September 28, 1995 which is a continuation-in-part of
U.S. Patent Application No. 08/315,130 filed
September 29, 1994. Both applications are assigned to
the assignee of the present invention.

1. Field of the Invention

The present invention relates generally to the
field of digital communications, and particular to
communications interface circuits and power management

systems and methods.

2. Related Art

Various communication interface standards are known
for establishing communications between computer systems

§

and peripheral devices. One example of such an
interface is the RS-232 serial communications interface
standard which is used in many applications, including
IBM compatible personal computers. Other common
standards include the RS-485 or RS-422 standards. Such
digital communications standards include specifications
adequate for equipment of different designs and
manufacture to communicate with each other.
Conventionally, the circuitry used to provide a computer
system with RS-232 communications interface capability
remains active and powered even when not connected to a
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-2- device. In the past, when conputer systens were generally
powered via a standard electrical outlet, this constant utilization of
power did not pwvesem23s& probl em because of the virtually PCEESEOSIISDI €
supply of power avai |l abl e. However, with the recent

popul arity of portable | apt op and pal ntop conputers, which generally
draw power froma rechargeabl e battery,2 this unnecessary power
consunpti on has becone problematic. Wthout a check on t he status of

its ponnectiog t0 oldaghcaySt eABLhd liﬁﬁt, whﬁﬁ%&i:git@rﬁéﬁ@ﬁ@m@ﬁéﬁ@ t[)y
continues to rarn power om e_rec [ anl e.batter t r Yy .
reduci ng the anount gc?f‘era&iyt?%eﬁ%fe.vﬁgr a ae&%aorrfipuetléef:&%/% I‘eﬁ“r%éf%bethéﬁd
renotely. congtanguseiligarignneéeBavry PWEOTt cBRSSEN icoProkiem

t hereby extend the tJedBubBeotechargeablag1hal hemadstnl8Ssupply JR@edr it
Is desirable to provide onmuni cati on interface circuit which

a
detects when it is ﬁ‘é’talgfaﬁgﬁéd t o anot her comruni cations system and
whi ch responds by signaling for the application of power to certain
portions of the interfacEBoWEVeh: tWitd Besgepemddrrylprity of pogtaple

desirabl e for the inapebpcandi pL£iitdord @ompatere, ashich gpABLs) IR IFERGRNBBver

system that moni tor ¢, ¢aMIuDLERLiQlhble balBELiY! ehi'd uAHEBLRG S YIY! cati on
" consumption has become problematic. Without a check on

the status of its connection to other systems, the
unused interface circuitry continues to drain power from
the rechargeable battery, thereby reducing the amount of
time the portable computer system may be used remotely.

To reduce this unnecessary power consumption, and
thereby extend the time the rechargeable battery remains
charged, it is desirable to provide a communication
interface circuit which detects when it is not coupled
to another communications system, and which responds by
signaling for the application of power to certain
portions of the interface circuit to be suspended. It
is also desirable for the interface circuit to include a
power management system that monitors ccocmmunication
activity through the communication interface circuit.
The power management system signals certain portions of
the communication interface circuit to shut (or power)
down if there exists no communication activity through
the communication interface circuit for a prescribed
period of time as well as power up in the event that
communication activity is detected and the communication
interface circuit is shut down.

SUMMARY OF THE JINVENTION

Methods and apparatus for providing network
communications capability to a computer system in



The power nmanagenent system signals certain portions of t he

comuni cation interface circuit to shut (or power) down if there

exi sts no conmuni cation activity through t he conmuni cation interface
circuit for a prescribed period of tinme as well as power up_in the
event t hat WQMHRMecati on activity is detected and the co {US2¢1 Bt
interface circuit is shut down. SUMVARY OF THE

[ NVENTI ON Met hods and apparatus fqQr providi ng network

communi cations capability to a computer systéniin WO 97/ 12346
PCT/ US96/ 15275 - 3- accordance with

st andar d conmuni cat | arcdidencer Witk gitandard gemmyRikeatilsad 1inachPrekerpls

nterface circuits Wi&hisRRSBed, indRIdioHS iAbeF Bidediztugss0fhidle sense

Fomuni cation 1ines éé&ious characteristics of the communication lines to

- control or provide signals to control power to line
drivers and/or other substantial power consuming
circuitry to conserve power when communication line
conditions indicate powering such circuits is not

useful. Embodiments for sensing valid/invalid line

signals on the communication lines, for sensing
proper/improper line loads on the transmit lines and for
sensing the presence/absence of transmitter or receiver

data are disclosed.

BRI TION F_THE DRAWI

The features and advantages of the present
- invention will become apparent from the following
detailed description of the present invention in which:

Figure 1 is an illustration of a laptop computer
communicating with a desktop personal computer in
i accordance with one embodiment of the invention.

i Figure 2 is a circuit diagram illustrating an
interface circuit configured in accordance with the
described embodiment of the invention.

e er emn

e i e oing

Figure 3 is a circuit diagram illustrating an
alternative embodiment of a line interface circuit in
accordance with the invention.

Figure 4 is a circuit diagram illustrating a
preferred embodiment of a communication interface
circuit in accordance with a second aspect of the
present invention. '



control or provide signals to control power to line drivers and/or

ot her substantial power consum ng circuitry to conserve power when
comuni cation |ine conditions indicate powering such circuits is not
useful . Enbodi We#12346r sensing valid/invalid |ine si gnalPETRIS¢/HAT75
comuni cation |ines, for sensing proper/inproper |line |oads on the
transmt lines and for sensing the presence/ absence of transmtter or
receiver data are discl osed. -4 - BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advantages of the present

i nvention will becone appanael sf ienatberdald @diaggam illulairaitlied dgscription
of the present 'nvqgfdéyﬁaﬂlv@hbﬁﬂo 1m%Ft .0 theF&§W§§h£Eaﬁidﬁn btggétratlon

of a | aptop conputer comruni ca ersonal “conputer in
accordance Wi th onecigifodi PEnFigRre - |nvent|on Figure 2 is a
circuit diagramillustrating an interface circuit configured in
accordance with the riesore Bedseaboilraeitt dibhgrae ihMestraading a

Figure 31 a clroulle lAUATbbANTLIAIING Buer nahdiiah! LoseaRof TNt Of
aline interface cirtcuit_in accordance with the inventio

Figure 4 is a circl@EWHBREPEEPLRL FRtThH@spect of the present invention.

Figure 7 is a circuit diagram illustrating another
embodiment of the power management system operating in
accordance with a fourth aspect of the present
invention.

ETAILED D IPTION F E T NT

First, referring to Figure 1, an illustration of an
exemplary computer system, such as a laptop computer 10
coupled to a desktop computer 14 by an RS-232 line 12
may be seen. Figure 1 is intended to be exemplary only,
as a computer system may be similarly coupled to a
network or other device such as, by way of example, a
modem or test equipment. Such laptop computers are
designed for portability, with an internal rechargeable
battery (not shown) that allows the laptop computer to
be used as an isolated unit when external power is not
available. When operated from the battery, a laptop may
be operated without connection to external devices or
networks of any kind, though can also be connected to a
modem, a printer or other device such as on an RS-232
line. When inserted into outlet i8, power line 16
provides power to the laptop computer, allowing the
laptop to operate in the normal manner and possibly to
recharge the battery as required.

Figure 2 is a circuit diagram illustrating an
interface circuit 20 used in the laptop 10 of Figure 1
when configured in accordance with one embodiment of the



preferred enbodi nent of a communication interface circuit in accordance

with a second aspect of the present invention. WO 97/ 12346

PCT/ US96/ 15275 -4- Figure 5is a
circuit diagram.illustrating an alternative enbodi nent of

communi cation i mfb?ﬁ’i&‘é circuit of Figure 4. Fi tg&?’é’ls 615275,
circuit diagramillustrating a preferred enbodi nent of a power
managenent systemin accordance with a.third aspect of the present

i nvention. Figure 7 is a circuit diagramillustrating another
enbodi nent of the power managenent system operating in accordance with

a fourth aspect of tinveprdsant The intgydafpopircuit 20 comprises a
plurality of identical line interface circuits 70, 80,

90, 100 and 110, an AND gate 66 and a monostable circuit
68. Each line interface circuit monitors an RS-232 line
controlled by data communications equipment (DCE) that
may be connected to the computer by an RS-232 cable to
determine the status of the respective line. 1In the
present embodiment, line interface circuits 70, 80, 90,
100, 110 are used to couple the laptop to data
communications equipment via Clear to Send (CTS) line
22, Carrier Detect (DCD) line 24, Receive Data (RD) line
26, Data Set Ready (DSR} line 28 and Ring Indicator (RI)
line 30, respectively. CTS line 22, DCD line 24, RD
line 26, DSR line 28 and RI line 30 are part of the RS-
232 communications interface standard and are embodied

as individual wires in interface cable 12. 1In response,
each circuit 70, 80, 90, 100, 110 generates a Single
line Invalid signal on signal lines 72, 82, 92, 102, 112
respectively, which indicate whether each line interface
circuit 70, 80, 50, 100, 110 is connected to a network
or another communications device such as a desktop
computer as shown in Figure 1 or a modem.

