;e3e9j 9%6Tjvt 2 5J UL 2002 ~ PONER TO A PERI PHERAL DEVI CE IQ‘A

‘SYSTEM BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates generally to the field of controlling the supply of

el ectrical power to a peripheral device in a conputer system 2.
Description of the Related Art The growth of conputer use has created an

i ncreasi ng demand for flexible, high avajlability devices to store data for

conput ers. Many enter es have a nultiplicity of host computers including
personal conp u‘wﬂ“\\m \Nﬁtati ons, and servers that eith i “)

i ndependent |y cted through a network. It mﬂﬂwmmmmm r the
mul tiple host conpedt®ts to be able to access a combn poo Q& data storage
so that data 'L ~,1G ~2 2 can be accessed by all of the KOst
conputers. Such an arrangenent increases the total anpbunt of data avail able

to any one host conputer. Data storage devices of these systens may be
situated at renpte | ocations to free %tha ace near the conputer hosts

and/ or to proMETHORQMHAND APPARATH NTFROLLENG $Y rOFt he data

storage devices are inconvenient to manually power down at the renote

| ocati on. RenPO@WERETO @ PERIPHERALDEVICE INNATCOMPUTER'SYSTEM: Of
dedi cated power control lines extending |ong distances froma host conputer

to the peripheral device. Renbte power control has al so been inpl enented
usi ng power up/down commands fromthe host, requiring conplex software at

t he host and conplex co ' rjpheral. Accordingly,
"there is an existing nmawpmwi@gﬁpgﬁﬁwpomr control
apparatus for a conputer system and nore particularly an apparatus that

overcones the deficiencies of conventional power control. ~~J UL 2~f~
3 SUMVARY OP THE | NVENTI ON One object of the present invention is to

provi de a renotq,and Field of the Invention

The present invention relates generally to the field of controlling the

supply of electrical power to a peripheral device in a computer system.

2. Description of the Related Art

The growth of computer use has created an increasing demand for
flexible, high availability devices to store data for computers. Many
enterprises have a multiplicity of host computers including personal
computers, workstations, and servers that either function independently or
are connected through a network. It is desirable for the multiple host

computers to be able to access a common pool of data storage so that data
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automati c power control apparatus. A peripheral device, such as Zﬁiadmt ?ﬁ‘d?
storage device, is utilized in a conputer system having any number
conput ers and conmuni cati ve over a continuously clocked serial |ink. The
continuously clocked serial |link may be provided through a suitable
interface architecture, such as Fibre channel or Serial Storage
Architecture (SSA). A power supply and data storage conponents, such as
di sk drives, are carried in a housing. The data communi cation interfaces,
each of which is adapted for coupling with a conputer through conductors,
are carried on the housing and coupled to the data storage conponents. The
data storage conponents - have a substantially powered up state and a
substantially powered down state entered in response to a power down
signal. Detector circuitry is operative to detect a clock signal |oss at
each one of the data communication interfaces and to produce the power down
signal responsive to the detection. Thus, a data storage device nay be
aut omat i cafany Benasressedol alh eldpenkest: sompHtErsne Wcht BB aURpEdEBt bei ng
power ed down. 25J UL 2002 -4 Preferably, the renote and autonmatic
power contincteaspp thetotal amouny of dataspeiiable tocamivane host shputre at t he
host, no special software at the peripheral, and only a snmall anpbunt of

simpl e hardwar epgia SiistaBer déicisaos tﬁagé)rsg%gné )l e 8tk 24t rBffhobd esent

invention there I's prov ta storage device r Irzationi1n a

conput er system having one or nore,conputers ., and co icatjve,over a
o e bucloRafoh R a8 i Spds fiear tie (riasiar JOSS. SETTRe dp JOlSE R IR S. 4
housi ng; a power supply; data storage conponents, said data storage

conponent sdatar r iWhen mataneedasl $om gise s hiowever,athe data)steragpodevices Atei ng a
substantially powered up state and a substantially powered down state, said

dat a storameoﬁ%m@menaimanaamgpbwer HowRrdtahetramotelsdatiohi al | y power ed down

state responsive to a power down signal; one or nore data conmuni cation

i nterfaces, sai ﬂgg‘?g@s@wnmmo“ab nbgéﬁea@ﬁﬁg@@mé&dggpaa@hd Jgg_u%' ng and

coupled to said orage conponent s, ea sai d mTuni cati on
“interfaces ,adapted for coupling with [ ut,er thraough conductors; and

det ect or cf’?&'ﬁg'@dyﬁ’m@%ﬁ @W&'éﬁ%é@’@?@‘gﬂgié}% 95@’5@5&5%?@ ReSLLAMRUEESSs of a
"clock signal for an active comunication |link at each one of said data

comuni cat tathe pedpherat dewicd. t Remotal power icontrolvbas adsenbeenyimplementedponse
thereto. According to another aspect of the present invention there is

provi ded aygiagi poveERLp/ROT BonfdRds! fFbiMdthe host, requiring complex software
at the host and complex command interpreters at the peripheral.
Accordingly, there is an existing need for a remote and automatic

power control apparatus for a computer system, and more particularly an

apparatus that overcomes the deficiencies of conventional power control.
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a housing; peripheral device conponents, said peripheral devicéP§;hUJLeZUUZ\

'di spdsed in said housing, said peripheral device conponents having a
substantially powered up state and a substantially powered down state; a
power supply, said power supply operative to supply electrical power to
sai d peripheral device conponents when in the substantially powered up
state; at |east one data conmunication interface, said at | east one data
communi cation interface carried with said housi ng and coupled to said

peri pheral device conponents, 2 5J UL 2002 -4a each one of said at

| east one data communi cation interface adapted for coupling with a conputer
t hrough conductors; and detector circuitry, said detector circuitry
operative to cause said peripheral device conponents to enter the
substantially powered down state in response to detecting conmuni cation
link inactivity at each one of said at |east one data communication
interface. According to still another aspect of the present invention there
is provided a method of coﬁUMﬂ&ﬁQfIlﬁdegﬂT@%trl cal power to a

peri pheral device, the peripheral device having peripheral device
conponents operative for data commruni cation with one or nore conputers, the
peri pheral device operable froma power source separate and apart from

those of the COBRU! Bhiet de tE! hiide Sgﬁ{e%]r&dﬁgﬁ WPBHAIAY &' REAdHCahaPOver

to the peripher conponen t he pefi pher evi ce

conponent s ybst anti al er at det ec onmuni cation_|ink
bt vl t yadoraity PoRG fontto) Eparatus” A Befiphel AR U aRrardalies; a

in response to detecting the conmunication link inactivity, term nating
supply of stokage i denicgoigr utilizedhdn par cpmputer ¢ystene bavipgnanys ngmhenat t he
peri pheral device conponents are substantially inoperative. According to

still anotfgh a@@g@nméomhmm%verna%htmno@wrcmdkédpseml dmﬂ aTpenput er
syst em conpri sing: at | east one corrput er, i ncl ud Ing: a first housi ng,

first elec ed in
said fi rst%'ﬁcﬁt%éﬁ’*ﬁﬁeﬁﬂ%é?aﬂqlf& r"ﬁp%ﬁéq"‘ﬁ%fﬁ{%aﬁ@%@%ﬁl@ REBERE e
substantially, non operative_in uter OFF_state i rst power source
interface,@ Itﬁcwrﬁrsﬁu‘gbﬁérﬁ@'&uﬁ n t%’ré%ﬂ?é S&@Eﬂﬂ%é“ﬁﬁﬁ%@;ﬂp -with a
-first power source that supplies electrical power to said flrst el ectronic
conponent spowet isapplynand dataObtosage epmpopests) such agadigk ddiwes, are carried

in a housing. The data communication interfaces, each of which is adapted
for coupling with a computer through conductors, are carried on the housing
and coupled to the data storage components. The data storage components
- have a substantially powered up state and a substantially powered down
state entered in response to a power down signal. Detector circuitry is
operative to detect a clock signal loss at each one of the data communication
interfaces and to produce the power down signal responsive to the detection.
Thus, a data storage device may be automatically powered down in response

to each one of the computers being powered down.



