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Background of the Invention Field of the Invention The
present invention relates to the field of information communi cati on.
More specifically, the present invention relates to reducing error in
data transm ssions over a Small Conputer System I nterface (SCSI)

bus. Prior Art The SCSI i-nt-erface is a popul ar

comuni cations interface for coupling conmputer systens and conputer
syst em peri pheral s foget her. Large networ ked conputer systens using a
conpl ex set of peripherals, such as disk drives, printers, tape
drives, etc., can be MBTHOENAND MECHHANISM FORMARIEA (5 &S -

comuni cation platform Oten, it i s required to

Background of the invention

Field of the Invention

The bresent invention relates tb the field of information
communication. More specifically, the present invention relates to
reducing error in data transmissions over a Small Computer System
Intertace (SCSI) bus. | -

Prior Art

The SCSI interface is a popular communications interface for
coupling computer systems and computer system peripherals together.
Large networked computer systems using a complex set of peripherals,
such as disk drives, printeré, tape drives, etc., can be implemented using
the SCSI bus as their communication platform. Often, it is required to
modify the component makeup of such a computei' system (e.g., for the
addition or exchange of a disk drive, etc.) while the computer system is
operating. These types of exchanges are referred to as "hot”
modifications to the computer system because the computer system is
operating during the modification. A "hot" modification can refer to the
hot insertion, exchange or removal of a pérticular device from the

computer system while operating.
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nmodi fications to the conputer system because the conputer systemis -
operating during the nodification. A "hot" nodification can refer to the
hot insertion, exchange or renoval of a particular device fromthe

conmput er system whil e operating. WO 96/ 19769
PCT/ US95/ 16762 -2- : -2-
During a "hot" nodification of the devices coupled to a given SCSl

interface bus, tNgufg al ‘ot ﬁ\bdﬁfca%h%fciﬁé rdé@‘da%nc 164 5? a%g%he'

ended SCSI interfaces have weak noise mar gi ns el ec | cal nd hot

nodi fi cati orSCSEHi6Saéd bhisesosEbililyofdata darfidtion ekiBe sm?esllght
glitching of signal and power busses can occur during the fication.

G itching i ssndear 8CSHintoeihces haviet weak elotss margins eleetricallp amel bt t r ansi ent
signals caused by the addition of variable inductance and capacitance :
modifications reduce this noise margin even further since some slight
glitching of signal and power busses can occur during the modification.
Glitching is characterized in part as electrical interference or transient
signals caused by the addition .of variable inductance and capacitance
levels when the SCSI signal pins contact during a hot modification. .
Glitching can readily cause errors in the transmission of data bytes over
the SCSl interface. Importantly, these errors may not be detected by the_.
SCSI parity mechanisms among other reasons because two bits may be
in error and the corruption of each bit is not an independent event.
Therefore, the probability of an undetectabile double bit error is not
negligible as a resuit of a hot insertion. An undetected error as a result
of a hot insertion could also be from an glitch.in a control signal causing
clock errors that are not.detect_ed by parity checks. What is neededis a
mechanism for allowing hot modifications of devices of a SCSI interface

without causing transmission data errors between devices. The present

invention offers such advantageous capability.

Two approaches are currently used to reduce the probability of
. data errors resulting from hot modifications of a computer system's
devices in order to maintain data integrity. The firstisthe useofa
differential SCSI interface which is a much more robust electrical_design
| that is not susceptible to bit errors as described above. However, the

use of differential SCSI interface electrical design significantly adds to



| evel s when the SCSI signal pins contact during a hot nodification.
G@itching can readily cause errors in the transm ssion of data bytes over
the SCSI i nWQPHIESY | nportant|y, these errors may not be det e RGAUIN16762
SGSl parity nmechani sns anong ot her reasons because two bits may be in
error and the corruption of each bit is not an independent event.

Therefore, the probability of an undetectable double bit error is not
negligible as a result of a hot insertion. An undetected error as a result
of a hot insertion could also be froman glitch3tn a control signal causing
clock errors that are not detected by parity checks. Wiat is needed is a

nmechani sm for al lthaicogt bbé typidal camputersystem andiasmahy @nSitdhmentetHense
Wi t hout causing transm ssion data errors between devices. The present

i nventi on of f er s of atifiedential SE8Lsommpanicationy interface is not economigally.
approaches are currently used to reduce the probability of dat a
errors resul tingpractingier vimkler ithe use of differeatiapSC&l intetfaceaielectrical
devices in order to maintain data integrity. The first is the use of a
differential Scsdesignalsacaddmhiaihe gost ofilbp reguised St centeelier hardwaei gn
that is not susceptible to bit errors as described above. However, the

use of differentildlis 8adediGostis alse wacceptable iy Sighyvolyme marketst I‘yhéﬂ& to

WO 96/ 19769 . . . T
PCT/ US95/ 16762 Nheeded is a mechanism for reducing or eliminating the errors

associated with hot modifications without requiring or using such a
coStly alternative. The present invention offers such advantageous

functionality.

A second approach is to reset the SCSI bus immediately after
detection of a hot modiﬁCation, so as to férce the retransmission of any
data transfef in progress during the hot modification. Although this
approach does not add to the cost of the overall system, it requires third
party controlle.rs to be able to correctly react to a reset which they did not
initiate. Those devices that are not programmed to respond to the reset
will not perform the required retransmission and are therefore
susceptible to data loss. Further, special firmware creates added
product complexity and special devices are required, so products "off-
the-shelf" are no longer compatible with the general computer system.
Further, this approach causes an unwanted several-second delay in

| communication while the reset signal is interrogated, processed and the
retransmissions are performed. What is needed is a mechanism for
maintaining SCSI data integrity that does not require custom
programming for the devices or retransmission of data in response to a

reset. The present invention provides for such alternatives.
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-3 - the cost of a typical conputer s-ystem and in many environnents-
the usg of a differential SCSI communication inter 'i
econon?v@aqﬁ(?-’” practical or viable. The use of di ffe}g‘ﬁ&sﬁ’l@%l

interface electrical design al so adds to the cost of the required °
SCSI control |l er hardware. Thi s added cost is also unacceptable in

hi gh vol une nmarkets. Wat is needed is a nechani smfor reducing or
elimnating the errors associated with hot nodifications wthout
requiring or using such a costly alkernative. The present inventi on
of fers such advant ageous functionality. A second
approach is to reset the SCSI bus inmmedi ately after . detection of a
hot nodification, so as to force the retransm ssjon of any dat a

transfer in progAESerdinglyni l$|a@thectn%mﬁp,reseahmvnntm@é@rpr@wde data
approach does not add to the cost of .the overall ,system it requires third

party cont rGtegnty Q\@r@eswsi%eﬂaeeééébbw "thgépetlﬂ raspense tQAﬂP(:h t hey did
feset  Mucfeafionspdt RorinPORET cLith PeRsarii ARG ViSRS o ther ef or 6
R e Ay
L el R o ARG R oL SS9, FF VA ARt ot o

the present invention to provide a mechanism and method that does not

require custom firmware or prdgramming for each device to respond to a. '

reset éignal and thereatfter require the retransmission of suspected lost

data. It is another object of the present invention to provide a solution to

the hot modification problem that does not cause unreasonable delay -

within the SCSI .interf_ace in response to the hot modification. These and

other objects of the present invention not specifically recited above will

become clear within discussions of the present invention herein.



conmuni cation while the reset signal is interrogated, processed and the

retransm ssions are perfornmed. What is needed is a nechanismf

mai nt ai ni ng 1936% a i nt egrity that does not require custom PeTIUSISIGT62
pregramm ng for the devices or retransm ssion of data in response to a
reset. The present invention provides for such alternatives. WO
96/ 19769 .
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Accordingly, it is an object of the present i mfention to provide data
integrity over a single ended SCSI bus interface in response to hot

nodi fications. | SUMMARYIDEJHDINYEA IHOD8ent i nvention to provide the
above using a nmechani smand nethod that is cost effective and avoi ds

the requirement of usiAhgechginigrarang methatsre describeq dor quieseisg a GGk of
the present invention to provide a nmechanism and net hg@t hat does not

require custom f PusR aseRMtipg e HusyRionajustRioethesSES! sl RNt o a
reset signal and thereafter require the retransm ssign of suspected | ost
data. It is anot 'Bﬁj@é‘iaﬁfor%%h%ﬁ{“”inﬁﬁﬁﬂ H}Pq?{é}:%&%\yié&mj sol ution
to- .the hot nodificatjon probl.emthat does not cause unr.easonabl

del ay it £ nRPATGARL s A RASHIGE, (atnoval i et PenGR Il VS auRIed 1o,
These and a SCSil interface bus while the system is operating (e.g., not powered

down). By asserting'the busy line for a predetermined and short period
of tirrre during the disturbance of the SCSI signal pins, glitches or noise
introduced by the coupling or decoupling of the signal lines is isolated
and prevented from causing transmission errors over the' SCSI bus.
According to the system described. any communication over the SCSI
bus made just prior to the hot modification is allowed to complete before
the signal pins are interrupted. For hot insertions, the system utilizes a
set of longer pins on the connector to assert the busy line just before
coupling of the other pins of the connector. For connector removal, a
special set of short pins can be alternatively used'in a similar mahner
but for decoupling. The busy line is then maintained as asserted for a
predetermined period of time after the initial assertion to allow for
communication dver the SCSI bus to terminate before the hot

modification.