Each signal line 72, 82, 92, 102, 112 is provided
as an input to AND gate 66. The AND gate 66 provides an
output to monostable circuit 68 which in turn generates
a Master Invalid signal on line 69 in the event all line
interface circuits provide a line invalid signal to the
AND gate, indicating that none of the RS-232 lines
monitored have a valid signal thereon. The Master
Invalid signal indicates that the entire interface
circuit 20 is not connected to a network or another
device, or alternatively, is connected to a network or
other device that is not powered, and in either case,
may be used by the laptop computer to regulate or shut
off power to other circuitry in the laptop computer



DETAI LED DESCRI PTI ON OF THE | NVENTI ON First, referring to Figure
1, an illustration of an exenpl ary conputer system such as a | aptop
conmput er 10 coupled to a desktop conputer 14 by an RS-232 line 12

may be seen. Fvgmew2346 s | nt ended to be exenplary only, AP/ BHIFPRTRr
systemmay be simlarly coupled to a networ k or other device such as,
by way of exanple, a nmodem or test equignent. Such |aptop conputers are
designed for portability, with an internal rechargeable battery (not
shown) that allows the | aptop conputer to be used as an isolated unit
when external powercésnédied to ahai Rebb®2 Mhiris,opacht 8¢ Iimamarheebattery, a
| apt op may be o erat_\tradrvm' tat}l%ugz gorgﬁgtlon to external devices or

net wor ks of any kin =% ho can a € connect ed to a nodem a
printer or other devi ce such as on an RS-232 line. Wien inserted into

outlet 18, power |ine leRefermng,againpbAei>4H e He Péﬁ?oﬁ’%ﬁﬁ&?efﬂrcmt
al l owi ng the | apo ppwt ictopier atepresentac nor el 1iaanentandiceossrbliyts o

recharge the batteryyasydeqd.edso, com rlseS 'ng%@egt%ls 0 Clt%ub% EA%ram

illustrating an interface CII‘CUI use |nthe rel
when configured in SEBRARRES Wilh Bneaemﬁl‘cﬁtﬁénts of Y gate 64.

Resistor 53 is coupled between the CTS input line 22 and
ground, in a preferred embodiment a line load of 5 kQ,
and unless the CTS line is connected to another powered
device driving the line to other voltages, will pull the
line to ground voltage. Voltage comparator 60 has its
inverting input coupled to CTS line 22 and its non-
inverting input coupled to a positive one volt (+1V)
voltage source. The non-inverting input of voltage
comparator 62 is coupled to the CTS line 22 and the

- inverting input is coupled to a negative one wvolt (-1V)
voltage source. The outputs of voltage comparator 60
and 62 are coupled to the inputs of AND gate 64, which
generates a Single Line Invalid signal on line 72. Wwhen

| laptop computer 10 and desktop computer 14 are

communicating with each other over RS-232 cable 12
(Figure 1), the voltage on the CTS line 22 will
generally vary. between positive three (+3.0) volts or
greater, and negative three (-3.0) volts or less. Each
of the other line interface circuits 80, 90, 100 and 110
perform similarly in response to voltage levels present
on their respective input signal lines, and the
combination of all the line interface circuits form the
data terminal equipment input portion of a standard RS-

232 communication interface.

While inverter 50 of line interface circuit 70 is
driving internal data line 52, voltage comparators 60
and 62 of line interface circuit 70 are also monitoring
the voltage level on the CTS line 22. When the voltage
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+5-" I nvention. The interface circuit 20 conprises a plurality-of
; dentical line interface circuits 70, 80, 90, 100 and 110, an AND gate
6 and a nonostable circuit 68. Each line interface circuit #Hgﬁsan
E S-232 |ine BRI ed by data communi cati ons equi pnent (D(E)mpp &t
¥y be connected to the conputer by an RS-232 cable to determ ne the
5t atus of the respective line. In the present enbodi ment, |ine
nterface circuits 70, 80, 90, 100, 110 are used to couple the Iaptop
[ 0 dat a conmmuni cations equi pnent _via Clear to Send (CTS) |ine

Carrier Detect (DCD)leved om, the&diSvéipgt a2 (FH)Ingater thanel §hveltet tZ}F’{éady
DSR) line 28 and Ri letggécpém ©nl xhe noxh-l-it&re’i&,lngesme@t loelwltag® | i ne

b2, DCD |ine 24, RD D > | Lne
RS Zggecormum c&f’?‘%ﬁ’éa'f ’fgsrzf a?:gls gﬁ a%dtae Jher eugﬁb\g t%(?% H%V‘Eloon ©

ndi virdual wires in iiheeihuert iqugblispep. I%%%m, VOlta@%cﬁP“@ialréGPF 9,
BO, 90, 100, 110 genepaspsly Silyyie highl toeanmvpitied 681 gnatteronnd goakagénes

[Piertace i rou tovp: GBIEf, B bendles s AReETLRalnel W v AR ppe"®
anot her comuni cat | oNglEaee ckevsicRnashyg HeERIGing input of voltage
comparator 60 will be less than the voltage level on its
non-inverting input. This causes voltage comparatoxr 60
to apply a logic high to AND gate 64. Thus, when the
voltage level on the CTS line 22 is between -1.0 and
+1.0 volts, which is a voltage range which is less than
i the range associated with a valid RS-232 logic level,
voltage comparator 62 and voltage comparator 60 will
both simultanecusly assert logic highs, which in turn

ﬁ _ will cause AND gate 64 to assert a Single Line Invalid
signal that is applied to AND gate 66. If none of the
signals CTS, DCD, RD, DSR and RI are in the valid range,
all inputs to AND gate 66 will be high, and thus the
output thereof will go high.

As one possible exception, signals changing state
must pass through the range of -1.0 volts to +1.0 volts,
so may have transient values in the designated invalid
signal range. This is taken care of by monostable
circuit 68, which maintains the present wvalid (low)

L i

state of the output signal on line 69 until the new
invalid (high) signal asserted by AND gate 66 remains
logic high for at least 10 microseconds (“ps”), adequate
to insure against a false triggering of the invalid
signal by temporary conditions on the RS-232 lines.

Such temporary conditions may be created when
simultaneous transitions across all the RS-232 signal
lines cause all the signals to temporarily be at invalid
voltage levels. However, since these signals only
remain at an invalid logic level for substantially less



conputer as shown in Figure 1 or a nodem Each signal line 72,

82, 92, 102, 112 is provided as an input to AND gate 66. The AND gate
66 provides an output to nonostable circuit 68 which in turn generates
a Master Inval i Wo9Tg2¥aé on |line 69 in the event all line i FEHE$08275
circuits provide a line invalid signal to the AND gate, indicating that
none of the RS-232 |ines noni tored have agvalid signal thereon. The
Mast er Invalid signal indicates that the entire interface circuit
20 is not connected to a network or anot her device, or alternatively,

i's connected to a nedHeer Koops, momddiadbldevieeuitads ieffeetipeOVErSebvettd i n
el ther case, Talte B BY 1] 89l AnE PUPUIAY HenP Bl B ey ST

of f power to other circu
PCT/ USQG/ 15275 response to these temporary C(deltlons connect ed to the
RS-232 lines, such as line drivers,

In an alternate embodiment, voltage comparator 60

may be configured to perform the function of inverter
50. Alternatively, voltage comparator 62 may be
configured to perform the function of inverter 5¢. 1In a
further embodiment, the outputs of comparators 6C, 62
are provided directly to AND gate €6 as one of 10 signal
inputs thereto.

In a further alternate embodiment, the voltage
asserted on CTS data line 22 may be determined by
sensing the current through resistor 53. Using the same
-1.0 volt to +1.0 wvolt signal invalid range as before,

. such range would be the equivalent of a current through
the resistor 53 of -200 pamps to +200 pamps. The Single
Line Invalid signal indicating a current within this
range would be applied to AND gate 66 via line 72.

Figure 3 illustrates a still further alternate
embodiment of line interface circuit 70. Herein,
inverter 50 and resistor 53 operate as previously
described. Voltage comparator 75 has its non-inverting
input coupled to CTS line 22, and its'inverting input
coupled to a positive 1 Volt (+1.0 volt) voltage source.
The inverting input of voltage comparator 76 is coupled
to CTS line 22, while the non-inverting input is coupled
to a negative 1 volt (-1.0 volt) voltage source. Now
the outputs of voltage comparators 75 and 76 are both
low if the voltage of the CTS line is in the range of
-1.0 volt to +1.0 volt, and as connected to NOR gate 77,
generate the same single line Invalid signal on line 72
as before. Other line interface circuits 80, 80, 100,
110 may be similarly implemented.



eceivers, and the |ike. Referring again to Figure 2, line

nterface circuit 70, which is representative of line |nterface
gircuits 80, 90, 100, 110, conprises an inverter 50, two voltage
conpar ators 60, sistor 53 and an AND gate 64. Resi |
toupl ed bet ween ?ﬁ%ngﬁgginput line 22 and ground, in a pre?g?pg s275
prbodi ment a line load of 5 k[err], and unless the CTS |ine is
tonnected to anot her powered device driw Ag-the line to other
yol tages, will pull the line to ground voltage Vol t age conparator 60

nas its |nvert|ng|np coupled to nd, i.t s nan- , )
inverting input coupl ed t(5P Spo§ Fl}\}%r%’rfgé&’ §$ Ak m\'iSF?iij% STt
The non-inverting inRat wifllvassege a 1og1cmmpaha®m1:6'& 69 tbapl eah tlee tusedCTS

jine 22 and the R R e nyéen& Sld’Q‘épEQQpér?d & YR FiY@a@I@h‘G}.’t
-1V) vol tage so The out puts of, voltag e gonpar a and 62
hre coupl ed to the |rﬁﬁﬂe§ &P ARBFR PBF LR Eﬁ r%&‘fé?ﬁ?e‘slﬁc‘ﬁtndisé

ine Invalid signal awo Inevei¥?2. afietransmit apfopnatimputier atbondahate skittdp
sonput er 14 are GRITREDE! i ffedbddL %%hdgwersw sRopREZngabl € 12

[Figure 1) , the voltage on Lh CIS line 22 w rally vary

bet ween positive t hr ECFFaFY Vo?‘%‘gl"(fr to. 1@?‘éa‘?’é‘rver§‘n8n ef8t Jr/‘(=)ezi~'=h'r edY
-3.0) volts or |ess.susgeniding thefapgic aatthien of nEowert eof aeet@im qubirts oB@,
PO, 100 and 110 S E‘E‘n?bﬁl{ arér}{e Il @SB&P&G éd?xs\ﬁﬁlehaﬂf LiSlcer

Dr esent on their respectlvg ut S|gﬁa Lines, and t

conbi nation of all tRYSSHeifnP Silr OFi PSRN (thys e"te%%‘tré? %&¥ni nal
equi prent i nput portidwragfioa shendeslri@Sable bal@32 Y owyubecasedta mosrekace.

the laptop computer between battery charges. In that

regard, while the monitoring circuits of the present
invention are intended to be powered all the time, they
can be easily realized by very low power circuits, yet
theixr contrel of much higher power circuits results in
very substantial power savings.