a first actuable switch, said first actuable switch carried on iq first
housi ng and actuable to an ON position and to an OFF position Ziﬁ\ﬁhup

t'he conputer ON and OFF states, respectively; a data transmtter, said data
transmtter operative to generate signals at a transmtter output in the
conputer ON state and to term nate generation of the signals in the
conputer OFF state; a first data conmmunication interface, said first data
comuni cation interface coupled to said transmtter output; a peripheral
devi ce, including: a second housing separate and apart fromsaid first

housi ng; peripheral device conponents sai d peri pheral device conponent s

carried on sa|151 8851 3 hou5|tn at er| hera evi ce onent s ]
subst ant i al |y GBRTATac Foiel® ag Fihimpdy oleh cotrof Rty SRR AL Bushial a1
non- oper gakdifark dr 3o MW hiteRi ehcdhostand s;ea@%ﬂaizat:té et the peeipherdl, RANRLIEH ek
interface, said second power source interface adapted for coupling with a
second pdvraunsefsimple hesdwargppthepsrinhesel ri cal power to said peri pher al
dewi ce_componeficudifly 1§ Bn SlebN Gk oS Ul IRy oR V8 i IR it SERGE AL e

and apart from Sour ce; TG s & dommunT &t i on

i nterfacekvicgalst plilizatioht jn of com ﬁteﬁcsmw ﬁa\hngnonenbermafee%oﬁ@ufersednw th
sai d housing, each of said plurality of data comrunication interfaces
adapt ed fcemreleuﬁtWﬁgowrt R evdinyapsdy foleaked qsprial dbvmmssicd oo slaragee desice of
said pl ur gl n%'; conput ers through cabl es; and detector circuitry, said
det ect or CI i y operative to detect the loss of a clock signals for an
active comunigkdusing; | i nk fromeach of said conputers and to set said

peri pheral device in the peri pheral device OFF state in response thereto.

2 5J UL 2002 RovEseppl DESCRI PTI ON OF THE DRAW NGS The nature, objects, and
advant ages of t t din
the art after %a?aﬁgt%og%‘él ng tﬁw‘t% Oﬁafl? %‘;Stogzeg glgtgé:ra%r%tdl lggsa:ﬁinﬁlé%slrl] ction
with the aubdntpamyagag:odmammghavmgla\sbbmmallkpoweﬂednmmae andre sabsardialiy gnat e

| i ke parts thr hout FIG 1l is an illustration of ter
syt e e VED RSt r S oA SPES, HePReRBAnetat el cnfe; B AfbSAGLY at i on
of anoth m&‘&é‘ﬁf)&@@ﬁﬁﬁbé@%%ﬁ@él[d‘lg Syt débal signg;0f conmputers and a peripheral
device; Fi G is an 11l ustration of another Computer system having a

.plurality of cmwptmreor; datal campiunication nterfacesrsajghdatalcomiswingaation interfaces

carried on said housing and coupled to said data storage components, each of said data

communication interfaces adapted for coupling with a computer through conductors; and

detector circuitry, said detector circuitry operative to detect a loss of a clock
signal for an active communication link at each one of said data communication
interfaces and to produce the power down signal in response thereto.

According to another aspect of the present invention there is provided a peripheral
device, comprising:

a housing;

peripheral device components, said peripheral device components disposed in said
housing, said peripheral device components having a substantially powered up state and a
substantially powered down state;

a power supply, said power supply operative to supply electrical power to said
peripheral device components when in the substantially powered up state;

at least one data communication interface, said at least one data communication

interface carried with said housing and coupled to said peripheral device components,



25J UL 200Z 6 FIG 4 is a schematic bl ock diagram of rel eva2t5€~“9u-tr28|&2c
conponents and circuitry enployed in the peripheral device of FIG 3,
formng a renote and automati c power control apparatus; FIG 5 is a

fl omchart describing a method of controlling supply of power to a

peri pheral device using the renote and automati c power control apparatus;
FIG 6 is another schematic bl ock diagram of rel evant el ectronic conponents
and circuitry enployed in the peripheral device of FIG 3, formng a renpote
and automatic power control apparatus;4&!G 7 is a schematic diagramof a
particular and preferred version of detector circuitry, suitable for use

with a continugks) icdOGeR BRk bt ATSHAGALRR ihleflce A1 RRELAMHEAT

version of logic circuitry; and FIG 8 Is a sinp I agram

convent i owih amonlputeethroughlﬁnnduMﬂs ae2 DETAI LED DESCRI PTION OF THE
PREFERRED EMBODI MENTS . . FI Gs, 2, are illustrati.qns .of copputer
systenms 100, 2GRCCIAArHEY. S?léé%fé’&oir\‘igf"ytfyé’gelﬁ‘tlﬁ? AU Sﬁ“ra?eﬂ Hire form

of the pr ﬁﬁ’?&c‘o n? VRNEAEN 'theTE‘ﬁlfs?anﬁQﬂf ﬂ}oWere%iy 36 WHBstAE SinSHRYEhsk Oto' hétb’c‘?tfr{gat € a

f ew possi i gurations er configurations are realizable as
one skil Iminmumtat&mahnk vinadtivitg aadi dayh memfsszadmb.t least ponc date econzmiurEc ajn
nunber of, frputers are typically enployed in a conputer system In FIG 1,
conput er ’é’)fé' 4&fh 100 i ncludes a conputer 102 and a peripheral device 104.

Conmputer 102 i gc&)r8lk" toCalll chRHé’i’eﬁs?Qctf6@%%@%%&5&%&%&1@% ;%@iﬁ@&%
peripheral device 104 is electric owered froma power source 10S. -

Per i pher amethediof eonipdllihgs %neplwmfml@;m@bpower oonparipherad devioe,athd panplmmlr

supply 11 th.of which are carried and di.s in_a housj.n nat ed

by B0l i o eviet it ThErH Aepe CEokbstenB NRstiiR S5 hin o EOg B oo

bel ow) Mayr RRréB¥mPitetsa M parighefdl Wedick VpeRBld frainl fvef QBRCEtseparate OMRY | NY
S ade

and carrying such conponents, and is 1%referabl y made from a durable

mat eri al epaetiren thm@alfthem@mutes%plpﬂ mpethod compd#ngichabl y connectable with
T S T A R R
peripheral device components are substantially operative,
detecting communication link inactivity at each one of a plurality of data
communication interfaces; and
in response to detecting the communication link inactivity, terminating supply of
electrical power to the peripheral device components so that the peripheral device
components are substantially inoperative.
According to still another aspect of the present invention there is provided a
computer system, comprising:
at least one computer, including:
a first housing;
first electronic components, said first electronic components disposed in said first
housing and substantially operative in a computer ON state and substantially non-
operative in a computer OFF state;
a first power source interface, said first power source interface adapted for

coupling with a first power source that supplies electrical power to said first electronic

components in the computer ON state;



25J UL 2002 s alternating current (AC) outset. Peripheral ﬁz%ic 1?4 has
a data comrunication interface 114 carried with the housing a QEUIeQDDQ
peri pheral device conponents i10. Data comruni cation interface 114 nay

i ncl ude connectors and be carried on an adapter card 120 (designated by
dashed lines of FIG 1), which is typically detachably connectable to

peri pheral device 104. Conputer 102 is coupled to and comrunicates with
peri pheral device conponents 110 via cables 116 and 118 (i ncl udi ng

el ectrical or optical conductors) whicdy.are detachably connectable from
data communi cation interface 114. The electrical or optical conductors may
be referred tq @s o BONL Galich, SANIHE! il QIR Gict0% 188 s IRhne and
conmruni cation 1 hterface I'Chmay be simlar o data conmmunicatl o

i nt er f acectuiBK. to GANOML wisitidhZandStoREOBF iposition foOMVeRingahe coimblitep©ON phér al
device 104 over two full-duplex paths provided by cables 116 and 118, but
this is rKF galgeiespsrtivaly FI G 2, conputer system 200 includes a conputer
202, a conputer 0 i pher, e ’ .S d, 204
are electri caleél ga%o%ﬁﬂ?go%%o%r t%gﬁﬂ@téts @Sé%glﬁd@%g&%gs%ég%ls\%l ?/,

wher eas peinspier alitpdein the cauics ON staterandab lterneuse pexttriticnno fahp elganissour ce
212. Peripheral device 206 has peripheral device conmponents 216, including
per i pher ghe computerjOXF ptateyo2 9 devi ce conponents 218 and 220, which are
carried and di eqd. | usit:ng - i i j n } of
FIG 2. A poméfﬁgﬁﬁgW§%8 |gigpgdggﬁégggggpﬁﬁﬁtﬁggﬁ%ﬁg#ﬂgagﬁﬁ ?@£ﬁ£§

det achablcpupled nesdi@ ttatsmipfev@ntpigpur ce 210 via a power source interface (not

shown in FIG 2}%,, Wnifh may_ipcl, ude a power cord. Peripheral device 206 has
data conmuni c AHEGRNFRT dvice BClUNg ang 224 carried with the housing and

coupled to perd gheh@hod&iy %_@peﬁ*ﬁ%ﬁe%tdﬁ R - safdPfifbt %uéig«é;??éé-gim}éﬁ“d‘é@i%o”

interfaces 222 and 224 may include connectors and be ¢ on an adapter
card, suchnmpenenis,ashipiperipleaslddie clespawentsecirtied dasdaslds¢dond housing) fid 2.

