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"SMLIQHABLE Dl FFERENTI AL TERM NATOR' BACKGROUND COF THE
| NVENFi ON 5 This invention relates generally to term nator

devi ces. More specifically, the present invention . relates to a
sw tchabl e term nator apparatus and a nethod for using the apparatus
for di sconnecting terninating resistors on a device using a
differential transm ssion 10 bus. -1 To transmt signals
reliably on a differential " transmi sSion bus, the bus nust be
termnated with an array of resistors at both ends, and only at the
ends. Many devices are manufactured with these termnating 15
resistors |located on the device. This presents a problem with the
devices that are not at the ends of the bus, thus the termnating
resistors must be renoved fro e eyi fes. For
exanpl e, peri pheral devices conngc?eg FoFaIZg A ioﬁpﬁter may i nclude disk
drives, conpactidisk drives and ORIPLE printers. The interface
between the conputer and-swncmw P PERNTI AL M leerNgrgener al | y
characterized by a bi- |rect|onal cabl e carryi ng hi gh speed | ogic
signals. Al si gnal s af€ R AR . 84 differential
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To transmit signals reliably on a differential
transmission bus, the bus must be terminated with an
array of resistors at both ends, and only at the ends.
Many devices are manufactured with these terminating

15 resistors located on the device. This presents a problem
with the devices that are not at the ends of the bus,
thus the terminating resistors must be removed from these

devices.
For exanmple, peripheral devices connected to a
20 computer may include disk drives, compactidisk drives and

output printers. The interface between the computer and
the peripheral device is generally characterized by a bi-
directional cable carrying high speed logic signals. All
signals are transmitted via dedicated differential lines

25 with an appropriéte termination impedance.
Specifically, one application where reliable data
transfer becomes important is in the field of data
transmission on a fully loaded SCSI (acronym for small
computer system interface) bus line for communication
30 between a plurality of data transceivers and a central
processing unit (CPU) in a small computer. A SCSI system
has a transmission line over which a plurality of units
coupled to the transmission line may communicate. A
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- both of the 330 ohm 10 - resistors.

- 2- termnator is coupled to the two physical ends of the
transm ssion |ine. It is necessary to provide a term nating
i npeda&nce on each such line which matches the characteristic 5
i npedance of the connecting cable used, in order to avoid l'ine
reflections. This termnation is generally provided by neans of a
330 ohmresistor connected to a ground, a second 330 ohm resi stor
connected to a voltage source, and 3 150 ohmresistor connected to
T e T Further, in a system
where only one peri pheral ' device is connected to the transm ssion
|l ine, that ~ peripheral device nmust also have such a term nation
network in order to avoid line reflection problens. 15 Where a
multiplicity of peripheral devices are connected . to the sane

transm ssion linpe, then only one eri pheral_ devices _need have
a termination nma%ﬂ{:e 1s °°uPL‘F‘%eEP Epepé'r“& I@FX%{F%V%PQF e %?Wat i on
net wor ks woul d transmlssdumelhhe.effect|ve term nating i npedance to an 20

i ncorrect val ue and Wgz&g %%g ggx$§§§§% ﬁﬁlvogdtggmgggtinpé mﬁéq§ﬁké"'ve-

el enent . e design
havi ng a socket annﬂéébecslt@l eddh‘lq i Wbirb beatchesndthel charactierigdde

The commog poi n&ﬁ.p\easheetaf &0 éB}IHé&%h‘ét eabié useacomesf&ef adYvbif the
330 ohmresisto Al so, the socket

;
ooovides trat thingnRefiebttSE mis sermipatipe, 598k eheTRT (RAPYASE ound
and one bydmehnshefohheao3aﬁmohﬁsﬁstbrtebnnscteﬂmeniedgM@una, a
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particul ar perip an appr opr
and a 150 ohm resistor. connected to both of the 330 ohnm
10 resistors.

Further, in a system where only one peripheral
device is connected to the transmission line, that
peripheral device must also have such a termination
network in order to avoid line reflection problems.

15 Where a multiplicity of peripheral devices are connected
to the same transmission 1line, then only one of the
peripheral devices need have a termination network. The
effect of paralleling several termination networks would
reduce the effective terminating impedance to an

20 incorrect value and would place an excessive load on the
logic drive element.

In most present disk drive designs, a termination
having a socket connected to each line to be terminated
is used. The common points where the 150 ohm resistor

25 connects to both'of the 330 ohm resistors can be'plugged
into the socket. Also, the socket provides that the end
of one 330 ohm resistor is connected to ground and one
end of the other 330 ohm resistor is connected to an
appropriate power supply. To connect the termination

30 network to a particular peripheral device, an appropriate
resistor array is pldgged into such socket. If no
termination network is required, the resistor array is
omitted. In practice, this is providéd by using a



resistor array is plugged into such socket. If no term nation
network is required, the resistor array is omtted. In practice,
this i*s provided by using a - 3-
resistor array and a matchi ng socket. However, many periphera
devi ce designs (for exanple, in sone disk drive designs), space or
ot her consi derations demand that access to the printed circuit 5
board containing the term nation package_bg restricted. The circuit
board, for exanple, nmay be nounted with thé _conponents facing away
fromthe outside toward sone ot her part of the disk drive structure.
I n such circunstances, It Is thus necessary to renove or to
partially dismantle 10 the disk drive in order to gain access to the
term nation net wor K. Some di sk drive designs have attenpted to

resolve this prghl LLizing an_angl ed socket .so that, using ,
appropriate tooF??ﬁgﬁgﬁ §%rﬁ8e8P§ ﬁo?@tghlng SBF%EFS, a term nation package
can be renoved or inHeweygrl5 many r reripherabsecdeeiige ofeslignsoar(for
Thus, t he Peklhpled tin & h r@ﬂ}?{l L |ate Cloiefies by
physi cal |y disconne_t? g the §Q%I928k' r§%1%ﬁgs&évfggs. "of
Accordingiy, thEPBShderatiqes demand) that; pecessplettheoprinted,icimsmit

Id ndustry gor anbbapao¥efitathingathe gepaiaktion packaggdb_ee&%d:ﬁi@ted.

i sconnecting t termnati resistors on evice . using,.a
Gifroronti ol PhRcFiEERTk Blakay 3p2" axanple, Bay Be BOUNteafyeRlend ¢
I NVENTION 25  componefite facihepmway frent the optside esoward reume dthen
apparatus for eLegiripalhy &< GGt 's%g-uéthgfetn N#hi &ch circurtarftes,
differential transm ssion bus. A - sw tchable )

it is thus necessary to remove or to partially dismantle
10 the disk drive in order to gain access to the termination

network. Some disk drive designs have attempted to

resolve this problem by utilizing an angled socket so

that, using appropriate tools, such as needle nose

pliers, a termination package can be removed or inserted
15 from the exposed edge of the board.