Specifically, embodiments of the present invention include a
connector for coupling to a single ended SCSI interface bus without
causing data loss, the connector comprising: a connector structure for
securing signal pins, the connector structure coupled to a first single

ended SCSI cable; long pins coupled 1o the connector structure for
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SUMVARY OF THE | NVENTI ON A mechani sm and net hod are descri bed
for quiescing a SCSI bus by asserting the busy signal just prior to
the SCSI signal pins maki ng contact or decoupling during a hot

nodi fication: A hot nodi fication i-9.an insertion, renoval or _
-exchange of a device .coupled to a SCSI interface bus while the system
I s operati ngsé&rting.a first signhaly @ det of pmsdéwﬁled Ry tis e6Rhédter sftgctavsy |ine for
a predetermned and short period time during the disturbance of
the SCSI si ghereipiindividual piesf the sef eﬁpms are sméltardndendgthythbheheoupl i ng or
decoupling of the signal lines is isolated and prevented from

causi ng tr along pissptheslongrine\heing lagap@al fdrumating with axeceivimghole t he
system descri bed, any comuni cati on over the SCSI . bus made just prior

to the hot ebaifemeis cennecionin adwanceotthepsettaf pins enating with thehe si gnal
PInS AT  hale conriector whon the connector strudture s coupied with the.
female connector, the female connector coupled to a second s'ingle
ended SCS! bus; and the first signal for-asserting a SCSI busy signal
line in advance of and while the set of pins mates with the female | '
connector and for maintaining assertion of SCSI'bU’sy signal for a first
predetermined time period after the set of pins mates with the female
connector and further wherein-the long pin matés with the female _
connector. a second predetermined time period before the set of pins
mates with the female connector and wherein the second |
predetermined time period is longer thén the fongest expected SCSI
information transmission and wherein assertion of the busy signal line
prevents communication transmission over the single ended SCSI

interface bus while the set of pins mates with the female connector.

An embodiment of the present invention includes the above
except short pins are used for assertion of the busy signal upon removal

of the female connector and the connector structure.

Embodiments of the present invention also include methods for

use implemented in accordance with the above connectors.



set. of longer pins on the connector to assert the busy line JUSt bef ore
coupling of the ﬁ%? pi ns of the connector. For connector qgﬁﬁh?
speci al set P 1 pins can be alternatively used in a S|n1l ﬁﬁg?n
but for decoupling. The busy lLine is then maintained as asserted for a

predeterm ned period of time after the initial assertion to allow for
comruni cation over the SCSI bus to term nate before the hot

nodi ficati on. Speci fically, enbodi nents of the present
i nvention include a connector for couplihg to a single ended SCSI
i nterface bus without : causi ng data | oss, the connector conprising:

connector struct @8 ] dg BRAWANGD ns, the connector
structure coupl ed to a first single ended SCSI cable; |ong pins
coupled to the connectﬁjguéﬁ 1adliusteatesa long pinembedinergof the present

PCT/ US95/ 16762

asserting a fi rsﬂn@@m used géfingfh%'ﬂ@'&'gﬂﬁloé@ @%V'Pﬁéocﬁihﬂﬁe'faémgs$@§&t ure

wher ei n i ndi vi dual ns of the set of pins are srral ler in length than the’
interface bus.

Figure 1B illustrates a long pin embodiment of the present
invention using a backplane SCSI bus with several peripherals coupled

thereto having SCA connectors.

Figure 2 illiterates a long pin embodiment of the present invention
with a mechanism for regulation of the insertion speed of the

connectors.

Figure 3 illustrates a short pin embodiment of the present
invention used during hot removal of a device from an operating SCSi

interface.

Figure 4 is a timing diagram illustrating the events and time
periods of the present invention for the hot insertion and hot removal

embodiments.

Figure 5 is a flow diagram illustrating steps of the present
invention method for performing hot insertions of a device to a SCSI

" interface.



| ong pins; the long pins being adapted for mating with a receiving hole .
of a fenmal e connector in advance of the set of pins mating with the

f emal eI %%r when the connector structure is coupl ed PRTUSIS/HTE2

femal e connector, the fenmale connector coupled to a second single

ended SCSI bus; and the first signal for asserting a SCSI busy signal

line in advance of and while the set of pins nates with the fenal e
connector and for maintaining assertion of SCSI busy signal for a first
predeterm ned tine period after the set of§ pins mates with the femal e
connector and further wherein the long pin mates with the female

connector a secoigyresslts anogicatblocReaneetirault diabedrd dfemh set of pins

mates with the femal e connector and wherein the second pr edet er m ned
time peri odimplemerngation todhe fsigrial peesraton giedf fHeShot insertiomf or mat i on
transm ssi on and wherein assertion of the busy signal |ine prevents
comuni cat i embodiment of thapresenttimeentiongl e ended SCSI i nterface bus
while the set  of pins mates with the fenmal e connector. An
enbodi ment of the present invention includes the above except short
pins are used for assertion of the busy signal upon renoval of the
femal e connector and the connector structure. Enbodi ment s of
the present invention also include nethods for use inplenented in

accordance with the above connectors.
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| oAg pin enbodi ment of the present i nvention used during hot

I nsertions of a device to an operating SCSI I nterface bus.

Figure 1 Billustrates a |long pin enbodi nent of the present I nvention
usi ng a backpl ane SCSI bus with several peripherals coupled thereto
havi ng SCA connect ors. Figure 2-9tliterates a long pin
enbodi ment of the present |nvent|on o mnth a nechani smfor regulation
of the insertionpEAl &) DEE( J h i L Figure 3
illustrates a short pin enbodi ment of t he present i nvention used

during hot renoval of Eheipreseat invention l@phldﬁslal@e;{tamsm and methed force.

allowing hot modification of the component system of an operatmg
computer system coupled via a single ended SCSI bus while
maintaining data integrity during the modification. The SCSl is an
interface using the American National Standard for Information Systems
Small Computer System Interface Speciﬁcation or (ASCII/SCSH)
X3T9.2/82-2. The present invention provides mechanisms for asserting
the busy line of the SCSI bus just before the signal pins of the SCSI bus
are interrupted {coupled or decoupled). During this assertion of the
busy line, the longest expected SCSI communication will terminate
before the SCSI pins are actually interrupted as a result of the
modification. Therefore, any signal glitches resuiting from the

* modification will not adversely affect signal transmission over the SCSI
bus because the SCSI bus will terminate valid transmission just before
the modification and start transmission after the modification is over and
signal glitches have ended. The present invention mechanisms and
method operate, among other environments, with all types of parallel
SCSJ, SCSi-1, SCSI-2. SCSI-3 parallel, FAST SCSI, WIDE SCS,
FAST-20 SCSI, as an exemplary list.

The embodiments of the present invention discussed herein
provide for assertion of the busy signal fine as part of the normal manual _

connector removal and insertion process.



Figure 4 is a timng diagramillustrating the events and tine peri ods
of the@]ﬁﬁ%glnventlon for-the hot insertion and hot renopval

enbodi : Figure 5 is a flow diagrami IWQﬁ’%(W% st eps
~of the present i nvention nethod for performng hot insertions of a
device to a SCS| I nterface. : WD 96/ 19769
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Figure 6 is a logical block and circuit diagram of an i npl ement ati on
of the signal generation logic of the hotliOnsertion . enbodi nent of

‘the present invention. _
_ . Therefore, a user need not be expected to learn a new procedure

or even be aware of the eperation of the present invention to gain its

advantages.

In the following detailed description of the present invention
numerous spe-eiﬁc details are set forth in order to provide a thorough
understanding of the present invention. However, it will be obvious to :
one skilled in the art that the present invention may be practiced without '
these specific details. In other instances well known methods,
procedures, components, and circuits have not been described in detail

—

as not to unnecessarily obscure the present invention.

Figure 1A illustrates an embodiment of the present invention for
pe'rforming hot SCSI insertions of a component (e.g., peripheral device
40) into a SCSI bus 'interface of an operating computer system 112, A
connector structure 10 having specialized pins_' 30a, 30b; and 25

| mounted thereon is utilized. A general purpose computer system
.including peripherals 112 is coupled via a single ended SCSI bus 12' to
a female connector 410. The SCSI bus 12' illustrated is a backplane
bus capable of containing a number of different SCA (Single Connector
Attach) connectors such as connector 410. The female SCSI connector

.. 410 contains recei_ving holes 55 and receiving holes 50a and 50b.

Receiving holes 50a and 50b correspond to a circuit for asserting a
signal over the SCSI busy signal line defined within the well known
SCSi interface protocol. 'Receiving holes 55 correspond to the

remainder of the well known and defined SCS! signal pins, including
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DETAI LED DESORIGAIIEN OF THE | NVENTI ON The presentPGT/RSEHET6RA

I ncl udes a nechani sm and net hod for al l owi ng hot nodification of the
conponent system of an operating conmput er system coupled via a single
ended SCSI bus while mai ntai ning data integrity during the

nodi fication. The SCSI is an i nterface using the Anmerican National
Standard for Information Systens Smal | Cpriput er System Interface
Speci fication or (ASCII/SCSl) X3T9. 2/ 82-2. The present invention

provi des mechani gaka trahsafissioh idng recewmg BRynaN pIhs. | Res apptdttatedIhabtie | ust
before the signal pins of the SCSI bus are |nterrupted (coupl ed or

decoupl ed) . Duri pgesdntinvemtigr,iaswilf bé kiiscussed in fursyerd detail, tae operatest
expected SCSI conmunication will termnate before the SCSI pins are

act ual I'y i nt er r uptithin several elifférent andhaell knownneafinfeicter styles Mavingfmale, any
signal glitches resulting fromthe nodi fication will not adversely
affect signal trandfiemale matesranchthesamnector stytaidlustratedsia Figurestalisbus
will termnate valid transm ssion just before the nodification and
start transm ssi exeatplary emy. nide eamm@hw@fcﬁmream canbe afSG@Aal glitches
have ended. The present invention nmechani sns and nmet' hod oper at e,

anong ot her envi PSARBAIA cannestel) and ¢ar P RABRIES) fosicoupling tesedpackniane -
SCSI -2, SCSI-3 parallel, FAST SCSI, WDE SCsl, FAST- 20 SCSI, as an
exenpl ary |ist. connector

The peripheral device 40 of Figure 1A is to be édded to the
computer system 112 while the system 112 is operating (e.g., a hot
insertion). Peripheral device 40 (e.g., a disk drive) is coupled to a single
ended SCSt bus cable 12 which is coupled to a connector structure 10
of the present invention having a specialized pin implementation.
Connector 10 can also be located directly on the peripheral device case
wherein bus 12 would be quite small. A special pair of long pins 30a
and 30b is provided which are longer than the other set of pins 25 of the
SCSI connector 10. These pins can be pins 58 and 59 of the well
known SCSI interface. Each of these long pins 30a and 30b is

~approximately 1-3mm longer than the pins of the other set of pins 25.
However, the actual size of the long pins 30a and 30b can vary within
the scope of the present invention. The important aspect of the long

| pins 30a and 30b being that they are individually longer than the other
pins 25. The other pins'25 correspond to the other signals of the SCsSl|
interface and upon insertion of connector 10 with connector 410 mate

with receiving holes 55 after the long pins 30a 30b mate.