Each of dat.a co nication interfaces 222 and 224 are adapte r. coupling
W th & cORpARER TS CIRNGHR SRl A% aPar e e AP R S ONegate Biput o
- 202 i's coupdstially ndASpeRARTE H £adisheVdl HBViBSOFPRRKAI device

a second power source interface, said second power source interface adapted for
coupling with a second power source that supplies electrical power to said peripheral
device components in the peripheral device ON state and that is separate and apart from
the first power source;

a plurality of data communication interfaces, said plurality of data communication
interfaces carried with said housing, each of said plurality of data communication
interfaces adapted for coupling with one said first data communication interface of said
plurality of computers through cables; and

detector circuitry, said detector circuitry operative to detect the loss of a clock
signals for an active communication link from each of said computers and to set said

peripheral device in the peripheral device OFF state in response thereto.



conponents 216 via cables 228 and 230 (including electrical or t yigal
rconductors) which are detachably connectable to data connunicézgghjaf-zooz
i nterface 222 Conputers 202 and 204 have data communi cation interfaces
which may be simlar to or the sane as data conmunication interfaces 222
and 224. Each of conputers 202 and 204 are operative to conmunicate to
peri pheral device 206 over two full-duplex paths provided by the cables.
25J UL 2002 to FIG 3 shows computer <system 300 whi ch includes a
plurality of computers 30l, a periphera? devi ce 308, and a peri pheral
device 310. The plurality of computers 301 includes conputers 302, 304, and
306, which are electrically powered from power sources 312, 314, and 316,
respectively. Peripheral device 308 is electrically powered froma power
source 318. Peripheral device 308 has peripheral device conponents 320 and
a power supply 322, all of which are carried and di sposed in a housing
designated by solid |line boundaries of FIG 3. Power supply 322 is

det achabl y connect abl BREEF\DESORIPTION OBTHE/DRAWINGS source interface
(not shown in FIG 3), such as a power cord. Peripheral device 308 has a
plurality of data comuni cation interfaces 331 carried wth the housing and
coupl ed to peripheral device conponents 320. The plurality of data

conmmmuni cation ipterfaces 331 are each adapted_fgr coupling wth a conputer
o " th anot nerTTisoreBiTe; 4bieeS: 20d AtATAGES of e dtoR’wll pecinie
communi cation interface 331 may include connectors and be carried on an
adapt er canere apparent ton thosepskilled aindtizs art afiegneensideringl dbadollowings i n
FIG 3. Peripheral device 308 provides for connection to peripheral device
conponent Yedaifed degtriptiondh doMPRclioR WitPie atcahpatyin@deawings, @i whidlh 2 5
:J UL 2002 n conmuni cation interface 332 is coupled to a first end of

‘peri pher aly; i | pled to a first
end of peJ$§ﬁ§?§?n§§5pﬂgﬁgg3%%%@%ﬁ2ﬁ%%Esn%;ﬁ&%gpphgﬁhﬁgggﬁconnunication
interface 340 is coupled to a second end of peripheral device conponents
324 and the other port is coupled to a first end of peripheral device

. conponents 328. One port of data comrunication interface 342 is coupled to
a second end ofFI&r1p$andllustration of a computer system having a computer and

a peripheral device;

FIG. 2 is an illustration of another computer system having a plurality

of computers and a peripherat device;

FIG. 3 is an lllustration of another computer system having a plurality

of computers and a plurality of peripheral devices;



devi ce conmponents 328 and the other port is coupled to a first end of

‘peri pheral device conponents 33D. Finally, one port of data co gﬁgﬁlzpnz
intéerface 344 is coupled to a second end of peripheral device conp t

330 and the other port is coupled to a second end of peripheral device
conmponents 326. As illustrated in FIG 3, the plurality of conputers 301
and peripheral devices 308 and 310 are serially coupled in | oop-type

fashi on. Conmputer 302 is coupled to and €ommuni cates with peripheral device
conmponents 320 via 1 cables 334 and 336 (having electrical or optical
conductors), which are detachably connected to data communi cation interface
332. Conputers 304 and 306 are simlarly coupled and conmuni cative. Each of
the plurality of conputers 301 has a data comruni cation interface which may
be simlar to data conmunication interfaces 331. Each conputer is operative
to 25 J UL 2002 12 conmmuni cate with peripheral devi-ces 308 and 310
over two fait-duplex paths as shown. Peripheral device 310, which includes
peri pheral device conponents 311 coupled to a data conmuni cation interface
313, may include simlar or the sane conponents as one of peripheral

devi ces 104, Zogﬁg?gids}g%:@%bl&k fiag?ah of rel@ﬁn&@i{&ﬂimge #‘égn%*gween

coupled to peri ust ng -sui table ca connéc

data communi cati o |nterfac 3 and 344. A shown to |nd|cate
a large di 0dICEHANGE azeesswafﬂqeréhdsme&e Fithe3.OUIIY B eBiote
conputers 301 and perlpheral deV|ces 308 and 310, which may be necessary in
some appl i andiaviematio powesigontrol peparptus; al devi ces 308 - and 310 may

i ncl ude data storage devices for backup storage and be |ocated in an

i solated, fireproof vault away fromthe plurality of conputers 301.
Referrlng nowto FIG 8, a block diagram of conputer 302 is, shown which may

dascrtbed her oi §ICCoRaE f@@%ﬁq@kﬁ@gh@%%@ﬁ 2o S becadash

are supplied electrical power frompower supply 804 during typica
oper ation. PEM@Ettpﬁlpg“EBﬂﬁ%ﬁ@MtC@ ¥ging ths remete eadcomatichrwerscertioloni ¢

apparatus;

FIG. 6 is another schematic block diagram of relevant electronic
components and circuitry employed in the peripheral device of FIG. 3,

forming a remote and automatic power control apparatus;
FIG. 7 is a schematic diagram of a particular and preferred version of
detector circuitry, suitable for use with a continuously clocked serial

communication link, and a particular version of logic circuitry; and

FIG. 8 is a simple block diagram of a conventional computer.



2 5 JUL 200Z 13 conponents of a conputer, such as a central proéégsgkngﬂQZ
(CPU)*, nenory devices, etc. Electronic conponents 802 are coupled to a data
transmtter 812 and a data receiver 814, which are coupled to a data

comuni cation interface 806. Data conmuni cation interface 806 may include
sui tabl e connectors and be carried on an adapter card. Data transmtter 812
and data receiver 814 nmay also be carried on the adapter card. Conputer 302
has a power source interface 808, which nay include a power cord,

swi tchably coupled to power supply 804 and adapted for coupling wth power
source 312. The supply of electrical power to electronic conponents 802 may
be termnated with an actuation of an actuable switch 810 (e.g., a
conventional OV OFF switch or other suitable sw tching nmeans), which has an
ON position and an OFF position to place conputer 302 in a conputer ON
state and a conputer OFF state, respectively. Referring—-back to FIGs. 1-3,
in one enbodi nent, conputer systens 100, 200, and 300 may utilize Serial
Storage Archi DEYATLED BESCRIPTION OFSTHE'PREFERRED EMBODIMENTS is. the |
necessary conponents (data comruni cation interfaces, cables, peripheral

devi ce conponents, etc.) are configured in accordance w th SSA using
conponents presently avail able and t 25 ~~ ~~ 14 known in the art. One
such SSA data storage device is the | BM 7133, presently available from

