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.10 BACKGROUND OF THE INVENTION
The present invention 'generally relates to
terminator apparatus. More specifically, the present
invention relates to terminator apparatus used with a
SCSI (acronym for small computer system interface) bus
15 line. |
- One application where reliable data transfer becomes
important is in the field of data transmission on a fully
loaded SCSI bus line for communication between a
plurality of data transceivers and a central processing
20 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 regulated
ternminator, in accordance with the standard set forth in
American National Standard for Information Systems
25 X3T79.2/82~2 (the "ANSI standard"), is coupled to the two
physical ends of the transmission line.
The SCSI system has drivers which drive the
individual signal lines of the transmission line. A
signal line may be in one of three states. First, a
30 signal line is said to be “asserted" if a driver drives
the signal line to the ground. Second, signal lines that
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The present invention generally relates to a termn nator apparatus. Mor e
specifically, the present invention relates to a term natorapparatus used
with a SCSI (acronymfor small conputer systeminterface) bus line. One
applicati on whare rreledded dfromt thesf sssértedestatporammt saddi ta e fiel d
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whi ch a pl ural dexsglerted.® coupl ed

5 The ANSI standard requires that asserted signal
lines draw no more than 24 milliamperes (mA) of current.
However, it has previously been difficult, if not
impossible, to comply with this standard when active
deassertion is used. |

10 Deasserted signal lines have 2.85 volts on thenm
because the regulated terminator made in accordance with
the ANSI standard has a 2.85 volt voltage regulator that
pulls deasserted lines up to 2.85 volts. If other signal
lines are asserted (i.e., grounded), they will draw no

s more than the 24 mA allowed by the ANSI standard due to
the 110 ohm resistor in each signal line [(2.85 = V, of

-driver) /110 .ohns]).
_ However, when a signal line is actively deasserted,
it may have anywhere from 3.0 to 5 volts on it. 1If the

20 voltage regulator of the regulated terminator cannot sink
current, this higher voltage on the actively deasserted
signal line is not regulated to 2.85 volts. Thus, if a
signal line is asserted, it will draw more than 24 mA
(e.g., 4.0 volts/110 ohms = 36 mA). This may damage the

25 driver or cause it to malfunction.

Althoﬁgh others have attempted to address driver
damage and/or malfunction, attempts have fallen short of
an adequate solution. For instance, Texas Instruments

, claims that its part number TL1431 can be used, along
- 30 with other components, to sink current such that it is
possible for an asserted signal line to draw an amount
of current within the ANSI standard even if another
signal line is actively deasserted. However, the TL1431,

-
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to the transm ssion |ine may communicate. A regulated term nator, in
accordance with the standard set forth in American National ‘St andard for
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fo be " asoert Ry Ard Fellvely Madtdtedn .l [ Tne Tot he ground. Second,
signal lines that dF¥ypPicallpecontaol signsis REQ and-ACK QR resRectivee
] request and acknowledge signal lines are used to perform
a "handshake" so as to transfer the data back and forth
between a target (i.e., a disk drive) and an initiator
(i.e., a host computer). Each of the control signals REQ
and ACK .is either a high logic value or a low logic

10 value. When the control signal REQ or ACK is asserted,
it is at the low logic value. When the control signal
REQ or ACK is deasserted, it is at the high logic value.

In operation, when the control signal REQ on the

request line makes the transition from the asserted

is condition to the deasserted condition (i.e., low=to-high
transition), there exists a condition of the SCSI bus

line which can cause the corruption of data. At the
rising edge of the control signal REQ, there will appear

what is referred to as a "notch." This notch is

20 typically accompanied by a reflection caused by stub

" drive cabling. The combined effect of the notch and the
stub reflection will cause the rising edge of the control
signal REQ to reverse its direction and "double back"
before reaching the deassertion level (i.e., +2.0 volts).

25  If this reversing control signal REQ falls below the +1.5
volt 1evel, it may result in a ®"double trigger” and be
interpreted as a valid request signal (i.e., another

' assertion), thereby causing erronecus data to be
transferred. : '

30 As is generally known in the art of computer
equipment = manufacturing, a termination device is
typically connected to each end of one OR-WIRED SCSI bus
line for supplying a fixed supply voltage with a
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-2- "deasserted.” Third, signal Iines that are driven fromfhe asser
state by a driver are said to be "actively deasserted."” The ANSI standard
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In Figure 1, there are shown prior art termination
networks 10 and 12 sometimes referred to as "220/330
terminators.® Each of the termination networks 10 and
12 includes a voltage divider formed of two resistors T1
and T2 connected in series. One end of the resistor Tl
is connected to an :lnput power supply voltage TERMPWR,
which 3is typically at +4.75 volts. One end of the

resistor T2 is connected to a ground potential GND, which

is typically at zero volts. The junction Jl1 of -the
resistors Tl and T2 for the termination network 10 is
connected to one end of a bus line 14, and the junction
J2 of the resistors T1 and T2 for the termination network
12 is connected to the other end of the bus line 14. For
the SCSI bus, the value of the resistors Tl and T2 are
shown to be 2200 and 3300 rgspectiv_ely so as to provide
approximately +2.85 volts at the juriction points J1 and

J2 when the bus line 14 is not active.

The OR-WIRED SCSI bus 14 has a plurality of
transceivers 16a, 16b and 16c which are connected thereto
by respective signal lines 18a, 18b and 18c. Each of the
transceivers 16a-16c includes a controller driver 20
having an open collector output (i.e., NAND logic gate
type 7438) and a receiving device 22 (i.e., Schmitt

ted

(mA)
bl e,

trigger input type 7414). When the controller driver 20’

is turned off; the signal line (i.e., line 18a) is at a
high légic' level which has a voltage value of
approximately +2.85 volts. When the controller driver
20 is turned on, the signal line is at a low logic level
since the open collector output device will pull the
voltage value on the signal line down to approximately

e
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deassertion is used. Deasserted signal |ines have 2.85 volts on them
because the regulated term nator nmade in accordance with the ANSI standard
has a 2.85 volt voltage regulator that pulls deasserted lines up to 2.85

volts. If otheeddRhtls {§Sed! e gsig‘{%%# dar g@gg} ﬁ’;gﬁ%i%tuﬂ draw

no nore than the 24 mA allomed by
resistor in ea@ﬂ)3|gnal line [(2.85 - [err] of drlver) /110 ohns]. However,

when a signal |ine iIn aFigueby Flcagherecis i Bhown hewstvew Wpatior’ rapt 3. 0 to
5 volts on it. Jdbyi}3tion network 10a. This alternative arrangement
] of Figure 2 is sometimes referred to as a "110 regulated
terminator.® The termination network 10a includes a
voltage regulator 24 for receiving the voltage TERMPWR
on line Vin and for generating a regulated voltage on
line Vout of +2.85 volts with 110 ohm resistors to the
10 respective 18 signal lines DB(0) - DB(7), DB(P),'ATN,
BSY, ACK, RST, MSG, SEL, C/D, REQ and I/O.

The principal unsolved problem of the prior art
termination networks 10 or 10a was that neither one had
the capability of raising the notch above the critical

s "double trigger" area (between +1.5 volts and +2.0
volts). As can be seen from the curve A of Figure 5, the
.signal line in the 220/330 terminator has a notch N1
occurring at approximately +1.0 volts. similarly,'there
is shown in thé curve B of Figure 5 that the signal line
20 in the 110 regulated terminator has a notch N2 occurring
at approximately +1.4 volts. Thus, these prior art
termination networks did not teach how the notch could

be raised above the critical area.

Further, with reference again to the prior art

25 terninator of Figurell, 1t is also generally known that
the voltage level of the notch is determined by the cable
iﬁpedﬁnce and the amount of current present in bus line
14a when it is released or deasserted by its respective
controller driver 20. While the SCSI specification

30 defines cable impedance to be "no less that S0 ohms,"
twisted pair or "round cable" impedance is seldom found
to be greater than 90 ohms and may be as low as 45 ohms.
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vol tage regul ator of the regul ated term nator cannot sink current, this
hi gher voltage on the actively deasserted signal line is not regul ate

2.85 volts.
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arises when the request control signal (REQ) is asserted,
(low logic level) and the system fails to respond with
the associated acknowledge control signal (ACK). 1In

. other words, the control signal REQ is being constantly
asserted and does not deassert itself. Thus, this will
cause the system to "hang" until the error is cleared up
by deasserting the control signal REQ. If the unattended
system hangs over an extended holiday weekend, this
situation could last for many days without being
corrected.

There is also known in the prior art of a terminator
design which utilizes a diode clamping technique for
raising the level of the notch by providing current in
excess of the 24 mA. However, this prior art technique
suffers from the disadvantage that this extra current is
uncontrolled and may vary between 24 mA to 45 maA.
Further, this extra current will be provided to the
controller driver indefinitely when the system "hangs"
and thus may result in the destruction of the costly
controller driver.

Accordingly, a need has arisen in the computer
equipment industry for an improved terminator apparatus
for raising the level of the notch occurring in the data
and/or control signals on the SCSI bus line so as to
provide reliable and accurate data transmission.
Further, it would be expedient that the terminator
apparatus be capable of being incorporated internally
into conventional termination networks or can be

-
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possi ble for an asserted signal line to draw an anount of current within
the ANSI standard even if another signal |line is actively deassert ed.
However, the TL1431, b Texas Instrunents’ adm ssion, is |imted to
-3- applicati mJn externalilyi t kb nueixdstdngsi systemmeshavdngcti vel y

deasserted. Tygumvdnds ol ein MRS iAWEKE ACK on respective
Still further, a need has arisen in the computer
- equipment industry for an improved terminator apparatus
-] for removing noise spikes or transients occurring in the
control signals REQ and ACK on the SCSI bus line so as
to provide reliable and accurate data transmission. It
would also be expedient that the terninator apparatus be
capable of being readily modified so as to accommodate
10 a range of SCSI cable impedances.

Yet another need exists for an apparatus and a
method for using the apparatus which complies with the
ANSI standard in that it will not allow an asserted
signal line to draw more current than is specified by the
is ANSI standar;l, in cases where the maximum allowable

number of signal lines are actively deasserted.
The present invention provides an SCSI bus line
apparatus including in combination at least two of any
20 of an active deassertion (ADR) circuit, a signal line
- impedance matching (SLIM) circuit and a signal line
increased circuit kicker (SLICK) ecircuit.  In the ADR
circuit, if a current sinking circuit senses an increased
voltage on the common node of the lines of a bus due to
25 active deassertion of a signal line, the current sinking
circuit sinks enough current from the signal lines to
prevent an over-current condition on usserted signal
lines or soon-to-be asserted signal lines. In the SLIM
circuit, transient voltages are removed from a signal
30 line by limiting to within a range the voltages that can
appear on the signal line. In the SLICK circuit, a
current switching device is controlled to provide current
to raise the voltage level of a notch occurring in a

________;____—————
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request and acknow edge signal lines are used to 'perform a "handshake" so
as to transfer the data back and forth between a target (i.e., a disk
drive) and an initiator (i.e., a host conputer). Each of the control

SIh gnal s RE|Q anGiffial orciat Bégnalhl ghe | wites tied Udn¥ is BﬁWsls&ﬁ'lted\labu'E When
Wnen the cont r g SUIPRRULYE §e R ReRItazing. Fazhult, TpE atberBiRERs G ¢
val ue. In opereﬁh%rﬂum twken oat pwbgruynaﬂ RENgth tofe timedhas| beennmakes
the transition dycdRded® AT asdertidni,i ON to the deasserted condition
(i.e., lthO high In an embodiment, the present invention provides
a terminator apparatus used with a SCSI bus line for
controlling the voltage level of a notch occurring on the
bus line. Such terminator apparatus includes a
termination network, a current switching device, and a

10 programmed monitoring circuit. The termination network
is interconnected between an input termination power
supply voltage and a plurality of data and/or control
signal lines coupled to the bus line for generating a
first current. A current switching device is

is interconnected between the power supply voltage and each
of the plurality of data and/or signal lines to be so
terminated for generating a second current.

The programmed monitoring circuit is connected to
_ a control input of the current switching device and the

20 at least one of the plurality of data and/or control
signal line for controlling a programmed length of time
that the second current is generated. The current
switching device is responsive to the monitoring circuit
for disconnecting the second current when the programmed

25 length of time has been exceeded. The second current
serves to raise the voltage level of the netch occurring
in the at least one of the plurality of data and/or
control signal lines when it is deasserted so as to
prevent erroneous data from being transferred.

30 In an embodiment, the present invention further
provides an active deassertion circuit and a method of
using the same. The active deassertion circuit is
comprised of a means for providing a voltage reference
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transition.), there exists a condition of the SCSI bus |ine which can cause
the corruption of data. At the rising edge of t he control si gnal REQ
there will appear what is referred to as a "notch.' This notch is

typically accorgpaiti 9thdYag %ﬁéhﬁ H.}.gna agﬁgﬂy stMﬁ/e orzte] seﬁe jvene

conbi ned effect, of the notc ction w cause t rising
edge of the coftea@sextien circuis alserhasia meansfoxokinkinggeusrentack”

bef ore reachi ngﬁdwhfi&aistﬂkhenihﬁﬁﬁl, "s&ond*&r@d@.' anld oukpllti.s TﬁderSl ng
Coouble 1 oat inge Inpht’ S’ ¥ne" neans 262 sinkiRg’ cubrdRt 18°€ohpida®
to the output of the means for providing a voltage
reference. The means for sinking current compares the
first input to the second input. If the voltage at the
second input is higher than the voltage at the first
input, due to active deassertion of at least one signal
10 line of the transmission line, the means for sinking
current sinks enough current to prevent an overcurrent
_céndition on signal lines that are asserted or are going
to be asserted. .
' In an embodiment, the present invention further
is provides a 'teminator method and apparatus used with a
SCSI bus line for removing noise spikes or transients
from data and/or control signals received on the bus
line. The terminator apparatus includes a voltage
regulator which is responsive to an input termination
20 power supply voltage for generating a regulated output
voltage of a predetermined value. A low voltage
regulating circuit is responsive to the regulated output
voltage for generating a reference voltage. Resistors
are interconnected between the regulated output voltage
25 and a plurality of data and/or control signal lines
coupled to the bus line for generating termination
impedances. A suppression network is interconnected
between at least one of the plurality of data and/or
control signal lines and the reference voltage for
30 removing transients from the at least one signal line by
limiting the range of the upper voltage level and the
lower voltage level appearing thereon.
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interpreted as a valid request signal (i.e., another assertion), thereby
causing erroneous data to be transferred. As is generally known in the
art of conputer equi pmrent nmanufacturing, a termnation device is typically
connected to each end of an OR-WRED SCSI bus |ine for supplying a fixed
suppl y vol tage withIt pisdettheriefade, nppdadvantage’ iofs thengresenthe of

invention to provide an improved terminator apparatus
which includes a termination network, a current switching
device and a programmed monitoring circuit.

] ‘It is yet another advantage of the present invention
to provide a terminator metheod used with an SCSI bus line
for controlling the voltage level of a notch occurring
in data and/or control signals transferred on the bus
line. .

10 Yet another advantage of the present invention is
to provide an improved terminator method and apparatus
for removing transients occurring in the data and/or
control signals which is relatively simple and economical
to manufacture and assemble. _

15 A still further advantage of the present invention

~ is to provide an improved terminator apparatus for
removing noise spikes or transients occurring in the
control and/or data signals on the SCSI bus line so as
to provide reliable, accurate and data transmission.

20 Moreover, another advantage of the present invention
is to provide an improved terminator apparatus which
includes a voltage regulator, a low voltage regulating
circuit, a plurality of pull-up termination resistors,
and a transient suppression network.

25 Another advantage of the present invention is to
provide a terminator method used with a SCSI bus line for
removing noise spikes from data and/or control signals
transferred on the bus line.

Yet another advantage of the invention is the

30 provision of a terminator apparatus including a circuit
for sinking current appearing on a bus due to active
deassertions of a signal line, thereby preventing an

- ——
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-4- plurality of signal I|ines of a bus. In Figure 1, there are shown prior
art Fern1nat|on networks 10 and 12 sonetines referred to as "220/ 330
term nat ors. Each of the term nation networks 10, 12 includes a voltage

The resi sror T e B o A ook
0 an | power supply voltage
which is typi c%?l?rﬁtgqg"?St?o"?s“ﬁgt%u of the resistor T2 is connected

to a ground potentiaddidfonabi featuregpand| bivantagesr ofvdhes presemite
junction J1 ofnyifi€ion are described in, and will be apparent from,
s the detailed description of the presently preferred
embodiments and from the drawings. | '
BRIEP DESCRIPTION OF TEE DRAWINGS
Figure 1 illustrates prior art termination networks
interconnected to the respective ends of an OR-WIRED SCSI

10 bus line. '

' Figure 2 illustrates another prior art termination
network.

- Figure 3 illustrates a block diagram of an

embodiment of an improved terminator apparatus,

18 constructed in accordance with the principles of the

| present invention.
‘‘Figure 4 illustrates a detailed schematic -circuit
diagram of an embodiment of the terminator apparatus of
Figure 3.

20 ' Figure 5 illustrates waveforms appearing on
respectivé signal lines, useful in understanding the
operation of the present invention.

Figure 6 illustrates curves, illustrating currents
appearing in the respective signal lines.

as Figure 7 illustrates a curve of the current as a
function of time appearing on the signal line in the
terminator apparatus of the present invention.

Figure 8 illustrates a circuit diagram of another
embodiment of the terminator apparatus of Figure 3.

30 Figure 9 illustrates a detailed schematic circuit
diagram of an improved terminator apparatus, constructed
in accordance with the principles of the present
invention. '
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resistors Tl and T2 for the termnation network 10 is connected to one end
of the bus line 14, and the junction J2 of the resistors Tl and T2 for the
term nati on networ k Figure dondddustratesha watieformi appearinhgsoniome 14.

S50 oo 548 S0 w4 0 U S g o0 00
volts at the j PXeSERt éawﬁpsigm.aﬁlgetmehns Hehak $he peisg FEE é? Q%tive.
The OR-WRED tyafisients havehdeendrihoveli,ty of transceivers 16a, 16b and
16c whi cp are conneqlied LNgneq RLebRRE°h biotkIaThgthR°8s A" adBiven
deassertion circuit made in accordance with the present
invention.
Figure 12 fllustrates a detailed schematic of the
active deassertion circuit of Figure 11 and its placement
10 within a part of the SCSI system.
Figure 13 illustrates a detailed schematic diagram
of a terminator network interconnected with a first
terminator apparatus, a second terminator apparatus and
an active deassertion circuit in accordance with the
15 present invention. | '
DETAILED DESCRIPTION OF THE PRESENTLY
20 | It is to be distinctly understood at the outset that
the present invention shown in association with an SCSI
bus is not intended to serve as a limitation upon the
scope or teaching thereof, but is merely for the purpose
of convenience of illustration of one example of its
25 application. ‘The present invention has numerous
applications in other fields and apparatus since the
invention pertains to a terminator apparatus for
controlling the voltage level of a notch occurring in
data and/or control signals.
30 Referring now in detail to the drawings, there is
" shown in Figure 3 a block diagrarm of an improved signal
line 4ncreased current kicker (SLICK) terminator
apparatus 110 which is constructed in accordance with the
principles of .f'.he present invention. The terminator

|
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transcei vers 16a-16c includes a controller driver 20 having an open
collector output (i.e., NAND logic gate type 7438) and a receiving device
22 (i.e., Schmtt trigger input type 7414). \Wen the controller driver 20

whi ch has o iaf‘?“?’&%ga%‘%' e e B e B o B 1ol e
driver 20 is tGPn Hdﬁn" tHeSQF nHP‘Iﬁ i‘ﬁt (s, 'Pi;% \Q"V}P%\}Q‘P s t he
open col | ect or 1¢uinuFigarece) vfor Mdi@theoivbaga aaluvelbnorm motptal |ine
down to approxp,uBLErYngCiR ¥REhSahlySr cofitySl |SidREPE HrdiEeé¥idd on

transi st or
L the bus line. For example, the transceiver 16a of Figure

1 can be connected to the bus line 14a in Figure 3 via .
the signal line 18a designated as a request signal line
for a control signal REQ. The terminator apparatus 110
is comprised'of a conventional termination network 112
10 (such as termination network 10 or 12 of Figure 1), a
current switching device 114, and a programned monitoring
circuit 11e.
In Figure 4, there is shown a detailed schematic
circuit diagram of the SLICK terminator apparatus 110 of
s Figure 3. For ease of illustration and discussion, the
conventional termination network 112 is comprised of a
220/330 termination network similar to the termination
network 10 or 12 of Figure 1. Thus, the 220/330
terminator 112 includes a voltage divider formed of two
20 resistors Tl and T2 connected in series. One end of the
resistor T1 is connected to an input termination power
supply voltage TERMPWR, which is typically at +4.75
volts. One end of the resistor T2 is connected to a
ground pctential’GND,'which is typically at zero volts.
25 The 3junction of the resistors Tl and T2 for the
terminatioh'network 112 is connected to one end of the
bus line l4a.
The current switching device 114 includes a bipolar
transistor Q1 of the PNP-type conductivity and a current-
30 limiting resistor Rl. The transistor Q1 has its emitter
connected also to the power supply voltage TERMPWR and
its collector connected to one end of the resistor Rl.