The enbodi ments of the present invention discussed herein provi de for

assertion of the busy signal line as part of the nornmal mnual

connectWO® 9/8W6%Yal and i nsertion process. WD 96/ 1976 9PCT/USIS/16762

PCT/ US95/ 16762 -1 0- )
Therefore, a user need not be expected to |learn a new procedure - or
even be -aware of the operation of the present invention to gainits

advant ages. ' In the follow ng detailed description of the
present invention nuner ous specifi-q¥etails are set forth in order
to. provide a thorough- under st andi ng of the present invention.

However, it wl| Tigg @ing pins 30a and 30tpaﬁe ébabt'e@dfor rméttrﬁg with Hd1eé sbhae
present i nvention may be practiced w thout hese specific details. In
ot her i nst arg0tsinverder ko @esenthe BCSI busy hn@b@&ﬁdttheanamgrmtt@bmerand

circuits have not been described in detail as nat to unnecessarily
obscur e t he ping28nwith neesivingrholes 55 of connector 410. When connector 10 is _

inserted (coupled) into connector 410, the long pins 30a 30b mate to

receiving holes 50a 50b just before the mating of the remainder pins 25

to receiving holes 55. Under the present invention, this will allow the

SCSl bus to.complete any communication in progress (before the

mating of the pins 25) and then terminate further data transfer just before ‘
and throughout the mating of the receiving holes 55 and pins 25. Signal
glitching during this mating process will not interfere with data

communication since communication is temporarily terminated.

Using typical manual insertion techniques, the 1-3mm of extra
‘length for pins 30a 30b provides that the SCSI busy signal will be
asserted at least 10ms in advance of the other pins 25 maiing with
receiving holes 55 when connector 10 is inserted into connector 410.-
As will be discussed in relafion to Figure 4, this timing provides that
communication over the SCSI interface will terminate in advénce of the
mating of pins 25 and 55. It is appreciated that an embodiment of the
present invention is described with respect to the male connector 10
associated with the inserted peripheral 40 and the female connector
410 associated with the remainder of the operating computer system
112. However, within the scope of the preéeht invention it is |
appreciated that these connectors can be swapped in position._with

equal effect as to the operation of the present invention.



Figure 1A illustrates an enbodi ment of the present invention for
perform ng hot SCSI insertions of a conponent (e.g., peripheral device
40) into a WORGBTM i nterface of an operating conmputer systemPECTASIH1I6762
connector structure 10 having: specialized pins 30a, 30b, and 25

mounted thereon is utilized. A general purpose conputer system

I ncl udi ng peripherals 112 is coupled via a single ended SCSI bus 12' to
a femal e connector 410. The SCSI bus 12' illustrated is a backpl ane

bus capabl e of containing a nunber of different3SCA (Single Connector
Attach) connectors such as connector 410. The femal e SCSI connect or

410 contains recel ving gelpreSiatatithat the by ebared 20 asdeithe busy
Recei ving hol es 50a and 50b correspond to a circuit for asserting a

si gnal over the ighalorsoe pingréda BObarddfsertsd witd Hioles 50avarid 58boean be
SCSI interface protocol. Receiving holes 55 correspond to the

remai nder of thersadily genweratechd Foeiristance;Qshs S0grand BObsas shawwmidh frigure
WD 96/ 19769 -

PCT/ US95/ 16762 1A are coupled together and can be used to complete a circuit pmthe

data transm ssion and receiving signal gi ns. It is apFr eciated that the
present inventi ofgceiving;side b@t\ueeegw Pa angt 80 Qnethe receiving side.pias
within several different and well known connect or, st&}es,having,nale
30a 30b couple to assert a signal over a wired OR circuit to drive
(assert) the busy line of the SCS! pin. In this way, the busy line of the
SCSI bus can be driven busy by more than one device. As will be
discussed in further detail to follow, once initiated, the receiving circuitry
holds the busy line asserted for a predetermined period before dropping_‘
the busy line. This is done to ensure that the coupling is performed

while the busy line is asserted.

Figure 1B illustrates that the present invention can be used in an
environment wherein bus 12' is a backplane SCS! bus that is capable of
coupling to several peripheral devices 40a, 40b and 40c. The
peripherals each have ari associated connector 10a, 10b and 10c,
impleménted within. the design of the present inVenfion connector 10 (of
'Figure 1A). These connectors 10a, 10b and 10c are SCA connectors.
On the backplane bus 12', there are several receiving connectors 410a,
410b, 410c which are aiso SCA connectors implemented within the

| design of the 410 connector. Peripheral 40c utilizes a small ribbon
cable 6r fl_ex circuit 14 which contains SCA connector 10c for coupling
with connector 410c. Although not shown, the peripheral devices 40a,

40b, and 40¢ can be mounted on rails which serve to guide the



and female mates and the connector style illustrated in F| gure 1A is

exenpl ar onI . The connector 10 of Figure 1A can be a €Per|pheral
connec %an be adapted for coupling to'a backplanel’(:l""-ls”-"’l Shnect or
The peri pher al device 40 of Fi gure 1 Ais to be added to the comput er

system1l 12 while the system1 12 is operating (e.g., a hot
i nsertion). Peripheral device 40 (e.g., a disk drive) is coupled to a

single ended SCSI bus cable 12 which is coupled to a connector:
structure 10 of the present inventidn having a specialized pin

i npl ement ati on. Connector 10 can al so be |located directly on the
peri pheral gewpheratdseconnectionier tienbdickpldi?e Walhdd saito sepportithe A speci al
pair of long pins 30a and 30b is provided which are |onger than the
ot her set opeppheralswbén timstalled. SCSI connector 10. These pins can be
pins 58 and 59 of the well known SCSI interface. Each of these |ong
pi ns 30a and 30b is ; apprOX|nater 1- 3nn1|onger t han -t he pins of the
ot her set of pins - ver, the actual size of the |ong pins 30a

and 30b can varyF\?G'-irﬁl%‘"US'"’ates anembedmant af e presentinvention I®Bn. The

t ant t . of the | 30 d 30b b that th
i vi dual | JOTIAUED e AU MEeieg té’cnmque f RONBSCIONTD SR EPNPHOT S5

correspond {ot hfs Showh, 2oARGetdr 31058 nodmted on a backplane SCSI bus

12'. Using this mechanism, the speed at which the pins of connector 10
and the holes of connector 410 mate is regulated. According to this : '
embodiment, the connector 410 is surrounded on two ends with rails
22a and 22b onto which are mounted protruding brackets 422a and
422b. On each bracket is located a Wedge.- shaped obstruction
mechanism 420a and 420b. The wedge shaped obstructions 420a and
420b receive the connector 10 and prevent the connector 10 from
reaching the connector 410 until a slight and éppropriate activation
force is applied to the connector 10. At which time, the braces 422a and
422b will give way slightly {under force from the wedge shaped
obstructioné 420a and 420b) and move away from t_he. body of
connector 10. This will allow the obstructions 420a and 420b to move
slightly out of the way of connector 10 and which time the connector 10

- will "snap” into receiving connector 410. By application of some small
act_ivétion.force to the peripheral containing connector 10, the resulting
"snap" action will regulate the speed at which the long pins 30a and 30b

and pins 25 mate with the holes 50a and 50b and 55, respectively.

It is appreciated that the connector 410, in addition to the brackets

4222 422b and obstructions 420a 420b, can further include a smalf



i nterface and upon insertion of connector 10 with connector 410 nate

with receiving holes 55 after the long pins 30a 30b mate. WO 96/ 19769
PCT/ US95/ 16 WQ 96/19769 PCTYUS95/16762
The long pins 30a and 30b are adapted for -mating with holes 50a 50b

in order to assert the SCSI busy line before the mating of the other
pins 25 with receiving holes 55 of connector 410. Wen connector 10 is
i nserted (coupled) into connector 410, the long pins 30a 30b nate to
recei ving holes 50a 50b just before the nmatinglgf. the remai nder pins 25
to receiving holes 55. Under the present invention, this will allow the

SCSI bus to COWD'g%ﬁ& it SLRMBUNYSCIAL! cUhrigdtdt #18 GRaddigd Pt thd Pails 22a afB@t | Ng
of the pins 25) and then term nate further data transfer just before

and throughout t I22byiv iorgeroo further pesperiygligwties cohnedtdr pints308 andi 30w
glitching during this mating process will not interfere with data

communi cati on si mnd ping1@5icciiie wceiving dojes 50a landt 50brandtS&dso that during
Usi ng typical manual insertion techniques, the 1-3mm of extra | engt h
for pins 30a 30b tie abote snapeoparatiosdse pins ares nghdamaged due to
' misalignment. Using either the embodiments of Figure 1A or Figure 1B
-or the embodiment of Figure 2, the present invention provides for
approximately 10ms of time bétween the mating of the long pins 30a
30b to holes 50a 50b and the mating of the remainder of pins 25 to
holes 55.

Figure 3 illustrates an embodiment of the present i'nvention that
can be utilized in conjunction with the embodiments of Figure 1 and
Figure 2 but contains the additional feature of providing a busy assertion
mechanism for hot removal of the peripheral device. Located on
connector 10 are a pair of short pins 55a and 55b. When removing 6r
decoupling connector 10 from connector 410, the connector 10 is
gripped manually and pulled out of the connector 410. The short pins
55a ahd 55b are approximately 1-3 mm shorter than the pins 25. The
short pins detach from respective receiving holes located on connector
410 and cause the SCSI busy line to become asserted before the

_ remainder of the pins 25 are decoupled. The assertion is in the
analogous fashion as described with respect to the long pin
embodiment of the present invention. Namely, the SCSI busy line is
asserted and held asserted for a predetermined time period to cover the
time required to separate the remainder of the pins 25 from the holes 55.

Again, glitches that occur during the separation will not affect any data



asserted at |least 10ns in advance of the other pins 25 mating with
recei ving hol es 55 when connector 10 is inserted into connector 410.