I nternational Bfiehebs2aBRti3nae Hugvptions gbrampyter systéms 190; 200aand
interface specifically designed to connect 1/0 devices such as those

i ncl udi ng 306k rdspectively, agachdof wettich Char@vhbody seameo fbim adf thie \present
printers, scanners, and other conponents to conmputers and storage

subsyst ens S i j agwh lap i
si mul taneob%@,ﬁapésu t‘?@ngﬁrﬁ”’gﬁ gyérig@g?ﬁen t Vgﬁ 3@@&5%% égéggp??%?le
exanpl e) i h.direction, with total.throughput 160 MBI/ (for

exanpl o) aLoRigiFafohE maff:pthet, Foutiartarons BHS Mlzale s Pad S<ied irBent i o
"twisted pair" utilized for both receive and transnmt). Those skilled in
the art ar @rf will reagilywmadenstand. minepractics,i ddarger umberdof semputers anee
architecture and its operation will not be described in any nore el aborate

detai | . Fotypicdlly émployedith aedrmputepisysie. see "I nformation
Technol ogy-Serial Storage Architecture Transport Layer 1 (SSA-TLi),

oy orh, PG st i PRt f 8y 10 P

N chit ot uPelighel e, 554, CompitRni 0 e Sclisaky pwelsd from apawer | |

L source 106, whereas peripheral device 104 is electrically powered from a
power source 108.- Peripheral device 104 has peripheral device components
110 and a power supply 112, both of which are carried and disposed in a
housing designated by solid line boundaries of FIG. 1. The housing (and
housings described below) may be any suitable structure for partially or
completely covering and carrying such components, and is preferably made
from a durable material such as metal. Power supply 112 is detachably

connectable with power source 108 through a power source interface (not

shown in FIG. 1), which may include a power cord adapted for coupling to an



is As one skilled in the art will readily understand, however, the present
inverftion is not limted to SSA;, the conputer systemnay utili ze2c5 hje% gogz
suitabl e architectures and conponents. In another enbodi nent, for exa

a conputer systemmay utilize "Fibre channel” technology as the interface
architecture. Fibre channel is the general nane of another well-known

i ntegrated set of standards docunented by ANSI defining protocols for
information transfer. Referring nowto FIG 4, relevant portions of

el ectroni c conponents and circuitry which may be enpl oyed in peripheral
device 308 of FIG 3 is shown. Such electronic conponents and circuitry may
be applied simlarly in peripheral devices 104 and 206 of FIGs. 1 and 2.
Preferably, some or all of such conponents are placed on the adapter cards
of the peripheral devices, such as adapter card 332. Each of peripheral

devi ce components 320 of FIG 4 include suitable conporrents for device
functionality and data communi cation. Peri pheral device conponents 326, for
exanpl e, i altérndtinga clintemtt (ACH moutlet. 41Reriphetialt adeviceei Y04 #39, aardhta device
422. Device 422 may include, for exanple, a data storage conponent (e.g., a

di sk dri ve siRiumid a i i i O i I i ers 301
(FIG 3) tg rea"gm?r?@nvwil e gt gqugéer{:efgoﬂyhletgﬁ l’gﬂé‘n?yaﬂﬁ %@%&16 t§oup| ed
to data transmitter, 418 and data receiver 420, which are coupl to data
{ranam ¢ | PRGGMerahdgkics CatoRsnists 1iDs. BAta CoTmUltAoIeRRGs did Y ce 308
al so includes detector circuitry 400 having a plurality of detectors 401
(such as dinchudeoconaadorsnand s carried opi an @daptert eard4120 (desigeated by t he
nunber of detectors is equal to the nunber of data conmunication interfaces

adapt ed f ofagieep!lineg \WFt FIG A9Pwhich- i$ XypRallp Uldetachablyetorféctablerts: 3.
the nunber of detectors is preferably four. Detector 406 has inputs coupled

to the recgj | . of data communication interface 332 and an out put
coupl ed tosgﬁﬁtlléj@ 8|e '6%13%31' logic circuitry 410. Likew se, detector 408 has
i nputs coupled to the receive data |ines of data conmunicatjon interface

342 and an out pGoMPERr 482 +is caupled dJRgandhgemmyinicaigs with petipheral gdeviceoy her
detectors are simlarly coupled. Detector 406 is operative to detect
communi cat compbnehtsi 146t via tcablest 16 nambnld &incialingneleptricablorr aptidavi ce
308, and can al so detect conmunication link activity therebetween. In
response t gof@i@6fd)"Which are detachably connectable from data communication
interface 114. The electrical or optical conductors may be referred to as
"physical" conductors. Computer 102 has a data communication interface
which may be similar to data communication interface 114. Computer 102 is
operative to communicate with peripheral device 104 over two full-duplex
paths provided by cables 116 and 118, but this is not essential.
In FIG. 2, computer system 200 includes a computer 202, a computer b
204, and a peripheral device 206. Computers 202 and 204 are electrically
powered from power sources 208 and 210, respectively, whereas peripheral
device 206 is electrically powered from a power source 212. Peripheral

device 206 has peripheral device components 216, including peripheral



comuni cation link activity and inactivity, detector 406 produce
‘apprdpriate signal to logic circuitry 410. Detector 408 and ot hi ﬁqjﬂc}_t Qﬂgz
are simlarly operative. 25 J UL 2002 mComunication link activity

i ncl udes those signals present on data |lines when a conputer is powered ON,
whet her the activity is non-idle activity (active data conmuni cation) or
idle activity (no active data comrunication). Data is comruni cated, for
exanpl e, when witing and reading data td and from data storage conponents.
Conmmuni cation link inactivity includes those signals present (if any) on
data |ines when the conmputer is powered OFF. Wth a continuously cl ocked
serial link, for exanple, a clock signal is provided fromeach of the
plurality of computers 301 when powered ON (even when data is not being
comruni cated); a clock signal |oss fromeach one of the plurality of
conmputers 301 occurs when it is powered OFF or disconnetted from peri pheral
devi ce 308. Such continuously clocked serial links are provided in conputer
syst enms ut déviee agmpsaAents Fl®ard 228 which arehcartied andfdispasedrinl ashodsie r
supply 322 is divided into a main power supply 412 and an auxiliary power

supply 4~ désighaRe Wrssud*%hbagéurm%g oFUPRl. Y2, 32@ oWel S alihe.stéls

sui tabl e power source, Ssuc a power source pr conmon

412" (v, -n Bl iR BAind B gtee B%ﬁl'x%%mﬁ&eﬁ%toﬁﬁwgesq”ﬁh%@ﬁﬁﬁé 238"' ’

and 404 in a perlpheral devi ce CN state; an output of 25J UL 2002 is
auxi |l iary pdoaverssouytce intenface/ el shmwpunﬁGeEé,cwhialsnmaydmeludem powett or

circuitry 400. The electrical power supplied from main power supply 412 is

rel ativel ych gPefiphatraidevice Q06titast di@caedcmmamtatno@mrfa&é@ pReshd 24
auxiliary power supply 414. Main power supply 412 has a power control input

416 vhich b eupladnbOaRiRHLRY qoapéoogd pefbhied) elictidmihitane Agrer P

signal is app power mal N power  supp
ShED, L on R SFe SR U BB aRIc L o HERE et pover
supply 412 term nates supply of electrlcal power to peripheral device
conponent sas@deacatried on an adapter card, such as an adapter card 226 designated

by dashed lines of FIG. 2. Each of data communication interfaces 222 and

224 are adapted for coupling with a computer or with another peripheral

device through cables.

Computer 202 is coupled to and communicates with peripheral device
components 216 via cables 228 and 230 (including electrical or optical
conductors) which are detachably connectable to data communication
interface 222 Computers 202 and 204 have data communication interfaceé
which may be similar to or the same as data communication interfaces 222

and 224. Each of computers 202 and 204 are operative to communicate to

peripheral device 206 over two full-duplex paths provided by the cables.



peri pheral device 308 is in a peripheral device OFF state. FIG S

‘fl omchart describing typical operation of a renpte and autonmatic d@W§UL.2002
control apparatus. In the follow ng description, FIGS. 3, 4, and 5 w |
referred to in conbination. Starting at a start bl ock S00, main power
supply 412 supplies electrical power to peripheral device conponents, which
are in a substantially powered up state (step 502). At this tine, the
plurality of conmputers 301 (FIG 3) connetted to data comrunicati on
interfaces 331 are powered ON and operating, and are capable of 25JU
L 2002 19 comunicating with peripheral device 308. Communication |ink
activity is present at at |east one of the plurality of data comrunication
interfaces 331. Detector circuitry 400 nonitors the plurality of data
comuni cation interfaces 331 (step 504). Mre specifically, detector
circuitry 400 nonitors whether there is comunication Hnk inactivity at
each one of data communication interfaces 331 designated for conputer

conmuni cati on. RIG. t3i showd @dmpiter dybienda3G0 oshichninchidesnai plueslitacet

desi gnated for conputer comruni cation are data communi cation interfaces

gggi gﬁg'?eéh #gr coupﬁng W génlowge Sgrg} " mgg%@a B)’!Sr&]t%%erz;ﬁﬁggjl ICZ
310, T i 4
when a1 duGUHaf piniters @%&&%ﬁt@%ﬁﬁmﬁﬁﬁ SB8cpdictiare i ng

swi tches such as actuable switch 810 of FIG 8) or disconnected from
per i pher alelegvically poseredtfeamopower sources 302, 3df; iande316pnéspectivelyat st ep
504 if such inactivity is not detected at step 506. Peripheral device 308

remai ns i rpriphepalogedne i 308 Vis PEIeRERAIY hdweéred firom %%&Vera%ufdéeﬂé the

pllurality of conputers 301. At sone tine, however, of the plurality of

ok i ﬁrait"%?@\%@t 3@&?%93%055? RREPRERS o §{>€"8§"éﬁ% CLEICERIAL Tt

342, and si 5 J UL 2002 20 main power supply. 412 to term nate
suppl y of %‘I%Bgt 32%@@" pbwdtch are,epiriedeand dispesed inarhiising designatedilyy 508) .
Here, peripheral device conponents 320 are in a substantially powered down
state. Auwsdliddine pourdariasppf F1IGI 31 Power rsupplyt 322 ippdéetachablytcannattableer to
detector circuitry 400, which nonitors the plurality of data commrunication
with power source 318 via a power source interface (not shown in FIG. 3),
such as a power cord. Peripheral device 308 has a plurality of data
communication interfaces 331 carried with the housing and coupled to
peripheral device components 320. The plurality of data communication
interfaces 331 are each adapted for coupling with a computer or with another
peripheral device through cables. Each of data communication interfaces 331

’an

may include connectors and be carried on an adapter card, such as
adapter card 338 designated by dashed lines in
FIG. 3.