\—
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Ql). REPLACEMENT SHEET -5- In Figure 2, there is shown another prior art
term nation network 10a. This alternative arrangenent of Fiqure 2 is

soneti nes ref erfae othexr end of) theyresisgorcRii faieonnectehtq &he basi on

network 10a i nciimesigayoltage regulator 24 for receiving the voltage

TERVPVR The programmed monitoring circuit 116 is comprised

of resistors R2 and R3, a bipolar transistor Q2 of the

5 RPN-type conductivity, and a capacitor Cl. The
transistor Q2 has its base connected to one end of the
resistor R2, its collector connected to one end of the
capacitor C1 and to one end of the resistor R3, and its
enitter connected to the ground potential. The other end

10 of the resistor R2 is connected to the bus line 14a, and
the other end of the capacitor €1 is connected to the
ground potential. The other end of the resistor R3 is

. connected to the base of the transistor Ql.

It should be cleafly understood to those skilled in

as the art that additional current switching devices and
programmed monitoring circuits similar to 114 and 116

could be connected to each of the other remaining signal

lines so as to raise the voltage level of the notch
appearing therein. However, in order to reduce costs,

20 the current switching device and the programmed
monitoring circuit are generally implemented only with

" the signal line which is highly sensitive to the notch.

In other words, at least the control'signal line (REQ)

being the most critical to reliable and accurate data
25 ~ transfer has been implemented with such circuits. _
The operation of the present SLICK terminator

apparatus 110 of Figure 4 will now be explained with
reference to the graphs of Figures 5, 6 and 7. In
particular, the curve A of Figure 5 illustrates the

30 voltage level of the control signal REQ on the regquest
signal line in the prior art 220/330 terninator of Figure

1. As can be seen, when the control signal REQ is
switched from the asserted condition (low logic level)

1 T



on line Vin and for generating a regul at ed vol tage on line Vout of +2.85
volts with 110_,0h I stors t there ect e 1 es DB

DB(7), DB(P), %‘Bs eagserte T°°nBéF d‘%ﬂb f?&g}aﬁﬂ" ig sz‘gtp‘g‘? nci pal
unsol ved probl 8ih oiccurs art (lpp!‘dxﬂnflﬁ”éllyat-ﬂm nNSME ks Simidarly, vetse t hat
nelther one ha | t Chi

"doubl e tri gger ar ea?g%wy‘g sié s an?%ﬁv&qt@‘?l ggchh %’Féseen
fromthe curve¥RRest Jignal tIH@%l gna|thq npriprt art232930re IRt or has
a notch §il ocCeermitatoraBll PEgiPecE) Ad -chr/ Ve Beedl,"Whah! theldsritrol

signal REQ is switched from the asserted condition to the
- deasserted co‘ndition, the mnotch N2 occurs at
approximately +1.4 volts. Therefore, the notches N1 and
N2 could be interpreted by a receiving device coupled to

10 the SCSI bus line 14a as a valid request signal. As a
result, such notches may cause incorrect data to be
transferred.

The improved terminator appai'atus 110 of Figure 4

of the present invention will control or raise the

s voltage level of the notch appearing in the control

‘signal REQ so as to produce the curve C of Figure 5.

When the control signal REQ makes the transition from the

asserted condition to the deasserted condition, the notch

N3 in the curve C will be raised above the "double

20 trigger" area and now appears at approximately +1.8
volts.

Referring now again to Figure' 4, when the control

signal REQ 4is deasserted (high logic 1level), the

o transistor Q2 of the monitoring circuit 116 will be

a5 turned on due to the base drive current via the resistor

e ~R2. Any residual voltage which may be present on the

 capacitor Cl1 will be discharged through the transistor

Q2 to ground. Additionally, the base of the transistor

: Ql' will also be placed at the ground potential via the

30 resistor R3. As a result, the transistor Q1 will be

rendered conductive. Conseguently, the resistor Rl will

' then be connected to the power supply voltage TERMPWR via

the transistor Q1. This stable condition causes the

/
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is shown in the curve B of Figure 5 that the signal line in the 110
regi stered term nator has a notch N2 occurring at approximately +1.4 volts.

Thus, these ppboérawuptﬁalymm{:afb NEoVB& Sclhflebtedl 4 htheWridifiezd! Ch
could be rai seg sﬁgxe}% £ ﬂl_tl a aerea.s{L{thg}, with reference again to
the prior art % attPeo %lﬁfﬁeul, resigtoy ‘general ly known that the
vol t age :cevel of tHéhent the coktroli signa) REQ el th:errrieinmdBQndst he
deassertgd by JLeerEane ok 1od¥e ven) e pibEol RE PP
ntaneously a second current path from the power
supply voltage TERMPWR through the signal line 14a. This
current flowing through the resistor Rl is in addition
to that which is provided by the first current path via
the resistor Tl in the termination network 112. Since
0 the transistor Q1 is already turned on prior to the time
of assertion, there will be no transients created on the
request signal line 18a upon assertion. The amount of
this additional current can be selected by controlling
the value of the resistor Rl and may be set to a
s predetermined value consistent with cable impedance
requirements. .

“The ‘monitoring -circuit 116 -will mow ‘measure - the
length of time that the request signal line is being
asserted. Further, if the period of assertion is longer

20 than the programmed length of time, the additional
current furnished by the second current path will be
canceled. Therefore, the current supplied to the
controller driver in the transceiver 16a via the signal
line 18a will be limited to the current supplied by the

25 termination network 1ll2.

In particular, during the period of assertion, the
transistor 'le will be turned off. As a consequence, the
cabaciﬁér €1 will begin to charge up towards the power
supply voltage TERMPWR through the resistor R3 and the

30 enitter-base 3junction of the transistor Q1, 1If the
request signal line 18a remains asserted, such as a in
the case of a "hung" system, the capacitor Cl will be
charged to a point where the transistor Q1 will no longer

TTTe——
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speci fication defines cable inpedance to be "no less that 90 ohns," twisted
pair or "round cable" inpedance is seldomfound to be greater than 90 ohns
and may be as bevconductives. This c¢dmiitiicrheccursnmwhen dhedemister20 have

the capabilityp,gfe Sdi¢dife B 1 i "Gilin dpp¥cnaiBelsF Wois FETkCEVENT SHEET
For typical SCSI voltage, this time period is
approximately two time constants (i.e., Tc = R3 x Cl).
] At the end of the "timeout" period, the transistor Qi
will be turned off. Therefore, the current added to the
request signal line 18a by the second current path via
the resistor Rl will be canceled, and only the current
from the termination network 112 will be provided.

10 Figure 8 illustrates another embodiment 200 of the
terninator apparatus of Figure 3 wherein the terminator
network comprises a 110 ohm voltage regulated terminator.
As illustrated, a data or control line 202, e.g. a REQ
or ACK signal line, is coupled to a bus 206 via a 110 ohm

s resistor 204. A suitable vocltage regulator arrangement
208 is coupled between terminal power (TERMPWR) 210 and
the bus 206. '

As also illustrated, a PNP transistor Q1 of a
. current switch 212 is coupled to line 202 via resistor

20 214. The base of the transistor Q1 is coupled to ground
‘via serially connected resistor 216 and capacitor 218.
The base of an NPN transistor Q2 is coupled to line 202
via a resistor 222 while the collector of transistor Q2
is connected between the resistor 216 and the capacitor

25° 218. .

In a manner similar to the arrangement set forth in
Figure 4, when the signal line 202 is deasserted (high
logic level), the transistor Q2 of the monitoring circuit
220 will be turned on due to the base drive current via

30 the resistor 222. Any residual voltage on the capacitor
218 will thén be discharged to ground via the transistor
Q2. Ad:diti'onauy, the base of the transistor Q1 will
also be placed at the ground potential via the resistor

[ “ﬁﬁ'iif‘li‘iilﬁﬂi“:i‘! i




referred to as "nmetal mgration" when sinking high current over prol onged
periods of tine he rea‘%est control sjgnal
tQ¥e

(REQ is assert%a,a“( IS&SﬁI T%‘S&ég‘hééiégén}é@gaﬁk f Wipd be Tendered,ith
the associ ated Gohduetivge Conseduerntls) th(é“\%)iistognzm M{lmn? rk{Ehe
Cself. Thas (foenbsred B9 R HSRDt AN FRVER slPRLR, PRt (Trot VIR The
cleared up by JEERBEiStAY Qhe cThisostableaicomdition causesathengmvexystem
- hangs oves an egupplipdvbrtagayveaekedpe! iohntictda! it thetlsddrindl 1iie maNY
days without behpg yia the resistor 214. Transistor Q1 and Q2 and the
monitor circuit 220 then function as set forth above in
connection with Figure 4. '
In Figure 6, curve 118 shows the amount of current
10 flowing in the signal line of the prior art termination
network 10 when it is pulled down below the minimum
assertion level of +0.5 volts and all the way down to
zero volts. Similarly, curve 120 shows the amount of
current flowing in the signal 1lé=- - +the prior art
a5 termination network 10a when it is Pes.-.. oown between
+0.5 volts and zero volts. However, it will be noted
- -that there is no. appreciable amount of increased current,
and thus the respective notches N1 and N2 in Figure 5
will be created. On the other hand, curve 122 shows the
20 amount of current flowing in the signal line of the
present terminator apparatus 110 when it is pulled down
between +0.5 volts and zero volts. It can be seen that
the current is increased in a highly controlled manner
s0 as to raise the notch N3 (Figure 5) and its associated
25 stub reflection well above the critical "double frigger"
area. :
In Figure 7, there is shown the amount of current
flowing in the signal. line of the present terminator
apparatus 110 as a function of time. As noted, when the
30 programmed length of time is exceeded (i.e., 40 ms), the
current will be slowly changed from approximately 41 ma
to 24 mA. This gradual change is controlled by the

V This Sheet Has Been R place
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corrected. There is also known in the pridr art of a termnator design
which utilizes a diode clanplng technique for raising.the |l eyel of, the

notch by provi FORPERR L and-thestransistopRlyen RYa5R; &VRidS, art
t echni que suff etive igenerdtioh s wnedentsat this extra current is

curront vi 11 bo. pr oG oEHICRY, SikRabichy; Fie (qHRseh &F5Ref hEdc

system "hangs" wiid t he deassextied i r(hilgh ddogiect Elelvedﬂ t hefovet | the

controllgr dri\@ipiration of this programmed length of time. When this
deassertion occurs, the transistor Q2 will be turned on '
again so as to discharge the capacitor Cl. As a result,
the terminator'apparatus 110 is reset to its original
condition, and a new cycle is repeated. It should be

0 understood that the terminator apparatus is always reset
when the request signal line is deasserted. 1In other
words, whenever the error is cleared after the systenm is
"hung, " the terminator apparatus is returned
automatically to its original condition.

a5 From the foregoing detailed description it can thus
be seen that the present inven?ion provides an improved
terminator apparatus used with a SCSI bus line for
controlling the voltage level of a notch occurring in
data and/or control signals transferred on the bus line.

20 The terminator apparatus is comprised of a termination
network, a current switching device, and a programmed
monitoring circuit. The terminator apparatus serves to
prevent erronecus data from being transferred by raising
the voltage level of the notch above the critical "double

25 "~ trigger" area.

Referring now to Figure 9, an improved signal line
impedance matching (SLIM) terminator apparatus 310 is
illustrated which is constructed in accordance with the
principles of the present invention.

30 Reference is also made to U.S. Patent No. 5,239,559,
the disclosure of which is incorporated herein by
reference, wherein such SLIM terminator apparatus also
is disclosed.
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Accordingly, a need has arisen in the conput er equi pment industry for an
i nproved term nator apparatus for raising the level of the notch occurring

in the data and/or ooy RQUrndirdt:S a&la%u§c§hob!§ haagtsa €6 be fseyi de
reliable and accyrate data transm s urther, I edi ent
that the terni Hgt &ﬁ’M‘&?’é’a&%P@d&f ofths FﬁﬁrgBFa?gBe Rf‘éﬂﬂal ly
into c;alnvent | asabust &d.menanwnfonet'dﬁmwkﬂ:g Qfoiswspikescorntransients
et ot oo PO AR s e AR AR B 48 e
S ine. The terminator apparatus 310 includes a voltage
regulator 311 formed of an adjustable 3-terminal I.C. low
voltage dropout regulator 312 such as LT1086CT, a low
voltage regulating circuit 314, a plurality of pull-up
termination resistors Ri1-R18, and transient tuppression
10 networks TS1 and TS2 for removing or attenuating
transients or noise spikes. '

The low voltage dropout regulator 312 has its input
pin 3 connected to an input terminal 316 for receiving
an input termination power supply voltage TERMPWR (Vin),

15 which is typically at +4.75 volts but can be varied in
the range of +4.25 volts to 5.25 volts in accordance with
* ANSI specification X3T9.2/86-109REV10c. "The voltage
regulator 312 has an output pin 2 for generating a
regulated output veltage (Vout), which is typically at

20 . 2.85 volts. However, this output voltage can be adjusted
to any value lower than +4.25 volts by selecting the
values of series-connected resistors R19 and R20 which
are coupled between the output pin 2 and a ground
potential GND. The junction of the resistors R19 and R20

25 is connected to an adjustment pin 1 of the voltage
regulator. ' i

A capacitor €1 is connected between the input
terminal 316 and the ground potential GND- for shunting
any 1low fregquency noise appearing on the input

30 termination power supply voltage TERMPWR to the ground
potential. A capacitor €3 is connected between the
output pin 2 of the voltage regulator and the ground
potential GND for shunting any low freguency noise

. This Sheet H
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-7- equi prent industry for an inproved ferm nator apparatus for renoving
noi se spi kes or transients occurring in the control signals REQ and ACK on
the SCSI bus i SO to pr vi de reliable and accurate dgta transm ssion.
It would al so b%ep %nP e putput,; yaitage  yout: top pgEPENgs

bei ng readily rpetidéntiako ascupaedtomﬂaie gl saphrmictedSbetsitlen the

| mpedances. output pin 2 and the ground potential GND for shunting
any high frequency noise appearing on the output voltage
s Vout to the ground potential.

The low voltage regulating circuit 314 is comprised
of a currént-limiting- resistor R21, diodes D9 and D10,
and a capacitor C4. One end of the resistor R21 is
connected to the regulated output voltage on the pin 2

10 of the voltage regulator, and the other end of the
resistor R21 is connected to one end of the capacitor ¢4,
to the anode of the diode D10, and to a reference line
318. The cathode of the diode D10 is connected to the
anode of the diode D9. The cathode of the diode D9 is

b ] connected to the other end of the capacitor C4 and to the
ground potential GND. The reference line 318 provides
‘a reference voltage VREF for the suppression networks TSl
and TS2. Assuming that the forward veoltage drop across

- the diodes D9 and D10 is each 0.75 veolts, the reference

20 voltage VREF is a_ppro_ximatély +l1.5 volts. Thus, the
value of the resistor R21 is selected so that the current
flowing through' these diodes will produce the reference
voltage of +1.5 volts at V reference.

One end of each of the plurality of pull-up

25 ternination resistors Rl through R18 is commonly
connected together and to the regulated output voltage
on line 320. The other ends of the resistors Rl through
R18 are connected to one end of the respective data
and/or control signal lines ACK, REQ, DB(0) through

30 - DB(7), DB(P), ATN, BSY, RST, MSG, SEL, C/D, and 1/0. The
pull-up resistors Rl through R18 function in the same
manner as the resistors P1-P18 in Figure 2 of the prior
art and serve to supply the current to a respective open

Sheet Has Been Replaced ]l

i




Yet anot her need gm sts for an apparat us and a nethod for using the
appar at us whi cfod PEs transistorndsvige nferped niph & GEIIRSFPORAAING| | ow

an azsegI ted si g.lnhshlilttihg démemst@lulrsr esi nbanw a:tﬁoscs{tl bds yiridie ANSI
2ctively deassal BALELERAAR VRenRhe et rerientoR tedhe IpRRE Ayl *°
p][ ovi des an SCQFSDGQSE#ﬂew&mm Xcspnctﬁﬁernytm Mmerhtnoiltﬁim t wo

R 15 (S0 U Rl S ) (ot viss 10w Shroush fon

corresponding pull-up resistor. When the open collector

transistor device associated with the respective date

and/or control signal lines is turned on (signal line is

10 active), such signal line will be at a low logic level

and the maximum current through the open collector

transistor device is liniited by the corresponding pull-up

resistor.
The transient suppression network TS1 is
is interconnected between the control signal line (ACK) and

the reference line 318. The termination suppression

network TS1 is a diode array formed of diodes D1 through

D4é. The anocde of the diocde D1 is connected to the

cathode of the diode D3 and to the control signal line

20 (ACK). The cathode of the diode D1 is connected to the

anode of the diode D2. The anode of the diode D3 is

connected to the cathode of the diode D4. The cathode

of the diode D2 is connected to the anode of the diode

D4 and to the reference voltage VREF on the line 318.

25 The transient suppression network TSl functions as a

variable resistor which dynamically changes its impedance

dependent upon the amount of current (flowing
therethrough.

Similarly, the transient suppression network TS2 is

30 interconnected between the control signal (REQ) and the

reference line 318. The transient suppression network

Ts2 is a diode array formed of diodes DS through D8.- The

anode of the diode D5 is connected to the cathode of the

THl ThlS Sheet Has Been Repl
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I ncreased circuit kicker (SLICK) circuit. In the ADR circuit, if a
current sinking circuit senses an increased voltage on the common node of

the lines of add@dedR?:andcttio/ctheacontrpdn sdgnalsiking KREQ) .t heThe&irrent
sinking circui cathde e%ouaa ailéaertss Cﬁl@éﬂﬁa&m t>Sehkeandhgnet tnges or

to-b rted I | M I
are renoved 11 0fa sEBRaAnadR BF [he (@HoRT oD (4R nCAnPERBEY; O VIt ages
t hat can appeaca&hoﬂheotlgheldioae DB.!ITthbdﬂudaé oifr thet diede b6 cis
T er o B, ey ERrindctal 10b] Yhe CaRbBY' bt CUhECU1ddL " BB and C el tRE

| evel of "a notch occurrin
reference voltage VREF on the line 318. The transient
suppression network TS2 functions likewise as a variable
resistor which dynamically changes its impedance
dependent upon the amount o©of -current <flowing
10 therethrough.

' It should be clearly understood to those skilled in
the art that additional transient suppression networks
similar to TS1 could be connected between each of the
other remaining signal lines and the reference line 318

18 so as to suppress transients. However, in order to
reduce costs, the transient suppression networks are
generally implemented only with the signal lines which
are highly susceptible to transients. 1In other words,
at least the control signal lines (ACK) and (REQ) being

20 the most critical to reliable and accurate data transfer
have been implemented with such transient suppression
networks. '

The operation of the present ternminator apparatus

_ 310 of Figure 9 will now be explained with reference to

25 Figures 10A and 10B. As can be seen, vhen the signal
line is at the high logic level (i.e., between t 2.5 to
+3.0 wvolts), there is a positive spike at point A
extending above the high logic level. Also, when the
signal line is at the low logic level (i.e., between 0.0

30 to 0.5 volts) there is a negative spike at point B
extending below the low logic level. If these transients
appearing at the points A and B are sufficiently long in
duration and have 1large enough amplitudes, these

Thls Sheet Has Been Reﬂlaced
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signal on a signal line when the line is deasserted, but is responsive to a

noni toring ci r&grt‘s{&;%%dégﬁ?aesy Qg'ﬁeq%l’% der% v?epegemngggachgengt h

of tinme has been excee i ment
present inventGeiPlsd\tecthe SESF busodimepasaiaivarid) signak. SABF Bus |ine

for Contr0||'rEhéﬁEtVoiﬁéﬂethHEieﬂfsanﬂ9téﬂu960!ﬁébfﬁeeﬂ 8ita to be
transferred.

5 The improved terminator apparatus 310 in Figure 9
of the present inventign will remove or attenuate the
transients appearing on the control signal lines REQ and
ACK so as to produce the waveform 122 of Figure 10B.
When the signal line (i.e. control signal line REQ) is

10 at the high logic level and a transient appears like the
one at the point A (Figure 5) which exceeds the high
logic level, the diodes D5 and D6 will be rendered

conductive so as to clamp the cc++: ' signal REQ to a
voltage equal to two diode drops a-. «re reference
1s voltage VREF or approximately +3.0 voliis, thereby

effectively eliminating the transient. In other words,
the diodes D5 and D6 limit the upper voltage level on the
control signal line REQ. :

When the control signal line REQ is at the low logic

20 level and the transient appears like the one at the point
B (Figure 10A) which falls below the low logic 1level,
diodes D7 and D8 will be rendered conductive so as to
clamp the control signal REQ to the low logic level or
approximatély zero volts. In other words, the diodes D7

25 and D8 limit the lower voltage level on the control
signal REQ.

For completeness in the disclosure of the above-
described terminator apparatus but not for purposes of
‘1imitation, the following representative values and

30 component identifications are submitted. These values
and components were employed in a terminator apparatus
that wvas constructed and tested and which provides a high
quality performance. Those skilled in the art will

—_—
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bus |ine. Such term nator appar atus includes a termnation network,

a current sw té‘é& f?é“ﬂ?at FMh riatiRfe @1%%'5“%&' values RE9
termnation n Ei %ﬁ rcon ecte et ween g aern1nat|on
suppl y vol tag ot Gopptauehing (Ehe EéﬁFP ¥ssipnacceraanc goupled
to the bus Ii I\dﬁmmrﬂ‘ﬁem invértdion.current. The current switching
device is interconnected between the power supply voltade and _each of the
pl ural i “of dafa PYHPr signal lines to be so tegy enerating a
second %rrent_ Ihe Inra?mgr amned nopitoring circuif 1S r%g&gﬁe’ t.Q J
cl 4.7 uF
c2 _ .1 uf
C3 22 uf
10 C4 . 2.2 puf
R19 121 Ohms
Rl - Ri8 . 110 Ohms
R20 154 Ohnms
Dl - D10 BAV 99
is ' .