Thus, the prior art teaches mechanical
disconnections by physically disconnecting the cables
from the devices.

Accordingly, there has arisen a need in the computer

20 equipment industry for an improved terminator apparatus
and method for disconnecting the terminating resistors

on a device using a differential transmission

bus.
SUMMARY OF THE INVENTION
25 ‘The present invention provides a method and
apparatus for electrically disconnecting a termination
of a differential <transmission bus. A switchable

impedance matching termination apparatus including a
terminating resistor network for terminating at least one
30 pair of a plurality of differential signal line pairs is
provided. A method for disconnecting terminating
resistors on a device having a differential transmission
;ine is also provided. '



| npedance matching term nation apparatus including a term nating

resistor network for termnating at | east one 30 pair of a plurality of
differential signal line pairs is provi ded. A method for

di sconnecting termnating resistors on a device having a
differential transm ssion line is al so provided.

-4- To this end, in an enbodi nent, the present invention
provides a switchabl e inpedance matching_tgrm nation appar at us
including a termnating resistor network for - termnating at |east
one pair of a plurality of 5 differential signal |ine pairs, having
enabl i ng neans for providing a signal to termnate, a first signa
net wor k i nt erconnect ed between the enabling nmeans and t he

termnating resistor network and a second signal network

| nt er connect ed betm&ﬁg £ﬁfse lHﬂQaﬁF%@io@@ﬂeﬁ@e éﬁécpré§¥HQ'¥ﬂué%%'on
resistor network, wiéréin the fitst an Second sfgnal ‘et wor Ks are
responsive to tREo¥iigesl aoswitchahler nimpedance| aafichuing pkermpatieon

plurality of  appardithseligiivling W dethiattPid Sresistor netwokR 2br
enbodi nent, the gresen%élnvegégog gr%yldes for 1 a volaage L% be
suppl i ed to t hetBEMAPALING, ALsi degst one  Raify, REquPi nBLRERIETY: | 8F of
the diffedenti aliffegrelitial sigrialndinei pairs, having enablaing: meachst#or, t he
present inventi ide . : rali ' ent.k.al..si gna
line pairs is ngopiaghgcgls%aga}L%géEeEHEnng' LI%XE%Le%%éggéeﬁ%?afﬁé
present inventiéntpreennested betwgent h&hei r enablinal meansr kandc| ghes a

first di f {erRDha®d ng I 1 EAlstdr fetRokk! &hat A2B8L8HhA" signatCRBEwork
transistor, and,two base Tesistors. .
interconnected between the enabling means and the

10 terminating resistor network, wherein the first and
second signal networks are responsive to the signal to
terminate at least one pair of the plurality of
differential signal 1inenpairs.

In an embodiment, the present invention provides for

15 a voltage to be supplied to the terminating resistor
network during termination of the differential signal
line pairs.

In an embodiment, the present invention provides
that the pluralify of differential signal line pairs is

20 a SCSI bus line.

In an embodiment, the present invention provides
that the first signal network includes a first
differential signal line, a first transistor, a second
transistor, and two base resistors.

25 In an embodiment, the present invention provides
that the second signal network includes a differential
signal line, a first transistor, a second transistor and
two base resistors. "

In an embodiment, the present invention provides

30 that the first transistor of each signal network is a PNP
transistor and the second transistor of each signal
network is an NPN transistor.

The present invention further provides a switchable



25 I n an enbodi nent, the present invention provides that the

second signal network includes a differential signal line, a first
transi'stor, a second transistor and two base resistors.

I n an enbodi nent, the present invention provides 30 that the first
transi stor of each signal network is a PNP transi stor and the second
transi stor of each signal network is an NPN transistor.

The present invention further provides a=ssitchabl e

- 5- term nat or apparatus having neans for electrically

di sconnecting a termnation at an end of a differential signal |ine.
I n an enbodi nent, the present invention provides an 5 enabl i ng neans

i ncluding a signal input, a resistor and a transi stor which provides
a voltage to the term nating ~resistor network during term nation of
the differenti aterminatog! J8ppakhtfsPahafing means foiN ale€tPoEalEHt .
the present invention proyides 10, peans, for el ect |ca$$ di sconnecti ng
the terninatiordi$connecting %ngeﬁ?lﬁaﬁ???e?ﬁn?Pafn iﬁ%a? %geFﬁEEﬁﬁ'ng a
pai r of slighal ebinal signal lines, each line interconnected to

a pair of transistorsy JRediQisieo’ $ngapbeabi ibdfition proffHBECART 10

a base resistor. 15 n er [ present Tnvention
provi des 5 enabhing greaps nieclvding pdveigrabpinpet, tacresigtoroand

electrically digceraiasidtnd Whacheprobilib8Na VOELagEeto the tefMPRA¥ing
connecting neaqgegfggg£5|n aggqaag¥e |€$ut a . £ €€se rgglgtoi.a d a
transi stor. 20 TRECYPEE AUrINg HeTBination L ;to¢i dREiereRF RNt or
apparatus for edibghal chihg pasrsnnecting term nating
In an embodiment, the present invention provides a
10 means for electrically disconnecting the termination at
' an end of a differential signal line including a pair of
differential signal lines, each line interconnected to
a pair of transistors, the transistors each also being
connected to a base resistor.

15 In an embodiment, the present invention provides
means for connecting a power supply to the means for
electrically disconnecting the termination. The power
supply connecting means comprising an enable input, a
base resistor and a transistor.