Peripheral device 308 provides for connection to peripheral device

components 320 in a serial loop-type configuration. One port of data



interfaces 331 for communication link activity (step 510). Peri qgral
‘devi ce conponents 320 renmain in the substantially powered down uéL)f
such detection occurs at step 512, where detector circuitry 400 contlnues
nmonitoring the plurality of data conmunication interfaces 331 at step 510.
When communication link activity is detected at a single data comuni cation
interface by detector circuitry 400 at step 512, detector circuitry 400
signals main power supply 412 to resupply,electrical power to peripheral
devi ce conmponents 320 (step 502). The netﬁgd repeats itself at step 502. It
is noted that, although steps 504 and 510 are separated for clarity, such
steps are preferably perfornmed confinuously during detector operation.

Thus, a peripheral nay be autonmatically powered up/down in imediate
response to link activity/inactivity -- without the need for any r. 25
J UL 2002 21 other actions -- manual or otherw se (except perhaps intended
del ay as described further below). FIG 6 is another enbodi nent of rel evant

Govi co. s0a APMEFICARRNEATRCY 330 s el B & e B A RerniheP ueuE

transmtters and recgivers, such as data transmtters 606 and 610 and data
recei vers E0BPaRents1324angcthe athes part s coupledntm anfirst and. of pedahesal shown.

Four detectors are shown; detector 602 connected at data conmuni cati on

i nterface @&dce dmlmmrmntﬁe%commecpm eft datat comnmumicatioat inberface 840dse 344,
det ector 605 connected at data connunication interface 342; and detector

SE%E?QZTE@@S%&QZ%%@“:%M P'bﬂlP s f°@esc°ﬁ4'8’r: "f“%g?‘é%taff”é?“h‘etjeé."ozl
S|

Somputer s PRrtdREBUEATD A Ao £rll pEpSinncral sG0EE shopBRN GO LRPE as one
skilled in the art will understand. For exanple the present invention is

better sui pEdatacammunicabiondntestacerdd2iscosplad to 3 sepand:ead of peripheral
peri pheral devices are coupled to a data comunication interface. FIG 7 is

a fgL\Ie{r?t i devitegd:mﬂﬂmerﬁs 328 ignd ahe astheprpdreris abuphsdsitona Oﬁrsﬁ@ntbfofr
y 400, wh may be used in a system enploying a 2 UL 2002
peripheral device components 330. Finally, one port of data communication
interface 344 is coupled to a second end of peripheral device components
330 and the other port is coupled to a second end of peripheral device
components 326.
As illustrated in FIG. 3, the plurality of computers 301 and peripheral

devices 308 and 310 are serially coupled in loop-type fashion. Computer 302
is coupled to and communicates with peripheral device components 320 via
cables 334 and 336 (having electrical or optical conductors), whi::h are
detachably connected to data communication interface 332. Computers 304
and 306 are similarly coupled and communicative. Each of the plurality of

computers 301 has a data communication interface which may be similar to

data communication interfaces 331. Each computer is operative to



22 continuously clocked serial link such as SSA or Fibre cha , d
‘parti‘cul ar version of logic circuitry 410. For clarity, FIG.QQEthjg-ZQOZ
detector 406 which is preferably representative of all other detectors.
Here, detector 406 may be referred to as a clock signal detector and/or a
clock signal |oss detector. Detector 406 includes a rectifier circuit 706
and a conparator circuit 708, having electrical conponents as shown and
coupl ed. Receive data |ines 702 and 704 @se coupled to an input of
rectifier circuit 706. Conparator circuit 708 has a first input coupled to
an output of rectifier circuit 706, a second input coupled to a reference
vol tage, and an output 720 coupled to an input of logic circuitry 410.
Rectifier circuit 706 nore specifically includes resistors 710 and 714,

di odes 712 and 7i 6, which are radio frequency (RF) -diodes, and a capacitor
718. Receive data |line 702 is coupled to a first end of-resistor 710, which
has a second end coupled to a first end of diode 712. Receive data |ine 704
is coupl e(tdn‘ﬂnanfcbfémﬁ%rgfhér@ﬁdé\h@és 338 anuts 10hoVEstwd ﬁﬂF@u;tﬂeﬁzﬁ tigoup! ed
to a first end of diode 71 Second ends of diodes 712 and 716 are coupl ed
t oget her aér%s ogwg first end of capacitor 718 having a second end coupled to
gr ound. r circuit 708 is a voltage conparator operative to produce
alogic '1 at out ut 720 when the output of rectlfler circuit 706 exceeds
the 25 J U LPeriherals ?\élfi%ri’el@eéﬂbﬁht'agw esgsipherd), deviee sompooentss
operative to produce a logic '0" at output 720 when the output of rectifier
circuit 7@l dcopsietidiooavdate corimurication dhtesface 343, maylindlinde similar of r cui t

el enents are preferred, one skilled in the art will understand that other

sui tabl e ghenBme cﬁﬁfboﬁﬁn&t# bﬁ?‘i'Jf%%ﬁﬁﬁb*a'(‘Fe"&es M%@.ﬁgghad—%@g g%é?bgat e

repl aced by capacitive co fccircurtry 41

722 follo b it. 7 whi ch ut Gou d to power
control i e eb3TvREHPfsar devict Ho S eaipisteR e%nr&e.f?@ée\f'e@ BE st
connunlcatlon detect comunication link activity, OR gate 722 will produce
a | ogi c ' 18uitg@bleygablesrconngatad hetween data compnuniggiion interfaces aila amﬁe
supply 412 to enable supply of electrical power. On the other hand, when

all detect34 designated for conmputer conmuni cation detect comunication
link inactivity, OR gate 722 will produce a logic '0" output so that main

power  supply 4 Inh@rﬁgﬁgkﬁﬁﬁn% indiRBLY 2% g@;ﬂlﬁ"a, aﬁ?}% ﬁ\ﬁkgl’?é(y%réﬁ&?h mai n

power supply tine’ls |npose b providing sone
desirable h ster i s for S iC C|rc Y, 410 0_i des

i nterface ji@ﬂguﬁﬂﬁyQE&DéEF@@Fd#EE9BQ§§@@ q&&@ﬁ%gﬁ% W?%ﬂﬂterface
desi gnat ors 730 is associated with one data connunlcatlon interface and

det ect or. Which mayi peanecessary dnasarse wapplicationsie For ex@mple,i pedpherabd to a
corrputer or to anot her

devices 308 and 310 may include data storage devices for backup storage
and be located in an isolated, fireproof vault away from the plurality of
computers 301.