Therefore, with the above values used, the
terminator apparatus 310 of the present invention will
generally prdvide a regulated output voltage of +2.85
volts with a termination impedance of 110 Ohms which

20 meets the maximum current specification. Further, the
suppression networks TS1 and TS2 will remove any
transients by limiting the range of the upper voltage
level and the lower voltage level of the control signals
REQ and ACK. |

25 However, since it has been encountered in the
computer equipment industry that many of the SCSI cables
have a lower impedance than 110 Ohms and is more on the
order of 80 Ohms, it would be desirable to easily modify
the terminator apparatus 110 so as to accommodate the

30 ‘different impedances. It is merely needed to lower the
regulated output voltage Vout so that the maximum current
requirement is met when the termination impedances (Rl-
R18) are lowered to 80 Ohms. Accordingly, it has been

eet Has Been Reﬁaced ‘
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aI conlt_rol ippgt of tg/e current switching device and the at | east oné of the
plurality o da and/ o ontrql_ signal, |j f or Ok L i 0 d
Pength of i mEATRAVERRE ST, Fha Bty Jeliagk spRi1a"he BadoRan EoaTTE
switchi ng deviappreximestelyi W X5 t volteni mhemgdaiivdmg: & 80scOWRect i ng
the second curggihsfiefod "enPeaEheUToUrhEpaEbre] itMRilaspcapparentded.

o heor | S Ckbase. Whithed uin: Sher ok ctbab; She. SepRe Vi 2adR el "
when it §s deafnether con asimsl sy aijwted avia dusiredvalaengo as
transferred. to accommodate the variety of different impedances of the
SCSI cables.
From the foregoing detailed description, it can thus
be seen that the present invention provides an improved
10 terminator apparatus used with an $CSI bus line for
removing noise spikes or transients from data and/or
control signals received on the bus line. ‘The terminator
apparatus is comprised of a voltage regulator, a 1low
voltage regulating circuit, a plurality of pull-up
s resistors, and suppression networks. The suppression
' networks serve to remove transients from the signal lines
by limiting the range of the upper voltage level and the
lower voltage level of the control signals appearing
thereon.
20 Figure 11 shows an active deassertion circuit 422
in block diagram form. The active deassertion circuit
422 is comprised of a means for providing a voltage
reference 424 and a means for sinking current 426. The
means for providing a voltage reference 424 has an input
25 428 and an output 430. The means for sinking current 426
has a first input 432 that is coupled to the output 430
of the means for providing a voltage reference 424. The
means for sinking current 426 also has a second input 434

and an output 436.
30 Figure 12 shows the active deassertion circuit 422

and its placement within a SCSI system denoted by
reference numeral 420. The regulated terminator 418 is
comprised of a 2.85 volt . voltage regulator 438, the

[ S
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In an enbodi ment, the present invention further provides an active
deassertion circuit and a nethod of using the sane. The active
deassertion cioutputi 4400ccprwsichois ccoupled fto eaclyislignela Mole djéa

LETCUTT S o° e AR, o g Pl an YA 434, i ot
second input, EeGudatpu: 43fecisi connegted kOt Be GAMREN [ YPLERER rﬁf‘current
i's coupl ed REFOEREIERatlEed 6f thE FEQS14¥ES terninator 418, such as
"""" 5 ' its input 445 and its capacitors, 446, 448 and 450, are
' connected as shown. The means for sinking current 426
of the active deassertion circuit 422 is coupled to each
signal line 416a through 416r, and the output 440 of the
voltage regulatbt'dss via its second input 434. These are
a0 the only connections that need be made between the SCSI
system 420 and the active deassertion circuit 422,
However, preferably, the input 428 of the means for
providing a voltage reference 424 is connected to the
input 445 of the regulated terminator 418 which enables
3 both the regulated terminator 418 and the active
deassertion circuit 422 to operate off of the same power
means (not shown).
‘Again referring ‘to "Figure ‘12, the means for
providing a voltage reference 424, or voltage reference
20 circuit, is preferadbly comprised of a voltage regulator
452, a capacitor 454 and a voltage divider circuitry 456.
The voltage regulator 452 has an input 428 that is
identical to the input 428 of the means for providing a
voltage reéference 424. The voltage regulator has an
25 output 458 and is connected to the common voltage 444,
' preferably ground. Preferably, the voltage regulator 452
is part 1T11172.85 manufactured by Linear Technology
Corporétion. The capacitor 454 is interposed between the
output 458 of the voltage regulator 452 and the common
30 voltage 444 and is, preferably, a 22 microfarad
capacitor. The voltage divider ecircuitry 456 is
interposed between the output 458 of the voltage
regulator 452 and the common voltage 444. The voltage

‘.
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fo.r oinking cBivefler M%Z«%ﬂﬂ ' Shpieees: pE adedi meRnR 4 g s
vol tage at theseedaddyi opuhectebltghﬂf impedaniee wehheoreaatt Acjinctsion nput,
e “the meandSe ifﬁéﬁ‘%ﬁ.“né*sé r thep HtHiIoha0 BEEne o BebbGl oL "
overcurrent providing a voltage reference 424. Preferably, the diode
S means 462 is part number BAV99, manufactured by Phillips.
Thus, it is manifest that the capacitor 454 and the
voltage d:lv_ider circuitry 456 are in parallel with each
other. Preferably, the diode means 462 is comprised of
a pair of diodes 468 and 470, interposed between the
i0 output 458 of the voltage regulator 452 and the output
430 of the means for providing a voltage reference 424,
or junction 4é6. Also, the impedance means 464 is
preferably a resistor 472 that is interposed between the
junction 466 and the common voltage 444 having a value
as of 3.3 kOhnms.
Yet again referring to Figure 12, the means for
sinking current 426, or current sink, 3is comprised of
- transistor means 474 having a ‘base 476, emitter 478, and
a collector 480. The base 476 serves as a first input
20 432 to the means for sinking current 426 and is coupled
to the junction 466. Preferably, the transistor means
474 is comprised of a Darlington transistor 482 arranged
from two PNP  transistors 484 and 486 as shown.
Preferably, the Darlington transistor 482 is part number
25 FTZ705, manufactured by Zetex. In this configuration,
an emitter 488 of transistor 486, and thus the emitter
478 of the transistor means 474, has a resistor 4950
preferably with a value of 0.22 ohms connected to it.
The resistor 490 serves as the second input 434 to the
30 means for sinking current 426. Further in this
. configuration, the collectors 492 and 494 of the
transistors 484 and 486 respectively serve as the output
436 to the means for -sinking current 426 and the
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condition on signal lines that are asserted or are going to be asserted. In

an enbodi nent, rovi_de te t ot ,net hod
and appar at us us%%éﬁf”‘&%%%%%%{&n}gé@of 37%d| s?nf‘g%fégl

transi ents frontR@iORERRE 436 d& connecged torthei commam wditages 414|4nas The
term nat or appagiéwrs. i ncl udes a voltage regul ator which is responsive to an

Vol tage. of a preadhin EREYE g €S REowin 1401 buoLeRCTRRY, MASURN Ui ¢
i s resporfsi ve tthehequégstentd operating point of the Darlington
transistor 482. will not be stable over the entire
environmental temperature range over which the active
deassertion circuit 422 may operate. However, matching
the temperature coefficient of diode means 462 with the
0 temperature coefficient of the junction of the emitter
478 and the Dbase 476 alleviates this problen. "rhus,
although, for instance, one can practice the claimed
invention by using a zener diode (not shown) as the means
_ for providihg a voltage reference 424, a zener diode is
15 not the preferable structure.

Still referring to Figure 12, the second input 434
is coupled to both the output 440 of the voltage
regulator 438 of the regulated terminator 418 and the
signal lines 416a through 416r at a node 469. If there

- 20 are no actively deasserted signal lines 416a through
416r, the voltage regulator 438 will provide a voltage

of 2.85 veolts at the second input 434. However, if a

signal line 416a through 416r is actively deasserted, the

node 469 will be at a voltage greater than 2.85 volts due

25 to characteristics of its drivers (not shown). Since
each of the signal lines 416a through 416r has a 110 chm
resistor, 458a through 498r, an asserted line will
normally draw more than 24 mA (which is outside of the

ANSI standard) if an active deassertion circuit 422 is

30 not present. In fact, the more signal lines, 416a
| through 416r, that are deasserted, the farther the
current through each asserted line exceeds the maximum
current allowed by the ANSI standard due to the increase

B \\\\\\\\\\\\\\\\\\



vol tage for genergting a reference voltage.  Resistqrs are jnterconnected
bet ween t he regﬁl %g‘b‘(ﬁﬁl VENFERRt oRhTaugh thei Siovalgakinesyd/ HA6aontr ol

signal |ines cthrbaght ¢16ke bus |ine for generating term nation inpedances.
Bl uralt by of daa aiiyiPe, CRERERIREE “Pne’ WERIcire 2% el adtie o 1o
‘renovi ng t ransfeassertion: reirzguitadR2omndi dtsl connedtionsy tonBSeSEk range
of the usper vaysedn w20l tABCnbPRolOLR ukE) bR UENE CWELIVRRFEISHEIrE 1 0N
'tbs, therelorgeedle?353"\A%3 Pe appirent to those of skill in the
art. The method of use prevents overcurrent on signal
lines, 416a through 416#, due to the active deassertion
of at least one other signal line, 416a through 416r.
30 First, one must prbvide a regulated terminator 418 having
an output 440. Next, one must couple a plurality of
signal lines 416 through 416r, to the output of the
regulated terminator. Next, one must couple the second
input 434 of the active deassertir- - - 't 422 to the
is output 440 of the regulated terminator 418. Next, one
may assert at least one of the plurality of signal lines
416a through 416r. Next, one must actively deassert at
-least one of the plurality of signal “lines, 416a through
416r. Next, one must compare the first input 432 of the
20 means for sinking current 426 to the second input 434 of
the means for sinking current 426. Finally, one must
sink current through the means for sinking current 426
until none of the asserted plurality of signal lines 416a
through 416r draws current in excess of that which is
25 permitted by its communications protocol.

' The invention has been described in detail with
particular reference to an active deassertion circuit 422
comprised of a méans_fbr providing a reference voltage
424 and a means for sink‘-ing current 426. However, those

30 skilled in the art understand that there are numerous
variations and modifications of the present invention.
For instance, as explained above, the present invention
could use a zener diode as the means for providing a

i This Sheet Has Been Reﬁacéd .
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invention to provide an inproved terninator apparatus which includes a

Ciroui s 11§ oo aehge RLREE] van% S e, TR P EBhn b8 B €78 O 09

provi de a ter nth8t GAad®Bhod Akanl any (tempaasiute sconpansaking voltageg the
vol tage | evel eéfareab@hcaﬁcyé "hEéa i #h Paleter 0¥ LheCOBithYe Stéféénce.
transferred on the& Figure 13 there is illustrated a particular
s embodiment o©f the invention wherein a terminator
apparatus is provided with a SLICK circuit, an ADR
circuit and a SLIM circuit in addition to a typical
termination network. As can be appreciated, the SLICK
_ circuit actually consists of two SLICK circuits, one each
10 for the REQ and ACK signal lines of the SCSI bus.
Similarly, the SLIM circuit includes two suppression
networks, one each for the REQ and ACK signal lines.
Only one current sink is reguired in the ADR circuit
because it is connected to the output node of the
s regulated power supply voltage rather than individual
signal lines.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the

20 art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes
and modifications be covered by the appended claims.

25
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line. Yet another advantage of the present invention is to provide an

| mpr oved terniiig%ﬁegﬁLPod and apparatus for renoving transients occurring
in the data an ol signals which is relatively sinple and

econoni cal to dmnuf AcSOST bug ttrﬁthheorAapbathtﬁsrCbnprﬁdiagtage of the
Perovi ng not se spi kes o & PanEkaf kediliabes phouTaiRh Y repRintedtpbily
signal s on t heSYEPLYLYPLtRGE?sO as to provide reliable, accurate data
transm ssion. a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up termination resistors being
connected to the regulated éutput voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of data and/or control signal lines being
coupled to the bus line, said plurality of pull-up
termination resistors 1limiting the maximum current
supplied when the signal lines are active:

a signal line increased current kicker circuit,
including:

a current switching device interconnected
between the power supply veltage and at least one of the
signal lines for generating a current for the signal
line, the current switching device having a control
input; and _

a programmed monitoring circuit interconnected
between the current switching device contreol input and
the signal line for controlling a programmed length of
time. that the current is generated, the current switching
device being responsive to the monitoring eircuit for
disconnecting the current when the programmed length of
time has been exceeded, the current serving to raise the
voltage level of a notch occurring in a signal
transferred via the signal line when the signal line is
deasserted so as to prevent erroneous data from being
transferred; and

ThlS Sheet Has Been R ]
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Moreover, another advantage of the present invention is to provide an
i mproved term nator appaantastive cdeassértion cirdiitgeforcaigulated ow

hnd 8 trangi enreRRLRRESH probiiddl &) oot YEELS Blerit €8 R O
invention i s tBIPFadity efisignahibinestconprisingdth a SCSI bus line for
removi ng noi se spi kes frpg) dah@arddeer ﬁgg{,ﬁgknéi gn@ogtt,rg@gger!%dm t he
bus line. Yet anot [ELYﬂﬁgﬁ%ﬁ eg\(l){*g%!lr?voeuqépjggz |‘sné he provi sion of a
t erm nat or appar at i i
- (b) means for sinking current having a first
input, .a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the second input
being coupled to said constant voltage output of
the regulated terminator; _
whereby the means for sinking current is
capable of comparing its first input to its second input
and, when voltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal of said plurality of signal lines, sinking current
to prevent overcurrent on other signal lines that are
asseérted or are going to be asserted to maintain said
constant voltage.

2. A SCSI bus terminator apparatus comprising'z

a voltage regulator providing a regulated power
supply voltage;

a2 plurality of pull-up termination resistors
"each having a first and a second end, said first end of
said plurality of pull-up termination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding cne end of a plurality
of data and/or control signal lines, the other end of
said plurality of data and/or control signal lines being
coupled to the bus 1line, said plurality of pull-up

il



for sinking current appearing on a bus due to active deassertions of a
signal line, thereby preventing an overcurrent condition on signal Iines

that are assertRindhatiBn0ObBEikeols 2935iLeHy AML! I pRRImbsal

advant ages of the Rr esent in on are escr WI I Ié\%e apparent
from the det aPPPRid@dcWhEN; Sheosignelpléaemmyepnetieveed embodi nents and

fromthe draw ngs. a signal 1line dincreased current Xicker
including:

a current switching device interconnected
between the power supply voltage and at least one of the
signal lines for generating a current for the signal line
the current switching device having a control 1nput: and

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is generated, whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current when the programmed
length of time has been exceeded, the current serving to
raise the voltage level of the notch occurring in the
signal line when the signal line is deasserted so as to
prevent erroneous data from being transferred; and

- a signal line impedance matching terminator
apparatus c_:'oimected to each of a SCSI bus 1line for
removing noise spikes or transients from data and/or
control signals received on the bus line, each of the

- terminator apparatus comprising:

voltage regulator means responsive to an input
termination power supply voltage for generating a
regulated output voltage of a predetermined value;

low voltage regulating circuit means respensive
to the regulated output voltage £for generating a
reference voltage; and

suppression network means interconnected
between at least one of said plurality of data and/or
signal lines and the reference voltage for removing
transients from the data and/or control signal by

. Thisg o

Wi



BRI EF DESCRI PE%%TH DRAWNGS Fiqure 1 illustrates prior_ art
ternination n 9 nthe TAREE: OF (the RPRex peRltage chd Shegdower\\ RED

SCSI bus |ine.véltage Yevel uspped¥ingey@orir i Or art termnation network.
Figure 3 illustrates a bl ock diagram of an enbodi nent of an inproved
term nator apparatus, constructed.in accordance with the principles of the
present inventdon. NiSLSE bus [terminator apparatusd conprising:circuit

a voltage regulator providing a regulated power
supply voltage;

a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up termination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of of data and/or control signal lines
being coupled to the bus line, said plurality of pull-up
termination resistors limiting the maximum current
supplied when the signal lines are active;

an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:

(a) means for p"roviding a voltage reference

having an input and an output; and

(b) means for sinking current having a first

input, a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the secend input
being coupled to said constant voltage output of
the regulated terminator;

whereby the means for sinking current is
capable of comparing its first input to its second input
and, wvhen voltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal of said plurality of signal lines, sinking current

i



di agram of an enbodi ment of the termi nator apparatus of Figure 3. Figure 5
Illustrates waveforns appearing on respective signal lines, useful in
under st andi ng ttiee mpevert oovefchurrent c6anbthereiignal Aiines that!| asérates

Flgure 7 111 usinedded d hee PBRERE 8Y, b 'V N0 Ao EbeE P salel,, g
on the signal Constant yeltaaenandr apparatus of the present invention.
Figure 8 illustrates a Cig Cgignal 2§58 Ampudairit’’ matching terminator
: apparatus connected to each of a SCSI bus line for
removing noise spikes or transients from data and/or
control signals received on the bus line, each of the
terminator apparatus comprising: |
voltage regulator means responsive to an input
termination power supply voltage for generating a
regulated output voltage of a predetermined value;
low voltage regulating circuit means responsive
to the regulated outpﬁt voltage for generating a
reference voltage; and
suppression network =means interconnected
between at least one of said plurality of data and/or
signal lines and the reference voltage for removing
transients from the data and/or control signal by
limiting the range of the upper voltage and the lower
voltage level appearing thereon.

4. A SCSI bus terminator apparatus comprising:

a vdltage regulator providing a regulated power
supply voltage:

a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up termination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of data and/or contreol signal lines being
coupled to the bus line, said plurality of pull~-up

This -'Sheet-Has Been R,
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enbodi ment of the term nator apparatus of Figure 3. Figure 9 illustrates a
detail ed sche t|c CIgEUIt di agram of an roved term nator apparatus,

const ruct ed |n TRiPALARE \FeR F'Fl@rﬁrﬂﬁ%?-'b? g ofthec BARIRUR |GREHANDN.
Fi gure 10 |IIushppléedawheneﬁhéniigﬁﬂraliﬂﬂsQﬂr@ﬂﬁcﬁivéhe S|gnal Iines in

o1 se spi Kes or transi onPos it B Hnesesged-Frant il efex Mralle 7o,
di agram of an &Beivdingassertion circuit made in accordance mnth t he
present a current switching device interconnected
between the power supply voltage and at least one of the
signal lines for generating a current for the signal
line, the current switching device having a control
input; and
a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is generated} whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current when the programmed
length of time has been exceeded, the current serving to
raise the voltage level of a notch occurring in a signal
transferred via the signal line when the signal line is
deasserted so as to prevent erronecus data from being
transferred:;
an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:
(a) means for providing a voltage reference
having an input and an output:; and
(b) means for sinking current having a first
input, a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the second input
being coupled to said constant voltage output of
the regulated terminator:
~ whereby the means for sinking current is
capable of comparing its first input to its second input

e
e ——
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v, . .
+ 121 i nvention.

Figure 12 illustrates a detail ed schematic of the active

deassertion circuit of Figure 11 and its placement within a part of -the
SCSI system Figure 13 illustrates a detailed schematic diagram of a

term nator network int er connect ed wieh 38 f=rst term nalmllmﬂmrlnmm ”I
second term nator apparatus and - II Il
* c L M s *

and, when voltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal line of said plurality of signal lines, sinking
current to prevent overcurrent on other signal lines that

are asserted or are going to be asserted to maintain said
constant voltage; and

a signal line impedance matching terminator

apparatus connected to each of a SCSI bus line for
remov_ing‘ noise spikes or transients from data and/or
control signals received on the bus line, each of the -
terminator apparatus comprising: -

voltage regulator means responsive to an input

termination power supply voltage for generating a
regulated output voltage of a predetermined value;

low voltage regulating circuit means responsive

to the regulated’ output "voltage for generating a
reference voltage; and

suppression network means interconnected

between at least one of said plurality of data and/or
signal lines and the reference voltage for removing
transients “from the data and/or control signal by
limiting the range of the upper voltage and the lower
voltage level appearing thereon.

5. A SCSI bus terminator apparatus substantially as hereinbefore

described with reference to Figures 3 to 13 of the accompanying drawings.

—
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aniact'®ve deassertion circuit in accordance with the present invention.
DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS It is to be

di stinctly understood at the outset that bhe present invention shown in
association with an SCSI bus line is not 3Phtended to serve as a limtation
upon the scope or teachlng thereof, but is nerely for the pur pose of

bresent 1 nvention has' i w‘ééoéﬁﬁﬁé&ﬂ?%ﬁé%#aﬁé%' S5 and apparatus
since the
An SCSI bus line 14a apparatus mcludmg in combination at least two of any of
'anadhmchwwmﬁbn@KDR)chnuﬂ,asmmﬂjhmiﬂmwmumenmumhg(SLHw)chcuﬁ
& 310 and a signal line increased circuit kicker (SLICK) circuit (110). In the ADR

circuit, if a current smkmg circuit senses an mcreased voltage on the common node of

the signal lines of a bus due to active deassertion of a signal line, the current smkmg

circuit sinks enough current from the signal lines to prevent an over-current condition

on asserted signal lines or soon-to-be asserted signal lines. In the SLIM circuit 310,

10  transient voltages are removed from a signal line by limiting to within a range the
voltages that can appear on the signal line. In the SLICK circuit 110, a current
switching device is controlled to provide current to raise the voltage level of a notch
occurring in a signal on a signal line when the line is deasserted, but is responsive to a
monitoring circuit for disconnecting the current when a programmed length of time has

15 been exceeded after assertion. |

Figure 3.