20 The present invention further provides a terminator
apparatus for electrically disconnecting terminating
resistors on a device having a differential transmission
line comprising a power supply for providing a voltage
to the terminating resistors of a differential

25 transmission line and a differential signal network,
including a first differential signal line coupléd to a
first NPN transistor and to a first PNP transiétor, the
first NPN transistor coupled to a first resistor, the
first PNP transistor coupled to a second resistor, the

30 first resistor being further coupled to a means for
providing a termination voltage and to a terminating
resistor, the first NPN transistor and the first PNP

- transistor coupled to the terminating resistor and a



resistors on a device having a differential transnission l'ine

gonprising a power supply for providing a voltage to the
termhating resistors of a differential 25 transm ssion line and a
di fferential signal network, including a first differential signa
line coupled to a first NPN transistor and to a first PNP
transistor, the first NPN transistor coupled to a first resistor,
t he first PNP transistor coupled to_a_second resistor, the 30
first resistor being further coupled to ﬁeans for providing a
term nation voltage and to a terninating resistor, the first NPN
transistor and the first PNP transi stor coupled to the term nating
resistor and a - 6-

second differential signal |ine coupled to a second NPN transi stor

and to a second PNP transistor, the t ransi stor co dto
a third resistofecPRd ddfsgreptsal sign r&ﬁ?iesﬁ??‘p&&&pft@dat - ¢ W
resistor, the tlitrafisistor avdité & sdosnd@NPCarpheilstor retines sdéaondNEN di ng

Second NPN 1 1 anSEERBASERY Hitied L6 ACEEI A FEHiEERET EhetBlcbH myE
a terminating r&gansdstor coupled to & JnﬂﬁﬁhnehGSiﬁh@r: [#hﬁzﬂﬁhﬂFQﬁ
the signag 10 es&%tew K$urtnedabohpiile 'E'Hfmtﬁéaﬁé O ot erﬁﬁvﬁiuﬁg gral

line pairs on a SCSI l'i ne, t he sent on

al so provi des atemmaﬁi?ﬂow}?ﬁg@dl%ﬁ‘?e& tﬁﬂ@?ﬁﬂ%t? FE sﬂ'ﬁ#e"ﬂ%

devi ce using a éebbaaeNPNatramsﬁEﬁoﬂlandsmhessenohdsPNn5transismorupeing

st eps of connec% g&lﬁd %lr Oke B%Eﬁ%b'?551ﬁtog signal lines through a
n er

differenti al S|g &°n &t W1 m nating resistors;

enabling a terminati 3@ an embpsiment, abbeappplunglity ©f nthat iSHENAd t age
to the 39 networks is equal to the number of differential signal

line pairs on a SCSI bus line.

Further, the present invention also provides a
method for disconnecting terminating resistors on a
device using a differential signal transmission bus,

15 having the steps of connecting a pair of differential
signal lines through a differential signal line network
to the terminating resistors; enabling a terminating
voltage; and applying the terminating voltage to the
terminating resistors.

20 In an embodiment, the present invention provides a
method as described above, further including the step of
removing the terminating voltage from the terminating
resistors to conserve power drainage when the terminating
‘voltage is not enabled.

25 In an embodiment, the present invention provides a
method for disconnecting terminating resistors on a
device using a differential signal transmission bus as
described above, further including the step of providing
that the differential signal network and the terminating

30 resistors are duplicated for each differential signal
line pair of the differential signal transmission bus and
connecting the terminating voltage in parallel to each
of the differential signal networks.



termnating resistors. 20 - In an enbodi nent, the present invention
pfOVIdeS a nmet hod as descri bed above, further including the step of
renmoving the termnating voltage fromthe term nating resistors to
conserve power drainage when the term nating vol tage i s not enabl ed.
25 In an enbodi ment, the present invention provides a

nmet hod for disconnecting termnating resistors on a device using a
differential signal transm ssion bus as . 9 . described above, further

i ncluding the step of providing that the differential signal network
and the termnating 30 resistors are duplicated for each differenti al

si gnal line pair of the differential signal transm ssion bus and
connecting the termnating voltage in parallel to each of the
differential signal networks. -7-

pocordingly. it Is aAcedvanhaay,ofs tf.h‘isprfﬁe@dvanta ge | BYe¥HON praskintyi de

a net hod and apgaratu for ectrlcally di sconnecting the
termnating restBVEPEIBR to  Provdids odntMefhed o AR sspBRApatus s for

It is dnother adyectedealdiyt Be@spoanestingvenki eeridnating resdsitdesaon

| nproved term natqt r ne ho fo el ectrical
drgconnectlng t% 8?5?%?%3?#%3 ?ggpgpg bus. a SCSI bus Ilﬁe so as to
provi de r&liabl e andIticiaranether advannage:nﬁnthESpresent01nventlon ko is a
further adva“t a?‘éo{rﬁder aui gﬁp?ﬂv@he‘EE&gﬁﬂEE%r apParaEWFt Shabh%tﬁb(if %’iﬂt I al

t erm nat or at us

a
di sabl i ng a el ectaiFP&}xnfl#apogpgﬁaflnsl ket sﬁmnﬁaeténgmrﬁﬁaﬁpog'ﬁymm ly
mani pul ating a aesn:sr:tawu:g Tise Sé@ragewopkovi&e reliabléhanq aedugiater

advant ages of tht %Q£E31551¥n _ _

10 It is a further advantage to provide an electrically
switchable differential terminator apparatus that
provides for remotely enabling and disabling a
differential signal line termination without physically
manipulating a terminating resistor network.

15 These and other advantages of the invention may be
achieved in a switchable differential signal 1line
impedance matching terminator apparatus, comprising a
power source, enabling means for providing the power
source to a termination network, a first signal network,

20 a second signal network, and a plurality of terminating
resistors.

Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred

25 embodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a detailed schematic circuit
diagram of the present invention.

Figure 2 illustrates another detailed schematic

30 circuit diagram of the present invention which relates
to the waveforms in Figures 3, 4, 5 and 6.