Referring now to FIG. 8, a block diagram of computer 302 Is‘shown
which may be representative of each of the plurality of computers 301 and
others described herein. Computer 302 includes electronic components 802,
which are supplied electrical power from power supply 804 during typical

operation. Electronic components 802 may include conventional electronic



2 5 J UL 2002 24 peripheral device. Interface designator 732 is set to a
Mogi¢ '1 if the associated data commrunication interface is cougl$d Lﬂ;
conmput er comuni cati on; otherw se, interface designator 732 is Y’ 2002
logic "0'". Preferably, the designations are preferably established during
an initial configuration of conputer system 300. Each one of detector
bypasses 730 is associated with one data, conmunication interface and
detector, and is utilized for bypassing i gnoring decisions of a detector
coupled to a data communi cation interface not designated for conputer
comuni cation (i.e., designated for coupling wth another peripheral
device). Here, detector bypasses 730 include AND gates as shown. For
exanple, an AND gate 726 has a first input coupled to an interface
designator 732, a second input coupled to output 720 of detector 406, and
an out put coupled to an input of OR gate 722. Thus, for-data connunication

i nterfaces not designated for conputer comrunication (set tologic '0"), OR

gaffe 722 cmpomerits ofiavesmputergsuch 8 asdeatal prddeshing’ @it (ERUYYR&RBHNY Of
the associ ated detector. Several variations may be nmade to et ect or

E“! IE”:SL{ ! e %m%édeﬁégéﬁﬁ&a%ﬁ%ﬁd?cé* EAEdtoct, C@?@%ﬁ%f? replace
oxanpl o |4 R0 ata fecaiNey e VIER e BT Jp A ot FTamaEan |

conductive junpers (not shown) may be utilized and | ocated at the inputs or
out put s ofinterface @06, pbatd cammunicatiomeainterfadet 806s mayy indlade bsuitabid | zed
and set appropriately. Thus, a peripheral device nmay be automatically

power ed doéﬁhrid&tdr?ﬁdmrﬁ@céﬁlea dh Hﬁ %betér@ar&omtﬁ ﬁ’fa%sﬁ’f ttéﬂ“@lzaﬁa‘dfaﬁé system
belng power ed down. The peripheral device is powered wn when no conponent

of the co t t control
of power r'ge%ggﬁém Wc%ﬁ@g\ﬁe@ﬂe%n M@g* fg‘g][ccgt gghﬂ)é‘lté ﬁ@?%so%vi ces
connected with very |l ong connector cables. The present invention is

pr ef er abl yPOWEY iSpHECe INtEFAee 1808, syhichnmay ancligeca rRowein6ord, swisehakly seri al
|l i nks, such as those utilizing Fibre channel and SSA as the interface

ar chi t ect ucauplddeoppeirer sepplyed®t andoddapted for ouplimg avith powsredourcgowner
control apparatus requires no special hardware or software at the host

312. The supply of electrical power to electronic components 802 may be

terminated with an actuation of an actuable switch 810 (e.g., a conventional
ON/OFF switch or other suitable switching means), which has an ON position
and an OFF position to place computer 302 in @ computer ON state and a
computer OFF state, respectively.

Referring back to FIGs. 1-3, in one embodiment, computer systems
100, 200, and 300 may utilize Serial Storage Architecture (S3A) as the
interconnect architecture.  That s, the necessary components (data
communication interfaces, cables, peripheral device components, etc.) are

configured in accordance with SSA using components presently available and



conputers, no special software at the peripheral device, and only a small
anount of sinple, |owcost hardware at the peripheral device. | houl d be
under stood that nodifications to the above described enbodi nent Bauﬂb 200
made without departing fromthe true spirit and scope of the present 2
invention, as will be apparent to those skilled in the art. 2 5 JUL 2002
-26 CLAIMS: |. A data storage device for utilization in a conputer system
havi ng one or nore conputers and connun% ative over a continuously cl ocked
serial link, said data storage device c ﬁprising: a housing; a power
supply; data storage conponents, said data storage conponents carried in
sai d housi ng, said data storage conponents having a substantially powered
up state and a substantially powered down state, said data storage
conponents operative to enter the substantially powered down state
responsive to a power down signal; one or nore data comruni cation
interfaces, said data comuni cation interfaces carned on said housing and

coupl ed t SRl i TR SHO" 35 SOERCSA data SREFa devicd ot qBRITTIBBAL ] on

interface toupling W a co t hrough conductors; and

Clock S graesewly avaible Tomnamatonel iendssigerines FE. CoPREdh gors © °

comuni cation interfaces and to produce the power down ﬁ%%nal in response

thereto. 2. A g8 isoseria interface spacificallygasignadatanconne@cl/er devises
detector circuitry is operative to detect the clock signal |oss at each one

of sai d_dal,gnCaeTRRLE hcRling) ORK gAves deficidrives, 0D ROMPdives, optical

comuni cat1 on. ata storage device according to claim1, wherein said

det ect LLcuitry i ti j f
Cai o dat a GfArnLeS, SCANrs; Sl bt Ebherentrt SoRpRtegar sictasé, OU° ©
i th to. 4. A dat t i i t | al. wh i

Sai 0 ot 5 SubsYSEES o Gt Yok o8 o fl-duBt oAt At < Mfifeed "€

CD-ROM drive, a tape drive, and an optical drive. 25 J UL 200z -27 5. A

data st or agimukaneeasiaceasultimpirt datal eates In thédDdVB/sesi rangeor exampie)i s
adapted for coupling with a power source that is separate and apart froma

bower _Sour ree gl bl AT tdtal SrofigBlie of 180208/ sde fetcexarpleliab@ath cl ai m

1, wherein's a st'orage device 1s configured in accordance with one of
St or age deUPdE. ANBReAtHoRY Fes Al FelYEHLGH R el rvlSa et eiizaciat 2
;(r)]gp rises: fc()’j‘rt bcl)t?'narsetceglgear?é ('c)rcall%s%i)tgf) I‘Ielgjlosteoskailled }nathceoa anrieC aHi iar \i/vﬂhet'i\]éace;
implementation of SSA and therefore the architecture and its operation will
not be described in any more efaborate detail. For a further explanation of
SSA, see “Information Technology-Serial Storage Architecture-Transport
Layer 1 (SSA-TL1), American National Standards Institute (ANSI)
X3T10/0989D". “Information Technology-sterial Storage
Architecture-Physical 1 (SSA-PH1), ANSI X3T10.UXXXD", and "‘Information

Technology-Serial Storage Architecture-SCSI-2 Protocol (SSA-S2P), ANSI

JuT10.1/121D".



a conparator having a first input coupled to said at |east one azzg and a
‘second input coupled to a reference voltage. 8. A peripheral &JUL_ZOO
conprising: a housing; peripheral device conponents, said perlpheral deV|ce
conponent s di sposed in said housing, said peripheral device conponents
having a substantially powered up state and a substantially powered down
state; a power supply, said power supply operative to supply electrical
power to said peripheral device conponehls when in the substantially
powered up state; at |east one data conmunication interface, said at |east
one data communi cation interface carned with said housing and coupled to
sai d peri pheral device conponents, each one of said at | east one data
comuni cation interface adapted for coupling with a conputer through
conductors; and detector circuitry, said detector circuitry operative to
cause sai d peripheral device conmponents to enter the substantially powered
down state in response to detecting conunication link inactivity at each

one of said at A&dnk ék'ﬂlédjﬁ’itﬂaecmww@Q%ﬂ)‘)pndé'r‘s%ﬁdi%weve? thel peséfit - 28 9.

A peripheral device according to claim urther éonpr|5|h et ector
circuitry tive to rjpheral dev onen enter the
subst anti all%p?n %Q\eiﬁeﬁo'ij '"Ef%ﬁi iﬂs §b§n§(§n95t e an Womﬁ?cé#‘@f)n i nk

activity on at |least one of said at |east one data conmunication

i nt er f acessuitable Aapchitegtvses | and v cempasertisdi ngnt @anetharmenbadiment: for
conprising: a power source interface of said power supply, said power

sour ce i nt exdraple, & eginpdtdrosystampman dutilize ' Fibreoditanmedutechnology 4s piRéi pher al
devi ce accordlng to claim?7, wherein said peripheral device is configured

in accord é 'hrEhiPéV@éFé‘a”rF‘?&reStcﬁQHﬁéld% atf@ g’é‘n@ﬁiﬂ HQﬁl’éafodeHbﬁ'n%r

accordlng rein said peripher vVice is confrguredi

‘accor dance th Serial Stor h|te e (SS ar 1 A net hod
of control WVMd("QWé\JdB{:%gr 'f’edggS@E né@f:ﬁé dg’& r&? BE@qag% gﬁsﬁea?@ﬁ“gt he
peri pheral device having perlpheral devi ce conmponents operative for data

comuni cat protoesls fionimforonaticor transfeput er s, the peripheral device operable
froma power source separate and apart fromthose of the conputers, the

net hod conpri si RaferfiHg oW 8 Fﬂ@wrélé\vamqy@txohg dfh@leB@bhiRNEIApoigits Ce
conponents so that the peripheral ‘devi ce conponents are substantially

ol urality s@’&ﬁfﬁk‘tﬁﬁmﬁ@f B’ ifplobpd shar é*é'ndﬁgé?}??ef?ﬁﬁﬂé’é?ect I ng
o the por FtRel SUrb.AleEou soRutne: S%%&%%r‘c& "i5elitnapelfedginilzgy in” "
conpenent Spg;lghgrg?sdzs{(]:gs ?llol‘lyal;dnggg ro?’tlglég 1 and 2. Preferably, some or all of

such components are placed on the adapter cards of the peripheral devices,

such as adapter card 332.