This Sheet Has Been Re[ilaced
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[ \/¢ |
ihvw pertains to.a term nator appératus for controlling the voltage :
I evel ofj@a‘notch occurring in data and/or control signals. Referring nowin. _
detail t'o the drawings, there is shown in Figure 3 a block diagram of an
I nproved si gnil I,iée i ncreased current Kkicker (SLICK) term nator

M

apparatus 110 %enstruct ed in accordance with the principles of the
present invent t ermi nat or _anpparatus 110 i s adanted to used

with or is (Iérh ti to ends of am SCSI bus |ine 14a (siml ans,
)

for raising the voltage |level of a notct}gn_

t bus
line 14 in . :
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: 2/€

ing in data and/or control signals transferred on the bus lines.- :
. ~-exanmpl e, the transcei'ver 16a of Figure 1 can be connected to the bus *
*timMe 14a in Figure 3 via the signal line 18a designated as a request signal
= 13 .- line for _a control signal REQ The r‘n nator apparatus 110 is

conprised of dl@enventi onal ter m nation WR> (such as term nation
net wor k 19 of Fi &e 1), a - _ : .
' }"4 flls

;"2 '

110 OHM N .| prRocRAMMED
VOLTAGE REGULATED SVACHING (=1 MONITORING
0/330 TERMINATED "DEvice | _CirculT

fMO

- ; . A.18a (REQ)
| | TO TRANSCEIVER
160

FIG.3

2~y
= o

+4.15, TERMPWR

v
TO TRANSCEIVER
16a,
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Figure 1.

formed of two r

resistor Tl is

smntchlng devi ce 114, and a programed monitoring circuit 116.

Akl there is shown a detailed schematic circuit di agram of the SL
“t'éerm nator apparatus 110 of Figure 3. For ease of |IIustrat|on and
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~t-age TERNPV\R which is typi c’ﬁ{py at +4.75 volts. One end of. the

o7 T2 i's connected to a groudd potential GND, which is typically at * .
__,volts The junction of the resistors Tl and TR2 for the term nation
Twoi'k 112 i's connected to one end of the bds |ine 14a. The current

Swi t chi ng device 114 incliudes a bipolar transistor QL of the PNP-type .
conductivity and a current-- limting resistor RL. The transistor QL has its:
emtter connected also to the power supply voltage TERMPWR-and its

col l'ector connected to one end of the resistor RI.

200
S | ) DaTA OR CONTROL
Z°{‘ 202\ OFA 0
TerM PWR  + .
210 N Lo
Vin vouf |
R voLTacE | -+
aasuw'oi - 206
, — _ BUS
o COMMON o= L
L T T
l i

FIG. 8
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'{lother end of the resistor Rl is conyted to the bus line 14a. The
“Ofranmed nonitoring circuit 116 is conprised of resistors R2 and R3, a
i'pol ar transistor @@ of the NPN-type conductivity, and a capaci t or

‘Cl. - The transistor @ has its base ceonnected hg one end of the resistor
R2, its collector connected to one end of thg RAAAS ¥o%D) to one end
of the resistor R3, and its" : ' : R4
. ' : DB!H
RS
DDB(2)
_Rs ODB(S)
' " R?
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semtter connected to the grouné/gotentlal The other end of the

stor 'R2 is connected to the bus |ine 14a, and the other end of the -

_-__.-capaC|tor Cl is connected to the ground potential. The other end of the
‘Tesistor R3 is connected to the base of the transistor QL. It should be
clearly understood to these. skilled in the art that additional current
swi tching devices and progranned nonitoring circuits simlar to 114 and
coul d be connect ed k8I8f*h of the other renmininggesdgnal lines so as to
raise the vol tage I@uef, of ~P‘he not ch V4

TO+30v)
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ge .l evel of the control signal REcg}{gthe request signal line in the

“yolta

»

Sprfor . art 220/330 term nator of Figure I. As can be seen, 'when the - .
*control signal REQis switched fromthe asserted condition (low |ogic
-l €vel) to the deasserted condition (high logic, ,level), a notch Nl occurs at
approximately +1.0 voltse Simlarly, the curvé B of Figure 5 depicts the
control signal REQ on the request signal line in the QriQke: BisdBednKbplaced .
regul ated termnator of Figure 2. As.can be seen, when gnal . -
REQis switched fromthe asserted condition to the dea%ﬁ“ﬂ“‘“\mm‘ tion,
the notch N2 occurs at -
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ap;pr@x4 mately +1.4 volts. Therefore, the notches Nl and- - 15 -

incorrect data to be tran

N2

,J

coul d be interpreted by a receiving device coupled to the SCSI
line 14a as a valid request signal. As a result, such notches nmay cause

£rred. The inproved term nat or apparatus 110 of
-Figure 4 of the presenyentlon Wi II 1contro| or .raise the

TITLE
“COMBINATION OF TERMINATOR APPARATUS ENHANCEMENTS"
' ' CATION .

This aéplication is a qontinuationé-in-Part of both U.s..

Patent Application No. 07/988,908, filed December 10,
1992, now allowed, and U.S.. Patent Application No.
07/883,303, filed May 4, 1993, now allowed, the
disclosures both of which are incorporated herein by
reference. | -

ACRGROUND OF E T : NTION

, The present invention generally relates  <to
term:mator apparatus. More specifically, the present
iinvention relates to terminator apparatus used with a
SCS1I (acronym for small computer system interface) bus
line. .

-~ ‘One application where-reliable data transfer becomes
imporfantis‘in the field of data transmission on a fully
loaded S€SI bus line for communication 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 piurélity of units coupled
to the transmission line may communicate. A regulated
terminator, in accordance with the standard set forth in
American National Standard for Information Systems
X3T9.2/82~2 (the "ANSI standard"), is coupled to the two

- physical ends of the transmission line.

The SCSI system has drivers which drive the
individual - signal lines of the transmission line. A
signal line may be in one of three states. First, a
signal line is said to be “asserted" if a driver drives
the signal line to the ground. Second, signal lines that

bus
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yoTthe | evel of the notch appearing in the control signal REQ so as to
produce the curve C of Figure 5. When the control signal REQ nakes the
transition fromthe asserted condition to the deasserted condition, the
notch N3 in the curve Cwll be raised above the "double trigger" area and
now appears at approximately +1.8 volts. Referring now again to Figure 4,
when the control signal REQ is deasserte g high logic level), the
transistor @ of the nonitoring circuiT will be turned on due to the
base drive current via the resistor

are released from the asserted state are said to be
"deasserted.“ Third, signal lines that are driven from
the asserted state by a driver are said to be "actzvely
deasserted."

The ANSI standard requires that asserted signal
lines draw no more than 24 milliamperes (mA) of current.
However, it has previously been difficult, if not
impossible, to comply with this standard when active
deassertion is used.

Deasserted signal lines have 2.85 volts on them
because the regulated terminator made in accordance with
the ANSI standard has a 2.85 volt voltage regulator that
pulls deasserted lines up to 2.85 volts. If other signal
lines are asserted (i.e., grounded), they will draw no
more than the 24 mA allowed by the ANSI standard due to
the 110 ohm resistor in each signal line [(2.85 - Vv, of

-~ driver)/110 ohms]).

However, when a signal 1ine is actively deasserted,
it may have anywhere from 3.0 to 5 volts on it. 1If the
voltage regulator of the regulated terminator cannot sink
current, this higher voltage on the actively deasserted
signal line is not fegulated to 2.85 volts. Thus, if a
signal line is asserted, it-ﬁill draw more than 24 mA
(e.d., 4.0 volts/110 ohms = 36 mA). This may damage the
driver or cause it to malfunction.

Although others have attempted to address driver
damage and/or malfunction, attempts have fallen short of
an adequate solution. For instance, Texas Instruments
claims that its part number TL1431 can be -used, along
with other components, to sink current such that it is
possible for an asserted signal line to draw an amount
of current within the ANSI standard even if another
signal line is actively deasserted. However, the TL1431,
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R2.  Any residual voltage which may be present on the capacitor CL will be
di scharged through the transistor 2 to .ground. Additionally, the base: of
the transistor QL will also be placed at the ground potential via the
resistor R3. As a result, the transistor QL will be rendered conducti ve.
Consequently, the resistor RL will then be connected to the power supply
vol tage TERVWWR via the transistor Ql= 3Tki s stable condition causes the
power supply voltage to be connected to the request signal line 14a via the
resistor RlL. Wen the control signal REQon the line 18a is

by Texas  Instruments' admission, is 1limited to
applications wherein only a limited number of signal
lines are actively deasserted.

Typically, control signais REQ and ACK on respective
request and acknowledge signal lines are used to perform
a "handshake" so as to transfer the data back and forth
between a target (i.e., a disk drive) and an initiator
(i.e., a host computer). Each of the control signals REQ
and ACK is either a high logic value or a low logic
value. When the control Signal REQ or ACK is asserﬁed,
it is at the low logic value. When the control signal
REQ or ACK is deasserted, it is at the high logic value.

In' operation, when the control signal REQ on the
request line makes the transition from the asserted
condition to the deasserted condition (i.e., low-to-high
transition), there exists a condition of the SCSI bus
line which can cause the corruption of data. - At the
rising edge of the control signal REQ;"theré“Will appear
what is referred to as a "notch." This notch is
typically accompanied by a reflection caused by stub
drive cabling. The combined effect of the notch and the
stub reflection will cause the rising edge of the control
signal REQ to reverse its direction and "double back"
before reaching the deassertion level (i.e., +2.0 volts).
If this reveréing control signal REQ falls below the +1.5
volt level, it may result in a "double'trigger" and be
interpreted as a valid request si-g_nal (i.e., another
assertion), thereby causing erroneous data to be
transferred. o '

As is generally known in the art of computer

- equipment manufacturing, a termination device is
typically connected to each end of one OR-WIRED SCSI bus
iine for supplzigg;‘g__ffffihfgggly voltage with a
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asserged (low logic level), the resistor RL will provide instantaneously a
second current path fromthe power supply voltage TERVPWR t hrough the
signal line 14a. This current flow ng through the resistor RL is in
addition to that which is provided by the first current path via - 16 -
the resistor Tl in the termnation network 112. Since the transistor QL is
already turned on prior to the tine . 4 =

predetermined impedance. A bus 1line is one of a
plurality of signal lines of a bus.

In Figure 1, there are shown prior art termination
networks 10 and 12 sometimes ref_erred to as "220/330
terminators." Each of the termination networks 10 and
12 includes a voltage divider formed of two resistors Ta
and T2 connected in series. One '_end of the resistor T1
is connected to an input power supply voltage TERMPWR,
which is typically at +4.75 volts. One end of the
resistor T2 is connected to a ground potential GND, which
is typically at zero volts. The junction J1 of the
resistors Tl and T2 for the termination network 10 is
connected to one end of a bus line 14, and the junction
J2 of the resistors T1 and T2 for the termination network
12 is connected to the other end of the bus line 14. For
the SCSI bus, the value of the resistors T1 and ’.I‘.‘ei are
shown to be 2200 and 3300 respectively so .as_to. provide
approximately +2.85 volts at the junction po:mts J1l and
J2 when the bus line 14 is not active.

The OR-WIRED SCSI bus 14 has a plurality of
transceivers 16a, 16b and 16c which are connected thereto
by respective signal lines 18a, 18b and 18c. Each of the
transceivers 16a-16c’ includes a controller driver 20
having an open collector output (i. e., NAND log:.c gate
type 7438) and a receiving device 22 (i.e., Schnmitt
trigger input type 7414). When the controller driver 20
is turned off, the signal line (i.e., line 18a) is at a
high 1logic 1level which has a voltage value of
approximately +2.85 volts. When the controller driver
20 is turned on, the signal line is at a low logic level
since the open collector output device will pull the
voltage value on the signal line down to approximately
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of asgsertion, there wll be no transients created on the request signal

| t ne 18a upon assertion. The anpbunt of this additional current can be

sel ected by controlling the value of the resistor RL and may be set to a
predet ermi ned val ue consistent with cabl e inpedance requirenents. The
nonitoring circuit 116 will now neasure the length of tinme that the request
signal line is being asserted. Further, if the period of assertion is

| onger than the programmed | ength of tlgeb the additional current furnished
by the second current path wiil be

zero volts (i.e., .2 volts through the driver transistor
Q1).

In Figure 2, there is shown another prior art
termination network 10a. This alternative arrangement
of Figure 2 is sometimes referred to as a "110 regulated
terminator." The termination network 10a includes a
voltage regulator 24 for receiving the voltége TERMPWR
on line Vin and for generating a regulated voltage on
line Vout of +2.85 volts with 110 ohm resistors to the
respective 18 signal lines DB(0) - DB(7), DB(P), ATN,
BSY, ACK, RST, MSG, SEL, C/D, REQ and I/0.

The principal unsolved problem of the prior art
termination networks 10 or 10a was that neither one had

| the capability'of raising the notch above the critical

! "double trigger" area (between +1.5 volts and +2.0
volts). As can be seen from the curve A of Figure's, the
signal 1line" in the 220/330 terminator has a notch N1
occﬁrring at approximately +1.0 volts. Similarly, there
is shown in the curve B of Figure 5 that the signal line
in the 110 regulated terminator has a notch N2 occurring
at approximately +1.4 volts. Thus, these prior art
termination networks did not teach how the notch could
be raised above the critical area.

Further, with reference again to the prior art
terminator of Figure 1, it is also generally known that
the voltage level of the notch is determined by the cable
impedance and the amount of current present in bus line
14a when it is released or deasserted by its respective
controller driver 20. While the SCSI specification
defines cable impedance to be "no less that 90 ohms, "
twisted pair or "round cable" impedance is seldom found
to be greater than 90 ohms and may be as low as 45 ohms.

N
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¢ancef ed. Therefore, the current supplied to the controller driver
in the transceiver 16a via the signal line 18a wll be limted to the
current supplied by the term nation network 112. In particular, during the
period of assertion, the transistor 2 wll be turned off. As a
consequence, the capacitor C1 will begin to charge up towards the power
supply voltage TERVPWR t hrough the resisigoe R3 and the enmitter-base
junction of the transistor Q1, If the request signal |ine 18a renains
asserted, such as a in the case of a "hung" system the capacitor CL wll
be

Even though these controller drivers 20 have the
capability of sinking more current, a problem occurs,
referred to as "metal migration" when sinking high
current over prolonged periods of time. This situation
arises when the request control signal (REQ) is asserteq,
(low logic level) and the system fails to respond with
the associated acknowledge control signal (ACK). In
other words, the control signal REQ is,beiﬁd'constantly
asserted and does not deassert itself. Thus} this will
cause the system to "hang" until the error ié cleared up
by deasserting the control signal REQ. If the unattended
system hangs over an extended holiday weekend, - this
situation could 1last for many  days without being
corrected.

There is also known in the prior art of a terminator
design which utilizes a diode clamping technique for
raising the level of the notch by providing current in
excess of the 24 mA. However, this prior art-technique
suffers from the disadvantage that this‘extra current is
uncontrolled and may vary between 24 mA to 45 maA.
Further, this extra current will be provided to the
controller driver indefinitely when the systenm "hangs“
and thus may result in the destruction of the costly
controller driver.

Accordingly, a need has arisen in the computer
equipment industry for an improved terminator apparatus
for raising the level of the notch occurring in the data
and/or control signals on the SCSI bus line so as to

" provide reliable and accurate data transmission.

' Further, it would be expedient that the terminator
apparatus be capable of being incorporated internally.

into conventional termination networks -or can be
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charged to a point where the transistor QL will no | onger be conducti ve.

This conditi
appr oxi mat el
appr oxi mat el

on occurs when the emtter- base voltage is |ess than
y +0.7 volts. For typical SCSI voltage, this tine period is
y two time constants (i.e., Tc = R3 x ). At the end of the

"timeout" period, the transistor QL will be turned off. Therefore, the
current added to the request signal line 18a by the second current path via

the resistor

RL will be cancel ed, and.ogly the current

connected externally to existing systéms -‘having

conventional termination networks.
still further, a need has arisen in the computer

‘equipment industry for an improved terminator apparatus

for removing noise spikes or transients occurring in the
control signals REQ and ACK on the SCSI bus line so as
to provide reliable and accurate data transmission. It
would also be expedient that the terminatoj;' apparatus be
capable of being readily modified so as to accommodate
a range of SCSI cable impedances.

Yet another need exists for an apparatus and a
method for using the apparatus which complies with the

'ANSI standard in that it will not allow an asserted

signal line to draw more current than is specified by the
ANSI standard, in cases where the maximum allowable
number of s:.gnal lines are actlvely deasserted.

UMMARY - THE I NTION .

The present inven'tion' prov:.d_es an SCSI bus line
apparatus including in combination at least two of any
of an active deassertion (ADR) circuit, a signal line
impedance matching (SLIM) circuit and a signal 1line
increased circuit kicker (SLICK) circuit. In the ADR
circuit, if a current sinking circuit senses an increased
voltage on the common node of the lines of a bus due to
active deassertion of a signal line, the current sinking
circuit sinks enough current from the signal lines to
prevent an over-current condition on asserted signal
lines or soon-to-be"aés_ert-ed signél lines. In the SLIM

. c¢ircuit, transient voltages are removed from a signal

line by limiting to within a range the voltages that can
appear on the. signal line. In the SLICK circuit, a
current switching device is controlled to provide current
to raise the voltage level of a notch occurting in a
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%7 - fromthe termnation network 112 will be provided. Figure 8

Il lustrates anot her enbodi nent 200 of the term nator apparatus of Figure 3
wherein the term nator network conprises a 110 ohm vol tage regul at ed
termnator. As illustrated, a data or control line 292, e.g. a REQ or ACK
signal line, is coupled to a bus 206 via a 110 ohmresistor 204. A suitable
vol tage regul ator arrangenment 208 is coupled between term nal power
(TERVPWR) 210 and the bus 206. :

. signal on a signal lihe-when the line is deasserted, but
is responsive to a monitorihg circuit for disconnecting
the current when a programmed length of time has been
exceeded after assertion. |

In an embodiment, the present invention provides
a terminator apparatus used with a SCSI bus line for
controlling the voltage level of a notch occurring on the
bus 1line. Such terminator apparatus includes a
termination network, a current switching device, and a
programmed monitoring circuit. The termination network
is interconnected between an input termination power
supply voltage and a plurality of data and/or control
signal lines coupled to the bus line for generating a
first current. A current ‘switching device is
interconnected between the power supply voltage and each
of the plurality of data and/or signal lines to be so
terminated for generating a second current.

The programmed monitoring circuit is connected to
a control input of the cufrent,switching'device and the
at least one of the plurality of data and/or control
signal line for controlling a programmed length of time
that the second current is generated. The current
switching device is responsive to the monitoring circuit
for disconnecting the second cufrent when the programmed
length of time has been exceeded. The second current
-serves to raise the voltage level of the notch occurring
in the at least one of the plurality of data and/or
control signal lines when it is deasserted so as to
prevent erroneous data from being transferred.

In an embodiment, the present invention further
provides an active deassertion circuit and a method of
using the same.. The active deassertion circuit is
comprised of a means for providing a-voltage reference
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As also illustrated, a PNP transistor QL of a current switch 212 is coupl ed
to line 202 via resistor 214. The base of the transistor QL is coupled to
ground via serially connected resistor 216 and capacitor 218. The base of
an NPWtransistor Q2 is coupled to line 202 via a resistor 222 while the
collector of transistor @@ is connected between the resistor 216 and the
capacitor 218. In a manner sinmilar to the arrangement set forth in Figure
4, when the signal line 202 is deassefrt &=(high logic level), the
tranS|stor Q@ of the monitoring CIrCUIt

that has an input and an output. Further, the active
deassertion circuit also has a means for sinking current
that has a first input, a second input, and output. The
first input of the means for sinking current is coupled
to the output of the means for providing a voltage
reference. The means for sinking current compares the
first input to the second input. If the voltage at the
second input is higher than the voltage at the first
input, due to active deassertion of at least one signal
line of the transmission line, the means for sinking
current sinks enough current to prevent an overcurrent
condition on signal 1ines that are asserted or are going
to be asserted. '

In an embodiment, the, present invention further
provides a_terminatorjmeﬁhod'and apparatus used with a
SCSI bus line for xemoving'noise spikes or transients
from data and/or. control signals received pn"the bus
line. The terminator apparatus includes a voltage
regulator which is responsive to an input termination
power supply voltage for generating a regulated output
voltage of a predetérmined value. A low . voltage
regulating circuit is responsive to the regulated output
voltagé for generating a reference voltage. Resistors
are interconnected between the regulated output'voltage
and a plurality of d_ata' and/or control signal lines
coupled to the bus 1line for generating termination
impedances. A suppression network is interconnected
between at least one of the plurality of data and/or
control signal 1lines and the reference voltage for
removing transients from the at least one signal line by

- limiting the range of the upper voltage level and the
lower voltage level appearing thereon.
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220 Wi Il be turned on due to the base drive current via the resistor 222.
Any residual voltage on the capacitor 218 will then be discharged to ground
~via the transistor . Additionally, the base of the transistor QL will

al so be placed at the ground potential via the resistor 216. As a result,
the transistor QL will be rendered conductive. Consequently, .the resistor
214 will then be connected to the regual gped power supply out Vout via the
transistor QL. This stable condition causes the power supply voltage Vout
to be connected to the signal line 202 via the resistor 214. Transistor QL
and @2 and the

It is, therefore, an advantage of the present
invention to provide an improved terminator apparatus
‘which includes a termination network, a current switching
device and a programmed monitoring circuit.
| It is yet another advantage of the present invention
to provide a terminator method used with an SCSI bus line
for controlling the voltage level of a notch o¢curring
in déta and/or control signals transferred on the bus
line. - B

Yet another advantage of the present invention is
to provide an improved terminator metheod and apparatus
for removing transients occurring in the data and/or
control signals which is relatively simple and economical
to manufacture and assemble.