Figure 3 illustrates waveforms that appear during
the transmission of a logic level "1" data bit with



achieved in a switchable differential signal line | npedance mat chi ng
termnator apparatus, conprising a power source, enabling neans for
provi di ng the power source to a termnation network, a first signa
net wor k, 20 a second signal network, and a plurality of term nating
resistors. Addi tional features and advantages of the present

i nvention are described in, and will be apparent from the detail ed
description of the presently preferred 25 enbodi ments and fromthe
draw ngs. BRI EF DESCRI PTI®N"OF THE DRAW NGS

Figure 1 illustrates a detailed schematic circuit di agram of the
present invention. Figure 2 illustrates another detailed
schematic 30 circuit diagramof the present invention which relates

to the waveforns in Figures 3, 4, 5 and 6. Figure 3 illustrates

waveforms that ggﬁ durin hf transm ssion of a Ioglc | evel "1"
data bit with ination turned on %rﬁ¥ﬁa?¥%ﬁePErh€ﬁeﬁﬁl R+t he present

i Event i on. Figﬁrgunle 141:ddﬂt%ftreﬁ %v&&ﬁﬂﬁ]rﬁléﬁaépp@@faduﬂﬁm'gng
the transm ssiQ e el 21" wan

turned offlntﬁl%8 ﬁ%ﬁﬁ%ﬁﬁ &eveé lﬁ' gat Ius a&
wavef or ms t hat hgmmémaUumnngurned offhéntthgsmresenh bhiventighe | evel "0"
data bit guth F\il\gﬁ%ngt 'iqriurs‘t@%%‘édoritd f&ﬁsor&%ta%ﬁé@?t&ﬁi‘ln

Figure 6 illustrates orns that appear, durin e transm,sSi on
of a |ogic |evetheotransnigsd ‘W tpf16 1°9¥"erﬂfﬁﬁ'&9-| JIP't ufata &t Withe

present inventi®érmination turned oREI thd PESEGACTIANeREIdhE PRESENTLY
PREFERRED ENBCDleRHFEgure 6 illustrates waveforms that appear during
' the transmission of a logic level "0" data bit with
10 termination turned off in the present invention.
DETAILED DESCRIPTION OF THE PRESENTLY

PREFERRED EMBODIMENTS
The present invention provides an apparatus which

electrically disconnects <the <termination of a

15 differential transmission bus. A switchable impedance

matching termination apparatus is provided including a

terminating resistor network for terminating at least one

‘pair of a plurality of differential signal line pairs.

Also, a method is provided for disconnecting terminating

20 re51stors on a device having a differential transmission
line.

Referring now to the drawings, Figure 1 illustrates

a detailed schematic diagram of an embodiment of the

switchable differential terminator of the present

25 invention. Specifically, a differential terminator, as

is generally Xknown, is illustrated and provides a

terminating resistor network including resistors RS, R6,

R7, etc. Resistor RS has a typical nominal value of 330

ohms, as does resistor R7, whereas resistor R6é has a

30 nominal value of 150 ohms in an embodiment. In addition,
the switchable differential terminator circuit 10 is
illustrated.

A voltage TP is coupled to a PNP transistor Q5. The



The present invention provides an apparatus which electrically
disconnects the termination  of a 15 differential transm ssion
bus. "A switchabl e i npedance mat chi ng term nati on apparatus is
provi ded including a term nating resistor network for termnating at
| east one pair of a plurality of differential signal |line pairs.

Al so, a nethod is provided for disconnecting termnating 20 resistors
on a device having a differential transnisgian l'ine.

Referring now to the drawings, Figure 1 illustrates a detailed
schematic di agram of an énbodi nent of the swi tchabte differenti al
term nator of the present 25 I nvention. Specifically, a differential
term nator, as is generally known, is illustrated and provides a
term nating resistor network including resistors R5, R6, etc.

R7,
Resi stor R5 hasvalttgaiecq!p (Tolpi %'mﬁiﬂgﬁf\gg betwe nOJﬂH‘.sta?c,?’g%S gﬁ‘r‘ris -

resistor R7, whereas resistor nom nal val ue o )
an enbodi ment. *Pm28d¥PitBnin an embadimenti.t chabreedrerdetRr B8 havingat or

circuit 10 is a nomihhhUval@kedf 270 ohms forfeXaimpaee iEPconnectidedd 0 a
PNP transi stor '

. The -9-
vol tage TP has ggﬁo Be 98 Fhe,NRFransistor) R5-anRdditionallys 2 ¢
in an enb®di nenENABRLBassigrasl sinpuRs isa\provided and worinexitedi te ¢he270
ohnms for exanpl gal te €nhkasey o t [ v .
Addi tional | y,rrpaﬁeEESEQPquNABﬁré{és)iEgrﬁaﬁL% ﬁ%ﬂt t,lgséﬁﬁ"ow dé%ilgér}lgz c%ﬁn%sec}t ct 0

t he resi 3e¥el RENPYRe HRetBISXamplenc they ENABLE gan: ber eabogdded as
| evel input. FoaneiapritesidifalEMRnG ypPEc£IThDEGE8 W61tage lewv@lisnRift
si gnal havi ng téﬁiﬁaé '{aﬂ’f' Cofc’)o' 1398 &S 195 vorts afli98 ow’bl Sh Hetater
than 1.5 vol ts 8h¥%a% ¢ P ®
10 less than 0.8 volts. The ENABLE can also be embodied as
an external switch. The collector of the PNP transistor
Q5 is coupled to the terminating resistor network and
also to a base resistor Rl, having an exemplary value of
2200 ohms. Rl is further connected to an NPN transistor
15 Q1. .
Transistor Q1 is interconnected to transistor Q2,
a PNP transistor of a type similar to transistor Q5. The
collectors of transistors Q1 and Q2 are coupled to a
positive signal input SIG+ of a differential signal line.
20 The emitters are coupled to the terminating resistor
network. 1In addition, a second base resistor R2 having
an exemplary value of 2200 ohms is connected to the base
of transistor Q2 and also to the ENABLE input.
Similarly, a negative signal input SIG- of the
25 differential signal line is coupled to the collectors of
another similar transistor pair Q3 (NPN) and Q4 (PNP).
Also similarly, resistors R3 and R4 are base resistors
provided in an embodiment that are also further connected
to transistor Q5 and the ENABLEIinput, respectively.
30 The embodiment of the switchable differential
terminator circuit illustrated in Figure 1, having the
transistors Q1, Q2, Q3, Q4 and resistors Rl, R2, R3, R4,