As w | W/W6tussed in relation to Figure 4, this tini ndGH/USISAE62t hat
conmuni cation over the SCSI interface will termi nate in advance of the
mating of pins 25 and 55. It is appreciated that an enbodi nent of the
present invention is described with respect to the nmal e connector 10
associated with the inserted peripheral 40 and the fenal e connect or

410 associated with the remai nder of the-bperating conputer system
112. However, within the scope of the present invention it is

appr eci at edtrhhstmséﬂcﬁ becalse data sransmibsionwerniratés befsyetthen Wit h
equal effect as to the operation of the present invention. WO

96/ 19769 separatuon under the present invention. o © PCT/ US95/ 16762
- 13 - It is appreciated that the C|rCU|try required to
assert the busy signal, once pins 30a -30b are inserted into hol es
50a and 50b, can be readlly generated. For instance; pins 30a and 30b

as shown in Fi gultnder the embedimenss of the pagartinventionc assesionseitheo
conplete a %Icréslutla&syol?né hunder the present invention, can come from initial
contact of the long pins 30a 30b to the receiving holes 50a and 50b
upon insertion and/or from the decoupling of short pins 50a and 50b
from respective receiving holes located on connector 410 upon removal. '
itis éppreciated that a similar mechanism as described in Figure 2 can |
be applied to the embodiment of Figure 3 wherein a certain activation
force is requifed to remove the connectors 410 and 10. In such
embodiment, a certain amount of activation force.is requ‘ired-detach
SCA connectors 410 and 10 so that the connectors withdraw at a

uniform rate.

An other.embodiment of the present invention is realized wherein’
‘the obstruction mechanisms are implemented with a set of cams. In this
implementation the peripheral that slides along the track and the

‘configuration contains a handle that cams the entire-assembly..

Figure 4 illustrates an exemplary timing diagram of the different
embodiments of the present invention. The hot insertion is discussed
first. The SCSI busy line is shown as signal 105.. At point 150 the.long

~ pins 30a 30b mate with receiving holes 50a 50b. The long pins
insertion causes the SCSI busy line to become asserted. (here shown as

a high level but the busy line co_u]d also be low ass'ert_ed). At this time,



recei ving side between holes 50a and 50b. On the receiving side, pins
30a 30b couple to assert a signal over a wired ORcircuit to drive
(assert) thwoneey769% ne of the SCSI pin. In this way, the busyPCTAB%1676he
SCSI bus can be driven busy by nore than one device. As will be

di scussed in further detail to follow, once initiated, the receiving

circuitry hol ds the busy |ine asserted for a predeterm ned period
bef ore droppi ng the busy line. This is done to ensure that the
coupling is performed whil e the busy |ing7i.s asserted.

Figure 1 Billustrates that the present invention can be used in an

envi ronment wher gj 2 ik ; i <S, :
coupling to seve?ghaggﬁioéﬁglrc gﬁ%%”\%?%?@% ﬁgg%cgﬁﬁn %&gﬁc I_Isﬁcelﬁ?éﬁw Gefig

peri pheral s. eachgBpsfatad ova?s ¥se SCSH I NDBLkab thekextrlingifoffie Iongopins,
I mpl emented withi'n the design of the present invention cConnector (of

Figure 1 A). Thesife eemnairiedping 08, will(HotangtelWith angir F6éeivingniesies 55 until
On the backpl ane bus 12', there are several receiving connectors 410a,

410b, 410c whi chseme tiinegdbicdl latarneqd. ptime pericth®40.eThig timenwitheespect to
design of the 410 connector. Peripheral 40c utilizes a small ribbon
cable or flex ci aowxemplanhieatbodimeat of treCpresent énventiohlie rbughlyol@meng
wi th connector 410c. Although not shown, the peripheral devices 40a,
40b, and 40c canGivemthstransorssion icharacteristics oktheoSGSi irterfage protocol,

' once the SCSI busy line is asserted at time 150, the longest expected
communication over the SCSI line can be made to complete within 4ms
or less. This time period is programmable through the SCSI Mode
Select pages. Therefore, the time period when the longest
communication is expected to end after the insertion of the long pins
30a 30b is shown as period 120. At the end of period 120, as shown,
communication signal 110 terminates. The assertion of the SCSI busy

line effectively prevents arbitration.

As shown in Figure 4, at some time after the expiration of peribd .
'120, the remainder of the signal pins 25 mate with connector 410. At the
end of period 140 these pins 25 mate and a small signal glitch or
transient pulse is shown as 135. Note that glitch 135, if it occurs at all,
occurs during a period when no communication is conducted over the
~ SCSI bus. Arrow 155 indicates the point in time of the complete mating

of connector 410 and connector 10 and coincides with glitch 135.

The initial insertion of the long pins 30a 30b into receiving holes
~ 50a 50b triggers the SCSI busy line to remain asserted for
approximately 50ms (time period 140 plus period 130), but this duration



VO 96/ 19769 o
PCT/ US95/ 16762

- 14-
peri ph&¥QP6/19369 connection to the backpl ane 12' and al so FSTURIHEEH2¢ he
peri pheral when install ed. Figure 2 illustrates an

enbodi nent of the present invention for. regul ating the manual mating
techni que of connector 10 and connector 410. As shown, . connector 410
"is nounted on a backpl ane SCSI bus 12'. Using this nmechanism the
speed at which the pins of connector 10 -18- and t he hol es of connector
410 mate is regul ated. According to this enbodi nent, the connector
410 is surrmjexmdptmymd caribe Wariedr arhis time duratizm sméqai}bdaotm\sm ch are
nount ed protrudin rackets 422a and . 422b. On each bracket is |ocated
a wedge shathad tbegmsudmueo\mu be assentedh dorisgthe Gxpactedithdie. perind ekdge shaped
obstructions 420a and 420b receive_the connector 10 and prevent the
connect or 1Whenghe pins 25r@§t§1Wﬁ§ '101\@53 S&nnkhe tmesperieeh{lS0 indicateghtheand
appropriate actiyvation is applied to the connector 10. At which
time, the biE@aftertpg cgg{mector 41&229 GRnnectan Ao m}eﬂnﬂg«heq the,/RYSY for ce

fromthe we e shaped ob tr ctions 420a and 420b away from
the body of NS beGaMEs seasssrt BrEREY TR, (b SRR RRAIRE (bS50 and

fﬁgbcéﬂngrﬁ}e ti@e peno_tzg.%b ancf‘”i 3(9 fcaWbee E’:@Xtr&]euc \%rénae %b(r)nrber ofacpﬁer\grr]II ch ti e

and well known circuit.techniques and can include a one-shot circuit, for
example. At the end of the time period 130, the SCSI bus is free and ' '

communication can start again, as shown in signal 115.

_ With reference to Figure 4, the einbodir_nent of the present
invention as shown in Figure 3 is now described. In this case, arrow
150 represents t_he initial time at which the short pins'55a 55b decouple

from their respective receiving holes within connector 410. Then the
remainder of the pins of connectors 410 and 10 are decoupled at point
'155, causing a potential glitch 135. At point 150, the decoupling of the
short pins 55a 55b causes the SCSI busy signal to be asserted and
maintaine_d for 50ms, for instance. Valid communication is expected to
end before 4ms after the decoupling of short piné 55a 55b (e.g., before
the expiration of period 120). This time period 120 will elapse before
the connectors 410 and 10 can be physically separated. As shown with
| respect to this embodiment, the point during which the glitch occurs 155

is not associated with signal transmission over the SCSI line.

Figure 5 illustrates a flow diagram of steps of the present

invention method 200 for performing hot insertion of a device into a.



wi |l "snap"” into receiving connector 410. By application of sonme small
actlvatlon force to the peripheral containing connector 10, the resulting
"snap" acti WO WIBT equl ate the speed at which the |ong pins Qﬂméﬁﬂl‘{?%
and pins 25 mate with t-he hol.es:-50a and 50b and 55, respectively.

It is appreciated that the connector 410, in addition to the brackets

422a 422b and obstructions 420a 420b, can further include a small WO
96/ 19769 PCT/ US95/ 16762
-1 5 - gui de that surrounds the connecip9-410 (in addition to the
rails 22a and - 22b) in order to further properly align the connector
pi ns 30a and 30bgCSl inte*atePi The Prodebst B0 eters \dnitDploeesing (s ook 290 and
55 so that during - t he above snap operation the pins are not damaged
due to M sipvolvesemating'thedorg pirey 304 Soertbdritiatiy tasseft the Guwsy linefofor
Figure 1 B or t-he enbodi nent of Figure 2, the present invention

provi des for the 8081 dinevia bneldnsem"d:untreAtsetat@uck B4 Opattimiggadircuite
ong pins 302 (such as a one-shot or counting circuit) asserts the busy line for a time
period of approximately 50ms. At block 212, depending on whether or
not the SCSI interface is idle or active when the long pins 30a 30b is
inserted into receiving hole 50, the processing flows to block 222 or
block 226. The SCSI protocol contains a "bus free" phase in which the
SCSlis idle and contains an “arbitration" phase in which devices
competé for communication rights over the SCS! interface. If the SCSI B
line is idle at block 212 (e.g., idle when the long pin mates), then the
assertion of the busy signal by the long pins 30a 30b will place the

SCSl interface into an “arbitration" phase.

At block 222 the present invention delays for a short period of
time called a bus settle delay and then block 214 .is entered. At block
214, it is determined if any device is actively participating in the
arbitration (e.g., requesting immediate communication). If not,
processing flows to block 224 wherein the arbitration window is closed
due to expiration of the bus settle delay. If no device participates in
arbitration after the bus settle delay, then at block 224 the arbitration
window is closed. At this time, no device can communicate over the
SCSI because the busy line is asserted by the present invention and
because the arbitration window effectively cI_osed. Processing then

flows to block 230.