Thus, a method and apparatus for operating a
computer system that allows for reduced power
consumption is described. While the invention is
described in the context of an RS-232 compatible
circuit, the invention can also be utilized with other
communication standards and interfaces that use voltage
level transitions over signal lines to transmit data,
such as, by way of example, RS-485 and RS-422
communication standards. Also, while the invention is

© ey e . =

shown used within a portable computer system, it can be
included in any communications system that would benefit
from reduced power consumption. The interface circuit
can also internally turn on and off sections of its
circuitry without intervention or contrel by the
computer system 10. Furthermore, the computer system 10
can use the Invalid signal to indicate to the user, or
to other software, whether or not the computer system 10



VWhile inverter 50 of |ine interface circuit 70 is driving internal data
line 52, voltage conparators 60 and 62 of line interface circuit 70 are
al so nonitoring the voltage | evel on the CTS line 22. Wen the voltage

WD 97/ 12346 WO 97/12346 PCT/ US96/ 15 PY3/US96/15275

-7- on the CTS line 22 is greater than -1.0 volt, the

vol tage | evel on the non-inverting input of VHJtage conparator 62 wll
be greater than the voltage | evel on ifs'inverting input. This causes

vol t age conparator 62 to apply a logic high to AND gate 64. Wen the

vol t age
vol tage | evel !
|l ess than the vol t a§€3F&hel “on

on the ipvertin

98 EbEn&dRd itRead2atSive Sethitar , +Eofmiidd dat il

Lnput of voltaqg .conparator 60 will be
%t e communlications evice, .
X |ﬁ non-lnverplné Fhput. This causes

vol t age conparator 60 to apply a _logic high to AND gate 64. Thus, when

t he

The invention disCussed above and depicted in
Figures 2 and 3 provides a communication interface
circuit which detects, at the receiver input, when it is
not coupled to another active communications system.
When not thus coupled, the communicaticn interface
circuit provides a signal so that the application of
power to certain portions of its circuitry can be
suspended. However, an alternative method of detecting
the connection or lack of connection cf the
communication lines to another device in accordance with
the present invention is to detect a load on one or more
of the transmitter outputs of the computer system 10
{the data terminal equipment ocutputs) to provide a
status signal which indicates when a transmitter in a
computer system is coupled to another device so that the
application of power to certain portions of the
interface circuit such as driver circuits can be
suspended when the transmitter is not coupled to another
device. It is also desirable to provide a power
management system which turns on powered-off circuits in
a computer system when signal transmission activity is
detected.

Such an embodiment is shown in Figure 4. 1In this
specific embodiment, RS-232 interface circuit 120 within
a computer consists of one or more signal line interface
circuits, such as interface circuits 122 and 123, an
oscillator circuit 124 and an output circuit 125.
Assuming two RS-232 transmitters, the transmitter

'signals are provided by the computer via signal lines

126 and 128. Each signal line interface circuit 122 and
123 generates two outputs, which are provided on lines
130, 132 and 134, 136 respectively. The signals



voltage level on the CTISline 22 is between -1.0 and +1.0 volts, which
is a voltage range which is |l ess than the range associated with a
valid RS-232 logic |evel, - voltage conparator 62 and vol tage conpar at or
60 will bo .1 taneously assert |ogic highs, which in bpgiissesrs.

wi || cause AND gate to assert a Single Line Invalid signal that is
applied to AND gate 66. If none of the signals CTS, DCD, RD, DSR and
Rl are in the valid range, all inputs 49 AND gate 66 will be high, and
t hus the out put thereof will go high. As one possible

exception, signals changing state st .p t hrough _the range of -1.0
volts to +1.0 vol t sprovide ﬂ%;i:'rf};ﬁfe pﬁgﬁgfleﬂfi\faﬁgfgfgpﬁ e dtgnated
invalid si gnal rargeranbmnitier tdhdresar andfaty pyrovodedbte an RH23@ui t

68, which maintains RESSeMtowAl | d (oW 132 atf a8 abet BEo PRt Si gnal
on line 69 until the new I nval i df,%%gh) zégnal asserted by AND gate 66
remai ns | ogi ¢ hilgRUESr EQt O ERIYt © rErbsetonds ("[err]s"), adequate

to insure against a false triggering of the invalid _signal by tenporary
conditions on the RS-232Thenépterfacesmilrcuabpd?@ris GesdonpEnto mgetate

. created when Si rAdgl3AeeYS &f AdtHedNStAEF 0SS~ alrdl BewES- A3 1Sie@Nalre
| ines cause all the si %nal ggto temporaril.y be at .invalild vol t age

| evel s. However, sif&e“Fh8 %?g"ﬁa sb(?nﬁj CUSSE ] r?eg?l%inil? Vs id | ogi c

" level for substanti dldlyowéng sections. In a preferred embodiment, other
on-board power supplies may be controlled by the signal
provided on line 152, as generated by the circuit 120.

Signal line interface circuit 122, which is
representative of signal line interface circuit 123,
comprises an Output Driver 160, two current sense
amplifiers 162 and 164, OR gates 166 and 170, an
inverter 168 and a feedback circuit 165. The signal
line interface circuit 122 receives data for
transmission via signal line 126 from the laptop
computer system 10 of Figure 1. The signal on line 126
is provided as one input to OR gate 166, which in turn
provides its output to an inverter 168. Assuming the
second input to OR gate 168, node D, is low at this

" time, the output of the OR gate will follow its first
input. The inverter 168 inverts the output of OR gate
166 and provides the inverted signal to Output Driver
160. In a preferred embodiment, the Output Driver 160
may be implemented using the circuit described in U.S.
Patent Application Serial No. 08/257,184, entitled "HIGH
SWING INTERFACE STAGE", filed on June 9, 1994, and
assigned to the assignee of the present application.

The disclosure in U.S. Patent Application Serial No.
08/257,194 is incorporated herein by reference.

Again assuming the second input (node D) to OR gate
166 is low, if a load exists on the output of the
transmitter circuit, i.e., if the transmitter circuit is
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- 8- than 10 [err]s, nonostable circuit 68 effectively prevents

4 false Master Invalid signals frombeing asserted in response to these
I tenporary condwo 29/12346 In an alternate enbodi nent, WP6TUSHEIS27S
conpar at or 60 may be configured to performthe function of inverter
50. Alternatively, voltage conparator 62 may,be configured to perform
the function of inverter 50. 1In a further enbodi ment, the outputs of
conparators 60, 62 are provided directly to AND gate 66 as one of 10
si gnal i nput s digJIRID to a receiver Idiraufitr ihedeshticady RRinBuEEDOSH S |

the vol tage asg rtfeq:,%[&r es?é?%{r\a%% a{}%st%%é %vpc,ee,deé %u%rg d g¥ WJ[]tl

sensing the current frod
+1.0 volt signal infAaW cf-rroghﬁér&én‘b%f\o'r ghrough zegistomd #Bukhe pkoade
equi val ent of a CUF\FﬁltlltﬁH Qgohif thetdipigSi(gher TOXdnal?0@ tBErkemps to

wehintnier ol ofetap rratt i Rl S RE 1Y e BpeRgige ™t o
voltage. The current Il flow1ng through Rl causes a

I voltage V1 to develop across Rl. This results in a

positive potential difference across the non-inverting

and inverting inputs of the current sense amplifier 162,

which generates a logical high or a logical “1” output

in response.

Conversely, if a load exists on the output of the
transmitter circuit and the output of the transmitter
circuit is a negative voltage, a current I2 will be
drawn from the load (i.e., the device coupled to the

- transmitter circuit) to terminal Vv-. The current I2
flowing through R2 causes a voltage V2 to develop across
R2. This results in a positive potential difference
across the non-inverting and inverting outputs of the
current sense amplifier 164, which generates a logical
high or a logical “1” output of current sense amplifier
164 in response.

As shown in Figure 4, the ocutput cf each current
sense amplifier 162 and 164 is provided to OR gate 170.
Thus, if the output of either current sense amplifier
162 or 164 is high, the output of OR gate 170 will also
be high, indicating that a load exists on the
transmitter circuit.