R5, R6 and R7 is repeated for each pair of differential



10 . | ess than 0.8 volts. The ENABLE can al so be enbodi ed as an
-external switch. The collector of the PNP transistor @ is coupled
to the*term nating resistor network and al so to a base resistor RI,
havi ng an exenpl ary val ue of 2200 ohnms. Rl is further connected to
an NPN transistor 15 QL. Transistor QL is interconnected to
transi stor @2, : a PNP transistor of a type simlar to transistor (®.
The- collectors of transistors QL and,.Q are coupled to a

positive signal input SIG+ of a differentia? signal line. 20 The
emtters are coupled to the term nating resistor network. In
addition, a second base resistor R2 having an exenpl ary val ue of
2200 ohns is connected to the base of transistor 2 and also to the
ENABLE i nput . Sinilarly, a negative signal input SIG of the 25

differential nal | ne g co I ctors of her
s: m | ar tlranS| s% I (NPKIB %@%P#Pﬁg%& us, ’é?’ﬂﬂ'ﬁfl
resistors R3 anGiBht&le@ mie'sreﬁ differential ﬁi@ﬁaded.ﬁnesa.n Sieo dibasre:
that are also f%?\%%'btg%%ecwdth% coLlebtdAGE SkRhanEl sty Id¥ EHASWD
e |_e

i nput, respective smntc

di fferential resmmrrrﬁ?af"@rlc@l eaable thes texmdpation gxe: Paraldgled t he
transi stogs Ql, ta2each o@m@@gﬁﬁﬂt&,ﬂ R2, R3, R4, R5, R6 and

Typ°. P et TN A P fuiedlod T Piavee e PP otaRmipRtiNg

ei ght een pairs wesdistioar=erRS al R6i ghdl R7i reae éépnzﬁtam from theomigmtalons

to the col | ectopsgls thanSibr CF %ith (8na wen E23NS4AEATE WO Cbia! ©

the term nation are el ed €se clrcu
As illustrated R4 (EN&)r and Q%@“R“Qrm%(’i’w: respectively. These two

10 pairs of transistors, Q1, Q2 and Q3, Q4, allow a signal
to pass bi-directionally to the terminating resistors.
The termination of the present invention is turned on by
pulling the ENABLE point low. This operation will bias
the base of the PNP transistors Q2, Q4 through resistors

15 R2, R4 to put the transistors Q2, Q4 in saturation.

Likewise, doing this also will bias the base of
transistor Q5 through resistor R8 to apply the voltage
TP to bias the NPN transistors Ql1, Q3 through resistors
R1l, R3 to put these transistors in saturation. The

20 voltage TP will also then be applied to the terminating
resistors R5, R6 and R7. In addition, the voltage TP is
removed from resistors R5, R6 and R7 when a termination
is not enabled in order to conserve on the drain of

~ power. : '

25 When the ENABLE is high, no current is drawn from
the transistor Q5 so that, in effect, it is turned off.
Therefore, termination is not accomplished and voltage
is removed from the terminating resistor network.

As is illustrated in Figure 1, any number of

30 peripheral devices may be terminated using the switchable
differential terminator disclosed herein.

Implementation of a switchable differential
termination circuit 10 may be made in several ways.



resistors R5, R6 and R7 are separated fromthe signal pins by pairs
of PNP. and NPN transistors QL (NPN), Q@(PNP) and B(NPN), X4(PNP)
respectively. These two 10 pairs of transistors, QL, @ and @B, &4,

all ow a signal to pass bi-directionally to the term nating
resistors. The termnation of the present invention is turned on by
pul l'ing the ENABLE point |ow. This operation wll bias t he base of
the PNP transistors @2, 4 through reS|stq{f 15 R2, R4 to put the
transistors 2, 4 in saturation. leemnse doing this al so

wi |l bias the base of transistor B through resistor R8 to apply the
vol t age TP to bias the NPN transistors @, @ through resistors
R1, R3 to put these transistors in saturation. The 20 voltage TP wil
al so then be applied to the term nating resistors R5, R6 and R7.

ddition, th d f i st R5, .R6.and .R7
Shen o ter i nat ESHASE distiete cinadid BeRpahoRls 87 InERTrAtedoRIZREIR, o
of pomerteeﬁnplogy mdjre n behe USMABLE i sThe ghintegratednt ciscudidwn
from the }egRfiol I%ér Ray O taid - thﬁegféﬁfr‘t of lal TirtdRd akki ned d

Therefore, termnation not® acconplis and vol t g s re
from the terni nBPPR4ELEILIYoEORcthdS Purpose or a g ?BdPF¢u§PF&B§EtP§

Figure 1,sany nuiriaemefwﬁibh cdiffdifiicatl 1daxtcan )prbgr&aw AanBErusifng
the switchabl e fer en%kaelter nat or.

d
| npl enent at i on ng?esgargmfggﬁg arep PeﬁPFa afeEﬁPﬁﬁtF&ﬁmEPF5U|t
10 may be nmade conpectedl together by means of a metallizattondpattera

circuit conponeggsggheEgE%gQ%kp%H§#;()1ate fun?é{§ﬁgl ythga mBgetgsed

The integrated og may OFH]O a“clrcuit
desi gned circuit. Both methods provzde a cost effect;ve solution.

10 Figure 2 illustrates an embodiment of the present
invention showing a different layout of the circuitry.
As shown, TP is a voltage source having a value between
+4.25 volts and +5.25 volts. SIG+ and SIG- are also
voltage inputs. Points A and B are reference points for

15 the voltage waveforms shown in Figure 3-6 described
below.

. For completeness in the disclosure of the above-
described tefminator apparatus but not for purposes of
limitation, the following representative values and

20 component identifications are submitted. Those skilled
in the art will recognize that many alternative elements
and values may be employed in constructing the circuits
in accordance with the present invention.