""30b to hoI es 50a 50b and the mating of the renai nder of pins 25 to
hol es 55. Figure 3 illustrates an enbodi nent of the present

i nvent WEh94/197¢9 can be utilized in conjunction w thRITARYRYE? nent s of

Figure 1 and Figure 2 but contains the additional feature of

provi ding a busy assertion mechani sm for hot renoval of the

peri pheral device. Located on connector 10 are a pair of short pins
55a and 55b.. When renovi ng or decoupl i ng connector 10 from connect or
410, the connector 10 is ~gripped nedlally and pulled out of the
connector 410. The short pins 55a and 55b are approximately 1-3 nm
shorter than theApibleckeB14,Tiha device indidaies timatrit isigsingho fparticipatepiact i ve
recei ving hol es | ocated on connect or : 410 and cause the SCSI busy line-
to becone asthitrationibporat bloek 216 thisrdanice ikalloved he winrtbe 2Bbidnatiodecoupl ed.
The assertion is in the anal ogous fashion as described with respect

to the | onga@Rdihe commugicating davice,assarts Hrabusy linawfihe SCSNavECh, t he
er od s 5 clsvasb being assSRSq Fhg Pl z“ﬁdft/‘&‘tséééé?zgse?r{mé‘e\?éggs?hSéi" of the
Cepar at | on SHOWSHJE etk intarasianibver thd SeSbBRs engeat biock 228 the ' °
PCT/ US95/ 1620%mumcatmg device drops the busy line after the communication (but
the busy line is maintained from block 210). itis appreciated that the
transfer of block 218 will end within a known and prograhnmable time '
period, e.g., 4ms. Since the present invention maintains the busy
signal, no arbitration may take place and no other device may
communicate over the SCSI bus at the expiration of this time.

Proceséing then flows to block 230.

| At block 212 of Figure 5, if the SCSI bus is not idle (e.g., itis
active) then processing flows to biock 226 where the current
communication in progress is allowed to compilete. When complete, no
arbitration will engage because the SCSI.busy line is asserted by the
present invention. The current active communication will terminate
within 4ms. At block 228, the SCSI busy line is dropped by the.
communicating device (but is also being asserted from block 210).

Processing then continues to biock 230.

At block 230, the other pins 25 of connector structure 10 mate
with the connector 410 and a possible glitch may occur within the timing
of block 230; however, since communication is ensured to be terminated

at this time no data corruption is poséibie. Given typical manual



-1 6- transmi ssi on because data transm ssion term nates before the

separation, under the present invention. Under the

enbodi ment swas 9d719®690r esent i nvention, assertion of the PCTIUSOSI$6762

| i'ne, under the present invention, can come frominitial contact of -
the long pins 30a 30b to the receiving holes 50a and 50b ~upon

I nsertion and/or fromthe decoupling of short pins 50a and 50b from
respective receiving holes |ocated on connector 410 upon renoval . It

is appreciated that a simlar mechani smas de_Sfi’i_bed in Figure 2 can
be applied to the enbodi ment of Figure 3 wheréin a certain activation

é‘i&éﬁi ront . cePERMBERIRY oPeSRHIGE oS haft b YoutBerdT i Rhghiy oms

4 L &
uni fgC)(r)PnnregE g.r s. oo '2:998&2\%1 @%h%@%%%ﬁﬁr@% §%¥&§ Eéﬁ %\rge%gr'f?a t?(rjlvbgnt_thﬁon S
ot of cams.  n Fodme RO B o S T PSR g

the track and thg gssertedc@fdnéd bebiceR Z1¥)ligialéwadatdngpleftat AEBIFEKIITY,
entire assenbly. - Figure 4 illustrates an exenplary timng

di agram of the ditig Bugtine is deassdrest e niskeathet SESPHASERIe and @drman. The
hot insertion is discussed

communication is allowed to occur.

Any transients or glitches will terminate before block 234 is
entered because of the time period allowed during block 232. Method
or process 200 therefore allows a hot insertion without causing -
transmission errors, without requifing custom firmware or software within
devices that require retransmission of information after the reset
condition, and without causing an unacceptable amount of delay (e.g.,
50ms). |

The operation of the present invention utilizing short pins 55a 55b
for hot removal of a peripheral device is similar to process 200 of Figure
5 excebt that at block 210 the removal of short pins 55a and 55a from
their respective holes on connector 410 triggers assertion of the SCSI
busy line. At block 230, this refers to the remainder of the pins

~ decoupling from the connector 410 which can cause a signal glitch.

Figure 6 illustrates exemplary circuitry that can be applied within
the embodiments of the present invention. Figure 6 illustrates a circuit
for hot insertion embodiments (of Figure 1 and Figure 2). A voltage

source Vcc is coupled to one end of a pull up resistor 502 and the other |



first. The SCSI busy line is shown as signal 105. At point 150 the |ong
pins 30a 30b nate with receiving holes 50a 50b. The | ong pins '

i nsert i WO 9AY68s the SCSI busy line to beconme asserted (hPCHUSYSMRENG23S

a high level but the busy .line could also be | ow asserted). At this tineg,
WD 96/ 19769 , '
'PCT/ US95/ 16762 _ -1 7 -
siginal 110 indicates that some comunication traffic is currently being
generated over the SCSI line. Due to the.exra length of the |Iong pins,
the remainder pins 25 will not mate with their receiving holes 55 until -

o PLns S0 W not . O oS o
sonme time PIndosk thetrekistér 802 is E6EpIBA b Pput 't a iThé anbéffgmﬁy @g@ﬂ?c 0

an exenpl ary enbodi nent of the present invention Is rou

G ven the t nadendithiednecEAVECS £O batrbeFoﬁas W@eéiiﬁlnﬁi walgrgorce protocol,
once the SCSI busy line is asserted at tine 150, the | ongest expected

comuni cat i dteaeiving thole SOBI cdrresparais toea poend nodennlcﬂigepmstsﬂalaﬁd%
or less. This tine period is programabl e through the SCSI Mode
Sel ect pageSObTarer eoupled together mithie coadeotosri 0t ard Iwhereiiserted into
communi cation is expected to end after the insertion of the | ong pins
: the receiving holes 50a and 50b cause the signal at the input of the line
driver 510 to be pulled down to ground. Otherwise, this the node at the
input of driver-510 is at a high voltage level. When pulied down to
ground, circuit 520 (e.g., a one shot or other counting device) then '
maintains an asserted signal which is driven over the SCSI busy line
540 via an open collector driver 525. The SCSI busy line is driven for a
predetermined but short period (e.g., 50ms). The signal output from 525
is a wired OR busy line and therefore line 540 may be held asserted by -
other devices. Itis appreciated that the circuitry of Figure 6 can be

located within the backplane 12' electronics.

A similar circuit as. shown in Figure 6 can be implemented for the
hot removal embodiment of Figure 1 wherein the one shot 520 is
| implemented to trigger upon the signal at the-input of driver 510 being
_pulled' up to Vcc upon removal of the shon pins 55a-55b from their
respective receiving holes. The one shot then maintains asserted the

busy line 540 in the analogous manner.

It is appreciated that the 50ms busy assertion period is selected
because it is long enough to ensure that the connector mating has
completed but not long enough to cause a perceptible delay within the

SCSl interface. An alternative embodiment, within the present



30a 30b is shown as period 120. At the end of period 120, as shown,
comuni cation signal 110 term nates. The assertion of the SCSI bus

| i ne ef fectW@P§1IPLvents arbitration. As showPGHUSSE6IZ 4,
at: sone tine after the expiration.of period 120, the renmi nder of
the signal pins 25 mate with connector 410. At the end of period 140
these pins 25 mate and a small signal glitch or transient pulse is
shown as 135. Note that glitch 135, if it occurs at all, occurs
during a period when no comruni cation is condu2Bed over the SCSI
bus. Arrow 155 indicates the point in time of the conplete mating of

connector 410 anfhvmliBAcisolo ddteandheni theistemettdrs 4I0 asd 103ave fully mated,
The initial insertion of the long pins 30a 30b into receiving holes

50a 50b tri gger sthdretdSUsh offuthe Busydirieoatr thivlimeasserted for _
approximately 50nms (tinme period 140 plus period 130), but this duration
WD 96/ 19769 : '

PCT/ US95/ 16762 -1 8-

The preferred embodiment of the present'invention. a mechanism
and method for maintaining SCSI bus data integrity during periods of
. hot modification, is thus described. While the present invention has
been described in particular embodiments, it should be appreciated that
the present invention should not be co_nstrued as limited by such

embodiments, but rather construed according to the below claims.




I s exenplary and can be varied. This tinme duration is required to ensure
that the busy line will be asserted during the expected tine period of
when t_W%OM”fé‘S’ZS mate with holes 55. The time period 130 RGTN9SHE™62t he
time after_the connector 410 and connector 10 mate and when the busy

| i ne becones deasserted by-the present invention. |¢t—s—appreetsat hat
the time pe can be controlled via 4 THISIGHEESHAR BEEN ént
and wel | z)lwm“nﬁmuﬂlltﬁmll ques and can include g one- BEBLAGED  cuit ] for
exanpl e. At tthetendl of tshe*time period 1324-the SCS—bus—t35TTee and

conmmuni cation can start again, as shown in signal 115. _ Wth
reference t CIFAIMS 4, the enbodi ment _of -t he present i nvention as
shown in Figure 3 is now described. In this case, arrow 150

represents the initial tine at which t HehisShestH d55bh° decoupl e
fromtheir respective receiving hol es WI 410 Then t he
remai nder oWhatds siaimest isconnect or s 410 Wﬁi“ upl ed at point
155, causing a potential glitch 135. At p0| nt 150, the decoupling of the
short pins 55a 55b causes the SCSI busy signal to be asserted and

mai nt ai ned for 50nms, for instance. Valid comunication is expected to
end before 4ns aflter A 60BBREIOP foTepuRling-or singie epsieds3GS( intgriaceef or e

the expirat| on ognpplgrl od 128% This time period 120 will el apse before -
t he connect P§W! FRUSING: t%‘@%h%‘ﬂc"&ﬂ@%@'p@ﬁ'ﬁ%ﬂ"QAs shown wi th

respect to this enmpodi I tch occurs 155

th |
i s not associate® %qr}?@i ﬁ&ll‘al"l:gf@'rﬁescé’inﬁﬁngg fg’ﬁé gﬁ%ggcqqq?
structure coupled to a SCSI bus; - | '

long pins coupled to said connector structure for asserting a first
- signal;
a set of pins _cbupled to said connector structure .wherein
| individual pins of said set of pins are smaller in length than said long
pins;
~ said long pins béing adapted for mating with receiving holes of a
female connector in advance of said set of pins mating with said female
connector when said connector structure and said female connector are
coupled; and
said first signal for asserting a SCSI busy signal line while said
set of pins mates with said female connector wherein assertion of said
SCSI busy signal line prévents communication transmission over said
single ended SCSI interface bus while said set of pins mates with said

female connector.

2 A connector as described in Claim 1 including a circuit for
maintaining assertion of said busy signal line for a predetermined

period of time upon said long pins mating with said female connector.