A still further advahtage of the present invqntion
is to provide an improved terminator apparatus for
removing noise spikes or transients occurring in the
control and/or data signals on the SCSI. bus line so as
to provide reliable, accurate and data transmission.

- Moreover, another advantage_ of the present invention
is to provide an improved terminator apparatus which
includes a voltage regulator, a low voltage regulating
circuit, a plurality of pull-up termination resistors,
and a transient suppression network.

Another advantage of the present invention is to
provide a terminator method used with a SCSI bus line for

_.removing noise spikes from data and/or control signals
transferred on the bus line.

Yet another advantage of the invention is the
provision of a terminator apparatus includihg a circuit
for sinking current appearing on a bus due to active
deassertions of a signal line, thereby preventing an
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soni tor circuit 220 then function as set forth above in connection with

Figure 4. In Figure 6, curve 118 shows the anmount of current flowing in
the signal- line of the prior art termnation network 10 when it is pulled
down bel ow the m ni mum assertion level of +0.5 volts and all the way down
to zero volts. Simlarly, curve 120 shows the anmount of current flow ng

in the signal line of the prior art
- 11 =~

overcurrent condition on signal lines that are asserted
or are going to be'asserted.

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

RIEF DESCRIPTION OF THE AWINGS
‘ ‘Figure 1 illustrates prior art termination networks
interconnected to the respective ends of an OR-WIRED SCSI
" bus line.

Figure 2 illustrates'another prior art termination
network. ' .

Figure 3 illustrates a block diagram of an
embodiment of an improved terminator apparatus,

) constructed in accordance with the principles of the
present invention. |
.» Figure. 4 .illustrates, a.detailed schematic. c1rcuit\
diagram of an embodiment of the terminator apparatus of
Figure 3. _

Flgure 5 illustrates waveforms appearing on
respective signal 1lines, useful in understanding the
operation of the present invention.

| Figure 6 illustrates curves, illustrating currents
appearing in - the respective signal lines.

Figure 7 illustrates a curve of the current as a
function of time appearing on the signal line in the
terminator apparatus of the present invention.

Figure 8 illustrates a cireuit-diagram of another
embodiment of the terminator apparatus of Figure 3.

Figure 9 illustrates a detailed schematic circuit
diagram of an improved terminator apparatus, constructed
in accordance with the principles of the present

invention. —_—
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tierm pati on network 10a when it is pulled down between +0.5 volts and zero
volts.” However, it will be noted that there is no appreciabl e anount of
increased current, and thus the respective notches N1 and.N2 in Figure 5
will be created. On the other hand, curve 122 shows the anmnount of current
flowing in the signal line of the present terminator apparatus 110 when it
Is pull ed down between +0.5 volts and_ ZF o_volts. It can be seen that the
current is increased in a highly contro ed manner so as to rai se the notch
N3 (Figure 5) and its associated stub reflection well above the critical
"doubl e trigger"

Figufe510 illustrates a waveform, appearing on one
of the signal lines in the terminator apparatus'of the
present invention, illustrating that the noise spikes or
transients have been removed.

Figure 11 illustrates a block diagram of an active
deassertion circuit made in accordance with the present
invention.

Figure 12 illustrates a detailed schematic of the
active deassertion circuit of Figure 11 and its placement
within a part of the scsI system. - '

Figure 13 illustrates a detailed schematic diagram

~of a terminator network interconnected with a first
terminator apparatus, a second terminator apparatus and
an active deassertion circuit in accordance with the
presen} invention. | '

QETAILEQ DESCRIPTION OF THE PRESENTLY
"’ "PREFERRED EMBODIEEETS

_ It is to be distinctly understood at the outset that
the present invention shown in association with an scsI
bus is not intended to serve as a limitation upon the
scope or teaching thereof, but is metely for the purpose
of convenience of illustration of one example of its
application. The present invention has numerous
applications in other fields and apparatus since the
invention pertains to a terminator apparatus for
controlling the voltage level of a notch occurring in
data and/or control signals. _

Referring now in detail to the dfawings, there is
shown in Figure 3 a block'diagram of an improved signal
line increased current kicker (SLICK) terminator
apparatus 110 which is constructed in accordance with the
principles of the present invention;' The terminator
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area., In Figure 7, there is shown the anount of current flowng in the
signal line of the present term nator apparatus 110 as a function of tine.
As noted, when the programmed |ength of tinme is exceeded (i.e., 40 ns),

current will

be slowly changed from approximately 41 mA to 24 mA. Thi s

t he

gradual change is controlled by the capacitor Cl and the transistor QL and
thus again avoids the generation of trang glents. In the typical situation,

t he control

signal REQw IIl be deassert & (high logic level) before the

apparatus 110 is adapted to be used with or is connected
to ends of a SCSI bus line 14a (similar to the bus line
14 in Figure 1) for raising the voltage level of a notch
occurring'in data énd/or control signals transferred on
the bus line. For example, the transceiver 16a of Figure
1 can be connected to the bus line 14a in Figure 3 via
the signal line 18a designated as a request signal line
for a control signal REQ. The terminator apparatus 110
is comprised of a conventional termination network 112
(such as termination network 10 or 12 of Figure 1), a
current switching device 114, and a programmed monitoring
circuit 11e.

In Figure 4, there is shown a detailed schematic
circuit dlagram of the SLICK terminator apparatus 110 of
Figure 3. For ease of illustration and dlscus51on, the
conventional termination network 112 is comprised of a
220/330 termination network similar to the termination
network 10 or 12 of Figure 1. Thus, ' the 220/330
terminator 112 includes a voltage divider formed of two
resistors T1 and T2 connected in series. One end of the
resistor Tl is connected to an input termination power
supply voltage TERMPWR, which is typically at +4.75
volts. One end of the resistor T2 is connected to a
ground potentiél GND, which is typically at zero volts.
The Jjunction of the resistors T1 and T2 for the
termination network 112 is connected to one end of the
bus line 1l4a. _ :

The current switching device 114 includes a bipolar
transistor Q1 of the PNP-type conductivity ap’d ‘a current-
limiting resistor Rl. The transistor Q1 has its emitter
connected also to the power supply voltage TERMPWR and
its collector connected to one end of the resistor R1.-
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expiration of this programmed |ength of tine. Wen this deassertion occurs,
thetransistor (2 will be turned on again so as to discharge the capacitor
Cl. As aresult, the term nator apparatus 110 is reset to its original
condition, and a new cycle is repeated. It should be - 19 - understood
that the term nator apparatus is always reset when the request signal |ine
S deasserted I n ot her - 14 -

The other end of the resistor Rl is connected to the bus
line 14a.

The programmed monitoring circuit 116 is comprised
of resistors R2 and R3, a bipolér transistor Q2 of the
NPN-type conductivity, and a capacitor Cil. " The
transistor Q2 has its base connected to one end of the
resistor R2, its collector connected to one end of the
capacitor Cl and to one end of the resistor R3, and its
emitter connected to the ground potential. The other end
of the résistor R2 is connected to the bus line 14a, and
the other end of the capacitor Cl1 is connected to the
ground potential. The other end of the resistor R3 is
connected to the base of the transistor Q1.

It should be clearly understood to those skilled in

' the art that additional current switching devices and
programmed monitoring circuits similar to 114 and 116
could be.connected to each of the other remaining signal

- lines so as to raise the voltage level of the notch
appearing therein. However, in order to reduce costs,
the current switching device and = the programmed
monitoring circuit are generally implemented only with
the signal line which is highly sensitive to the notch.
In other words, at least tﬁe control signal line (REQ)
being the most critical to reliable and accurate data
transfer has been implemented with such circuits.

The operation. of the present SLICK terminator
apparatus 110 of Figure 4 will now be explained with

- reference to the graphs of Figures 5, 6 and 7. 1In
particular, the curve A of Figure 5 illustrates the
voltage level of the control signal REQ on:the request
signal line in the prior art 220/330 terminator of Figure
1. As can be seen, when the control signal REQ is
switched from the asserted condition (low logic level)
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wor ds, whenever the error is cleared after the systemis "hung," t he

t er m nat or

condi ti on.
t he present
SCSI bus |

dat a and/ or

appar at us S returned automatically to its original
From the foregoing detailed description it can thus be seen that
i nvention provides an inproved term nator apparatus used with a
ne for controlling the voltage |evel of a notch occurring in
control signals transferredl®nrthe bus |line. The term nator

apparatus is conprised of a termnation network, a current swtching
device, and a programmed nonitori ng circuit. The term nator apparatus

serves to

to the deasserted condition (high logic level), a notch
Nl occurs at approximately +1.0 volts. Similarly, the
curve B of Figure 5 depicts the control signal REQ on the
request signal line in the prior art 110 regulated
terminator of_Figure 2., As can be seen, when the control
signal REQ is switched from the asserted condition to the
deasserted condition, the notch N2 occurs at
approximately +1.4 volts. Therefore, the notches N1 and
N2 could be interpreted by a receiving device coupled to
the SCSI bus line 14a as a valid request signal. Aas a
result, such notches may cause incorrect data to pe
transferred. '

The improved terminator apparatus ;lo'of Figure 4
of the present invention will control or raise the
voltage level of the notch'appearing in the control
signal REQ so as to produce the curve C of Figure 5.
When the control signal REQ makes the transition from the
asserted condition to thé deasserted ééﬁdition,"the notch
N3 in the curve C will be raised above the "double
trigger" area and now appears at approximately +1.8
volts. '

Réferring now again to. Figure 4, when the control
signal - REQ is deasserted (high 1logic 1level), the
transistor Q2 of the monitoring circuit 116 will be
turned on due to the base drive current via the resistor
R2. Any residual voltage which may be present on the
capacitor Cl1 will be discharged through the transistor
Q2 to ground; Additionally, the base of the transistor
Q1 will also be placed at the'ground potential via the
resistor R3. As a reshlt, the transistor Q1 will be
rendered conductive. cOnSeéuently, the resistor R1 will
then be connected to the power supply voltage TERMPWR via
the transistor Q1. This stable condition causes the
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prevent erroneous data from being transferred by raising the voltage | evel
of the notch above the critical "double trigger" area. Referring now to
Figure 9, an inproved signal |ine inpedance matching (SLIM term nator
apparatus 210 is illustrated which is constructed in accordance with the
principles of the present invention.. Reference is also made-to U.S. Patent
No. 5,239,559, the disclosure of which is incorporated herein by

ref erence, wherein such SLIM'term natorggpparat us al so i s discl osed.

power supply voltage to be connected’ to the request
signal line 14a via the resistor Rl.

When the control signal REQ on the line 18a is
asserted (low logic level), the resistor Rl will providé
instantaneously a second current path from the power
supply voltage TERMPWR through the signal line 14a. This
current flowing through the resistor Rl is in addition
to that which is provided by the first current path via
the resistor T1 in the termlnation network 112. Since
the transistor Q1 is already turned on prior to the time
of assertion, there will be no transients created on the
request signal line 18a upon assertion. The amount of
this additional current can be selected by controlling
the value of the resistor Rl and may be set to a
predetermined value consistent with cable impedance
requirements. '

.-~The-monitoring. circuit .116. will .now .measure..the
length of time that the request signal line is being
asserted. Further, if the périod of assertion is longer
than the programmed length of time, the additional
current furnished by the second current path will be
canceled. Therefore, the current supplied to the
controller driver in the transceiver 16a via the signal
line 18a will be limited to the current supplied by the
termination network 112. ' |

In particular, during the pericd of assertion, the
transistor Q2 will be turned off. As a conseqguence, the
capacitor Cl1 will begin to charge up towards the power
supply voltage TERMPWR through the resistor R3 and the

. emitter-base junction of the transistor Q1, If the
reguest signal line 18a remains asserted, such as a in
the case of a "hung" system, the capécitor Cl will be
charged to a point where the transistor Q1 will no longer

i
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The term nator apparatus 310 is adapted to be used with or

is connected to

ends of the SCSI bus line (such as bus |ine 314) for renoving noi se spikes
or transients fromdata and/or control signals received on the bus |ine.
The term nator apparatus 310 includes a voltage regulator 311 forned of an
adjustable 3-termnal 1.C. |ow voltage dropout regulator 312 such as
LT1086CT, a | ow vol tage regul ating CiLCHBt-3141 a plurality of pull-up

term nation resistors R -R18, ~and transient suppression

be conductfve. This condition occurs when the emitter-
base voltage is less than app:oximately'+o.7 volts.

For typical SCSI voltage, this time period is
approximately two time constants (i.e., Tc = R3 x Cl):
At the end of the "timeout" period, the transistor Qi
will be turned off. Therefore, the current added to the
request signal line 18a by the second current path via
the resistor Rl will be canceled, and only the current
from the termination network 112 will be provided.

Figure 8 illustrates another embodiment 200 of the
terminator’ apparatus of Figure 3 wherein the terminator
network comprises a 110 ohm voltage regulated terminator.
As illustrated, a data or control line 202, e.g. a REQ
or ACK signal line, is coupled to a bus 206 via a 110 ohm
resistor 204. A suitable vbltage regulator arrangement
208 is coupled between terminal power (TERMPWR) 210 and
the bus 206.

As also illustrated, a PNP transistor Q1 of a
current switch 212 is coupled to line 202 via resistor
214. The base of the transistor Q1 is coupled to ground
via serially connected resistor 216 and capacitor 218.
The base of an NPN transistor Q2 is coupled to line 202
via a resistor 222 while the collector of transistor Q2
is connected between the resistor 216 and the capacitor
218. -

In a manner similar to the arrangement set forth in
Figure 4, when the signal line 202 is deasserted (high
logic level), the transistor Q2 of the monitoring circuit
220 will be turned on due to the base drive current via
the resistor 222. Any residual voltage on éhe capacitor
218 will then be discharged to ground via the transiétor
Q2. Additionally, the base of the transistor Q1 will
also be placed at the ground potential via the resistor.

i
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¢ 20, networks TS1 and TS2 for renoving or attenuating transients or noise
spi kes. The | ow vol tage dropout regulator 312 has.its input pin 3 connected.
to an i.nput termnal 316 for receiving an input term nation-power supply
-voltage TERVWPWR (Vin), which is typically at +4.75 volts but can be varied
in the range of +4.25 volts to 5.25 volts in accordance wi th ANS|
specification X3T9. 2/ 86-109REV10c. The vol ttage regul ator 312 has an

output pin 2 for generating a - 18 =

216. As a result, the transistor Q1 will be rendered
conductive. Consequently, the resistor 214 will then be
"connected to the regulated power supply out Vout via the
transistor Q1. This stable condition causes the power
supply voltage Vout to be connected to the signal line
202 via the resistor 214. Transistor Q1 and Q2 and the
monitor circuit 220 then function as set forth above in
connection with Figure 4. | -

In Figure 6, curve 118 shows the amount of current
flowing in the signal line of the prior art termination
network 10 when it is pulled down below the mnminimum
assertion level of +0.5 volts and all the way down to
zero volts. Similarly, curve 120 shows the amount of

| current flowing in the signal line of the prior art
termination network 10a when it is pulled down between
+0.5 volts and zero volts. However, it will be noted
—thatrtﬁerewisrno“appreciable-amount“of-inCreased,current,
and thus the respective notches N1 and N2 in Figure 5
will be created. On the other hand, curve 122 shows the
amount of current flowing in the signal 1line of the
present terminator apparatus 110 when it is pulled down
between +0.5 volts and zero volts. It can be seen that
the current is increased in a highly controlled manner
so as to raise the notch N3 (Figure 5) and its associated
stub reflection well above the critical "double trigger®
area. .

In Figure 7, there is shown the amount of current
flowing in the signal line of the present terminator
apparatus 110 as a function of time. As noted, when the
programmed length of time is exceeded (i.e., 40 ms), the
current will be slowly changed from approximately 41 ma
to 24 mA. This gradual change is controlled by the
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tegulsat ed output voltage (Vout), which is typically at 2.85 volts. However,
this output voltage can be adjusted to any value | ower than +4.25 volts by
sel ecting the val ues of series-connected resistors R19 and R20 which are
coupl ed between the output pin 2 and a ground potential GND. The junction
of the resistors R19 and R20 is connected to an adjustnent pin 1 of the

vol tage regulator. A capacitor Cl is connected between the input term nal
316 and the ground potential GND for=skuirfting any | ow frequency noi se
appearing on the input

capacitor €1 and the transistor Q1 and thus again avoids
the generation of transients.

In the typical situation, the control signal REQ
will be deasserted (high 1logic 1level) before the
expiration of this programmed length of time. When this
deassertion occurs, the transistor Q2 will be turned on
again so as to discharge the capacitor Cl. As a result,
the términator'apﬁaratus 110 is reset to its original
condition, and a new cycle is repeated. It should be
understood that the terminator apparatus is always reset
when the request signal line is deasserted. In other
words, whenever the error is cleared after the systen is
"hung," the terminator apparatus is returned-
automatically to its original condition.

From the foregoing detailed description it can thus
be seen that the present invenpion provides an improved

.terminator .apparatus .used .with .a SCSI bus 1line for
controlling the Qoltage level of a notch occurring in
data and/or control signéls transferred on the bus line.
The terminator apparatus is comprised of a termination
network, a current switching device, and a programmed
monitoring circuit. The terminator apparatus serves to
prevent erroneous data from being transferred by raising
the voltage level of the notch above the critical "double
trigger" area. '

Referring now to Figure 9, an improved signal line
impedance matching (SLIM) terminator apparatus 310 is
illustrated which is constructed in accordance with the
principles of the present invention. .

' Reference is also made to U.S. Patent No. 5,239,559,
the disclosure of which is incorporated herein by
reference, wherein such SLJM terminator apparatus also

is disclosed.
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HIIIIIIIIIHHI IHII oo 10 OCT 1965




term nati on power supply voltage TERVPWR to the ground potenti al . A
capacitor C3 is connected between the output pin 2 of the voltage regul at or
and the ground potential GN\D for shunting any |ow frequency noi se appearing
on the output voltage Vout to the ground potential. A capacitor C2 is also
connected between the output pin 2 and the ground poténtial G\D for
shunting any high frequency noise appearing on the output voltage Vout to
the ground potential. The | ow. voltage rggulatlng circuit 314 is conprised
of a current-limting resistor R21, di ofds™D9 and D10,

The terminator apparatus 310 is adapted to be used
with or is connected to ends of the SCSI bus line (such
as bus line 214) for removing noise spikes or transients
from data and/or control signals received on the bus
line. The terminator apparatus 310 includes a voltage
regulator 311 formed of an adjustable 3-terminal I.C. low
voltage dropout regulator 312 such as LT1086CT, a low
voltage regulating circuit 314, a plurality of pull-up
termination resistors R1-R18, and transient suppfession
networks TSl and TS2 for removing or attenuating
transients or noise spikes.

- . The low voltage dropout regulator 312 has its input
p1n 3 connected to an input terminal 316 for receiving
an 1nput terminatlon power supply voltage TERMPWR (Vin),
which is typically at +4.75 volts but can be varied in
the range of +4.25 volts to 5.25 volts in accordance with
ANSI specification X3T9.27/88-109REV10c. The voltage
regulator 312 has an output pin 2 for generating a
regulated output voltage (Vout), which is typically at
2.85 volts. However, this output voltage can be adjusted
to any value lower than +4.25 volts by selecting the
values of series-connected resistors R19 and R20 which
‘are coupled between the output pin 2 and a ground
potential GND. The junction of the resistors R19 and R20
is connected to an adjustment pin 1 of the voltage
regulator.

A capaéitor Cl1 is connected between the input
terminal 316 and the ground potential GND for shunting
any low frequency noise appearing on -the input
termination power supply voltage TERMPWR to the ground
potential. A capacitor €3 is ‘connected between the
output pin 2 of the voltage regulator and the ground
potential GND for shunting any low fregquency noise
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and a. capacitor C4. One end of the resistor R21 is connected to the
regul at ed out put voltage on the pin 2 - 21 - of the voltage regul ator,
and the other end of the resistor R21 is connected to one end of the
capacitor C4, to the anode of the diode D10, and to a reference |line 318.
The cat hode of the diode D10 is connected to the anode of the diode D9. The
cat hode of the diode D9 is

appearing on the output voltage \fout to the ground
potential. A capacitor C2 is also connected between the
output pin 2 and the ground potential GND for shunting
any high frequency noise appearing on the output voltage
Vout to the ground. potential.