Each of peripheral device components 320 of FIG. 4 include suitable
components for device functionality and data‘communication. Peripheral
device components 326, for example, includes a data transmitter 418, a data
receiver 420, and a device 422. Device 422 may include, for example, a data

storage component (e.g., a disk drive employing a magnetic disk) for the

plurality of computers 301 (FIG. 3) to read and write data. Device 422 is



14. A method according to claim 13, further conprising: detecting

‘commini cation link activity on at |east one of the plurality of data
comuni cation interfaces; and 25 J UL 2D02 -29 in respon o] t i.ng
the conmmunication link activity, supplying electrical power tsz& h-Lﬂt ?ﬁb?
peri pheral device conponents so that the peripheral device conponents are
substantially operative. 15. A nethod according to claim 13, wherein
detecting the conmunication link inacti \/1i ty conprises detecting a clock
signal loss. 16. A nethod according to 1?, wherein detecting the

comuni cation link inactivity conprises detecting a clock signal |oss and
detecting the communication link activity conprises detecting a cl ock
signal. 17. A nethod according to claim 13, wherein supplying electrical
power to the peripheral device conponents conprises supplying electrical
power to data storage conponents of the peripheral device. 18. A conputer
system conprising: at |east one conputer, including: a first housing;
first elec j ; heafd I £,2016nC ' ed in
ai d 1ot Cpoed (G URaRERsiar s drdiael Robiar uB0r WHRIE Soqpied3c ana
subst anti al li,yg non og?,r ati va in a congt;t er COFF sta{e; a first power source
i nt er f ace, 934 apsmi lings @p recelye liges, 18aPeBYed for coupling with a
first power source that supplies electrical power to said first electronic
conponent s in t ReriplenalitdevicaN308 aalso iacliides tdetettoadircuityy 400, having &i r st
actuable switch carried on said first housing and actuable to an ON

Posi L1 on apiliriRy St dAHECAS 4D ABuEHPbs RIEULRIAOS InACKY it YRRy

states, respectively; a data transmtter, said

L6r i nat 0. J4ter Blaerebby G AUHERE ' geHeRES o b Bf £ QB hiiper of 'Gheg 57, |°
2002 -30 a first data communi cation interface, said first data
communi cat FOMMUnicatian: dntesfases jadaptedi fon rcoupling + witho@ womputeper ifgier al

devi ce, including: a second housing separate and apart fromsaid first
housi ng; peomplearadystemi 300 of FIG. 3, the number of detectors is preferably four.,

Detector 406 has inputs coupled to the receive data lines of data
communication interface 332 and an output coupled to a first input of logic
circuitry 410. Likewise, detector 408 has inputs coupled to the receive data
lines of data communication interface 342 and an output coupled to a second
input of logic circuitry 410. Other detectors are similarly coupled.

Detector 406 is operative to detect communication link inactivity
between computer 302 and peripheral device 308, and can also detect
communication link activity thereBetween. In response to detecting
communication link activity and inactivity, detector 406 produces an
appropriate signal to logic circuitry 410. Detector 408 and other detectors

are similarly operative.
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peri pheral device ON state and substantially non-operative in 5peHUbh§ﬂg
devi ce OFF state; a second power source interface, said second power source
interface adapted for coupling with a second power source that supplies

el ectrical power to said peripheral devijge conponents in the peripheral
device ON state and that is separate and apart fromthe first power source;
a plurality of data communication interfaces, said plurality of data
comuni cation interfaces carried wth said housing, each of said plurality
of data communication interfaces adapted for coupling with one said first
data communi cation interface of said plurality of conputers through cabl es;
and detector circuitry, said detector circuitry operative to detect the

| oss of a clock signals for an active comrunication linrk fromeach of said
conputers and to set said peripheral device in the peripheral device OFF
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auxiliary power supply 414 (Vax) supplies electrical power to detector
circuitry 400. The electrical power supplied from main power supply 412 is
relatively large in comparison to the electrical power supplied from auxiliary
power supply 414.

Main power supply 412 has a power control input 416 which is coupled
to an output of logic circuitry 410. When a power up signal is applied at
power control input 416, main power supply 412 supplies the electrical power
to peripheral device components 320. However, when a power down signal
is present at power control input 416, main power supply 412 terminates
supply of electrical power to peripheral device components 320 and
peripheral device 308 is in a peripheral device OFF state.

FIG. 5 is a flowchart describing typical operation of a remote and
automatic power control apparatus. In the following description, FIGs. 3, 4,
and 5 will be referred to in combination. Starting at a start block 500, main
power supply 412 supplies electrical power to peripheral device components,
which are in a substantially powered up state (step 502). At this tinie, the
plurality of computers 301 (FIG. 3) connected to data communication

interfaces 331 are powered ON and operating, and are capable of
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interfaces 331 (step 504). More specifically, detector circuitry 400 monitors
whether there Is communication link inactivity at each one of data
communication interfaces 331 designated for computer communication. In
this embodiment, the data communication interfaces designated for computer
communication are data communication interfaces 332, 340, and 342. On
the other hand, data communication interface 344 is designated for coupling
with another peripheral device (peripheral device 310, as shown in FIG. 3).
The appropriate detection at step 504 will occur when all of computers 302,
304, and 306 are either powered OFF (e.g., using switches such as actuable
switch 810 of FIG. 8) or disconnected from peripheral device 308. Detector
circuitry 400 continues monitoring at step 504 if such inactivity is not
% detected at step 506. Peripheral device 308 remains in the substantially
powered up state for use by any one of the plurality of computers 301.
At some time, however, all of the plurality of computers 301 are
powered OFF. Detector circuitry 400 detects communication link inactivity at

each one of data communication interfaces 332, 340, and 342, and signals
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main power supply 412 to terminate supply of electrical power to peripheral
device components 320 (step 508). Here, peripheral device components 320
are in a substantially powered down state.

Auxiliary power supply 414 continues to supply electrical power to
detector circuitry 400, which monitors the plurality of data communication
interfaces 331 for communication link activity (step 510). Peripheral device
components 320 remain in the substantially powered down state if no such
detection occurs at step 512, where detector circuitry 400 continues
monitoring the plurality of data communication interfaces 331 at step 510.

When communication link activity is detected at a single data
communication interface by detector circuitry 400 at step 512, detector
circuitry 400 signals main power supply 412 to resupply electrical power to
peripheral device components 320 (step 502). The method repeats itself at
step 502. It is noted that, although steps 504 and 510 are separated for
clarity, such steps are preferably performed continuously during detector
operation.

Thus, a peripheral may be automatically powered up/down in

immediate response to link activity/inactivity -- without the need for any
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other actions -- manual or otherwise (except perhaps intended delay as
described further below).

FIG. 6 Is another embodiment of relevant portions of electronic
components and circuitry employed in peripheral device 308 of FIG. 3. Here,
peripheral device components include dual transmitters and receivers, such
as data transmitters 606 and 610 and data receivers 608 and 612 of
peripheral device component 326 coupled as shown. Four detectors are
shown; detector 602 connected at data communication interface 332;
detector 603 connected at data communication interface 344; detector 605
connected at data communication interface 342; and detector 604 connected
at data communication interface 340. Detector circuitry 600 operates the
same as or similarly to that described in relation to FIGs. 4 and 5.

It is understood that in relatively complex implementations of
computer systems, limitations exist on the use of such power control as one
skilled in the art will understand. For example, the present invention is
better suited to SSA implementations where only computers or only
peripheral devices are coupled to a data communication interface.

FIG. 7 is a schematic diagram of a particular and preferred version of

detector circuitry 400, which may be used in a system employing a
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continuously clocked serial link such as SSA or Fibre channel, and a particular
version of logic circuitry 410. For clarity, FIG. 7 shows only detector 406
which is preferably representative of all other detectors. Here, detector 406
may be referred to as a clock signal detector and/or a clock signal loss
detector. Detector 406 includes a rectifier circuit 706 and a comparator
circuit 708, having electrical components as shown and coupled. Receive
data lines 702 and 704 are coupled to an input of rectifier circuit 706.
Comparator circuit 708 has a first input coupled to an output of rectifier
circuit 706, a second input coupled to a reference voltage, and an output 720
coupled to an input of logic circuitry 410.