Figure 5 illustrates a flow di agram of steps of the present
I nvention nmethod 200 for performng hot insertion of a device into a
WO 96/ 197 6IW0 96/19769 PCT/US95/16762

PECT/ US95/ 16762 -19-

SCSI interface. The process 200 enters and processing of blogk 210
i nvol ves natimg the Tong pins 30a 30b to initially assert th THI&&HEETnHASfBEEN _

t he SCSI I|n circuit. Also at block 210, p ti mHEG’LACED
circuit ‘mm“ﬂ“ m‘ Mlgshot or countingx§Jrcuit) asserts—the—busy-

line for per1ed of approximately 50nms. .At bl ock 212,

dependi ng on whet her.- or not the SCSI interface is idle or active when
the long pins 30a 30b is inserted into receiving hole 50, the
processing flows to k.ock Rdrwiector as debtisdd #2Claifhe vatsTeimsaidocol
contains a "bus free" phase in which the SCSI is idle and contains an
"arbitration” prptedetgmmme@lpedewcﬁemne is appeoxinritely f8ymgomruni cation -rights
over the SCSI interface. If the SCSI line is idle at block 212 (e.g:
idle when the long pin nmates), then the assertion of the busy si gnal

by the long pins 30a 30b will place the
4. A connector as descnbed in Claim 1 wherein said long

pins mate with said female connector approximately 10ms before said
set of pins mates with said female connector when said connector

structure and said female connector are coupled.

5. A connector as described in Claim 1 wherein said long
pins are individually approximately 1-3mm longer than individual pins of

said set of pins.

6. A connector as described in Claim 1 further comprising a
computer system and a peripheral device énd wherein said cqnnector
structure is coupled with said peripheral device and wherein said
female connector is coupled with said computer system and said long
pins mate with said female connec{or when said computer system is

operational.

7. A connector as described in Claim 1 further comprising a
computer system and a peripheral device and wherein said connector
structure is coupled with said 6omputér system and wherein said female
connector is coupled with said peripheral device and said long pins
mate with said female connector when said computer system is’

operational. _ U

Sheet Has Been Re laced

\\Il\l\\ T



SCSI interface into an "arbitration"” phase. At bl ock 222 the.

present invention delays for a short period of tinme called a bus
"settle WMWY then block 214 is entered. At bl ock PCT{US9S/16762 5

- determned if any device is actively participating in the arbitration-
“(e.g., requesti W_QQMDLcat ion). If not, processing fl ows
to block 224 wh in the arbitration wi ndow is close I T
expiration of the I], I f no device part iﬁ“%%ﬁﬂ:&}s BEEN |
‘arbitration after‘i“E\M‘“K“M‘i el ay, t+z6-at blocH 224 R itration
wi ndow i s cl osed. I's t¥ne, o device can comunicate over the '

SCSI because the busy line is asserted by the present invention and
because the arbitration wi ndow effectively closed. Processing then
flows to block 238, A conmexsor g glescribed in Claim 1 further comprising an
PCT/ US95/ 16762 T _ - 20-
obstruction mechanism for preventing said.long pins and said set of pins
from mating with said female connector until an activation force is
applied to said c_o.nn’éctor structure; said_obétruction mechanism for
- regulating the speed in which said long pins.and said set of pins mate
with said female connector.
. q
9. A connector for coupling to a single ended SCSI interface
bus without causing data loss, said connector comprising:
a connector structure for securing signal pins, said connector
structure coupled to a first single ended SCS! cable;.
long pins coupled to said connector structure for asserting a first
signal; | |
a set of pins coupled to said connector structure wherein-
individual pins of said set of pins are smaller in length than said long
pins; . |
said long pins being adapted for mating with receiving holes of a
female connector in advance of said set of pins mating:with said female
connector when said connector structure is coupled with said female
connector, said female connector coupled to.a second single ended
| SCSI bus; and L ’
_ said first signal for asserting a SCSI busy signal line in advance
~of and while said set of pins mates with said female connector and for

maintaining assertion of SCSI busy signal for a first predetermined time

period after said set of pins mates with said female connector. .

et Has Been Replaced
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At_bl ock 214, if a device indicates that it is going to participate in
arbitration_ t t block 216 this device is allowed to win-
arbitrationw‘)&?{}7 nd the conmuni cati ng device asserts the bu?ﬁmsﬁg’lg&the
SCSI (whi ch is al so being asserted from block 210). At pteek—218 __ihe

device is al lowed to transter imformation over the SCY TWISSSHERT fAS BEEN
bl ock 220 the co ' L [ drops the busy |ingq _afteREPOACED .
comuni cati on (but nrﬁ'mgmml,ﬂﬂg "Eﬁ!}m&u nt ai ned from bl ock  ZIT0—++——-s
appreci ated that the + 1 rcansg ck 228-will end within a known
and progranmabl e tine period, e.g., 4nms. Since the present invention
mai ntai ns the busy_. signal, no arbitration may take place and no ot her
devi ce may comuni cate over the SCSI bus at the exgi ration of this
time. Processi nd0t he eppARCIOD ag|dasicried.in Claim 9 wherein said jongck 212

of Figure 5, if the SCSI hus is not idle ée.g., it is active) then
processi ng 1 owsPiNg Mk withogaidiemale senBestor @ second prasieteranipaditione i n

DS L ot TSk WS QTR 4 1 somate S5RAGEE 5 !
e ok 2 G TR AT e e L 1
device (UL T il Bt nEoldP S bl ransrieBRE oo he”

connector structure 10 mate wi th the connector 410 and a possible
glitch may occur within the timng of bl ock 230; however, since

conmuni cation is ensuqqd tQ REnA&EBT A8idfcribed in Claim 10 wherein assertion of

said SCSI busy signal line prevents communication transmission over

said single ended SCSI interface bus while said set of pins mates with

—

said female connector.

12. A connector as described in Clainﬁ 10 wherein said second
predetermined time period is approximately 50ms and wherein said

SCSI bus coupled to said female connector is a backplane bus.

13. A connector as described in Claim 12 wherein said first

predetermined time period is approximately 10ms.

14. A connector as described in Claim 12 wherein said long
pins are individually approximately 1-3mm longer than said individual

pins of said set of pins.

15. A connector as described in Claim 11 further comprising a
computer system and a peripheral device and wherein said connector

structure is coupled to said peripheral device and wherein said female

—
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at this tinme no data corruption is possible. Gven typical nmanual WO.
96/ 19769 _ _
PCT/ USTR0PE/1%759 PCT/US9S/16762.

|nsert|on veI eet-ty—these—pras—25 rrate wi th connector 410 roughly 108
| ong plns 30a 30b mates. This speed can be regul ated by the

aft

-enbodlnent of 232 the tinme pet l'ine

is asserted (st Mﬁ"ﬂr‘%”ﬂﬂﬂk is allowed to (%‘S PE%%EPE 234,
|

the busy line is deasserted to rrake the SQ®- bus lree 23

comuni cation is allowed to occur. . Any transients or
glitches wi Idomwaometcbummt@sbidoakmaarbrlgstem ancsaidreg ipissnsge of the
time period allowed during block 232. Method or process 200 therefore
al l ows a hotwitinsaid fesnalei cdrnectowbengaid computensystest isroperatiosal. wi t hout
requiring customfirmware or software within devices that require

retransm ssion of information after the reset - condition, and w t hout
causi ng an unaccePtabIe amount of delay (e 50ms) . .
- : ] A connector as described in Clanm 11 further comprising a
computer system and a peripheral device and wherein said connector-
structure is coupled to said computer system and wherein said female
connector is coupled to said peripheral device and said long pins mate

with said female connector.when said computer system is operatidnal. '

17. A connector as described in Claim 11 further comprising
an obstruction mechanism for preventing said long pins and said set of
pins from mating with said female connector until an activation force is

applied to said connector structure.

18. A connector for coupling to a single ended SCSI interface
bus without causing data loss, said connector comprisihg:

a connector structure for securing signal pins, said connecior
structure coupled to a first single endéq SCSl cable;

short pins coupled to said connector structure for asserting a first
signal; - |

a set of pins coupled to said connector structure wherein
individual pins of said set of pins are larger in length than said short
pins; |

said short pins being adapted fdr deéouplih'g with receiving holes'
of a female connector in advance of -séid set of pins decoupling with

said female connector when said connector structure is decoupled from

eet Has Been Reilaced
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The operation of the present invention utilizing short pins 55a 55b

for hot renoval

of a peripheral device is simlar to process 200 of Figure

5 except thAYO8MHFYck 210 the renoval of short pins 55a and FHIPI5{F762
their respective hol es _on triggers assertion of the SCSI

busy line. At block 230, this refer the remai nder of the
decoupling fromthe co m‘ ‘\m
Figure 6 illustrates emm

the enbodi nents of the preSen

m “ can cause a signal g RFRSHEET HAS BEEN
y that can be appli edlwi t hiREPLACED
invention. Figu2&-6 illustrates a circuit

for hot insertion enbodinents (of Figure 1 and Figure 2). A voltage
source Vcc i s cowggicterhaleocenmevionfsaid fembleugonressitorn coupléd tamisédendt her

WD 96/ 19769
PCT/ US95/ 16762

single endede88Sifbushandesi stor 502 is coupled to input of a

l'ine driver 510. The input ' node of the line driver 510 corresponds to
recei ving hol e 50a. said firsicignalfgr Resertinga S§iSldymnsignabline i advanedde.
Long pins 30a and 30b are coupl ed together within connector 10 and
when inserted i n©ofand while said set of pins decouple from said female connector and

for maintaining assertion of SCSI busy signal for a first predetermined

time period after said set of pins decouples from said female connector.

19. A connector as described in Claim 18 wherein assertion of
said SCSI busy signal line prevents communication transmission over
said single ended SCS! interface bus while said set of pins decouples

-

from said female connector.

20. A connector as described in Claim 19 wherein said short
pins decouple from said female connector a second predetermined time
period before said set of pins decouple from said female connector and
wherein said second predetermined time period is longer than the

longest expected individual SCSI information transmission.

21. A connector as described in Claim 19 wherein said short

pins are individually approximately 1-3mm shorter than said individual

pins of said set of pins.