I
n

PART : _ TYPE OR VALUE
25 Q1, Q3 Q2N22222

02, 04, Q5 Q2N2907A

Rl- R4 | 22000

R5, R7 3300

R6 1500
30 RS | 2700

Now referring to Figures'3-6, voltage waveforms
present during the operation of the invention are



specifically for this purpose or a standard integrated 5 circuit which
centains at | east an appropriate nunber of necessary circuit

el ement's and whi ch has those el ements connect ed toget her by neans of
a netallization pattern . to generate the appropriate functions for
the conplete circuit. Both nethods provide a cost effective
solution. 10 Figure 2 illustrates an enbodi nent of the present

i nvention showing a different |ayout of dhecircuitry. As shown, TP
Is a voltage source having a val ue between +4.25 volts and +5.25
volts. SIG+ and SIG are also voltage inputs. Points A and B are
reference points for 15 the voltage waveforms shown in Figure 3-6
descri bed bel ow. For conpl eteness in the disclosure of

t he above- descri bed term nator apparatus but not for purposes of
limtation, the;iohkepheenl CRiGAR CuerkabinaingiedOtne teaRBAIRRIOn

|dent|f|cat|ons are supbmtted, ThHos he _art

recogni ze that ﬂﬁnyaallegﬁﬁtl%évﬁien%%¥ and a Jqgig, J&v eﬂay"@e eﬁﬁPoyed
i n constructingilbastrated.s The voltexss ddldastidatddie ipcdnde the

i nventi on. V ,
RN2222A poagég %fferentlal signabz%zgg 1&#@ %G+,R4tge
2200[ err]5 neggtivR7 differential signal 3goperv91tage S8IGs the
150[err] 30 vE8tage at the junction of residi&¥F AR5 and res1stor N@W

referring to Fi ures -6, voltag ros resen urin
operation of th ?&Reﬁ?’r”fﬁ?%’@ £to'F ?.n% A on Figure 2 5 ghe v3 age

12 - at the junction of.re51stor R6 and resistor R7 which
corresponds to point B on Figure 2.

10 Specifically, Figure 3 illustrates the corresponding

voltage levels for the transmission of a logic level of

"1" in the present invention when the termination is

turned on. As illustrated, the differential signal line

voltage SIG+ and the voltage at point A are approximately

15 2.9 volts, whereas the differential signal line voltage
SIG~- and the voltage at point B are approximately 2.05

volts.
' Figure 4 illustrates the voltage levels for the data
transmission of a logic level of "1" with the termination
20 off in the present invention. As illustrated, the
voltages are: the voltages at points A and B of Figure
2 are 0 volts, SIG- is 2.1 volts and SIG+ is 2.9 volts.
Similarly, Figure 5 illustrates the voltage levels
for transmission of a logic level of "0" with the
25 termination on in the present invention. The voltage
levels illustrated are: SIG+ is 1.0 volts, point A is 1.1
volts, point B is 3.7 volts and SIG- is 3.85 volts.
Additionally, Figure 6 illustrates the voltage
levels for the data transmission of a logic level "O"
30 with the termination off in the present invention. The
voltage levels illustrated are: the voltages at points
A and B of Figure 2 are 0 volts, SIG+ is approximately
1.0 volts and SIG- is 3.85 volts.



illustrated. Voltages corresponding to the transm ssion of a logic

level ."1" and a logic level "0" are illustrated. The
voltages illustrated include the positive differential signal |ine
voltage SIG+, the 5 negative differential signal line voltage SI G,

t he voltage at the junction of resistor RS and resistor R6

whi ch corresponds to point A on Figure 2 and the voltage at the
junction of resi.stor R6 and resistor R7 _whi.ch corresponds to point B
on Figure 2. 10 Specifically, Fidure 3 illustrates the

correspondi ng vol tage |l evels for the transm ssion of a logic |evel

of "1" in the present invention when the termnation is

turned on. As illustrated, the differential signal line vol t age SI G+
and the voltage at point A are apprOX|nater 15 2.9 volts, whereas the

di fferential signal ne,vol.t.aqge d, the voltage at point .B are
approxi mately 2.05 1t"$n opld, be understcfod. gﬂﬁﬁr ga&'ﬁ‘ﬁ‘ﬁ.%g‘ﬁﬁﬂ ¢ ARd
vol t age | evel s hodifheatisions to ther Ppresastlyy preferagdc émbediméntg”

Wi th the term {ﬁéééﬁ.@& here fnf w'ﬁlt ﬁg %’%ééf&h ﬁé“‘tﬁmée L3311 %Rdtgeof

illustrated, tages are: ages azH§0|nts c
Fi gure ke EUh tq;uangeg and podificatieng maysbesmade yithout
Sinilarly Fi gtuepértihgstﬁaéx@smae spitpee driv ekeop e of fthle tiai\éééh'és' on

Chvent i on’ | Shelngeptien" ‘ahd m&gpsuﬁlﬁiwﬁtﬁeﬁpﬁr iRs,""aPhERhE, o

point Ais 1. 1 advantages . s Itpdept tBerefard, vintended tﬂa@ sus:h?,caangest S.
Addi t Iy, E t he dat
itionally éx%”:ﬁoélﬂr!éé\x/‘g%éﬁ%n OESvXP%\ﬁE f%‘?t A t%?%%ﬁaéésci%?& € data

transm ssion of a logic nation o in the
present invention. The voltage levels illustrated are: the

vol tages at points A and B of Figure 2 are 0 volts, SIG+ is
approxi mat el y 1.0 volts and SIG is 3.85 volts.
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It shoul d-be understood that various changes and nodi fications to the

Jpresently preferred enbodiments __ ‘described herei | ] 5  shébt
L {e! 1B TeplRBBBAL <h

those skilled i-A—the—art. Such changes and nodi i ons e made

Wit hout 5 de ' spirit and scope of the present '
i nvention and mﬂ‘%mmwmmm hg itd4-attendant Date: mglb’grﬁéges. I t
is, therefore, inwended-that such changes and nodi fications be

covered by the appended cl ai ns.