The outputs provided on lines 132 and 136 of signal
line interface circuits 122 and 123, respectively, are
provided to OR gate 138, which generates an output on
line 140 in response. This output of OR gate 138 is
provided to OR gate 142, and is also provided to a delay
circuit 146 which generates a signal via line 148 to OR



Figure 3 illustrates a still further alternate enbodi nent of |ine

interface circuit 70. Herein, I nverter 50 and resistor 53 operate as
previ ously descri bed. Voltage conparator 75 has its non-inverting

I nput coupl ed S;[éf ine 22, and its inverting input C O U Gkok D529
positive 1 Vol tWiz Jsvol t) voltage source. The inverting I nput of

vol tage conparator 76 is coupled to CTS line 22, while the
non-inverting input is coupled to a negitrve 1 vol t (-1.0 volt)

vol t age source. Now the outputs of voltage conparat ors 75 and 76 are
bot h | ow i f the voIt e, CTS |line_i nthe 0 -1.0
volt to +1.0 volt, nﬁ%@t 831?36 FNARYd &t Z4$7pr°"1 éiﬁétﬁé {ReIsane

singte line Invali dasl(gr),aal delalyd nen Arovidingsthef omEputCIdfmeRl opeei h3érface

circuits 80, 90, 108 gate 1430 NRY Dersdyiicl, abRyghe®| BAEHRAides a pulsdO

95{12346 via line 149 that is delayed byqf U896r%g?tie onset of
a pulse on line 140. This 10-us delay prevents false
signal indications during transmitter output signal
transitions. Thus, the 10-pus delay is implemented to
ensure that signals received from OR gate 138 are
maintained for at least 10 Us. The signal provided on
line 149 is clocked into latch circuit 150 by the output
of oscillator 154. 1In a preferred embodiment, the
oscillator 154 enables the latch circuit 150
approximately every 100 milliseconds (“ms”).
Accordingly, the latch circuit 150 also provides an

updated output approximately every 100 ms.

‘ . The signal A provided on line 152 may be used to
indicate the existence of a load. Alternatively, it may
be used to control other portions of the transmitter
circuit to shut off unused portions of the transmitter

circuit.

The oscillator 154 and signal A are used to pulse
the interface circuit 122 on periodically, particularly
the output drivers 160, via feedback circuit 165 and
line 180. This is done to test for loads on the
transmitter circuits when any or all portions of the
transmitter circuit are otherwise not powered on. As
shown in Figure 4, the feedback circuit 165 comprises OR
gate 176, inverter 190 and AND gate 188.

Assume, for instance, that the output driver 160 is
inactive and the output of OR gate 170 is accordingly a
logical low. This state is reflected in the outputs of
gates 138, 142 and latch circuit 150, which are all at a
logical low, as is node E reducing or shutting cff power
tc the output driver 160 and current sense amplifiers



Thus, the herei nbefore described interface circuit 20 will assert a

| ogic high on Iine 69 that can be used by conmputer system 10 to
suspend the application of power to certain portions of the interface
circuit used WO9¥@346eceive and transnmit information in accormzmesyssats
the RS-232 interface standard, such as, but not necessarily limted
to, line drivers and receivers. By suspepgi ng the application of power
to certain portions of the circuit, the total power consuned by

conput er system 10 of Figure 1 is reduced, thus extending the

duration the recharpealdres had4.er yheBysbel sk 18 400WBlever, delerkh@RLEOR
conput er bet ween bat&frey egpe%ggl%o I n th‘gﬁt}. 1 regakd,h\ggai | € the mpnitoring
i f'on art® iMtEfaed"to? v HEEREECTl PEt he

circuits of the preSéen _Tinven f
time, they car®ddiasig \nvexkedeby binventer dW2povEius rcpullse Bet

their control of misdviNPhepaRBI o€l { s t Ss IRMerb8eliNevery 108" ¥s ¢
subst anti al power SaVLNaS. . owe Thus, a mit.hod.and ar at us_?or
operating a conput er- sYysttem fth,%ﬁ'?o?/ﬂs?T}a&r ?88[}&%‘6’3 circuit
consunption is desck¥4ded Thehipudseh imveravisied on lindebl idsednieninper
co_nlt ext dof _ aE RS;]Z&?O WHRRIID196, whelé Cinid ,oufjt%@tl g!?ﬂéﬂ@{‘ c‘i%@ui‘%si’speis
utilirzed wt ot her « mnlcgl n.siandards n | nt anace .that _use
vol t age | evel t¥ansitions Sve%cg?%n“al?p\fq.‘l rtl:eosogogﬁ?an]g; ©datae 178. such
as, by way of exanptts REMB5EaR§ RR-gge 176.céiivancaidlomyspabdar Bs.isAl so,
while the inventiorprdrided SMOMINESELB0Y 11U AAP2BY aDS ErGURUBLySYSTEM 1t
can be included, | Ay SRMIMALSALLONS, Syst ep,that yppld benef it

(powering) output driver 160 and current sense

amplifiers 162 and 164. As signals A and B are provided

to OR gate 176, signal B is likewise provided on line

186 as an input to AND gate 188. The signal A provided

on line 178, which is still low, is inverted by inverter

190 and then as a second input C to AND gate 188. 1In

response, the AND gate 188 provides a high signal D as

one input to OR gate 166, driving the output thereof

high. This output is inverted by inverter 168 before

being provided to output driver 160 to provide a low

output on line 130.

In this manner, the circuits may be powered and an
input signal may be provided to output driver 160 every
100 ms to determine if a load is coupled to the
transmitter circuits when the transmitter circuits are
otherwise in a powered-off or powered-down state. 1If a
load exists on the transmitter output, current will flow
from the load through R2, resulting in a logical high
signal on the output of current sense amplifier 164.
This signal will result in a logical high at the output
of OR gates 170, 138, 142 and latch circuit 150. With
the latch circuit output on node A high, OR gate 176
will hold node E high, holding output driver and current
sense amplifiers on even after the 1 millisecond pulse



fromreduced power consunption. The interface circuit can al so

internally turn on and off sections of its circuitry w thout

i ntervention or control by the conput er system 10. Furthernore, the
conputer syste 12346 CAN Use the Invalid signal to indicate pErERnESR"
or to ot her so”ware, whet her or not the conmputer system 10 WO
97/ 12346 PCT/ US96/ 15275

- 10 - I's connected to an active net'wdpkﬁ conmuni cat i ons

system or other comrunications device. The invention di scussed

above and depicted in Figures 2 and 3 provides.a conmuni cati.q_n
interface ci r cBPt "RRE R T¥tSect IP1G: SO "'r]é’(?el""\}eil PROTAST Wit Popg
not coupl ed to anot bér thet cweraaameenseadnphsf rst spnse a laferfaroirtt hus
coupled, the comunhgati ofoifi&idsRetnds, afddCWinkichl eMbdesedh Sispnadueset hat
the application of .;; BOYFL, 1O GRS 81 foROdRE 86 FLSpad UL Lt can be
oscillator signal on node B, resuming the periodic
testing of the communication lines for a load indicative
that a load has appeared by someone hooking up the RS-
232 cable. The net effect is that the 1% duty cycle of
the line testing (1 millisecond every 100 milliseconds)
conserves on the order of 99% of the energy that would
have been otherwise uselessly dissipated. Also while
the circuit of Figure 4 contemplates testing of the
communication line by driving the input to the output
driver 160 to a particular state and detecting the
driver current requirements, the input to the output
driver may be driven to the either state for this test,
as the circuit of this embodiment is symmetrical in its
current detection capabilities.

Figure 5 is an alternate embodiment of the
communication interface circuit 120 shown in Figure 4.
The communication interface circuit 200 is similar to
communication interface circuit 120, with the exception
that it utilizes two voltage comparators 202 and 204
instead of current sense amplifiers 162 and 164. The
non-inverting terminal of voltage comparator 202 is
connected to terminal V+ and the inverting terminal of
voltage comparator 202 is connected to the output of
Output Driver 160. If a load exists on the transmitter
output and the transmitter output is a high voltage,
current I3 will flow from the terminal V. to the load
via line 130, establishing a vcltage V3 across resistor
R3. The positive potential difference between the non-
inverting and inverting terminals of 202 result in a
logical high output from voltage comparator 202,



suspended. However, an alternative nmethod of detecting t he connection
or lack of connection of the communi cation |ines to another device in
accordance with the present invention is to detect a | oad on one or
nor e of twewnzmaen tter outputs of the conputer system 18CT/USI6/X5215e
data term nal equi pnment outputs) to provide a status signal which

I ndi cates when a transmtter in a conpufger systemis coupled to

anot her device so that the application of power to certain portions of
t he interface circuit such as driver circuits can be suspended
when the transnitt angisaB@hgChwlad sttenaeobhed load adevhéerrdhismit cilrS0
desirable to prOV|de & pover managenent system which turns on

power ed- of f ci rcui PR a conputer system when signal transm ssion
activity is det ect ed. Such an enbodi,ment is shown in Figure

4. In this speci fi dfeAhbBRfesiistvs OP3She Nt EATSIEE taFr RUFPUYE 2andyi the n
a conputer consi st $rehsaieter omputsSiignal 1bwnm1n:ratg@rfauerent ICifwd S,

such as interface %irg&ug,lg 1%‘%13{[9 tjeg::ﬂunﬁri v-, e3enhiLALAL £V 8#a[[ge1%'ﬂ and

an output circuit RS-232 transmitters
transmtter SiagRars Eﬁéliﬁ%&ﬁﬂbd BFthEe%%HﬁhﬂéravP%S%?ﬁW%I l i nes
126 and 128. Each giogeak ikinéif fwmaricec ®etiveenithel 2nathdvertind 2shdyener at es

two outputs, which l%rv%rle Qﬁi gefn A 1ld R8Svoltagd 3dmph3ac8Rdads4, 136

respectlvely The signa )
Consequently, the voltage comparator 204 provides a

logical high output, indicative of the existence of a
load at the transmitter output. Thus, the outputs of
the comparators 202 and 204 duplicate the outputs of the
current sense amplifiers of Figure 4, and after
combining in CR gate 170, can be used to control the
output circuit 125 of Figure 4.

The invention discussed above and depicted in
Figures 2, 3, 4 and 5 may also be used independently, or
in conjunction with a power management system to power
up circuits from a powered off state. Figure 6 is a
circuit diagram illustrating a preferred embodiment of a
power management system 250 in accordance with a third
aspect of the present invention.