The low voltage regulating circuit 314 is comprised
of a current-limiting resistor R21, diodes D9 and D10,
and a capacitor C4. One end of the resistor R21 is
connected to the regulated output voltage on the pin 2
of the voltage regulator; and the other end of the
resistor R21 is connected to one end of the capacitor c4,
to the anode of the diode D10, and to a reference line
318. The cathode of the diode D10 is connected to the
anode of the diode D9. The cathode of the diode D9 is

" connected to the other end of the cabacitor C4 and to the
ground potential GND. The reference line 318. provides
a reference voltage VREF for the supbres’.‘éion“netwbrks' TS1
and TS2. Assuming that the forward voltage drop across
the diodes D9 and D10 is each 0.75 volts, the reference
voltage VREF is approximately +1.5 volts. Thus, the
value of the resistor R21 is selected so that the current
flowing through these diodes will produce the reference
voltage of +1.5 volts at V reference.

One end of each of the plurality of pull-up
termination resistors Rl through R18 is commonly
corinected together and to the regulated output voltage
on line 320. The other ends of the resistors Rl through

'R18 are connected to one end of the respective data

and/or control signal lines ACK, REQ, DB(0) through
DB(7), DB(P), ATN, BSY, RST, MSG, SEL, ¢/D, and I/0. The

_pull-up resistors Rl through R18 function in the same
manner as the resistors P1-P18 in Figure 2 of the prior
art and serve to supply the current to a respective open
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connected to the other end of the capacitor C4 and to the ground potenti al
G\D. The reference line 318 provides a reference voltage VREF for the .
suppressi on networks TS1 and TS2. Assuning that the forward voltage drop
across the diodes D9 and D10 is each 0.75 volts, the reference voltage VREF
is approximately +1.5 volts. Thus, the value of the resistor R21 is
‘selected so that the current flow ng fhgpugh these diodes will produce the
reference voltage of +1.5 volts at V reference. One end of each of the
plurality of pull-up termnation resistors RL through R18 is commonly

collector transistor device formed in a corresponding
transmitting device that is coupled to the SCSI bus line.
In particular, when the open collector transistor device
associated with the respective data and/or control signal
lines is turned off, such signal line will be at a high
logic level and no current will flow through the
corresponding pull-up resistor. When the open collector
transistor device associated with the respective date
and/or control signal lines is turned on (signal line is
active), such signal line will be at a low logic level
and the maximum current through the open .collector
transistor device is limited by the corresponding pull-up
resistor.

The transient suppression network - TS1 is
interconnected between the control signal line (Acg) and
the reference line 318. The termination suppression
network TSl is a diode array formed of diodes D1 through
D4. The anode of the diode D1 is connected to the
cathode of the diode D3 and to the control signal line
(ACK). The cathode of the diode D1 is connected to the
anode of the diode D2. The anode of the diode D3 is
connected to the cathode of the diode D4. The cathode
of the diode D2 is connected to the anode of the diode
D4 and to the reference voltage VREF on the line 318.
The transient suppression network TSl functions as a
variable resistor which 'dyn_amically changes its impedance
dependent upon the amount of current flowing
therethrough. '

Similarly, the transient suppression network TS2 is
interconnected between the control signal (REQ) and the
reference line 318. The transieht suppression network
TS2 is a diode array formed of diodes D5 through D8. The
anode of the diode D5 is connected to the cathode of the
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connegted together and to the regul ated output voltage on line 320. The

ot her ends of the resistors RL through R18 are connected to one end of the
respective data and/or control signal lines ACK, REQ DB(0) through DB(7),
DB(P), ATN, BSY, RST, MSG SEL, CD, and 1/O The pull-up resistors Rl

t hrough R18 function in the same manner as the resistors P1-P18 in Figure 2
of the prior art and serve to supply tgf current to a respective open
col l ector transistor device formed in %orrespondlng transmtting device
that is coupled to the SCSI bus line. In particular, when the open

coll ector transistor device :

diode D7 aﬁd to the control signal line (REQ). The
cathode of the diode D5 is connected to the anode of the
D6. The anode of the diode D7 is connected to the
cathode of the diode D8. The cathode of the diode D6 is
connected to the anode of the diode D8 and to the
reference voltage VREF on the line 318. The transient
suppression network TS2 functions likewise as a variable
resistor which dynamically changes its impedance
dependent upon the amount of current flowing
therethrough. '

It should be cléarly understood to those skilled in
the art that additional transient suppres;ion networks
similar to TS1 could be connected between each of the
other remaining signal lines and the reference line 318
so as to suppress transients. However, in order to
reduce costs, the transient suppression networks are
generally implemented only with the signal_iines which
are highly suéceptible to transients. In other words,
at least the control signal lines (ACK) and (REQ) being
the most critical to reliable and accurate data t:aﬁsfe:
have been implemented with such transient suppression
networks. _ |

The operation of the present terminator apparatus
310 of Figure 9 will now be explained with reference to
Figures 10A and 10B. As can be seen, when the signal
line is at the high logic .level (i e., between + 2.5 to
+3.0 volts), there is a positive spike at pomt A
extending above the high logic level. Also, when the
signal line is at the low logic level (i.e., between 0.0
to 0.5 volts) there is a negative spike at point B
extending below the low logic level. If these transients-
appearing at the points A and B are sufficiently long in
duration and have 1large enough amplitudes, these
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associ ated with the respective data and/or control signal lines is turned

of f,

transi stor device associated with the respective date and/ or control
lines is turned on (signal line is -22 - active), such signal line wll
be at a low | ogic |evel - 24 =

 transients could be interpreted by a receiving device

coupled to the SCSI bus line as a valid signal. Aas a
result, such transients may cause incorrect data to be
transferred.

The improved terminator apparatus 310 in Figure 9
of the present invention will remove or attenuate the
transients appearing on the control signal lines REQ and
ACK so as to produce the waveform 122 of Figure 10B.
When the signal line (i.e. control signal line REQ) is
at the high logic level and a transient appears like the
one at the poiﬁt A (Figure 5) which exceeds the high
logic level, the diodes D5 and D6 will be rendered
conductive so as to clamp the control signal REQ to a
voltage equal to two diode drops above the reference
voltage VREF or approximately +3.0 volts, thereby
effectively eliminating the transient. In!other words,
the diodes D5 and D6 limit the upper voltage level on the
control signal line REQ. _

When the control signal line REQ is at the low logic

level and the transient appears like the one at the point

B (Figure 10A) which falls below the low logic level,
diodes D7 and D8 will be rendered conductive so as to
clamp the control signal REQ to the low logic level or
approximately zero volts. In other words, the diodes D7
and D8 1limit the lowver voltage level on the control
signal REQ.

For completeness in the disclosure of the above-
described terminator apparatus but not for purposes of
limitation, the following representative values and
component identifications are submitted. These values
and components were employed in a terminator apparatus
that was constructed and tested and which provides a high
quality performance. Those skilled in the art will
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such signal line will be at a high logic |level and no current wll

fl ow.t hrough the correspondi ng pull-up resistor. Wen the open collector
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and the maxi num cur

rent through the open collector transistor device is

limted by the corxesponding pull-up resistor. The t ransi ent :
suppressi on net wor k TS1 i § interconnected between the control signal

line (ACK) and the
network TS1 is a di

reference |ine 318. The transient suppression
ode array fornmed of diodes D1 through D4. The anode of

the diode D1 is connected to the catlo@®s of the diode D3 and to the control

signal line (ACK).

The cat hode of the diode DL is connected to the anode of

the diode D2. The anode of the diode D3 is

recognize that many alternative elements and values nay
be employed in constructing the circuits in accérdance
with the present invention.

PART TYPE OR VALUE
C1 . 4.7 uF

c2 .1 puf

Cc3 22 uf

c4 S 2.2 uf

R19 ' : 121 Ohms

Rl - R18 110 Ohms

R20 : 154 Ohms

D1 - D10 BAV 99

Therefore, with the above values used, the
terminator apparatus 310 of the present invention will
generally provide a regulated output voltage of +2f85
volts with a termination impedance of 110 Ohms which
meets the maximum current specification. Fhrther, the
suppression networks - TS1 and TS2 will remove any
transients by limiting the range of the upper-voltage

- level and the lower voltage level of the control signals

REQ and ACK. _

However, since it has been encountered in the
computer equipment industry that many of the SCSI cables
have a lower impedance than 110 Ohms and is more on the
order of 80 Ohms, it would be desirable to easily modify
the terminator apparatus 110 so as to accommodate the
different impedances. It is merely needed to lower the
regulated output voltage Vout so that the maximum current
requirement is met when the termination impedances (R1l-
R18) are lowered to 80 Ohms. Accordingly, it has been .
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connected to-the cathode of the diode D4. The cathode of the diode D2 is
connected to the anode of the diode D4 and to the reference vol tage VREF on
the line 318. The transient suppression network TS1 functions as a vari able
-resi stor which dynam cally changes its inpedance dependent upon t he
anmount of current flowi ng therethrough. Simlarly, the transient
suppression network TS2 is interconnactygg Hbetween the control signal (REQ
and the reference line 318. The transient suppression network TS2 is a

di ode array fornmed of diodes D5 through D8. The

discovered that the output voltage should be reduced to
approximately +2.15 volts when driving an 80 Ohm
termination impedance. Therefore, it will be apparent
to those skilled in the art that the  output voltage
further can simply be adjusted to a desired value so as
to accommodate the variety of different impedances of the
SCSI cables. _

From the foregoing detailed description, it can thus
be seen that the present invention provides an improved
terminator apparatus used with an SCSI bus line for
removing noise spikes or transients from data and/or
control signals received on the bus line. The terminator
apparatus is comprised of a voltage regulator, a low
voltage regulating circuit, a plurality of pull-up
resistors, and suppression networks. The suppression
networks serve to remove transients from the signal lines
by limiting the range of the upper voltage level and the
lower voltage leVel of the control signals appearing
thereon.

Figure 11 shows an active deassertion circuit 422
in block diagram form. The active deassertlon circuit
422 is comprised of a means for providing a voltage
reference 424 and a means for sinking current 426. The
-means for providing a voltage reference 424 has an input
428 and an output 430. The means for sinking current 426
has a first input 432 that is coupled to the output 430
of the means for providing a voltage reference 424. The
means for sinking current 426 also has.a second input 434
and an -output 436. | - '

Figure 12 shows the active deassertion -circuit 422
and its placement within a SCSI system denoted by
reference numeral 420. The regulated terminator 418 is
comprised of a 2.85 volt voltage reguiator_ 438, the

N




anode: of the diode D5 is connected to the cathode of the diode D7 and to
the control signal line (REQ. The cat hode of the diode D5 is connected
to the anode of the D6. The anode of the diode D7 is connected to the
cat hode of the diode D8. The cathode of the diode D6 is connected to the
anode of the diode D8 and to the reference voltage VREF on the |ine 318.
The transient suppression network TS2«f gpcti ons |i kew se as a vari abl e
resi stor which dynam cally changes its inpedance dependent upon t he
amount-  of current fl owi ng

output 440 ‘of which is coupled to each signal line 416a
through 416r of the transmission line 414. ' The voltage
regulator 438 is connected to a common voltage 444.
Other features of the regulated terminator 418, such as
its input 445 and its capacitors, 446, 448 and 450, are
connected as shown. The means for sinking current 426
of the active deassertion circuit 422 is coupled to each
signal line 416a through 416r, and the output 440 of the
voltage regulator 438 via its second input 434. These are
the only conhectionsthat need be made between the SCSI
system 420 and the active deassertion circuit 422,
However, preferably, the input 428 of the means for
providing a voltage reference 424 is connected to the
input 445 of the regulated terminator 418 which enables
both the regulated terminator 418 and the active

. deassertion circuit 422 to operate off of the same power
means (not shown). '

Again™ 'ref‘e'rring "‘to 'Figure ~ 12,  the means " for
providing a voltage reference 424, or voltage reference
circuit; is preferably comprised of a voltage regulator
452, a capacitor 454 and a voltage divider circuitry 456.
The voltage regulator 452 has an input 428 that is
identical to the 'input 428 of the means for providing a
voltage reference 424. The voltage regulator has an
output 458 and is connected to the common voltage 444,
preferably ground. Preferably, the voltage regulator 452
is part LT11172.85 manufactured by Linear Technology
cbrporation. The capacitor 454 is interposed between the
output 458 of the voltage regulator 452 and the common
voltage 444 and is, preferably, a 22 microfarad
capacitor. The voltage divider circuitry 456 is
interposed between the output 458 of the voltage
regulator 452 and the common voltage 444. The voltage

\
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« 23 - therethrough. It should be clearly understodd to those skilled in
the art that additional transient suppression networks simlar to TS1 could

be connected between each of the other remaining signal |ines and the
reference line 318 so as to suppress transients. However,” in order to
reduce costs, the transient suppression networks are generally inplenented
only with the signal |ines which - 28 =

divider circuitry 456 is comprised of diode means 462
serially connected with impedance means 464 at a junction
466 that serves as the output 430 of the means for
providing a voltage reference 424. Preferably, the diode
means 462 is part number BAV99, manufactured by Phillips.
Thus, it is manifest that the capacitor 454 and the
voltage divider circuitry 456 are in parallel with each
other. Preferably, the diode means 462 is comprised of
a pair of diodes 468 and 470, interposed between the
outbﬁf 458 of the voltage regulator 452 and the output
430 of the means for providing a voltage reference 424,
or Jjunction 466. Also, the impedance means 464 is
preferably a resistor 472 that is interposed between the
junction 466 and the common voltage 444 having a value
of 3.3 kOhms. '

Yet again referring to Figure 12, the means for
sinking current 426, or current sink, is comprised of
transistor_meéns 474 'having a base 476, efmitter 478, and
a collector 480. The base 476 serves as a first inmput
432 to the means for sinking current 426 and is coupled
to the junction 466. Preferably, the transistor means
474 is comprised of a Darlington transistor 482 arranged
from two PNP transistors 484 and 486 as shown.
Preferably, the Darlington transistdr 482 is part number
FT2705, manufactured by 2etex. In this configuration,
an emitter 488 of transistor 486, and thus the emitter
478 of the transistor means 474, has a resistor 490
preferably with a value of 0.22 ohms connected to it.
The resistor 490 serves as the second input 434 to the
nmeans for sinking current 426. Further in this
configuration, the collectors 492 and 494 of the
transistors 484 and 486 respectively serve as the output
436 to the means for sinking current 426 and the

Tl 1
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are highly susceptible to transients. In other words, at |east the control °
signal lines (ACK) and (REQ being the nmpst critical to reliable and
accurate data transfer have been inplenented with such transient
suppressi on networks. The operation of the present term nator apparatus 310
of Figure 9 will now be explained with reference to Figures 10A and 10B.

As can be seen, when the signal line i=s28t «t he high logic level (i.e
between + 2.5 to +3.0 volts), there is a positive spike at point A
ext endi ng above the high logic level. Also, when the

collector 480 of the transistor means 474. Preferably,
the output 436 is connected to the éomhon voltage 444 as
shown. : | ;
Again referring to Figure 12, by its very nature,
the gquiescent operating point of the Darlington
transistor 482 will not be stable over the entire
environmental temperature range over which the active
deassertion circuit 422 may operate. However, matching
the temperature coefficient of diode means 462 with the
temperature coefficient of the junction'of the emitter
478 and the base 476 alleviates this problem. Thus,
although, for instance, one can practice the claimed
invention by using a zener diode (not shown) as the means
- for providing a voltage reference 424, a zener diode is
not the preferable structure.
Still referring to Figure 12, the second input 434
is coupled to both the output 440 of the voltage
regulator 438 -of the regulated terminatof”418 anhd the
signal lines 416a through 416r at a node 469. If there
are no actively deasserted signal lines 416a through
416r, the voltage regulator 438 will provide a voltage
of 2.85 volts at the second input 434. However, if a
signal line 416a through 416r is actively deasserted,; the
node 469 will be at a voltage greatef'than 2.85 volts due
to characteristics of its drivers (not shown). Since
each of the signal lines 416a through 416r has a 110 ohm
resistor, 498a through 498r, an asserted line will
normally draw more than 24 mA (which is outside of the
ANSI standérd) if an active deassertion circuit 422 is
not present. In fact, the more signal - lines, 416a
through 416r, that are deasserted, the farther the -
current through each asserted line exceeds the maximum
current allowed by the ANSI standard due to the increase

—
—— .

————
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line is at the low logic level (i.e., between 0.0 to 0.5 volts)

there is a negative spi ke at point B extending below the |low |logic |evel.
I f these transients appearing at the points A and B are sufficiently |ong
in duration and have | arge enough anplitudes, these transients could be

interpreted by a receiving device coupled to the SCSI bus line as a valid

si gnal .

As a result, such transients - eause incorrect data to be

transferred. The inproved term nator apparatus 310 in Figure 9 of the

pr esent

invention will renpove or attenuate the

in the overall current through the signal 1lines, 41l6a
" through 416r. '

Having described the structure of the active
deassertion circuit 422 and its connections to SCSI.
system 420, the method of use of the active deassertion
circuit 422 will be apparent to those of skill in the
art. The method of use prevents overcurrent on signal
lines, 416a through 416r, due to the active deassertion
of at least one other signal line, 416a through 416r.
First, one must provide a regulated terminator 418 having
an output 440. Next, one must coupie a plurality of
signal lines 416 through 416r, to the output of the
régulated terminator. Next, one must couple the second
1nput 434 of the active deassertion circuit 422 to the
output 440 of the regulated terminator 418. Next, one
may assert at least one of the plurality of siénal lines
416a throﬁgh 416r. Next, one must actively deassert at -
least one of the plurality of signal lines, 416a‘thrdugh
416r. Next, one must compare the first input 432 of the
means for sinking current 426 to the second input 434 of
the means for sinking current 426. Finally, one must
sink current through the means for sinking current 426
until none of the asserted plurality of signal lines 416a
through 416r draws current in excess of that which is
permitted by its communications protocol.

The invention has been described in detail with
particular reference to an active deassertion circuit 422
comprised of a means for providing a reference voltage
424 and a means for sinking current 426. However, those
skilied in the art understand that there are numerous
.yariétions and modifications of the present invenfion.
For instance, as explained above, the present invention
could use a zener diode as the means for providing a

-
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stransi ents appearing on the control signal lines REQ and ACK so as to
produce the waveform 324 of Figure 10B. Wien the signal line (i.e. control
signal line REQ is - 24 - at the high logic level and a transient
appears |like the one at the point A (Figure 5) which exceeds the high logic
| evel, the diodes D5 and D6 will be. rendered conductive so as to clanp the
control signal REQto a . - 31 -

voltage reference 424 and still fall within the ambit of
the claims. Also any temperature compensating voltage
reference can be used in place of the voltage reference.
In Figure 13 there is illustrated a particular
embodiment of the invention wherein a terminator
apparatus is provided with a SLICK circuit, an ADR
circuit and a SLIM circuit in addition to a typical
termination network:. As can be appreciated, the SLICK
circuit actually consists of two SLICK circuits, one each
for the REQ and ACK signal lines of the SCSI bus.
Similarly, the SLIM circuit includes two suppression
networks, one each for the REQ and ACK signal lines.
Only one current sink is required in the ADR circuit
because it is connected to the output node of the
regulated power supply voltage rather than individual
signal lines. . ' _ ' .
‘It should be understood that various changes and
~modifications " to " the  presently preferred ' embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes
and modifications be covered by the appended claims.
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vol tage equal to two di ode drops above the reference vdTTage~%¢&ﬂi41§\__~j;
approximately +3.0 volts, thereby effectively elimnati he transient

ot her words, the diodes D5 and D6 |imt the upper volta g’[’, Imum

control signal .1ine REQ Wen the control signal line R Mﬂrg

|l ogic I evel and the transient appears like the one at the p0|n B (Flgure

10A) which falls below the | ow | ogic I_e\éei - diodes D7 and D8 will be
rendered conductive so as to clanp the control signal REQto the |Iow | ogic

| evel

or approximately zero volts. In other words, thé di odes D7

WE CLAIM: - |
1. A SCSI bus terminator apparatus compriSihgf

a voltage regulator prbviding_ a regulated power
supply voltage:;

a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up terminatién resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of data and/or control signal lines being
coupled to the bus 1line, said plurality of pull-up
termlnatlon re51stors limltlng' the maximum current
supplied when the signal lines are active;

a signal line increased current kicker circuit,
including:

a current switching deVvice “interconhected
between the power supply voltage and at least one of the
signal lines for generating a current for the signal
line, the current switching device having a control
inputf and _

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time. that the current is generated, the current switching
device being responsive to the monitoring-circuit_for
disconnecting the current when the programmed length of
time has been exceeded, the current serving_to raise the
voltage level of a notch occurring in a signal
transferred via the signal line when the signal line is
deasserted so as to prevent erroneous data from being
transferred; and

[’7’/71/1///111///////i/7ii7:



and DB limt the | ower voltage | evel on the control signal RFQ For
conpl eteness in the disclosure of the above- described term nator apparatus

but not for purposes of limtation, the follow ng repr ﬂmeand
conponent identifications are subm tted. These val ueselm[“muummnw

enpl oyed in a terninator apparatus that was constructed and té&st®&d %

whi ch provides a high quality performangs - Those skilled in the art\MII

recogni ze that many alternative el ements and val ues may be enpl oyed in
constructing the circuits in accordance

an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:
(a) means for providing a voltage reference
having an input and an output; and
(b) means for sinking current having a first
input, a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the second input
being. coupled to said constant voltage output of
_ the regulated terminator:;
whereby the means for sinking current is
capable of comparing its first input to its second input
and, when voltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal of said plurality of signal lines, sinking current
to prevent oirer.current on - other signal lines that are
asserted or are going to be asserted to maintain said
constant voltage. |

2. A SCSI bus terminator -apparatixs comprising:

a voltage regulator providing a regulated power
supply voltage;

a plurality of pull-up termination resistors
each having a first and a second end, said first end of
said plurality of pull-up temination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a pl\irality
of data and/or control signal lines, the other end of
said plurality of data and/or control signal lines being
coupled to the bus 1line, said plurality of pull-up
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wi th t.he present invention. - 25 - PART _TYPE-OR™

EHl- . Eod 7O A - >

termination resistors limiting the maximum current
supplied when the signal lines are active:

a signal 1line increased current Xkicker
including:

a current switching device interconnected
between the power supply voltage and at least one of the
signal lines for generating a current for the signal line
the current switching device having a control input; and

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is generated, whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current when the programmed
length of time has been excééded, the current serving to
raise the voltage level of the notch occurring in the
signal line when the signal line is deasserted so as to
prevent erroneous data from being transferred; and

a signal 1line 1mpedance .matching term1nator
apparatus connected to each of a SCSI bus line for
removing noise spikes or transients from data and/or
control signals received on the bus line, each of the
terminator apparatus comprising:

voltage regﬁlator'means responsive to an input
termination power 'suppiy voltage for generating a
regulated output voltage'of a predefermined value;

low voltage regulating circuit means responsive
to the regulated output voltage for generating - a
reference voltage; and

suppression network means interconnected
between at least one of said plurality of-data and/or
signal lines and the reference voltage for removing
transients from the data and/or .control signal by

This Sheet Has Been Re laced
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R1- R18 110 Chns R20 - 154 Ohns D1- D10
BAV 99 Therefore, with the above values wused, the t er m nat or ——

apparatus 310 of the present invention will generally Euﬂ Iated
out put voltage of +2.85 volts with a termnation inped l" I!?
whi ch neets the maxi mum current specification.. Further] the

networks TS1 and TS2 will renove any t« @ssi-ents by I|n1t|ng t he range of
t he upper voltage |evel and the |ower voltage |evel of the control signals

limiting the range of the upper voltage and the lower
voltage level appearing thereon.