- 14 - ' CLAI M5 1. A
sw t chabl e i npedance matching term nati on apparatus, i ncluding a, termnating
resi stor network flor terhiSWichaile impedapes maiching fermigatiop BPRPF%P‘T inelyding a

di fferenti alteshigmig Iresitopaictworkt fier temimatiagi N 1eapn ohatpssr BNPrplGraligi of
t er.m nat e; a first

ol gnal  net it RereRgel el BY% B 4B BshoRion 3nbHih SohEteeana « ne
term nating resi stanrenablingomianssfiod providing a signgbtodtarmisatgnal net wor k
~interconnected bety %%kﬁéﬁ%ﬁ%ﬂlcnglt&@ﬁ{h&t?@%&%nt&k@xﬁﬁ" Indafi§ a0l Othe

network wherein the fir second signal networks are responsive to the
signal to t dPHRIRARHNE Resistonmeiverky atthe pair of the pl urality of differential

s: gna: i nef pg! ][ fS-a second lsigna .net?vofk_Th@eram_ te_atb&wencsq}laleﬁablilﬂgfméﬂsmnume .

plurality of differenti.al signal |line.pairs.is a us, | ine, :

The. appat ar demneies thistor, Ptk BFeif b " 6re) he” sebond Rieph et e iy
di f.f er ent i alrespogsiseé td thessigmh tretermihateothe af leasttone pairofthe pluaality af differential

_transistor, ¢ ph{‘égﬂ | stor further connected to a base resistor.
4. The a%g‘gra usS of claim3 wherein the first transistor is a

: . . : 3 PP
transistor and the.secoridetapparatus: of claim § whepein ithe, plirality of differential signal
The appar at Yine Phirs isa SCSEbURACI N t he second signal network conprises a

differential signal |ing,connected .a first.transi stor and a.second

transistor, each gr ansi ?P’Srameeqft ci%WnL&hS’fflﬁ! H’eafslrﬁg§l§“?1 ¢rk comprises

(e The apfiest differential sligrainlifie wioanerted tohe firstr tsansisternavidsa second tparBiskor,
each transistor further connected to'a base resistor.

4, The apparatus of claim 3 wherein the first transistor is a PNP
transistor and the second transistor is an NPN transistor.
5. The apparatus of claim 1 wherein the second signal network

comprises a differential signal line connected to a first transistor and a second
transistor, each transistor further connected to a base resistor.

6. The apparatus of claim 5 wherein the first transistor is a PNP
transistor and the second transistor is an NPN transistor.
7. The apparatus of claim 1 wherein the enabling means includes a

signal input connected to one end of a resistor and the other end of the resistor being
connected to a transistor.

8. The apparatus of claim 7 wherein the transistor provides a voltage to
the terminating resistor network during termination of the differential signal line
pairs. L |
9. The apparatus of claim 1 further comprising:
means for providing a voltage to the terminating resistor network during
- termination of the differential signal line pairs. . .

10. A switchable terminator apparatus comprising:

‘

a power supply;
means for electrically disconnecting a termination at an end of a differential
signal line; and



transi stor- and The second-transistor is an NPN transistor..

7.
The appar at us of | - rein the enabling neans in | | hput
connected to one”ﬂm”wa"mm,l”sl"rr and the other end o?“‘#ﬁg*ﬁ‘%ﬁ@?@?’hﬁﬁﬂ ﬁbeet
connected to a transis w g i 8, The apparatus of claim,7 wherein
the transistor provides a voltage to thdst-erm nating r@gtestoaa}é't’\%rk

during termnation of the differential signal |ine pairs. 9.

The apparatus of plaiknrd Cohddean caaeppw&mu%ply_ to the 'R&dE F& efchydatiyng a
voltage to the termn tlng.re.shs or network during termnation of the

di f f er ent i AHSCOPRTEAIPE|they ke 10. A switchabl e terninator
appar atus conpri slilng: The apparatusovrclaimpi0ywherein the meanss férowelectrically

el ectri cal lﬂsc%hﬁ&%ﬂgeiﬁé %}ﬁuﬁatfoﬁra{paﬂaetnh% aaﬁiffafén‘ﬁgpsigﬂal élin_gii%él_ﬁ&éasné 'pﬂir o?' gnal

i ne; and ) .
means for dlifferentialngignak lineswe eachydiney intercorpectedat® & dpaite|of c trapsigipysy the

di sconnect ifgeisiips Effc!hrﬂe%’é téihected to a baselrbsistor.  The apparatus of claim 10
wherei n the neans ' ' ' term nation at .an end

or ectrically disconpecfin he
of a differentiallZsi gnalhe PPI@‘?tﬁﬁlqgo"é%maqﬁa\v erS’% hﬁef POV SYRPLY SOPRSAUDE; hes
each |ine iméans confpeiztedntenablepinput cénoectadso st firss endhef 4 bases resistorsambah
bei ng connected, to a base, resi . : The apparatus of claim
10 wher ei n(?{alqglsg&ﬁgpnescg%igﬁo&ﬂ sz%ﬁ‘f‘fgé’%‘} %Bmﬁégﬁség%qmri ses an enabl e i nput
connected to a fil3st erfkheodppardtus of cladmsi®bwhegrein she pawen sepply compeiseed to a

second end Bfasd\Sour&Si St or. 13. The apparatus of claim. 10
wherei n the power supply conprises a voltage, sourge. _, . 14, . A
termi nat or appar dthus fdd EIRERIOr c3RPATANE &roﬁ‘?ég’fcf"ﬁb JiscoRpeRling  [PTMINAtOg o o
on a devi cqedistvisén @ déviceaiaeitigi adifferentialriransmissibn liae, thedetrsinatonapparatus
apparat us conpri si ng: a power supply neans for providing a voltage
to the terif ﬁs’r?&'resistors during termnation of a differenti al

transm ssi on | i na power supplyimdansdor praviding facveltage 4p the derminating\eesistorsvi ng

DTS AR R el 8 I (oo o (o
resistor, the fi rasteashone differential signal, petagrk haying é‘cggs& dﬂfé%rpgtﬂ%rs}g‘la’i]émﬁ r st
resistor fuyphpred ©OHPiRY NPNaudRsss: f3ad ©r oVt TNR tiasisioratthefirspINPige and
{0,521 e SRRl oy il R AACER lP cblfd 03{ o
di f f er ent i absistogynttle firsteresistop| farthen conplest tma Mdednst farnpioviding antérminagion
voltage and to a terminating resistor, the first NPN transistor and the first PNP
transistor coupled to the terminating resistor; and
a second differential signal line coupled to a second NPN transistor and to a
second PNP transistor, the second NPN transistor coupled to a third resistor, the
second PNP transistor coupled to a fourth resistor, a third resistor coupled to the
means for providing a termination voltage and to a terminating resistor and the second
NPN transistor and the second PNP transistor coupled to a terminating resistor
S wherein the first and second differential signal lines define a differential signal line

r—+

pair.

15. - The terminator apparatus of claim 14 wherein the number of signal
networks is equal to the number of differential signal line pairs on a SCSI bus line.