The power management system 250 comprises a-
plurality of edge detectors 252a, b, ... N. The edge
detectors 252a, b, ... N receive inputs TX1, TXZ2,

... TXN from transmitter input signals (transmit data or
TD in RS-232 parlance) coupled to the interface. Aas is
apparent to one skilled in the art, there may be fewer

or a greater number of inputs TX1l, TX2, ... TXN, than
those depicted in Figure 6. The output of each edge
detector 252a, b, ... N is provided to an OR gate 254.

The ocutput X of the OR gate 254 is provided to a
retriggerable monostable circuit 256 which is
automatically reset (Q low, Q high) preferably 10
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- 11- provided on lines 130 and 134 represent the output of the -
transmtter devices, and are provided to an RS-232 port (not shown).

~Li.nes 132 and oFhSepr OVi ded as i nputs to output circuit ptfRrises15275
- The interface circuit 120 is designed to operate regardl ess of whet her
- ot her on-board power supplies are on or off as will be discussed in

detail in the foll owi ng sections. In a dr7ef erred enbodi nent, ot her
on- board power supplies may be controlled by the signal provi ded on

| i ne 152, as generated bé t he cirgcui b1 120. c . Ol gnaL |ipe interface
circuit 122, which S&co™ sr%g?%%e"rﬁsa B%& BFtsi ghiS itfe ™ nt&PPate circuit
123, conpri ses amra@stipion Doy vdre DBOPutwot cOR raate dodses detamrd fficar s
162 and 164, OR gatgp L86oA8H, ik @t rigget@NEE Inckilraadcaréeedbark

[ It 165. Th [ I f | | data f
tCIr;rC12|m ssion vi : :: 8’33# PFnEEtnggarH'(t)t ret %éngg'[gg&% ? co{%%e[ ea;ﬁ%ys?e% 18rof

~Figure 1. The signamoonstahbe 1@Brcuit 256 will become a logical “1». If

T e g et e

signal transitions are detected, the retriggerable
monostable circuit 256 is maintained in the set
condition and the Q output of retriggerable monostable

circuit 256 is consequently a logical #0-.

In ordinary communications, the retriggerable
monostable circuit will be set more frequently than
every 10 seconds, so that the Q output will remain low
so long as the transmitter is transmitting. The output
Q of retriggerable monostable circuit 256 is provided as
one input G to AND gate 258. A signal from Auto

- Shutdown circuit 260 is provided as a second input H to
AND gate 258. In an exemplary embodiment, the Auto
Shutdown circuit 260 may be implemented using the output
of the interface circuit 120 of Figure 2, which output
is high if all signals thereto are invalid. The output
I of AND gate 258 may be used toc power up or shut down
transmitter driver circuitry, the output being high only
when all the transmitter inputs are inactive and when
the circuit of Figure 2 indicates that active Data
communications equipment is not coupled to an RS-232
port. It may also be used to generate an interrupt or
another signal which indicates that a communicaticns
link such as an RS-232, RS-485 or RS-422 link with
another system is either established or disconnected.
The power management system 250 may also be used to
indicate that a system such as a transmitter or receiver
or a communication iink is turned on or off.

Referring now to Figure 7, another embodiment of the
power management system is shown in which certain



I's provided as one input to OR gate 166, which in turn provides its

_output to an inverter 168. Assum ng the second input to OR gate 168,
node D, is low at this time, the output of the OR gate will followits
first i NpUWO 92346 nverter 168 inverts the output of OR gaPETUSI/IEEB and
provi des the inverted signal to Qutput Driver 160. In a preferred
enbodi nent, the Qutput Driver 160 may be ¥npl enented using the circuit
described in U S, Pat ent Application Serial No. 08/257,194, entitled
"H GH SW NG | NTERFACE STAGE", filed on June 9, 1994, and assi gned

to the assignee of d]_h:&uﬁ,ﬂ:@?emé gppllxrset idaivers) dheclid sehdsticat fiod). S.
Patent Appl T cati on el Moesrcus 0823008l Soliicel B abRELhELSLObY

ref erence. aln assum second
166 is low, if a l @di!iléé%lté’t SCEHrS P Rt FFes6F 1bad penctdr Qﬁsﬁi@?e@n circuit,

i.e., if the transmdan@ar@ eemntnication 1ine¥O(874 126232, RS-485, or
PCT/ US96/ 15275

RS-422 signal lines). Communiéé%ion activity is
determined by the presence of signal transitions on one
of the standard communication lines (e.g., a Receive (RX)
RS-232 signal line, or a Transmit (TX) RS-232 signal
line). Typically, the signal transitions are detected
upon the rising or falling edge of the signal.

As shown, the communication interface circuit 300
receives and transmits data through standard
communication lines 305;-305p (where “p” is a positive
whole number)}. These data lines are preferably
configured to propagate data in accordance with a RS-232

: voltage levels as well as TTL or.CMOS voltage levels.
Preferably., each of the standard communication lines
3051-305p is monitored by the pdwer management system
315 to power down certain portions of the communication
interface circuit (hereinafter referred to as “selected
circuitry”) if no communication activity is detected for
a prescribed period of time. The prescribed period of
time may range from a fraction of a second to minutes or

longer, if desired.

More specifically, the power management system 315
includes a plurality of edge detectors 320, a timing
circuit 325 and shutdown circuitry 330. Each of the
edge detectors 320 is unigquely coupled to one of the
standard communication lines 305;-305p to detect
communication activity by detecting signal transitions
on any of these lines and to provide a pulse in response
thereto. The ocutputs of the edge detectors are
effectively ORed together to provide the Reset signal



coupled to a receiver circuit in desktop conputer system 14 of Figure
1, or to another device, a current 11 wll flow fromtermnal V[err]
through resistor Rl to the | oad via line 130 if the output (the TD

signal of the WO 9912846 standard) of the transmtter circui pchRIsdns27s
positive vol'tage. The current 11 flow ng through Rl causes a

voltage V1 to develop across RL. This results in a positive potenti al
di fference across the non-inverting anddinverting inputs of the
current sense anplifier 162, whi ch generates a logical high or a

| ogi cal "1" out put I n_response. nversel | f | oad
exigsts on the ogt pdtesEPERES &8 t—[}fer é’r’i‘strﬁutttselgfc??&? € é%d“%éﬁg Bhit Bt 95 he
transmtter cidetgictors-a negative voltage, a current 12 will be

drawn fromthe load (i.e., the device coupled to the transmtter
circuit) to term nal V- ypbhedetéteirg |communichkoon ngetihrioyghtR2 canbes a

vol tage V2 to devel gp _acro . ' e Sad ShthV ntia
di fference acf8§§%%%¢§§8n%?ﬁﬂer %;%? gﬁg ?ﬁé%r?%é%é%gg p%%g %%éﬁﬁé}
current sense anpl igitdvatéen ofizh'RRERSaCOBLEC] jpgdl line B2gh or a

| ogi ﬁal "1" out put ek iGHELBAt of eftse ‘“REYdthi ebntrol sﬂi@fhailnlﬁﬁépm?ay the
As shown in Figure 4, t C e npkifiey. 162
and 164 is provideéépg_ggtggﬁgy%fﬁal%%&geT%é%LQ%fm$%éﬁ%%$%§Pgbfé%ﬁ%?éﬁng
current sense anpl iof #hether 3ghing-ords GoRARELAR hafe asguptedef R tjMee 170

will also be Rkiugh, condichdn ngeddrad if khade Eximi sigRutibe32s fails to
be reset within a prescribed period of time. The
prescribed time period may be static or programmable by
the user through well-known techniques such as pin
strapping, selection of a resistance or capacitance and
the like.

If the timing circuit 325 receives an active Reset
signal via signal line 326 before the prescribed period
of time has elapsed, the timing circuit 325 is reset.
In response, the timing circuit 325 precludes the
shutdown circuitry 330 from powering down the selected
circuitry. Alternatively, if the timing circuit 325
receives an active Reset signal during a time-out
condition, indicating resumption of communication
activity on at least one of the plurality of standard
communicaticon lines 305;-305p, the timing circuit 325 is
reset and signals the shutdown circuitry 330 via signal
line 327 to power up the selected circuitry.

Although not shown, the timing circuit 325 may be
configured as an increment or decrement counter indexing
its count every cycle until a terminal count value is
reached. The product of the terminal count value and
the time period of one cycle is eguivalent to the
prescribed time period.



transmtter circuit. The outputs provided on lines 132 and 136

of signal line interface circuits 122 and 123, respectively, are
provided to OR gate 138, which generates an out put on line 140 in
response. Thi swouwrpzass of OR gate 138 is provi ded to OR gBE®HUSHAS2TEN
Is also provided to a del ay circuit 146 which generates a signal via
line 148 to OR WD 97/ 12346 0

PCT/ US96/ 15375 -0 -3 . gate 142. The
delay circuit 146 provides a delay (e.g., a 10 [err]s delay) in

providing the output of 7GR gatEdddS dicuitry BB Walsy H2eihs a €65tHd1 OR

Prom the bnset of =i8na]”srpucotich iiaeybey iimda 678 FREualali B evbn s
fal se si gnal iimtiecdacensixktitng00r 4asai t tRAVEIUMBNRISIGRE| system of
transitions. Thus, g#i@riOa)ets]SedlRlsty the Eapder@NicQdcl@try to &S Wifud hat
signal's received f%ﬁﬁ%?§r9%5$e3§§1&£e Likewise, as shown above, the
shutdown circuitry 330 may be configured to
automatically power down or power up the selected
circuitry within the communications interface circuit
upon receiving a control signal from the timing circuit
325 indicating that the time-out condition has occurred
or communication activity detected during a time-out

condition, respectively.