22. A method of coupling a device to a single ended SCSI

interface bus while maintaining data integrity, said single ended SCSI

interface bus providing a female connector for coupling said device to

-_— "

i
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the receiving holes 50a and 5(b cause the signal at the input of the line .
driver 510 to be pulled down to ground. Otherw se, this the node at the

i nput WD9%419768r. 510 is at a high voltage | evel. Wen pul PETYUSIN67620

ground, circuit 520 (e.g., a one shot or other counting device) then

mai nt ai ns an asserted signal which is driven over the SCSI _busy Li
540 vi a an open 525. The SCSI bu WH]SFSHEH HAS BEEquor a
predeterm ned bmn m' mue Hmle g., 50ms) The sji gnal gep Emg[)from 525
is awired OR busy I ne an erefore | i.ng) 540 nayl-be-here—asserted by
ot her devi ces. i s appr eci at ed that the ci rcwtry of F| gure 6 can be

| ocated wit I | dggm | ar
circuit as s oa/n I'n~FI gngfyg %%Eerge&?ﬁnmhﬁﬁn ¥er Sa’ﬂ single eﬁmt renoval
embodi nent SESFirefacd bWQGQQIUWnb%d)BGm%‘ﬁ@anS% ) ps of: i mpl emented to

trigger upon the signal at the input of driver 510 belng pulled up to
Vce upon renoval couplingesaiti davide 1t5a 5st &drindotervialesingle ended@BES1 i ve

recei ving holes. The one shot then nalntalns asserted the busy line
540 in the interfacgocablennner : _ It is appreciated that the 50ns
busy assertion period is sel ected because it is |ong enough to ensure
that the connectasseming agS654 busy lineooipsaitesingietended SGF) intesfage t o cause a
perceptible delay within the SCSI interface. An alternative

enbodi ment busi inradvance ¢renupling a set ol mwctersias of said first connector
PCTUS93! 1%?hzsaxd female connector, said step of asserting compnsmg the step of
inserting long pins of-sald first connector into said female connector; '
~ coupling said set of connector pins of said first connector to said
female connector;
maintaining assertion of said SCSI busy line for a predetermined
time period after said step of coupling; and
wherein said long pins are individually longer in Iength than

individual plns of said set of connector pins, -

23. A method as described in Claim 22 wherein said step of
asserting said SCSI busy line causes communication over said single
ended SCSI interface bus to terminate in advance of said step of

coupling and prevents signal glitches from corrupting data.

24. A method as described in Claim 23 further comprising the
step of releasing said SCSI buéy line after said predetermined time -

period to allow communication over said SCSI interface bus.

25. . A method as described in Claim 23 wherein said

- predetermined time period is approximately 50ms.
- This Sheet Has
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-2.3 - invention, is to detect when the connectors 410 and 10 have

fully mated, then to turn off the busy line at this tine.
The pref err WD 26419664 nent of the present invention, a nmechani siPCT/USI5/16760d
met hod for maintaining SCSI_ bt rmtegrity during periods of hot

nodi fication, is thusS described. Wil B t he present invention

been descri bed I n partl , It should be apprecfﬁ-tlgc‘sﬂglgmHA
the present inventi on émm strued as limted by dquch REPLACEg BEEN

enbodi nents, but rat her*cofnstLr udd according t.@ the bel ow cl aitmes
IN THE CLAI MS:

—~-26. A method as described in Claim 23 wherein said step of
coupling said set of connector pins of said first connecior to said female
connector follows said step of asserting by approximately

- 10 ms.

27. A method as described in Claim 26 wherein said long pins

are individually approximately 1-3mm lohger than individual pins of said

set of connector pins.

\
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1 1. A nmet hod of connecting a device to a single ended SCSI bus that is
in use 2 while maintaining data integrity, wherein said single ended SCSI
bus i ncl udd046/196%Husy |ine and wherein said device incl udesPECWAREIE or
with signal pins that 4 mate with said single ended SCSI bus, said

met hod conprising the steps of 5 176 asserting a SCSI busy
signal on said busy line a mnimumtine in_ 6 advance of connecting said
signal pins of said device to sgid single ended SCSI 7 bus, said mninm

time being the | ongest expectedijtime b re SCSI 8 comuni cation w |l
termnate;, 9 : stgrti i m ngnpevi ce adapted to provide an
i ndication of when_a 10 predeter%ﬂ%&hﬂine el apsed; 11

coupling said signal pins of saild ; to gaid single ended SCSI 12
bus; 13 testing (sai i ng device; and 14

deasserting said SCSI busy signgl idpredetermned tine has 1 5

el apsed.’ 1 2. The net hod of} cl

_ | ‘whefein the step of asserting a
SCSI busy signal on 2 said singlle

CSI} bus a mnimumtinme in advance

of connecting said signal 3 pinsofTsgrd—device to said-single ended SCS
bus includes: 4 detecting the électrical contact of said connector
to said single ended SCSI 5 bus pri¢r {to said signal pins naking electrical
contact therewith; and 6 assertling said SCSI busy signal upon said
det ecti on. 1 3. A systen1fﬁq cpnrjecting a device to a single ended
SCSI bus that is in use 2 while intdining data integrity, wherein said
singl e ended SCSI busg- HQ§L444KL4¥KL¥MQL€LH\5aid devi ce

i ncludes a connect or “wrtir—sigrmat pinﬁ Sard

®)
= O p—d
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- 25~ 4 systemconprising: 5 means connected to said
single ended SCSI bus for asserting a SCSI 6 busy signal on said busy line
a mni mum t iWR9RI78Avance of connecting said 7 signal pi nspewusesiiehe2
device to said single ended SCSI bus, said mininumtine 8 being the

| ongest expected tine before a SCSI co gcation will term nate; 9 10
nmeans connected to said single ended S us for deasserting the 11

SCSI busy signal a predeterm ned period after its assertion; and 12

means for coupling said signal pins of said device to said single 13 ended
SCSI bus during-the tinme that said busy signal is asserted. 1 4. The
systemof claim3 wherein said neans for asserting a SCSI busy signal 2 on
said busy line a mninumtinme in advance of connecting said signal pins of
3 ~said device to said single gnded SCSI bus, said mninmumtinme being the

| ongest 4 expected tinme before a SCSI comunication will term nate
conprises: 5 ‘aydet ector nmeans for detecting electrical contact
of said connector to 6 sai"@ 38 ngle ended SCSI bus and supply an el ectrical
out put signal; and 7 circuit nmeans connected to said
detector means and to said busly '

O
O
~<

410c
/

a (8]

L= O o
I

Q 9 g
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8 _line, said circuit nmeans adapted for initiating and mai ntaining said
busy signal 9 on said busy line for a predeterm ned period of tine. 1
5. The swowend™® cl ai m 4 wherein said detector neans i nclRERESIS/16762

| ong pins coupled to said connector, said |ong pins being |longer 3 than
said signal pins and adapted for matimg,ygth said single ended SCSI bus in
4 advance of said signal pins when said connector is coupled to said

single ended 5 SCSI bus; and 6 circuit neans for supplying
an output electrical signal when said 7 Iong pi ns make contact with said
si ngl e ended SCSI bus. 12
-26- 1 6. A system for co;pllnq a deylce to a single ended SCSI bus
that is in use 2 whi Ihe. nai o itly, whepein said single
ended SCSI bus incl udes aﬁjuggb S jrising: 4
a connector having a fifist e devi c€] gnd a second 5
si de connected to said $i ngl eg@ed SCS 'd connegtjor having a set
of signal 6 pins for ¢afrying electrlcal S|gnME542KRp of long pins for
maki ng first contact when—77 said fir and nd si are connected,
and a set of short pins{f o 2QP breakyng 8 { contact){ien said first and
second sides are disconpeffted; and Q11111111 el rical circuitry
connected to said connegtor and tjp sard busy I1n 10 foY |{detecting said

i

first contact througﬁag"d | ong_pj hs _and saidafirst br eakiing

(IO
12| 220
L = |
FI1G.2
12
10
~
TTT i’:\.ssb
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25 55a
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11 contact through said short pins and supplying a busy signal for a
predeterm ned 12 tine on said busy |line when first contact and said first
breaki ng coMOR6{19Pe 1 3 detected. 1 7. The syst em of PEVESHYI§762 -
further including spring nmounted obstructions 2 nmount ed on one side of
sai d connector and interacting with the gthgr/§ de of said 3 connector so
as to nechanically resist but not previeat fhe connecjion of said first 4
and second si des. 1] 8. A nmet hod [ d.sconnecti%d”a device froma
single ended SCSI bus jthat is 2 in uia}, ile maintpaining data integrity,

wherein said single ended SCSI bus 3 LS a bupy Iine and wherein
sai d device includes.a connector with gi gnal pins{that mate with said
si ngl e ended SCSI bus,| said nmet hod conphigd ng t he stEps 5 of: 6
asserting a SCSI busy jsignal on said busy {ine a mnimumtinme in 7
advance of disconnectijng said signal pins pf said deyice fromsaid single
ended 8 SCSI bus;——aid mnjnumtine beihg the Iongest expected tine
before a SCSI 9 [ommunicatifon will term pate; '

130

[l(lss-
FIG. 4
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-27- 10 starting a timng device adapted to provide an

i ndi cation of when a 11 predeterm ned tine has el apsed; 12

decoupl i ng wagdnsiggnal pins of said device fromsaid single porjoshs/ig®2 SCSI
bus; 14 testing said timng device; and 15

deasserting said SCSI busy signal V\/nen,:-gf' d predetermned tine has 16

el apsed.- 1 9. The nmethod of clai m™8 erern—the step of asserting a
SCSI busy signal on 2 said single ended mnimumtime in advance
of disconnecting said 3 signal pins of salrd Jdevi ce fromsaid single ended
SCSI bus includes: 4 det get+rg—tRe—brgaki ng of electrical
contact of said connector ‘to sai %_ﬁ nglL@N@mEIN SCSI  bus prlgb to said

signal pins breaking electrical CONTACTW tih; and 7
asserting said SCSI busy signal upon sai d ABSERTSON. WO 96/ 19769

PCT/ US95/ 16762 BUSY=SOMS

SCsI

IDLE IN IDLE OR " o
ACTIVE
222 226
214 NO
ARBITEATION ' COMM
: DEVICE
_ 216 l - 278" pRrop
DEVICE ASSERTS BUSY [/ ARBITRATION BUSY
7 WINDOW | 224
[TRANSFER TAKES PLACE| OVER
Y 218
| DROP BUSY
2207 1 _ e !
OTHER PINS
MATE TO - | 230
SCSI

scsl FIG. 5

BUS FREE
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conmector is coupled to said conmputer systemand said | ong pins nmate
wth said f I9 nect or when said conputer systemis operational.