16. A method for disconnecting terminating resistors on a device using a
differential signal transmission bus having a plurality of differential signal lines, the
method comprising the steps of:

connecting one of the differential signal lines through a signal network to the
terminating resistors;

enabling a terminating voltage; and



second PNP transistor, the second NPN transistor coupled to a third

resi stor, the second PNP transi stor coupled to a foullis is the mnbﬂceﬁﬂttlﬁhﬁﬁt
resi stor coupl ed tlmﬂlﬁunﬂmﬁulﬂmgrow ding a ternmination voltage and to a
term nating resist NPN t ransi stor d the ﬁ mﬂ)PNP
transi stor coupl ed to‘a terfiinati ng resi 88 or wher ei n 92 f| r and second
differential signal lines define a differential S|gnal line pair.

15. The ter m ﬁﬁﬂﬁh atﬂ@aéxaﬁmsmtgf véltage o e whraninating! fesistutsre relindinate gnal
net wor ks |s eu é,gb er of dlffgggg ﬁj}@lgnal line pairs on a SCSI
bus |i ne. tpa etween ipsiog,bu & fng termnating resistors
on a device usingla difTbe mcthadlofsﬂgmam furtherseamprising thestapaaft ng a pldrality
of differential @ﬁgﬁ% I n tt&mﬁﬁa :
connecting one of&i?ﬁﬁlnﬁhﬁt&gr entila og?ﬁefg&*tlhglgug @(f’l gngmsﬁ(gtsv\:)ork to

the termi natdnsgrvedomer drajnage when the deriinating vo Itage: iginoh ol tage; and

-16 -t o el appg, ylt ngm@metma{amdnnnm fg@m&ﬁaﬁnpﬁsmgwmetswpmomat Ib ng
resistors to elimna urrent. p e RSM Ss.i on

RO oo sl i gAML
of : ) i sig me sig sion erm nating
resistors to cons t95]@¥%%! t Srafifil t
enabl ed. %ﬁﬁgﬁﬂg}ﬁlé ne mﬁﬁf%ﬁﬁ%ﬁgrtbggengﬁm ng F gms)t eps
of : ngwork.di ng the signal network and the termnating resistors for

eagh differential 1g] gnaAhﬂlétﬂGd(i’(f)r dlb&nﬂeétﬁx rtaﬂimﬁing&bsimks i amiafricfsxsmg dﬁus
an nnec the termnati t e su arallel to the
differenti a‘lll%@Fed‘rﬂ’éf s1ggql IISSion bus, H‘% Wﬁ%“?&% ofconnect i ng
term nating resi steamscting apdn:\ufahffemmmj signdl Tihesr thnovighla dnf@rfaitlal signalnfinssi on
bus, the nef of : connecti ng a pair of
differenti a?qg’gf}g%n&fe ‘lgggﬁ#}o eﬁlﬁﬂ’édl fferenti al 81‘? line network to the
ter minating resi sproviging the dlffel'eptl@‘vﬁlgnahyn‘t Retwork fl’é4 tterminatingrgsistars, for

neT wor k andea% ff&'éﬁhil%ﬁgxﬁghh@?hﬁb?rﬂ& dlﬁéreﬁaﬂmgiai ﬁﬁmmslﬁhbﬁs gnal Ilne

pair of the er ent1 al na nsm SI on onne
ter m nati ng-vol t aRNSEHE }l’ fipg, vo U‘gﬁa@’d’p@{‘ ip, pargflek éPeﬁ?ci flenaI
net wor ks; dlfferenuapﬁgﬁllln&g;vaktser m natl ng vol t age; appl yi ng t he

term nating vol tage resistors; and renovi ng the
term nating volta i2b ﬁ%%@%@séﬂﬁﬂa ‘lgng resistors to conserve power
dr ai nage when theanpéymmmwngmwng xglsagedo the tepmingting) resistors; and

removing the terminating voltage from the terminating resistors to conserve |

power drainage when the terminating voltage is not enabled_.



17 applwng the termnnating voltage to the

termnating resistors. 17. . The method of Caim 16 further
conprtsing the %lgghe&fﬂasBeenReplaced -_ renovi ng hﬂu Im j I l”"l
vol tage fromthe W%‘Eﬁ\\my stors t97. conserve

when the term natU not enabled. 5 e rret hod
of Caim1l17 furth Sing the steps of: prOV|d|ng

the differential signal network and the terminating resistors for
each differential signal line pair of the dlfferentlal signal transm ssion

Bgfa ?gld to each of thapplymg th%?&%ﬂ% é’fl gl 50‘:%1?1 net %ﬁ&ﬁ;@g@ Supply I

19. A swi t chalie | maegGRGRod'BE Chiifdl6 MFtkr @mhiiisiP iR stdpust: subst anti al Iy
as herein described with reference to the acconpanying draw ngs.

20. A swi t chabl e t ergh6ving theRpdintiig voldpe! fodthithe teymnﬁuhglr@stmdecscrl bed
with reference to the acconpanyi ng draw ngs.

ter m nat or copeaveposerf drainage ohen tiwl ﬂepmdnaﬂng)mlagelmgottenahiedat or 15
resistors on a device having a differential transm ssion line, said

appar at s being 18. Fheguethod afcmmemmg)ﬁlﬁ Sips 19fr ef er ence to
the acconpanying draw ngs. A net hod for  disconnecting

terminating resistors @ﬁo‘édmé\ﬁh%élff%?fﬁ’@l ggnal netwwkfméﬁhmmma&mgmlswrs
transm ssi on bus, . sai d nethod. bein s her ej scri bed
with refer @%%acb@lﬁ%nﬁ%lééﬁﬂég @‘9 ?ﬁﬁ ﬁg t‘%‘oé{gm? trbitrislofl BB

connecting the terminating voltage supply in parallel to each of the

differential signal networks.
10 19. A switchable impedance matching termination apparatus substantially

as herein described with reference to the accompanying drawings.

20. A switchable termmator apparatus substantially as herein described
with reference to the accompanying drawings.

21. A terminator apparatus for electrically disconnecting terminator

16  resistors on a device having a diﬂ’erential transmission line, said apparatus being

substantially as herein described with reference to the accompanying drawings.

22. A method for disconnecting terminating resistors on a device usihg a
differential signal transmission bus, said method being substéntially as herein described
with reference to the accompanying drawings.

20