The embodiments set forth above are intended merely
to demonstrate one implementation of the invention and
should not be viewed as limiting its scope. Other

- implementations and embodiments of the invention will be
readily apparent to those skilled in the art.



mai ntai ned for at least 10 [err]s. The signal provided on line 149 is
clocked into latch circuit 150 by the out put of oscillator 154. In a
preferred enbodi nent, the oscillator 154 enables the latch ci rcuit 150

approxi mately eve 100 mlliseconds ("ns"). Accordi ngly,
circuit 150 al %’ﬂy BHes an updat ed out put approxi mat el ypﬁ R}fgg

ns. The signal A provided on line 152 may be used to

i ndi cate the existence of a | oad. AIternat|¥$Iy it may be used to
control other portions of the transmtter circuit to shut off unused
portions of the transmtter circuit. The oscillator 154 and
signal A are used to pul se the interfaE&AdMEuit 122 on periodically,
particularly t he out put dri vers 160, via feedback circuit 165 and

line 180. This is dgne to t 8r | oads on the transmtter circuits
when any or all por"fl?ad'n§so1c ﬁ’@e 1Siransnmitter circuit are otherw se not
powered on. As shown in Figure 4, the feedback circuit 165 conprises OR

gate 176, inverter 190 %Pd ANB.Q%E%r§§§e c1rcu1t for @@ﬁh@@%l&%@%d nstance,

t hat the output driver tive and e output of OR gate 170 is
accordingly a ﬁf@r’@équ Gﬂm“f’ﬂ?ﬁa%ﬁ%‘? €S, ‘é?’f‘%ﬁ%’d{q n the outputs of
gates 138, 142 and | at cla diimsti £it§0it widx lrcmnechion ato @ commupgication ow,

as is node E redUCIlrigué)rfo%hwefuéaglﬁﬁfa RSpRIet ermihed tdieh it sEE EVEE 2160
~and current sense arg) Il.ers.,
, unication line connected to the first circuit and
another device; and,

a second circuit coupled to the first circuit for
providing a control signal indicative of the detection
or lack of detection of the predetermined characteristic

of a communication line.

2. An interface circuit for connection to
standard communication lines intended to be controlled
by a communicatibns device coupled to the opposite end
of the lines comprising:

a first circuit for connection to the communication
lines for detecting the presence or absence of a valid
signal level on each of the lines; and,

a second circuit coupled to the first circuit for
providing a control signal indicative of the lack of
detection of a valid signal level on any of the lines.

3. The interface circuit of claim 2 further
comprised of power control circuitry for deactivating
circuitry associated with the interface circuit for
reducing the power consumption thereof responsive to the
lack of detection of a valid signal level on any of the

lines.

LT -
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162 and 164. The oscillator 154, however, generates a pul se every 100
nms. This pul se, which has a period of 99 ns, is inverted by inverter
172. Thus, a pwocerBde having a period of 1 nms is generat ed rETaUsSps/if20s s
to enabl e or power up the signal line interface circuit 122. The
pulse B is provided on line 174 as one i nput to OR gate 176, while the
output of latch circuit 150 is provi ded &g'é second input to OR gate
176 on line 178. The output E of OR gate 176, driven high by pul se B,

i's provided on |ineg. 180,An1§ﬂtélﬂ£’aé§4::¢&u@dt Bot dohvedtithPro  and
current sense anpllfle%ﬁ %62 a bI| Qomerlng) out put driver

160 and current sers "Yn%ﬁ§§ éﬁ&slﬁﬂmprl §anals A and B are

provi ded to OR gatealfarsslgna$ut§|¥FQLN@éﬂpsé pio® i dddesn tbirne 186

as an input to ANDcQﬁ'Id%clag.gn Iaea Sécgmllméalaaaw Uege, thedFikkRecif8uithi ch

Is still low, is verted bX nver% %90 apg then as a second |npqg C
rcuit detecting € presence or absen

to AND gate 188.I
a load on the line driver when the line driver is on:

and,

a second circuit coupled to the first circuit for
providing a control signal indicative of the presence or
absence of a load on the line driver.

5. A method of monitoring a communication line
connection for connecting to a standard communication
line comprising the steps of:

(a) monitoring the communication line connection
to detect the presence or absence of a predetermined
characteristic of a communication line connected to the
communication line connection and another device; and,

(b) providing a control signal indicative of the
detection or lack of detection of the predetermined
characteristic of a communication line.

6. A method of monitoring communication line
cbnnections for connecting to standard communication
lines intended to be controlled by a communications
device coupled to the opposite end of the lines
comprising:

{a} monitoring the communication line connections
to detect the presence or absence of a valid signal
level on each of the lines; and,

(b} providing a control signal indicative of the
lack of detection of a valid signal level on any of the
lines.

o
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response, the AND gate 188 provides a high signal D as one input to R

gate 166, driving the output thereof hi gh. This output is inverted by

i nverter 168 before bei ng provided to output driver 160 to provide a
| ow out put on line 130. In this manner, the circuyi 25
power ed and an WOYIZ4ht signal may be provided to output dri vg'ﬁ%g%? y
100 ns to determne if a load is coupled to the transmtter circuits
when the transmitter circuits are ot herwi,ge in a powered-off or

power ed-down state. If a | oad exists on Fﬁé’transnitter out put, current
will flow fromthe | oad through R2, resulting in a |ogical high

signal on the output of current sense anplifier 164. This signal wll

lresulht in a logical hi ﬁh'zat them'@&ﬁdwhtof mon@tofhgal QforﬁlEQ,ti&38ﬁmlﬁ2 and
atch circuit 150. Wt . the |at Lreuit t. . A high,. OR
gate 196 - Wil hSPERRGEIE 1 gh =ERBPAT AL ST 380, 2E4E Callikind
sense anplifiers ont&eestebserfihe 1 nmillisecond pul se WO 97/ 12346
PCT/ US96/ 15275 (a) monitoring a line ddbver coupled to the

connection to detect the presence or absence of a load
on the line driver when the line driver is on; and,

(b) providing a control signal indicative of the
presence or absence of a load on the line driver.

8. The method of claim 7 further comprised of the
step of turning off the line driver upon the detection
of the absence of a load on the line driver.

9. A method of monitoring a plurality of standard
communication lines connected to a communication
interface circuit, the method comprising the steps of:

(a) starting a timing circuic;

{(b) monitoring each of the plurality of standard

communication lines in order to detect communication
activity on one of the plurality of standard
communication lines;

(c) providing a control signal to the timing
circuit upon detecting communication activity on one of
the plurality of standard communication lines;

(d} resetting the timing circuit upon receiving
the control signal; and

(e) maintaining power supplied to selected
circuitry of the communication interface circuit if the
timing circuit receives the control signal before a
prescribed period of time has elapsed.

—_—
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on node B ends. This conditron wll persist until none of the current

sense anplifiers sense a | oad for at | east 10 m croseconds, after which
the latch 150 out put will go low. This allows node E to respond to the
oscil | at or si gwals7a23460de B, resum ng the periodic t est i MREEIOSKNERTS
communi cation lines for a |load indicative that a | oad has appeared by
sonmeone hooki ng up the RS- 232 cable. J24 net effect is that the 1%
duty cycl e of the line testing (1 mllisecond every 100 m |l iseconds)
conserves on the order of 99% of the energy that would have been

ot herwi se usel essly di sabpatgobov/&zsalawabéﬁent sﬁsﬁ%nﬂifbﬁui:én%rﬁr@&%ufér
contenpl ates testi Qmmuni catl on lr'oﬂﬁlabxﬁ drl Vi.n the input to

n t he
t he out put dri \'f'gttgigoa? rﬁ:eﬁgﬁf:?cu%’écu Al
driver current reqwluzaditys,of is¢éapdpud @W%Céﬁﬂﬁatllnes 'drﬁhﬂerpowegr be

driven to the eithefanabahént MysitbinScb@stising: as the circuit of this
enbodi nent is symmetri cal i.f.S urre ecti abllltle
gﬁg ‘(:Jrllr?é'1 £ ler'u{L% &Eupq d 9’5 fhe a:p ]llhttyer ace

Flgure5|s an alternat& COMmTunI catTon
circuit 120 shown istardgtd ecommunicathen chiffifni §Bei 8At ol adacsiitcuit 200

is simlar to @@I&@Hﬁhﬁ@é ivHethekethaee éiistl tolmlnigdd b BRcexgept i on
that it utilizes two v iﬁ%zt @paEaEl% ﬁxogaﬂ[ﬁg 894 tand%{n tead of current
a

sense anplifiers 162 &nd I'mverting Term of voltage
conparator 202 is commuphereiwy ltlaeﬁerm nal V+ and the inverting term nal
of vol tage conpar at ar sR@Padvwn eqpaact esdjdihg powedtusdge of

circuitry within the interface circuit; and

a timing circuit coupled to the detection circuit
and the shutdown circuit, said timing circuit signaling
said shutdown circuit to adjust power usage of the
circuitry upon said detection circuit detecting a lack
of communication activity over a prescribed period of
time.