16. A connector as described in aim1 1 further conprisi ngP@/USIS/16762
conputer system and a peripheral device and wherein said connector
structure is coupled to said conputer yst ém and wherein said female
connector is coupled to said peripheral device and said |long pins mate
with said femal e connector when said conputer systemis operational.

17. A connector as described in Caim1l further conprising an
obstruction nmechanismfor preventing said |long pins and said set of

pins frommating with said femal e connector until an activation force is

applied to said connector structure. 18. A connector for
coupling to a single ended SCSI interface bus wi t hout causing data

| oss, said connector conprising: a connector structure for
securing signal pins, said connector " structure coupled to a first

si ngl e ended SCSI cabl e; short pins coupled to said connector
structure for asserting a first si gnal ; a set of pins
coupled to said connector structure wherein i ndi vidual pins of said
set of pins are larger in length than said short pi ns;

said short pins being adapted for decoupling with receiving hol es

*Vee
502 Siok
540
304 50a | u B
510 . f— BUSY
30b ) LINE

FIG.6
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of a ferale connector in advance of said set of pins decoupling with
sai d femal e connector when said connector structure is decouplgen 1 —
WO 96/ 19_769 mLA: MENT SHEET

counes o s s IR e S b 20 7 ° 1 e g
irs or an

nal. for*assertt|m -stgmal line in advanc

while said set of pi ns decoupl e fromsaid fenal e connector and tor
mai nt ai ni ngﬁws SCSI busy signal for a first predet i ned
time periodg arter sard set of pins decouples from said femal e connector.
19. A connector as described in Caim 18 wherein assertion of sai d
SCSI busy signal line prevents communication transm ssion over sai d
singl e £ndad SCSA meflesd of eofuectisly 4 desitedosesingle grides] 8E6Dbips dsat is in uder om
said femal e connector. 20. A connector as described in
Cl ai m 13 wivehide maimtairghgrdata integripy, nwheirain spidesinglmended SCobue inclidsst r
a second predetermned tine period before said set of pins decouple
fromsadd fasyl ine endewhereinsaid devxcwmh@en aseqrnestaronithysigrl pingi thed ti me
period is |onger than the SCgest expgct ed i ndividual SCS| .
i nf or neti omateayyith saidgsingle ended I bus, said method comprising the steps of:

5 asserting a SCSI busy signal on said busy line a minimum time in

6 advance of connecting said signal pins of said device to said single ended SCSI

7 bus, said minimum time being the longest expected time before a SCSI

8 communication. will terminate;

9 starting a timing device adapted to provide an indication of when a

10  predetermined time has elapsed;

11 coupling said signal pins of said device to said single ended SCSI
12 bus; |
13 testing said timing device; and
14 deasserting said SCSI busy signal when said predetermined time has
15  elapsed.
12 The method of claim 1 wherein the step of asserting a SCSI busy signal on
2 said single ended SCSI bus a minimum time in advance of connecting said signal
3 pins of said device to said single ended SCSI bus includes:
4 detecting the electrical contact of said connector to said single ended SCSI
5 bus prior to said signal pins making electrical contact therewith; and
6 asserting said SCSI busy signal upon said?detection.

3. A system for connecting a device to a singie ended SCSI bus that is in use
2  while maintaining data integrity, wherein said single ended SCSI bus includes a

3 busy line and wherein said device includes a connector with signal pins, said

AMENDED SHEET




él. A connector as described in Claim19 wherein said short pi-0s..are
~kndi vidual |y approxi matery fdmnshorter t han sai d indivi dual REPLACEME\I’]E)\SHEET
'sai d set of pin ”l ”I" "HI A method of coupling a deJyTteto =
si ngl e ended SC?S(! !!Llu' m bus whi | e mai ntai ni ng data intje

4 Jon e

sai d single ende erface bus prOV|d|ng a femal e|cgnn

coupling,said device to Thi s Sheet - |
gg;ﬂlggg system comprising; I 111111111111111111111 1170 i WO

an opergting conput er n&&%%ﬁ@%%ﬁ&d Qﬁ%@%@ﬁdé&sésﬁ big l6r 88%2fing a SCSI

SCSI interface bus, sal conpri si ng e steps o
co ;Jpl } ng S%t%lydﬁgh%!? ohOsadd st 1is® BRARIATuNitind i ladFafc€BE8nSESing said
i nterface cable;

7 signal pins of said device to said single ended SCSI bus, said minimum time-

8 being the longest expected time before a SCSI communication will terminate;

o !
10 means connected to said single ended SCSI bus for deasserting the
11 SCSI busy signal a predetermined period after its assertion; and
12 means for coupling said signal pins of said device to said single

13  ended SCSI bus during the time that said busy signal is asserted.

-y

4. The system of claim 3 wherein said means for asserting a SCSI'busy signal
on said busy line a minimum time in advance o:f connecting said signal pins of
said device to said single ended SCSI bus, said minimum time being the longest
expected time before a SCSI communication will terminate comprises:

detector means for detecting electrical contact of said connector to
said single ended SCSI bus and supply an electrical output signal; and

circuit means connected to said detector means and to said busy

line, said circuit means adapted for initiating and maintaining said busy signal

© 0 N OO O BN

on said busy line for a predetermined period of time.

wd

5. The system of claim 4 wherein said detector means includes:

long pins coupled to said connector, said long pins being longer
than said signal pins and adapted for mating with said single ended SCSI bus in
advance of said signal pins when said connector is coupled to said single ended

SCSI bus; and

circuit means for supplying an output electrical signal when said

~N O o WwN

long pins make contact with said single ended SCSI bus.
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asserting a SCSI busy line of said single ended SCSI interfa,REPI.:ACEMHNQ1 SH'EET
advance of couopting a set of connector pins of said first copngctor
with said femnal step of asserting conprising fh t
i nserting |ong E!ﬂwmﬁm ﬂIﬂt connector into said fenale con?e@t‘@&, %8
coupling said s r*plns of said first connector jto—satd

femal e connector; mal nt ai nmgGassert I on of said|SCSI busy |ine
for a qred ternin

wher ei n sa d | o gg?tﬁg‘ gﬁ’ nﬁ Iﬁi%g}c%ft%’er e, WS% %@%I ﬁﬁ%ﬁfl\l 1 'ini5e
di )d
132 :j\élscrl bed™ n"%f arm 4 %ariéllt%gﬂg'egm{rg%{ %?d smgle eé\gggr ?%Igggsénghlg%Po

busy | igne sai d single ended SCSI interface
bus toatnleﬁn ate in ag ance &qggl dgstep of coupling and prevents

si gnal 4gl i tches fromaceyriridetdrBadiaga first side connected #said dRAEOINAS second
described in Claim23 further conprising the step of releasing said
SCSI b$sy sideacaririeeteds & saidr siniglecerndedeSCSI bws, said conmpetordaatiagal setvof signal
conmuni cati on over said SCSI |nt erface bus. 25. A met hod "as

descri IBed pimsoai carpfingredectiicaksigdals, a set of It pinsiforthaking first taxtaics when

approxi mately 50ns.
7  said first and second sides are connected, and a set of short pins for first breaking

8 contact when said first and second sides are disconnected; and

9 electrical circuitry connected to said connector and to said busy line
10  for detecting said first contact through said long pins and said first breaking
11 contact through said short pins and supplying a busy signal for a predetermined
12  time on said busy line when first contact and said first breaking contact are

13 detected.

1 7 The system of claim 6 further including spring mounted obstructions
mounted on one side of said connector and inte_facting with the other side of said

connector so as to mechanically resist but not prevent the connection of said first

HOWN

~ and second sides.

3

8. A method of disconnecting a device from a single ended SCSI bus that is
in use while maintaining data infegrity, wherein said single ended SCSI bus
includes a busy line and wherein said device includes a connector with ;signal
pins that mate with said single ended SCSI bus, said method comprising the steps
of:

asserting a SCSI busy signal on said busy line a minimum time in
advance of disconnecting said signal pins of said device from said single ended

SCSI bus, said minimum time being the longest expected time before a SCSI
¢

© O N O s N

communication will terminate;
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PCT/ US95/ 16762 26. A nethod as described in [

wherein said step of ling said set of connector pjns of said
first connecmm. connector follows saidf sitef dUJUN 1998
asserting by mxniﬂ 10 ns. 27. net hod as
described in a]\“! aid long pins are indijvidually
approxi mat el y mm | bndbr *than i ndi vi dual?7pirns of said setof

.connector pins. L. .
- starting a timing device adapted to provide an indication of when a

11 predetermined time has elapsed;'

12 decoupling said signal pins of said device from said single ended

13 SCSI bus;

14 testing said timing device; and

18 deasserting said SCSI busy signal when said predetermineqd time has
16 elapsed. |

1 9. The method of claim 8 wherein the step of asserting a SCSI busy signal on
said single ended SCSI bus a minimum time in advance of disconnecting said
signal pins of said device from said single ended SCSI bus includes:

detecting the breaking of electrical contact of said connector to said
single ended SCSI bus prior to said signal pins breaking electrical contact

therewith; and

~N D 0 A WON

asserting said SCSI busy signal upon said detection.
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(57) Abstract

A system and method for quiescing a SCSI bus (12") by assertmg the busy signal just prior to the SCSI signal pins (50a, 50b, 55)
making contact or decoupling dunng a hot modification. By assertmg the busy line for a predetermined and short period of time during
the disturbance of the SCSI signal pins (50a, 50b, 55), glitches or noise introduced by the coupling or decoupling of the signal lines are
isolated and prevented from causing transmission errors over the SCSI bus (12"). Any communication over the SCSI bus (12') made just
prior to the hot modification is allowed to complete. For hot insertions, the system utilizes longer pins (303, 30b) on the connector (10)
to assert the busy line just before coupling of the other pins (25) of the connector (10). For removal, a special pair of short pins (25) are

placed on the connector (10) to assert busy when decoupled.