3. A SCSI bus terminator apparatus comprising: .

a voltage regulator providing a regulated power
supply voltage; _

a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up termination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of of data and/or control signal lines
being coupled to the bus line, said plurality of pull-up
termination resistors limiting the maximum current
supplied when the signal lines are active;

> an active-deassertion'circuit-for -a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:

(a) means for providing a voltage reference .

having an input and an output; and

(b) means for sinking current having a first

input, a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the second input
being coupled to said constant voltage output of

the regulated tefminator; _
whereby the means for sinking current is
capable of comparing its first input to its second input
and, when voltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal of said plurality of signal lines, sinking current

REPLACEMENT SHEET
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REQ:and ACK. However, since it has been encountered gﬁrlng_gggggger
equi pnent industry that many of the SCSI cabl es have OWEr 1 npedance than

oy T e > <o 1 R
di fference i npedances. It is nerely needed to | ower the oLlft pat

110 OChns and is nore on the order of 80 Chns, it mould
easily nodify the term nator apparatus 110 so as to acc

vol tage Vout so that the maxi numcurrepntagpeguirenent is net when the
term nation inpedances (Rl- R18) are Iomered to 80 Chns. Accordingly,
has been di scovered that the output voltage should be reduced to

to prevent overcurrent on other signal lines that are
asserted or are going to be asserted to maintain said
constant voltage; and

a signal 1line impedance matching terminator
apparatus connected to each of a SCSI bus 1line for
removing noise spikes or transients from data and/or
control signals received on the bus line, each of the
terminator apparatus comprising:

voltage regulator means responsive to an input

‘termination power supply voltage for generating a

regulated output voltage of a predetermined value;

low voltage regulating circuit means responsive
to the regulated output voltage for generating a
reference voltage; and

suppression network nmeans interconnected
between at least one of saih'plurality of data and/or
signal 1lines and the reference voltage for removing
transients from the data and/or control signal by
limiting the range of the upper voltage and the lower
voltage level appearing thereon.

4. A SCSI bus terminator apparatus comprising:

a voltage regulator providing a regulated power
supply voltage:; _

a plurality of pull-up termination resistors
each having a first end and a second end, said first end
of said plurality of pull-up termination resistors being
connected to the regulated output voltage, said second
end of said plurality of pull-up termination resistors
being connected to a corresponding one end of a plurality
of data and/or control signal lines, the other end of
said plurality of data and/or control Signal'lines being
coupled to the bus line, said plurality of pull-up

it
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sapprexi mately +2.15 volts when driving an 80 Ohmterm nation i npedance.
Therefore, it will be apparent to those skilled in the art that the output
vol t age -26- further can sinply be adjusted to a desiz so as to
accommobdate the variety of different inpedances of the SCSI cables. From

the foregoing detailed descri pt_i on, i.t :7an-t hus ”!'I"!m'!”""””'!'mm .

terminatioh resistors limiting the maximum current
- supplied when the signal lines are active; '

a signal line increased current kicker circuit
including:

a current switching device interconnected
between the power supply voltage and at least one of the
signal lines for generating a current for the signal
line, the current switching device having a control
input; and _

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is generated, whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current when the programmed
length of time has been exceeded, the current serving to
raise the voltage level of a notch occurring in a signal
‘transferred via the sigial liné when the signal line is
deasserted so as to prevent erroneous data from being
transferred; '

an active deassertion circuit for a regulated
terminator providing a constant | voltage output to a
plurality of signal lines comprising:

(a) means for providing a voltage reference

having an input and an output; and |

(b) means for sinking current having a first

input, a second input, and an output, the first
input being coupled to the output of the means for
providing a voltage reference and the second input
being coupled to said constant voltage output of

the regulated terminator; '
'whereby the means for sinking current is
capable of comparing its first input to its second input

_/___,/ .
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be seen that the present .invention provides an inproved term nator
apparatus used with an SCSI bus |line for renoving noise spikes or
transients fromdata and/or control signals received on the bus line. The

term nator apparatus is conprised of a voltage regul at

regulating circuit, a plurality of pull-up resistors, M‘!ml El‘m “)mm

net wor ks. The suppression networks seryve to renpve tr lcen rom t*he
signal lines by limting the range of has upper voltage |level and the |ower

voltage | evel of the control signals appearing thereon.

and, when \}oltage at the second input momentarily exceeds
the first input due to active deassertion of at least one
signal line of said plurality of signal lines, sinking
current to prevent overcurrent on other signal lines that
are asserted or are going to be asserted to maintain said
constant voltage; and

a signal line impedance matching terminator
apparatus connected to each of a SCSI bus line for
removing noise spikes or transients from data and/or
control signals received on the bus line, each of the
terminator apparatus comprising:

voltage regulator means responsive to an :mput
termination power supply voltage for generating a
regulated output voltage of a predetermlned value;
, low voltage regulatlng circuit means respon51ve
'to the regulated output voltage for generating a
:reference voltage; and

suppression network means interconnected
between at least one of said plurality of data and/or
signal lines and the reference voltagé for removing
transients from the data and/or control signal by
limiting the range of the upper voltage and the lower
voltage level appearing thereon. '

S. A SCSI bus terminator apparatus substantially as hereinbefore
described with reference to Figures 3 to 13 of the accompanying drawings.

l‘ This Sheet Has B
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Figre 11 shows an active deassertion circuit 422 in block diagramform
The active deassertion circuit 422 is conprised of a neans for providi-ng a
vol tage reference 424 and a neans for sinking current 426. The neans for
providing a voltage reference 424 has argg.nput 428 and an output 430. The
means for sinking current 426 has a first input 432 that is coupled to the
out put 430 of the neans for providing a voltage reference 424. The neans

for sinking current 42 out put 436
Figure 12 shows the actlghﬁ%easse ?AMH@M%%

An SCSI bus line 14a apparatus mcludmg in combination at least two of any of
an active deassertion (ADR) circuit, a signal line impedance matching .(SLIM) circuit
310 and a signal line increased circuit kicker (SLICK) circuit (110). In the ADR
circuit, if a current sinking circuit senses an increased voltage on the common node of
the signal lines of a bus due to active deassertion of a signal line, the current Sinliing
circuit sinks enough current from the signal lines to prevent an over-current condition
on asserted signal lines or soon-to-be asserted signal lines. In the SLIM circuit 310,
transient voltages are removed from a signal line by limiting to within a range the
voltages that can appear on the signal line. In the SLICK circuit 110, a current
switching device is controlled.

Figure 3.
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and ItS placenent mnthln the SCS

regulator 438,

t he out put 440 -of which is coupled to each signal-

systen1410 denot ed by reference nunefal
420. The- regulated term nator 418-is conprlsed of a 2.85 volt voltage

i ne 4164a.

t hrotigh 416r -of the transmission line 494. The voltage regul ator 438 is

connected to a comon voltage 444. Oth

r” features of the regul ated

term nator 418, such as - 27 -
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£ 9.

its input 445 and its capacitors, 446, 448 and..450, are connected as shown.
The nmeans for sinking current 426 of the active deasserti-on circuit 422-.i-s
coupled to each signal line 416a through 416r, and the output 440 of the -
vol tage regulator 438 via its second ippygt 434 These are the only
connections that need be made between the SCSI system 410 and the actlve
deassertion circuit 422. However, preferably, the input 428 of the neans
for providing a voltage reference 424 is caonnected to the input 445 of 'the
regul ated term nator 418 mhlch enabl es both the regulated terninator 418

dth t : :
an | e a!c ive | FlG, 3

110 .
| \ TERMPWR |
IR 4 14 | 16
110 OHM _ CURRENT PROGRAMMED
VOLTAGE REGULATED _ | | SWITCHING MONITORING
OR 220/330 TERMINAT DEVICE CIRCUIT

v _y Me T

yigu (REQ)
TO TRANSCEIVER
- {6a

FIG. 4
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£ -‘ :
deassertron crrcurt 422 to operate off of the sane power neans (not shown).

Again referring to Figure 12, the neans for providing a voltage ref erence

- 424, or voltage reference cfchif,-is preferably conprised.of -a voltage
regul ator 452, a capacitor 454 and a vt ﬁ;age divider circuitry 456. The

vol tage regul ator 452 has an input 428 ¥lttat is identical to the input 428
of the means for providing a voltage reference 424.- The voltage regul ator
has an output 458 and is connected to the common voltage 444, preferably

gr ound. Preferably, t he voltage regulator 452

' FIG 5
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i's part LT11172. 85 manufact ured by Li near Technology Cbrporatron The'ﬁﬁﬁfbffﬁg
capacitor 454 is interposed between the output 458 of the vol t age regulator*-”

452 and the common vol tage 444 -and |s preferably, a 22 microfarad
capacitor. The voltage divider r&urtry 456 is interposed betmeen
the output 458 of the voltage regulato / 52 and the conmon vol tage 444.

The voltage divider circuitry 456 is conprised of. di ode neans 462 serially
connected with inpedance nmeans 464 at a junction 466 that serves as the
out put 430 of the nmeans for providing a voltage reference 424, Preferably,
t he di ode - -

FIG.8
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28. means 462 is -part nunber BAV99, nanufactured by Ph||||ps ‘Thus, it
mani fest that the capacitor 454 and the voltage divider circuitry 456 are
. in parallel with each other. Preferably, the diode neans 462 is conprised
of a pair of diodes 468 and 470, interposed between the output 458 of the
vol tage regul ator 452 and the out put éb of the nmeans for prOV|d|ng a

vol tage reference 424,

FIG.9 w
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or junction 466. Al so, the inpedance ieans 464 is preferably a: re5|storf;gﬁ~
472 that 'is interposed between the. juncti.on 466 and the combn vol tage" 444 .
having a value of 3.3 kChnms. Yet again referrlng to Figure 12, the neans .:

for sinking current 426, of current S|§§, ‘is conprised of transistor neans

474 having a base 476, emtter 478, an 8 col lector 480. The base 476

serves as a first input 432 to the neans for sinking current 426 and is

coupled to the junction 466. Preferably, the transistor neans 474 is

conprised of a Darlington trar?rér 8 arranged ' :

LOGIC *1” / 24
H . ey
(+2.8v :
TO +20V)

LOGIC*O" | _
(cov
70 40.5V)

122

J/

FIG.10B

LOGIC 1 mervm
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(oov
TO +o.5v)_B
FIG. 1]
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from two. PNP transistors 484 and 486 .as. - shown. Preferably,. the
Darlington transistor 482 is part nunber FTZ705; manufactured by Zetex. I'n i
this configuration, an emtter 488 of transistor 486, and.-thus the emtter -~
478 of the transistor neans 474, haszﬁ'gsistor 490 preferably with a val ue
of 0.22 ohns connected to it. The resistor 490 serves as the second i nput

434 to the neans for sinking current 426. Further in this
configuration, the collectors 492 and 494 of the transistors 484 and 486
respectively serve as the output 436 to the neans for sinking current 426

and the | F'G. ]2 : ..--_.-
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col l ector 480 of the transistor neans 474. Preferably, the out put 436.is’
connected to the common vol tage 444 as-shown. Again referring to Fi gure - 12
by its very nature, - 29 - the quiescent operating point of the
Darlington transistor 482 will not- be; st8abI e over the entl re ‘environment aI
tenperature range over which the actlx%
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deassertjan circuit 422 may operate. However, matching the tenperature
poeffﬁcrbﬁt of diode nmeans 462 with the tenperature coefficient of the
junction of the emtter 478 and the base 476 alleviates this problem
Thys, al t hough, for instance, one can practice the clained invention by
using a zener diode (not shown) as the neans for providing a voltage
reference 424, a zener diode is not the preferable structure. Still
referring to Figure 12, the second-input 434 is coupled to both the out put
440 of the voltage regul ator 438 of the regulated terminator 418 and the

S PECIFICATION
_ TITLE
TCOMBINATION OF TERMINATOR APPARATUS ENHANCEMENTS"
ELATED APPL TI DA

This application is a Continuation-in-Part of U.S.
Patent Application Serial No. 07/988,908, filed December
10, 1992, now U.S. Patent No. 5,362,991, and U.S. Patent
Application Serial No. 07/883,303, filed May 4, 1993, now
U.S. Patént No: 5,313,105, the disclosures both of which
are incorporated herein by reference. '

B R F E INVE

The present invention generally relates\ to a
terminator apparatus. More specifically,.the present
invention relates tona'terminator;gpparagus used with a
SCSI (acronym for small computer sysﬁéﬁﬂinterface) bus
line. - - -

One application where reliable data transfer becomes
important is in the field of data transmission on a fully
loaded SCSI bus line for communication 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 regulated
terminatdr, in acéordance with the standard set forth in
_Arﬁérican National Standard for Information Systems
X3T9.2/82-2 (the "ANSI standard"), is coupled to the two
physical ends of the transmission line.

The SCSI system has drivers which drive the
individual signal lines of the transmission line. A
signal line may be in one of three states. First, a
signal line is said to be "assertéd" if a driver drives
the signal, line to the ground. Second, signal lines that
are feleased from the asserted state are said to be
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signal lines 416a through 416r at anode 496. If there are no actively
deass®erted signal |ines 416a through 416r, the voltage regul ator 438 will
provi de a voltage of 2.85 volts at the second input 434. However, if a
signal line 416a through 416r is actively deasserted, the node 469 will be
at a voltage greater than 2.85 volts due to characteristics of its drivers
(not shown). Since each of the-signal |ines 416a through 416r has a 110
ohmresistor, 498a through 498r, an-adserted line will normally draw nore
than 24 mA (which is outside of the ANSI standard) if an active deassertion
circuit 422 is

"deasserted.” Third, signal lines that are driven from
the asserted state by a driver are said to be "actively
deasserted."

The ANSI standard requires that asserted signal
lines draw no more than 24 milliamperes (mA) of current.
However, it ‘has previously been -difficult, if not
impossible, to comply with this standard when active
deassertion is used.

Deasserted signal lines have 2.85 volts on them
because the regulated terminator made in accordance with
the ANSI standard has a 2.85 volt voltage regulator that

. pulls deasserted lines up to 2.85 volts. If other signal
lines are asserted (i.e., grounded), they will draw no
more than the 24 mA allowed by_the ANSI standard due to
the 110 ohm resistor in- each signal line [(2.85 - V, of
driver) /110 ohms]. '

However, when a signal line is actively deasserted,
it may have anywhere from 3.0 to 5 volts on it. 1If the
voltage regulator of the regulated terminator cannot sink
current, this higher voltage on the actively deasserted
signal line is not regulated to 2.85 volts. Thus, if a
signal line is asserted, it will draw more than 24 mA
(e.g., 4.0 volts/110 ohms = 36 mA). This may damage the
driver or cause it to malfunction.

Although others have attempted to address driver
damage and/or malfunction, attempts have fallen short of
an adequate solution. For instance, Texas Instruments
claims that its part number TL1431 can be used, along
with other components, to gsink current such that it is
possible for an asserted signal line to draw an amount
of current within the ANSI standard even if another
signal line is actively deasserted. However, the TL1431,

by Texas Instruments' admission, is 1limited to
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not present. In fact, the nore signal lines, 416a through 416r, that
are deasserted, the farther the current through each asserted |ine exceeds
t he maxi mnum current allowed by the ANSI standard due to the increase in the
overal |l current through the signal lines, 416a through 416r. Having
described the structure of the active deassertlon circuit 422 and its

connections to SCSI 3

applications wherein only a limited number of signal
lines are agtivély deasserted.

Typically, control signals REQ and ACK on respective
request and acknowledge signal lines are used to perform
a "handshake" so as to transfer the data back and forth
between a target (i.e., a disk drive) and an initiator
(i.e., a host computer). Each of the control signals REQ
and ACK is either a high logic value or a low logic
value. When the control signal REQ or ACK is asserted,
it is at the low logic value. When the control signal
REQ or ACK is deasserted, it is at the high logic value.

' In operation, when the control signal REQ on the
request line makes the transition £from the asserted
condition to the deasserted condition (i.e., low-to-high
transition), there exists a condition of the SCSI bus
line which can cause the corruption of data. At the
rising edge of the control signal REQ, there will appear
what 1is referred to as a "notch." This notch is
typically accompanied by a reflectlon caused by stub
drive cabling. The combined effect of the notch and the
stub reflection will cause the rising edge of the control

- signal REQ to reverse its direction and "double back"
before reaching the deassertion level (i.e., +270 volts).
If this reversing control signal REQ falls below the +1.5
volt level, it may result in a "double trigger" and be

interpreted as a valid request signal (i.e., another
assertion), thereby causing erxroneous data to be
transferred.

As 1is generally known in the art of computer

" equipment manufacturing, a termination device is
typically connected to each end of an OR-WIRED SCSI bus
line for supplying a fixed supply voltage with a
predetermined impedance. A bus 1line is one of a

-REDLAl{‘F‘ﬂ"‘NT SHEET “
o 12 FEB 1996




-. 30 - system 410,

the nethod of use of the active deassertion circuit 422

wi || The apparent to those of skill in the art. The method of use prevents
overcurrent on signal lines, 416a through 416r, due to the active

deassertion of at |east one other signal |ine, 416a through 416r
one nust provide a regulated term nator 418 havi ng an out put 440.

one nmust couple a plurality of signal |lines 416 through 416r, to the output
of the regulated term nator. Next, oné nust couple the second input 434 of

the active deassertion circuit 422 to the

plurality of signal lines of a bus.
In Figure 1, there are shown prior art termination
networks 10 and 12 sometimes referred to as "220/330

terminators." Each of the termination networks 10, 12
includes a voltage divider formed of two resistors T1 and
T2 connected in series. One end of the resistor T1 is

connected to an input power supply voltage TERMPWR, which
is typically at +4.75 volts. One end of the resistor T2
is connected to a ground potential GND, which is
typically at 2zero volts. The junction J1 of the
resistors Tl and T2 for the termination network 10 is
connected to one end of the bus line 14, and the junction

J2 of the resistors T1 and T2 for the'termination network"

12 is connected to the other end of the bus line 14. For
the SCSI bus line, the value of the resistors T1 and T2

- are shown to be 2200 and 330Q respectiveiy so as to

provide approximately +2.85 volts at the junction points
J1l and J2 when the bus line 14 is not active.

The OR-WIRED SCSI bus 14 has a plurality of
transceivers 16a, 16b and 16c which are connected thereto
by respective signal lines 18a, 18b and 18c. Each of the
transceivers 16a-16c includes a controller driver 20
having an open collector output (i.e., NAND logic gaté
type 7438) and a receiving device 22 (i.e., Schmitt
trigger input type 7414). When the controller driver 20
is turned off, the signal line (i.e., line 18a) is at a
high 1logic 1level which has a voltage value of
approximately +2.85 volts. When the controller driver
20 is turned on, the signal line is at a low logic level
since the open collector output device will pull the

'voltage value on the signal line down to approximately

First,
Next ,

zero volts (i.e., .2 volts through the driver transistor
Q1) .
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out put 440 of the regulated term nator 418. Next, one nmay assert at | east
one of the plurality of signal |ines 416a through 416r. Next, one nust
actively deassert at |east one of the plurality of signal |ines, 416a

t hrough 416r. Next, one nust conpare the first. i nput 432 of the neans for
sinking current 426 to the second input 434 of the neans for sinking
current 426. Finally, one nust sink current through the neans for sinking
current 426 until none of the asserteg plurality of signal |ines 416a

t hrough 416r draws current in excess of that which is permtted by its
conmmuni cati ons protocol.