Rectifier circuit 706 more specifically includes resistors 710 and 714,
diodes 712 and 716, which are radio frequency (RF) diodes, and a capacitor
718. Receive data line 702 is coupled to a first end of resistor 710, which
has a second end coupled to a first end of diode 712. Receive data line 704
is coupled to a first end of resistor 714, which has a second end coupled to a
first end of diode 712. Second ends of diodes 712 and 716 are coupled
together and to a first end of capacitor 718 having a second end coupled to
ground. Comparator clrcuit 708 Is a voltage comparator operative to produce

a logic '1' at output 720 when the output of rectifier circuit 706 exceeds the
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reference voltage. Comparator circuit 708 is operative to produce a logic '0'
at output 720 when the output of rectifier circuit 706 drops below the
reference voltage. Although the above circuit elements are preferred, one
skilled in the art will understand that other suitable elements can be utilized
as well (e.g., diode coupling may be replaced by capacitive coupling).

Logic circuitry 410 includes an OR gate 722 followed by a delay circuit
724, which has an output coupled to power control input 416. When one or
more detectors designated for computer communication detect
communication link activity, OR gate 722 will produce a logic ‘1' output for
signaling power control input 416 of main power supply 412 to enable supply
of electrical power. On the other hand, when all detectors designated for
computer communication detect communication link inactivity, OR gate 722
will produce a logic '0' output so that main power supply 412 terminates the
supply of power. Before signals reach main power supply 412, a delay time
is imposed by delay 724, providing some desirable hysteresis for the system.

Logic circuitry 410 also includes interface designators 728 and
detector bypasses 730. Each one of interface designators 730 is associated
with one data communication interface and detector. Each designator

designates whether the interface is coupled to a computer or to another
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peripheral device. Interface designator 732 is set to a logic '1' if the
associated data communication interface is coupled for computer
communication; otherwise, interface designator 732 is set to a logic '0'.
Preferably, the designations are preferably established during an initial
configuration 6f computer system 300.

Each one of detector bypasses 730 is associated with one data
communication interface and detector, and is utilized for bypassing or
ignoring decisions of a detector coupled to a data communication interface
not designated for computer communication (i.e., designated for coupling
with another peripheral device). Here, detector bypasses 730 include AND
gates as shown. For example, an AND gate 726 has a first input coupled to
an interface designator 732, a second input coupled to output 720 of
detector 406, and an output coupled to an input of OR gate 722. Thus, for
data communication Interfaces not designated for computer communication
(set to logic '0"), OR gate 722 always receives a logic '0' signal which
provides bypassing of the associated detector.,

Several variations may be made to detector circuitry 400 of FIG. 7.
For example, a microcontroller or microprocessor with suitable embedded

software may replace logic circuitry 410, or replace both logic circuitry 410
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and comparator 708. Also for example, in place of the AND gates of detector
bypasses 730, simple conductive jumpers (not shown) may be utilized and
located at the inputs or outputs of detectors; physical or software switches
may also be utilized and set appropriately.

Thus, a peripheral device may be automatically powered down in
response to a plurality of computers of the computer system being powered
down. The peripheral device is powered down when no component of the
computer system is powered ON to communicate with it. Such control of
power is especially convenient for remotely located peripheral devices
connected with very long connector cables. The present invention is
preferably utilized in computer systems having continuously clocked serial
links, such as those utilizing Fibre channel and SSA as the interface
architecture. The preferred version of such a remote and automatic power
control apparatus requires no special hardware or software at the host
computers, no special software at the peripheral device, and only a small
amount of simple, low-cost hardware at the peripheral device.

It should be understood that modifications to the above described
embodiments may be made without departing from the true spitit and scope

of the present invention, as will be apparent to those skilled in the art.
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I. A data storage device for utilization in a computer system having one or more
computers and communicative over a continuously clocked serial link, said data storage
device comprising:

a housing;

a power supply;

data storage components, said data storage components carried in said housing,
said data storage components having a substantially powered up state and a substantially
powered down state, said data storage components operative to enter the substantially
powered down state responsive to a power down signal;

one or more data communication interfaces, said data communication interfaces
carried on said housing and coupled to said data storage components, each of said data
communication interfaces adapted for coupling with a computer through conductors; and

detector circuitry, said detector circuitry operative to detect a loss of a clock
signal for an active communication link at each one of said data communication

interfaces and to produce the power down signal in response thereto.

2. A data storage device according to claim 1, wherein said detector circuitry is
operative to detect the clock signal loss at each one of said data communication interfaces

designated for computer communication.

3. A data storage device according to claim 1, wherein said detector circuitry is
operative to detect a clock signal on at least one of said data communication interfaces

and to terminate the power down signal in response thereto.

4. A data storage device according to claim 1, wherein said data storage components

comprise at least one of a disk drive, a CD-ROM drive, a tape drive, and an optical drive.
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for coupling with a power source that is separate and apart from a power source of the

computers.

6. A data storage device according to claim 1, wherein said data storage device is
configured in accordance with one of Fibre channel and Serial Storage Architecture
(SSA) standards.

7. A data storage device according to claim 1, wherein said detector circuitry
comprises:

at least one diode coupled to a data communication interface; and

a comparator having a first input coupled to said at least one diode and a second

input coupled to a reference voltage.

8. A peripheral device, comprising:

a housing;

peripheral device components, said peripheral device components disposed in said
housing, said peripheral device components having a substantially powered up state and a
substantially powered down state;

a power supply, said power supply operative to supply electrical power to said
peripheral device components when in the substantially powered up state;

at least one data communication interface, said at least one data communication
interface carried with said housing and coupled to said peripheral device components,
each one of said at least one data communication interface adapted for coupling with a
computer through conductors; and

detector circuitry, said detector circuitry operative to cause said peripheral device
components to enter the substantially powered down state in response to detecting
communication link inactivity at each one of said at least one data communication

interface.
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activity on at least one of said at least one data communication interfaces.

10. A peripheral device according to claim 8, further comprising:
a power source interface of said power supply, said power source interface

adapted for coupling with a power source.

11. A peripheral device according to claim 7, wherein said peripheral device is

configured in accordance with Fibre channel standards.

12. A peripheral device according to claim 7, wherein said peripheral device is

configured in accordance with Serial Storage Architecture (SSA) standards.

13. A method of controlling a supply of electrical power to a peripheral device, the
peripheral device having peripheral device components operative for data communication
with one or more computers, the peripheral device operable from a power source separate
and apart from those of the computers, the method comprising:

supplying electrical power to the peripheral device components so that the
peripheral device components are substantially operative;

detecting communication link inactivity at each one of a plurality of data
communication interfaces; and

in response to detecting the communication link inactivity, terminating supply of
electrical power to the peripheral device components so that the peripheral device

components are substantially inoperative.

14. A method according to claim 13, further comprising:
detecting communication link activity on at least one of the plurality of data

communication interfaces; and
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substantially operative.

15. A method according to claim 13, wherein detecting the communication link

inactivity comprises detecting a clock signal loss.

16. A method according to 13, wherein detecting the communication link inactivity
comprises detecting a clock signal loss and detecting the communication link activity

comprises detecting a clock signal.

17. A method according to claim 13, wherein supplying electrical power to the
peripheral device components comprises supplying electrical power to data storage

components of the peripheral device.

18. A computer system, comprising;:

at least one computer, including:

a first housing;

first electronic components, said first electronic components disposed in said first
housing and substantially operative in a computer ON state and substantially non-
operative in a computer OFF state;

a first power source interface, said first power source interface adapted for
coupling with a first power source that supplies electrical power to said first electronic
components in the computer ON state;

a first actuable switch, said first actuable switch carried on said first housing and
actuable to an ON position and to an OFF position for invoking the computer ON and
OFF states, respectively;

a data transmitter, said data transmitter operative to generate signals at a
transmitter output in the computer ON state and to terminate generation of the signals in

the computer OFF state;
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peripheral device components substantially operative in a peripheral device ON state and
substantially non-operative in a peripheral device OFF state;

a second power source interface, said second power source interface adapted for
coupling with a second power source that supplies electrical power to said peripheral
device components in the peripheral device ON state and that is separate and apart from
the first power source;

a plurality of data communication interfaces, said plurality of data communication
interfaces carried with said housing, each of said plurality of data communication
interfaces adapted for coupling with one said first data communication interface of said
plurality of computers through cables; and

detector circuitry, said detector circuitry operative to detect the loss of a clock
signals for an active communication link from each of said computers and to set said

peripheral device in the peripheral device OFF state in response thereto.

19.  The computer system according to claim 18, wherein said detector circuitry is
operative to detect the signals from at least one of said plurality of computers and to set

said peripheral device to the peripheral device ON state in response thereto.

20.  The computer system according to claim 18, wherein each said data transmitter of
said plurality of computers is operative to generate signals in the computer ON state

comprising a continuous clock signal.