\_

This Shee

M|

—

\



Qutput Driver 160. If a load exists on the transmtter out put and the

transmtter output is a high voltage, current 13 will flow fromthe
termnal V[err] to the |oad via line 130, establishing a voltage V3
across resistor R3. The positive potential difference betpwgansekmsarson-
inverting and WOV P%g ternminals of 202 result in a | ogi cal high

out put from vol tage conparator 202, WO 97/ 12346

PCT/ US96/ 15275 . 176 - 16 - i ndi cating the
exi stence of a load at the transmtter out put . If a | oad
exi sts on the transmtter output and the transmtter output is a |low
vol tage, current 14 flows from Eeloadtoterm'nal V-r—estatiishi ng a
vol tage V4 across resistor R4. is results in a positliive
potential differencsm between the non-\ rting and I Nvigrting tei'rri nal s
of vol tage conpar at l

Fe
.
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: Consequent | vy,
‘out put, indicative of the existence of a
.output. Thus, the outputs of
iout puts of the rren
,combining in 097 12{3&
: 125 of Figure 4.
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power ed of f st at eTshtt
preferred enbodi
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managenent system 25
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- 17 - seconds after its last set. Thus, if no signal
transition by the output of OR gate 254 is detected for 10 seconds,
the retrigger abé,«aggpﬂ,g?tabl e circuit 256 will be set, anc}ﬁhg,&n&;wt Q
of retriggerabl nonostable circuit 256 wll become a logical "1". If
signal transitions are detected, the retrjggerable nonostabl e circuit
256 is maintained in the set conditid ngd t he Q out put of
retriggerabl e nonostabl e circuit 256 is consequengdy a logical "0".
In ordinary communi cations, the retriggerable mynoSYjabl e circuit will
be set nore frequently than every 10 seconds, s®@tQat the Q output wll
remai n | ow so long as the transmitter is transmy{ting. The out put ®
of retriggerable nmonostable circuit 256 is provided as_| __one inplit Gto
AND gate 258. A signal from Auto Shut down circui &2 P60 i g provided as a
second input Hto AND gat e 258. Wh an exenpl ar* expodi ngnt, the Auto

85 e

R =

2 S

8 88 d’:

T
|
|
J
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|

Shutdown circuit 260 may be inplenented using the output of the
interface circuit 120 of Figure 2, which out put is highif all signals
thereto are invalid. The output | of AND gate 258 may be used to power
up or shut down - 4rﬁansm'tter driver circuitry, the output geaindeiégé€
only when PR ransmitter inputs are inactive and when t he
circuit of Figure 2 indicates that active ta conmmuni cati ons equi pnent
is not coupled to an RS-232 port. | th al so be used to generate an

i nterrupt or anot her signal which indicates that a comunicati ons

| ink such as an RS-232, RS-485 or RS-422 link with anot her systemis

ei ther established or disconnected. The power managenent system 250 nmay
al so be used to indicate that a systemsuch as a transmtter or
receiver or a comunication link is turned on or off.

Referring now to Figure 7, another enbodi nent of the power managemnent
systemis shown in which certain WO 97/ 12346

PCT/ US96/ 15275 - 18 -

132a

202

184
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circuitry (e.g., line drivers) of the comunication interface circuit
i*s powered down if no comuni cation activity occurs for a prescribed
period of time on standard communication lines (e.g., RS-232, RS-485,
or RS- 422 | ines). Communication activity is pdpUsYaEsInsd by
t'he presence oY glgn transitions on one of the standard

comuni cation lines (e.g., a Receive (35) RS- 232 signal line, or a
Transmt (TX) RS-232 signal i ne). 4§blcally, the signal transitions
are detected upon the rising or falling edge of the signal.

As shown, the communication interface circuit 300 recei ves and
transmts data through standard comuni cation lines 305[err]-305[err]
(where "p" is a positive whol e nunber). These data |ines are
preferably configured to propagate data in accordance with a RS-232
voltage levels as well as TTL or CMOS vol tage | evels. Preferably, each
of the standard communi cation |ines 305[err]-305[err] is nonitored by
t he power nmnagenment system 315 to power down certain portions of the
comuni cati on interface circuit (hefeinafter erred to as "sel ected
circuitry") if no comunication activitylis detedtpd or a prescribed
period of time. The prescribed peri i e range froma
fraction of a second to minutes or iff ired. Mor e
specifically, the power management sys{em 315 Ig@des a plurality of

edge detectors 320, a timng circ g circuitry 330.
Each of the

ey

f—/
Q
AUTO SHUTDOWN CIRG!

Figure 6
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E — B . .
‘edge deteétors 320 is uniquely coupled to one of the standard

‘comruni cation lines 305[err]-305[err] to detect conmuni cation activity
;by detecting signal transitions on any of these lines and to provide a
:pul se in respogse thereto. The outputs of the edge dete [
.effectively O?gg’?gé:’é'fsher to provide the Reset signal %%3%5‘%%46
! PCT/ US96/ 15275 - 19 - responsive to
the outputs of any one or nore of the efgeb det ect ors. Upon
detecting conmunication activity, the timng circuit 325 is reset by
t he edge detectors 320 through activation of a "Reset" control signal
line 326. Activation of the "Reset" control signal |ine 326 by the
edge-detectors may cause one of two functions, depending on whet her a
time-out condition has occurred. A "tine- out" condition occurs if the
timng circuit 325 fails 10 oo\ ryNICATION INTERFACE CIRCUIT
3057
P I\
CMOS . L RS-232
SIGNALS . /| SIGNALS
300 3%5
( P 315
| powER v v
' MANAGEMENT
SYSTEM EDGE 320 '
DETECTORS
- ' 826 ! RESET '
p - - TIMING
. ® circurr ) |
]
POWER UP,
X 330 , —>
POWER DOWN
\—— SHUTDOWN —>
CIRCUITRY . TIME OUT
— - - S
Figure 7
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bé réset Wi thin a prescribed period of time. The preger [{ped ti -
period may be static or programmabl e by t he usﬂcthﬂwggbédl*ﬁéwz D‘

t echni ques such as pin strappi ng, selection of e 0
capaci tance and the |ike. If the ti mgzg%i 199]

recei ves an active Reset si gnal viaszgnal i ne 326 before the
prescribed period of tinme has elapsed, the timng circuit 325 is
reset. In response, the timng circuit 325 precludes the shut down
circuitry 330 from powering down the sel ected circuitry.

Alternatively, if the timng circuit 325 recei ves an active Reset
signal during a time-out condi t i orCLALM&E ot i ng resunption of

comuni cati on activity on at |least one of the plurality of standard
comuni catjon I.ine 3%%h¢nr]-305[err], the timng circuit 325 is reset
and si gnal théSsﬁﬁﬁa ¢Prcuitry 330 via signal line 327 to power up
the selected circuitry. Al t hough not shown, the timng circuit
325 may be configured as an increment or decrement counter indexing

its count every cycle until a terminal count value is reached. The

product of the lt.er maAmlintenfaceacizcuatl comprheingme period of one cycle is
equivalent t0 Ghg;jrgt RiSRALPEEr EBBNESELIOY to a communication line for

detecting a predetermined characteristic of the communication line
connected to the first circuit and another device;

oy a second circuit coupled to the first circuit, the second

o circuit providing a control signal indicative of the detection or
lack of detection of the predetermined characteristic of the
communication line; and

a timing circuit coupled to the second circuit, the timing

circuit periodically reactivates the first circuit during a .
powered off state to attempt to detect the predetermined
characteristic of the communication line.

2. An interface circuit for connection to at least two

s standard communication lines comprising:

e a first circuit for connection to the communication lines for
‘detecting the presence or absence of a valid signal level on each
of the at least two communication lines; and,

a second circuit coupled to the first circuit, the second
circuit providing a control signal indicative of the lack of
detection of a valid signal level on any of the at least two
lines.

3. The interface circuit of claim 2 further comprised of
power control circuitry for deactivating circuitry associated with
the interface circuit for reducing the power consumption thereof
responsive to the lack of detection of a valid signal level on any

of the lines. \\\\\\‘\‘-\\\\\\\\
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- 20 - The shutdown circuitry 330 may 'r&ceive a c nt r ol

signal fromother circuitry within the connunlcat&mnpg{ bﬂadggﬁ rcuit
300 (e.g., power managenent system of Fi gure 0 request t he
selected circuitry to be shut down _gph_power ed up. Likew se, as shown
above, the shutdown circuitry 330 may be configured to

automatical ly power down or power up the sel ected circuitry within the
comuni cations interface circuit upon receiving a control signal from

the timng C|rc |t 325 Lndicatin the tine-out copdition has
occurred - corRIntREEF %c‘f’rl?ﬁ“%f dr%‘l're &PBREEHPRg E"8 FF?@éﬁﬁ
condi tion cdmmunxnaumﬂn/llnes comprisihg:enbodi nents set forth above are

d
houl d not. be E HEP B TG g 08, soL FpaFEvee ey doltnadbill & 40

enbodi mentepergfun iwatipre dtinen \thlel figst c1rcuau|b91mparmcun: tﬁmse skill ed
in the artgetecting the presence or absence of a load on the line driver

when the line driver is powered on; and,

a second circuit coupled to.the first circuit, the second
circuit providing a control signal indicative of the presence or
absence of a load on the line driver and turning off the line

~ driver upon the detection of the absence of the load on the line

T

L

o driver.

5. A method co—rising the steps of::
(a) monitoring a communication line connection to detect a
presence or absence of a predetermined characteristic of a
communication line connected to the communication line connection;
(b) providing a control signal indicative of the detection
or lack of detection of the predetermined characteristic of the
communication line;
e, (c) deactivating associated circuitry to reduce power
o consumption thereof responsive to the lack of detection of the
predetermined characteristic of the communication line; and
(d) reactivating the associated circuitry at a selected
period rate to gain attempt to detect the predetermined
characteristic of the communication line.

6. A method comprising the steps of:

(a) monitoring at least two communication line connections
connected to corresponding standard communication lines to detect
the presence or absence of a valid signal level on each of the at
least two standard communication lines; and,

(b) providing a control signal indicative of the lack of
detection of a valid signal level on any of the at least two

standard communication lines.
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21 - CLAI M5 1. An interface circuit conprising: a first
circuit for connection to.a communication line for detecting -a 4 : 77ﬁ
predeterm ned characteristic of the conmunication Iine=connecte8 Ub’the"‘ -
first circuit and another device; a second circuit coupled to the
first circuit, the second circuit providegmg a control signal. gﬁﬁf ve of
the detection or lack of detection of the predetern1nedﬁcharact stite! o 7
t he conmmuni cation |line; and atimng circuit coupled to the second
circuit, the timng circuit periodically reactivates the first circuit

during a pover d off state .to atte t to detect t he, predetern ned .
characteristic of tﬁb“ﬁﬁkﬁgnPSaPPB nCPFARI @ connectipn é%ﬁ]?QﬂHﬁé%ﬁﬂ? to a
circuit fstandandcbbmmunbcatbodalrheommmpﬁisﬂngntﬂe sEepsonfi:i Si ng: a

first cireult (Qg' “%ﬂgtgrhhée diiﬂgrd.{ﬁ? chgfgglcel[d)%o R comuRILGAL Q]

line, the first Circul a Circul € presence or
absence oflefetbatihenprasenceconrayzengharf tmélqadw@ndrth@erllne guiresdwban

and, thea1§ﬁgoaglgé£cyétpgﬁgggaxgﬂL)the first circuit, the second
circuit provid 23 a control signal indicative of_the presence or absence of
e

a load on the I(Phe BFPYAFiBFdRL GPRFFRL Fomak Indicafivirectusbs Presence or
det ect i onaBkehbe absgnteadfoh hehé oetherariRaed; radri ver.

(c) updating the control signal by periodically placing the
line driver from a powered off state to a powered on state.

TEN

8. The method of claim 7 further comprised of the step of
turning off the line driver upon the detection of the absence of a
load on the line driver.

9. A method of monitoring a plurality of standard
communication lines connected to a communication interface
circuit, the method comprising the steps of:

(a) starting a timing circuit;

g (b) monitoring each of the plurality of standard
oy communication lines in order to detect communication activity on

one of the plurality of standard communication lines;

(c) providing a control signal to the timing circuit upon
detecting communication activity on one of the plurality of
standard communication lines;

(d) resetting the timing circuit upon receiving the control
signal; and

(e) maintaining power supplied to selected circuitry of the
communication interface circuit if the timing circuit receives the
control signal before a prescribed period of time has elapsed.

10. A power management system for conserving power within an
interface circuit through monitoring a plurality of standard

communication lines, the power management system comprising:

T A T




3. The interface circuit of claim2 further conprised of a third circuit
turning on the line driver. when otherw se off, whereby the second. CIrCUIt
may periodically update tthe control signal. 4, A net hod i

conpri si ng: (a) honi toring a communi cation |ine connection to .
detect a presence or absence of a predetegu ned characteristic of a o }951
communi cation |ine connected to the comunication |ine connection;

22 (b) providing a control signal indicative of the det ection or

| ack of detection of the predeternined characteristic of the comuni cation

i ne; tivati te C|r reduce _power
coneunpt i on t hebSPEREERON A% MR o B b 557 pRcsBaNEhra
predetern1¢mmﬂm¢maamiqn|kinesxﬁthdudaﬁauhmwmcaurcnltlde;eamdnes whetlely

R

reacti vati i Yli A £32LACLEA1RREEOnL e LR 0al N
attenpt to etect t he pre et erm ne aract Istic of the conmunication
| i ne. plurality of standard communlcatlon lines;

a shutdown circuit adjusting power usage of circuitry within
the interface circuit; and

a timing circuit coupled to the detection circuit and the
shutdown circuit, said timing circuit signaling said shutdown

circuit to adjust power usage of the circuitry upon said detection

. circuit detecting a lack of communication activity over a
S prescribed period of time.
.. en*.,a
a4
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5. *The nmethod of claim4, wherein the predeterm ned characteristic
includes a signal- that frequently transitions b 5 S.
6. A et hod conpri si ng: (a) nonitori Rﬂﬂﬁﬁvns .
comauni cation |ine connections connected to corgje$pondi ng standprf
comruni cation lines to detect the presence or absen@7MARA99®l i 0 pi gnal

| evel on each of the at least two standard co nfcation |ines;|apd,

(b) providing a control signal indicative of fhe Tack of derect)on of a
valid signalilgéié on any of the at least two standard conmmuni catyon |ines.
7. A et hdek nitoring a connection for connecting to a standard
communi cation i co b ShFSea rire aingiONitoring a line driver
coupled to the cgﬁnecgﬁégﬁ%gg %FE@#tgﬂgﬁﬁ?QQénce or absence of a | oad on
the line driver vénfirsticireuit forecotinection teaenenanication #nd for detectiry a

provi ding a controlléggnal I ndi cative of the presence or absence of a | oad

on the |ine Rredetarminggicharacterisgiy of theeemmmicationding eennegtehto thefirst

gﬁr;?g{ gfal I yci%uﬁca'n%gar%&ﬁell'éig\%cg;“ ver froma powered off state to a powered

&N

a second circuit coupled to the first circuit, the second circuit providing a
control signal indicative of the detection or lack of detection of the
predetermined characteristic of the communication line; and

a timing circuit coupled to the second circuit, the timing circuit
periodically reactivates the first circuit during a powered off state to attempt to

detect the predetermined characteristic of the communication line.

2. An interface circuit for connection to standard communication
lines comprising: | _

a first circuit including a line driver for connection to a communication
line, the first circuit being a circuit for detecting the presence or absence of a
load on the line driver when the line driver is powered on; and,

a second circuit coupled to the first circuit, the second circuit providing a
control signal indicative of the presence or absence of a load on the line driver
and turning off the line driver upon the detection of the absence of the load on

the line driver.

3. The interface circuit of claim 2 further comprised of a third circuit
turning on the line driver when otherwise off, whereby the second circuit may

periodically update the control signal.

4. A method comprising:
(a) monitoring a communication line connection to detect a presence
or absence of a predetermined characteristic of a communication line

connected to the communication line connection;

e

-
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nijng off the
Iine. driver.

23 8. The nethod of claim?7 further
l'ine driver upon the detection of the absence bfl a load on th
9. A et hodpof nonitoring a plurality of st ahdpr @ TMARMYIC atli dn 1 nes
connected to a comuni cation interface circuit he nethod ¢ rfi si ng:
(a) starting atimng circuit, the tinel2g cirfpuit including a counter

i ndexing its count every cycle; . (b)  nbpitorihg-ea he
plurality of stan@®rd @r@meﬁmg axonel signekindicative of therdetectien o daslefi cati on

tivit f t lurality o tandard c nication lines:
(" oY oot ftEcon b febpredBlariningd R b BRietsfia 57 e oM TRUR Ao s i ng
i cati tdayi t - iteat i on
Phes. CotON 26, YARAREAg assOiated itulthy totedbloB PRV CORRUHpIER. 01
si gnal ; and thereof re¢ponsiverto thiedack ofidetaction of the predieternsined chacaateristic try

of the comrunj cation i n_ter_faﬁe circuit if the timng circuit receives the
control si gr%ﬁthﬁépmr@uﬁlcﬁp% ReXRM period of time has el apsed. 10.

A power nanagene Sys - S, ' e WL D Ml | rcuit
through moni tor i i, Hegelrfing B ettty s disidet HBOUT R 6, 1L,
nmanagenent h @ittehfPiRG idetdi the predetefnifiet &hiaradtefisticof the Connaficatioh he
plurality o?gft andard communi catpi on lines, the detection circuit determ nes

whet her t herlf€exi sts communi cation activity on at |east one of the

plurality of standard communication |ines; a shutdown circuit
adj usting power usage of circuitry within the interface circuit; and
5. The method of claim 4, wherein the predetermined characteristic

includes a signal that frequently transitions between signal states.

6. A method comprising:

(a)  monitoring at least two communication line connections
connected to corresponding standard communication lines to detect the
presence or absence of a valid signal level on each of the at least two standard
communication lines; and,

(b)  providing a control signal indicative of the lack of detection of a

valid signal level on any of the at least two standard communication lines.

7. A method of monitoring a connection for connecting to a standard
communication line comprising:

(@)  monitoring a line driver coupled to the connection to detect the
presence or absence of a load on the line driver when the line driver is
powered on; and

(b)  providing a control signal indicative of the presence or absence of
a load on the line driver; and

(c)  updating the control signal by periodically placing the line driver

from a powered off state to a powered on state.
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atimng circuit coupled to the detection cirdu ¥—thre—shaj dpwn circuit,
tthe timng circuit, including a counter |ndeX|nc Its count sig@gnaling the
shutdown circuit to adj ust power usage of the C|cm|tMARlﬂ98n alld detection
circuit detecting a |l ack of comruni cation activi _CM|bed peri od

of tinme determ ned when the counter reachkes aijterm nal count valjue.

8. The method of claim 7 further comprised of turning off the line

driver upon the detection of the absence of a load on the line driver.

9. A method of monitoring a plurality of standard communication
lines connected to a communication interface circuit, the method comprising:

(a) starting a timing circuit, the timely circuit including a counter
indexing its count every cycle;

(b)  monitoring each of the plurality of standard communication lines
in order to detect communication activity on one of the plurality of standard
communication lines;

(c) providing a control signal to the timing circuit upon detecting
communication activity on one of the plurality of standard communication lines;

(d) resetting the timing circuit upon receiving the control signal; and

(e) maintaining power supplied to selected circuitry of the
communication interface circuit if the timing circuit receives the control signal

before a prescribed period of time has elapsed.

10. A power management system for conserving power within an
interface circuit through monitoring a plurality of standard communication lines,
the power management system comprising:

a detection circuit coupled to the plurality of standard communication
lines, the detection circuit determines whether there exists communication
activity on at least one of the plurality of standard communication lines;

a shutdown circuit adjusting power usage of circuitry within the interface
circuit; and

a timing circuit coupled to the detection circuit and the shutdown circuit,
the timing circuit, including a counter indexing its count signaling the shutdown
circuit to adjust power usage of the circuitry upon said detection circuit
detecting a lack of communication activity over a prescribed period of time

determined when the counter reaches a terminal count value.
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