In Figure 2, there is shown another prior art
termination network 10a. This alternative arrangement
of Figure 2 is sometimes referred to as a "110 regulated
terminator." The termination network 10a includes a
voltage regulator 24 for receiving the voltage TERMPWR
on line Vin and for generating a regulated voltage on
line Vout of +2.85 volts with 110 ohm resistors to the
respective 18 signal lines DB(0) - DB(7), DB(P), ATN,
BSY, ACK, RST, MSG, SEL, C/D, REQ and I/O.

The principal unsolved probleﬁ of the prior art
termination networks 10 or 10a was that neither one had
the capability of raising the notch above the critical
"double trigger" area (between +1.5 volts and +2.0
volts). As can be seen from the curve A of Figure 5, the
signal line in the 220/330 terminator has a notch N1
occurring at approximately +1.0 volts. Simflarly, there
is shown in the curve B of Figure 5 that the signal line
in the 110 registered terminator has a notch N2 occurring
at approximately +1.4 volts. Thus, these prior art
termination networks did not teach how the notch could
be raised above the critical area.

Further,. with reference again to the prior art
terminator of Figure 1, it is also generally known that
the voltage level of the notch is determined by the cable
impedance and the amount of current present in the bus
line 1l4a when it is released or deasserted by its
respective controller driver 20. While the 'SCSI
specification defines cable impedance to be "no less that
90 ohms," twisted pair or "round cable" impedance 1is
seldom found to be greater than 90 ohms and may be as low
as 45 ohms.

Even though these controller drivers 20 have the
capability of sinking more cufrent, a problem occurs,

.. 12 FEB 1%
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The invention has been described in detail with particular reference to an
active deassertion circuit 422 conprised of a nmeans for providing a

ref erence voltage 424 and a neans for sinking current 426. However, those
skilled in the art understand that there are nunerous variations and

nodi fications of the present invention. For instance, as explained above,
the present invention could use a zener diode as the neans for providing a
vol tage reference 424 and still fallF @i thin the anbit of the clains. Al so
any tenperature conpensating voltage reference can be used in place of the
vol t age reference. '

referred to as "metal migration" when sinking high
current over prolonged periods of timé. This situation
arises when the request control signal (REQ) is asserted,
(low logic level) -and the system fails to respond with
the associated acknowledge control signal (ACK). In
other words, the control signal REQ is being constantly
asserted and does not deassert itself. Thus, this will
cause the system to "hang" until the error is cleared up
by deasserting the control signal REQ. If the unattended .
system hangs over an.-éxtended holiday weekend, this
situation could 1last for many days without being
corrected.

There is also known in the prior art df a terminator
design which utilizes a diode clamping technique for
raising the level of the notch by providing current in
excess of the 25 mA. However, this prior art technique
suffers from the disadvantage that this extra current is
uncontrolled and may vary between 24 mA to 45 mA.
Further, this extra current will be provided to the
controller driver indefinitely when the system "hangs"
and thus may result in the destruction of the costly
controller driver. ' '

Accordingly, a need has arisen in the computer
equipment industry for an improved terminator apparatus
for raising the level of the notch occurfing in the data
and/or control signals on the SCSI bus line so as to
provide reliable and accurate data transmission.
Further, it would be expedient that the terminator
apparatus be capable of being incorporated internally
into conventional termination networks or can be
connected externally to existing systems having
conventional termination networks.

Still further, a need has arisen in the computer
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In Figure 13 there is illustrated a particul ar - 31 - enbodi nent of the
I nvention.wherein a termnator apparatus is provided with a SLICK circuit,
and ADR circuit and a SLIMcircuit in addition to a typical term nation

network. As can be appreciated, the SLICK circuit actually consists of two
SLICK circuits, one each for the REQ and ACK signal lines of the SCSI bus.

-7 -

equipment industry for an improved terminator apparatus
for removing noise spikes or transients occurring in the
control signals REQ and ACK on the SCSI bus line so as
to provide reliable and accurate data transmission. It
would also be expedient that the terminator apparatus be
capable of being readily modified so as to accommodate
a range of SCSI cable impedances. h
Yet another need exists for an apparatus and a
method for using the apparatus which complies with the
ANSI standard in that it will not allow an asserted
gignal line to draw more current than is specified by the
ANSI standard, in cases where the maximum allowable
number of signal lines are actively deasserted.
SUMMARY OF THE JINVENTION
The present invention provides an SCSI bus line
apparatus including in combination at least two of any
of an active deassertion (ADR) circuit, a signal line
impedance matching (SLIM) circuit and a signal 1line
increased circuit kicker (SLICK) circuit. In the ADR
circuit, if a current sinking circuit senses an increased
voltage on the common node of the lines of a bus due to
active deassertion of a signal line, the current sinking
circuit sinks enough current condition on asserted signal
lines or soon-to-be asserted signal lines. In the SLIM
circuit, transient voltages are removed from a signal
line by limiting to within a range the voltages that can
appear on the signal line. In the SLICK circuit, a
current switching device is controlled to provide current
to raise the voltage level of a notch occurring in a
-- signal on a signal line when the line is deasserted, but
is responsive to a monitoring circuit for disconnecting
the current when a programmed length of time has been
exceeded after assertion.
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Simlarly, the SLIMcircuit includes two suppression networks, one each for
the REQ apd ACK signal lines. Only one current sink is required in the ADR
circuit because it is connected to the output node of the regul ated power
supply voltage rather than individual signal lines. It should be understood
that various changes and nodifications to the presently preferred

enbodi ments described herein will be apparent to those skilled in the art.
Such changes and nodifications may be grade wi thout departing fromthe
spirit and scope of the present

In an embodiment, the present invention provides a
.terminator apparatus used. with a SCSI bus line for
controlling the voltage level of a notch occurring on the
bus 1line. Such terminator apparatus includes a
. termination network, a current switching device, and a
- programmed monitoring circuit. The termination network
is interconnected between an input termination power
supply voltage and a plurality of data and/or control
signal lines coupled to the bus line for generating a
first current. The current switching device is
interconnected between the power supply Voltage and each
of the plurality of data and/or signal lines to be so
terminated for generating a second current.

The programmed monitoring circuit is connected to
a control input of the current switching device and the
at least one of -the plurality of data and/or control
signal line for controlling a programmed length of time
that the second current 1is generated. The current
switching device is responsive to the monitoring circuit
for disconnecting the second current when the programmed
length of time has been exceeded. The second current
serves to raise the voltage.level of the notch occurring
in the at least one of the plurality of data and/or
control. signal lines when it is deasserted so as to
prevent erroneous data from being transferred.

In an embodiment, the present invention further
provides an active deassertion circuit and a method of
using the same. The active deassertion circuit is
comprised of a means for providing a voltage reference
that has an input and an output. Further, the active
deassertion circuit also has a means for sinking current
that has a first input, a second input, and output. The
first input of the means for sinking current is coupled
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invention and wthout dimnishing its attendant advantages. It is,
therefore, intended that such changes and nodifications be covered by the
appended cl ai ns. - 32 - VE CLAIM 1. A line term nator conprising:- a
supply voltage; a plurality of resistors each having a first end and

-9 -

to the output of the meaﬁs for providing a voltage
reference. The means for sinking current compares the
first input to the second input. If the voltage at the
second input is higher than the voltage at the first
input, due to active deassertion of at least one signal
line of the transmission line, the means for sinking
current sinks enough current to prevent an overcurrent
condition on signal lines that are asserted or are going
to be asserted.

In an embodiment, the present invention further
provides a terminator method and apparatus used with an
SCSI bus line for removing noise spikes or transients
from data and/or control signals received on the bus
line. The terminator apparatus includes a voltage
regulator which is responsive to an input termination
power supply voltage for generating.a regulated output
voltage of a predetermined value. A low :voltage
regulating circuit is responsive to the regulateé output
voltage for generating a reference voltage. Resistors
are interconnected between the regulated output voltage
and a plurality of data a,nd/or control signal lines
coupled to the bus lingf-for generating termination
impedances. A suppression network is interconnected
between at least one of the plurality of data and/or
control signal lines and the reference voltage for
removing transients from the at least one signal line by
limiting the range of the upper voltage level and the
lower voltage level appearing thereon.

It is, therefore, an advantage of the present
invention to provide an improved terminator apparatus
which includes a termination network, a current switching
device and a programmed monitoring circuit.

It is yet another advantage of the present invention
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a second end, said first end of said plurality of resistors connected to
resistors

( _ ( _ _ _ a signal
line increased current kicker circuit, - including; a current swtching

the supply voltage, said second end of said plurality of
connected to a corresponding one of a plurality of signal

device interconnected between the supply voltage and at |east one of the
plurality of signal lines for generating a current for the signal

current sw tching device having a contgol input; and

| i nes;

to provide a terminator method used with an SCSI bus line
for controlling the voltage level of a notch occurring
in data and/or control signals transferred on the bus
line.

Yet another advantage of the present invention is
to provide an improved terminator method and apparatus
for removing transients occurring in the data and/or
control signals which is relatively simple and economical
to manufacture and assemble.

i ne,

A still further advantage of the present invention

is to provide an improved terminator apparatus for
removing noise spikes or transients occurring in the
control and/or data signals on the SCSI bus line so as
to provide reliable, accurate data transmission.

Moreover, another advantage of the present invention
is to provide an -improved terminator apparatus which
includes a voltage regulator, a low voltage regulating
circuit, a plurality of pull-up termination resistors,
and a transient suppression network.

Another advantage of the present invention is to
provide a terminator method used with a SCSI bus line for
removing noise spikes from data and/or control signals
transferred on the bus line.

Yet another advantage of the invention is the
provision of a terminator apparatus including a circuit
for sinking current appearing on a bus due to active
deassertions of a signal line, thereby preventing an
overcurrent condition on signal lines that are asserted
or are going to be asserted. | '

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

t he
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a programred nonitoring circuit interconnected between the current

swi t ¢hi ng, device control input and the signal line for controlling a
programed | ength of tinme that the current is generated, the current
swi t chi ng devi ce being responsive to the nmonitoring circuit for

di sconnecting the current wHen the programed |ength of tine has been
exceeded, the current serving to raise the voltage level of a notch
occurring in a signal transferred Mija-the signal |ine when the signal

line is deasserted so as to prevent erroneous data from being transferred;
and

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates prior art termination networks
interconnected to the respective ends of an OR-WIRED SCSI
bus line. _

Figure 2 illustrates another prior art termination
network. |

Figure 3 illustrates a block diagram of an
embodiment of an improved terminator apparatus,
constructed in accordance with the principles of the
present invention.

Figure 4 illustrates a detailed schematic circuit
diagram of an embodiment of the terminator apparatus of
Figure 3.

Figure 5 illustrates waveforms appearing on
respective signal 1lines, useful in understanding the
operatlon of the present invention. '

Flgure 6 illustrates curves, illustrating currents
appearlng in the tespective signal lines.

Figure 7 illustrates a curve of the current as a L
function of time appearing on the signal line in the
‘terminator apparatus of the'present invention.

Figure 8 illustrates a circuit diagram of another
embodiment of the terminator apparatus of Figure 3.

Figure 9 illustrates a detailed schematic circuit
diagram of an improved tefminator apparatus, constructed
4in accordance with the principles of the present
invention. '

Figure 10 illustrates a waveform, appearing on one
of the signal lines in the terminator apparatus of the
present invention, illustrating that the noise spikes or
transients have been removed.

Figure 11 illustrates a block diagram of an active
deassertion circuit made in accordance with the present
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an active deassertion circuit for a regulated term nator providing a

constant yoltage output to a plurality of signal lines conprising: (a)
means for providing a voltage reference having an input and an output; and
(b) means for sinking current having a first input, -33- a second input,

and an output,. the first input being

- 12 -

invention.

Figure 12 illustrates a detailed schematic of the
active deassertion circuit of Figure 11 and its placement
within a part of the SCSI system.

Figure 13 illustrates a detailed schematlc diagram
of a terminator network interconnected with a £first
terminator apparatus, a second terminator apparatus and
an active deassertion circuit in accordance with the
present invention.

ETATLED DE PTI F _THE P ENTLY
PREFERRED EMBODIMENTS

It is to be distinctly understood at the outset that
the present invention shown in association with an SCSI
bus line is not intended to serve as a limitation upon
the scope or teaching thereof, but is merely for the
purpose of convenience of illustration of one example of
its application. The present invention has numerous
applications in other fields and apparatus since the
invention pertains to a terminator apparatus for
controlllng the voltage level of a notch occurring in
data and/or control signals.

Referring now in detail to the drawings, there is
shown in Figure 3 a block diagram of an improved signal
line increased current kicker (SLICK) terminator

- apparatus 110 which is constructed in accordance with the
principles of the present inventionm. The terminator
apparatus 110 is adapted to be used with or is connected
to ends of am SCSI bus line 14a (similar to the bus line
14 in Figure 1) for raising the voltage level of a notch
occurring in data and/or control sighals transferred on
the bus lines. For example, the transceiver 1l6a of
Figure 1 can be connected to the bus line 14a in Figure
3 via the signal line 18a designated as a request signal

| 12 FEB g




coupled to the output of the neans for providing a voltage reference and-
the second input being coupled to said constant voltage output of the

regul ated term nator; whereby the nmeans for sinking current is capable of
conparing its first |nput to its second i nput and, when voltage-at the
second input nonentarily exceeds the first input due to active deassertion
of at |east one signal of said plurality of signal |ines, sinking, current
to prevent overcurrent on other signal 1Bines that are asserted or are g0|ng
to be asserted to maintain said constant voltage.

line for a control signal REQ. The terminator apparatus
110 is comprised of a conventional termination network
112 (such as termination network 10 of Figure 1), a
current switching device 114, and a programmed monitoring
circuit 11le.

In Figure 4, there is shown‘a detailed schematic
circuit diagram of the SLICK terminator apparatus 110 of
Figure 3. For ease of illustration and discussion, the
conventional termination network 112 is comprised of a
220/330 termination network similar to the termination
network 10 or 12 of Figure 1. -Thus, the 220/330
terminator 112 includes a voltage divider formed of two
resistors Tl and T2 connected in series. One end of the
resistor Tl is connected to an 1nput termination power
supply voltage TERMPWR, which is typlcally at +4.75
volts. One. end of the re51stor T2 is connected to a
ground potential GND, which is typically at zero volts.
The Jjunction of the resistors Tl and TR2 for the
termination network 112 is connected to one end of the
bus line 14a.

 The current switching device 114 includes a bipolar
transistor Q1 of the PNP-type conductivity and a current-
limiting resistor R1l. The transistor Q1 has its emitter
connected also to the power supply voltage TERMPWR and
.its collector connected to one end of the resistor Rl.
The other end of the resistor R1 is connected to the bus
line 1l4a. _

The programmed monitoring circuit 116 is comprised
of resistors R2 and R3, a bipolar transistor Q2 of the
NPN-type conductivity, and a capacitor C1. The
transistor Q2 has its base connected to one end of the
registor R2, its collector connected to one end of the
capacitor Cl and to one end of the resistor R3, and its
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2. A line termnator conprising: a supply voltage; a plurality of

resi stors each having a first and a second end, said first .end of said
plurality of resistors connected to the regul ated supply voltage, said
second end of said plurality of resistors connected to a correspondi ng one
of a plurality of signal lines; a signal line increased current kicker

I ncl udi ng:

a current switching device interconnected between the supply

vol tage and at | east one of the signalqhipbes for generating a current for

t he signal

line, the current

emitter connected to the ground potential.' The other end’
of the resistor R2 is connected to the bus line 14a, and
the other end of the capacitor Cl is connected to the
ground potential. The other end of the resistor R3 is
connected to the base of the transistor Q1.

It should be clearly understood to those skilled in
the art that additional current switching devices and
programmed monitoring circuits similar to 114 and 116
could be connected to each of the other remaining signal

lines so as to raise the voltage level of the mnotch

appearing therein. However, in order to reduce costs,
the current switching device and the programmed
monitoring circuit are generally implemented only with
the signal line which is highly sensitive to the notch.
In other words, at least the control 51gna1 llne (REQ)
being the most critical to reliable and accurate data
transfer has been implemented with such circuits.

The operation of the present SLICK terminator
apparatus 110 of Figure 4 will now be explained with
reference to the graphs of Figures 5, 6 and 7. In
particular, the curve A of Figure 5 illustrates the
voltage level of the eontrol signal REQ on the request
gsignal line in the prior art 220/330 terminator of Figure
1. As can be seen, when the control signal REQ is
switched from the asserted condition (low logic level)
to the deasserted condition (high logic level), a notch
N1l occurs at approximately'+1.0 volts. Similarly, the
curve B of Figure 5 depicts the control signal REQ on the
request signal line in the prior art 110 regulated
terminator of Figure 2. As can be seen, when the control
signal REQ is switched from the asserted condition to the
deasserted condition, the notch N2 occurs at
approximately +1.4 volts. ‘Therefore, the notches N1 and
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swi tching device having a control input; and a progranmed nonitoring
circuit interconnected between the current sw tching device control input
and the signal line for controlling a programmed | ength of tinme that the
current is generated, whereby the current sw tching device being responsive
to the nonitoring circuit for disconnecting the current when the programed
| ength of tine has been exceeded, the current serving to raise the voltage
| evel of the notch occurring in the signal |ine when the signal lineis
deasserted so as to REPLACEMENT SHEET

N2 could be interpreted by a receiving device coupled to
the SCSI bus line 14a as a valid request signal. 2As a
result, such notches may cause incorrect data to be
transferred.

The improved terminator apparatus 110 of Figure 4
of the present invention will control or raise the
voltage level of the notch appearing in the control
signal REQ so as to produce the curve C of Figure 5.
When the control signal REQ makes the transition from the
asserted condition to the deasserted condition, the notch
N3 in the curve C will be raised above the "double
trigger" axrea and now appears at approximately +1.8
volts. _
- Referring now again to Figure 4, when the control

signal REQ is deasserted (high 1logic 1level), the
transistor Q2 of the wmonitoring circuit 116 will be
turned on due to the base drive current via the resistor
R2. Any residual voltage which may be present on the
capacitor Cl will be discharged through the transistor
Q2 to ground. Additionally, the base of the transistor
Q1 will also be placed at the ground potential wvia the
= resistor R3. As a result; the transistor Q1 will be
réhdéfed conductive. Consequently, the resistor R1 will
then be connected to the power supply voltage TERMPWR via
the transistor Q1. This stable condition causes the
. power supply voltage to be connected to the request
gignal line 14a via the resistor R1. _
When the control signal REQ on the line 18a is
asserted (low logic level), the resiétor Rl will provide
instantaneously a second current path from the power
supply voltage TERMPWR through the signal line 14a. This
current flowing through the resistor R1 is in addition
to that which is provided by phe first current path via
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prevent erroneous dat a frombeing transferred; and a signal |ine inpedance

mat chi ng 1ern1nator appar atus connected to each of a SCS

bus line for

renmovi ng noi se spikes or transients fromthe data and/or control signals
received on the bus line, each.of the term nator apparatus conpri sing:
vol tage regul ator neans responsive to an input termnation power supply

vol tage for geenrating a

- 16 -

the resistor Tl in the termination ﬁetwork 112. Since
the transistor Q1 is already turned on prior to the time
of assertion, there will be no tran51ents created on the
request signal line 18a upon assertion. The amount of
this additional current can be selected by controlling
the value of the resistor Rl and may be set to a
predetermined value consistent with cable impedahce
requirements. |

The monitoring circuit 116 will now measure the
length of time that the request signal line is being
asserted. Further, if the period of assertion is longer
than the programmed length of time, the additional
current furnished by the second current path will be
canceled. Therefore, the current supplied to the
controller driver in the transceiver 16a via the signal
line 18a will be limited to the current supplied by the
termination network 112. _

In particular, during the period of assertion, the
transistor Q2 will be turned off. As a consequence, the
capacitor C1 will begin to charge up towards the power
supply voltage TERMPWR through the resistor R3 and the
emitter-base junction ‘of the transistor Q1, - If the
request signal line 18a remains asserted, such as a in
the case of a "hung" system, the capacitor Cl will be
.charged to a p01nt where the transistor Q1 will no longer
be conductive. This condition occurs when the 'emitter-
base voltage is less than approximately +0.7 volts.

For typical SCSI voltage, this time period is
approximately two time constants (i.e., Tc = R3 x Cl).
At the end of the "timeout" period, the transistor Q1
will be turned off. Therefore, the current added to the
request signal line 18a by the second current path via
the resistor Rl will be canceled, and only the current
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regul at ed out put voltage of a predeterm ned value; |ow voltage regul ating
circuit ngans responsive to the regul ated output voltage for generating a
reference vol tage; and suppression network nmeans interconnected between at
| east one of said plurality of data and/or signal lines and the reference
voltage for renoving transients fromthe data and/or control signal by:
limting the range of the upper voltage and the | ower voltage |evel
appearing thereon. 3. A line term ratld -conpri si ng:

from the termination network 112 will be provided.

Figure 8 illustrates another embodiment 200 of the
terminator apparatus of Figure 3 wherein the terminator
network comprises a 110 ohm voltage regulated terminator.
As illustrated, a data or control line 292, e.g. a REQ
or ACK signal line, is coupled to a bus 206 via a 110 ohm
resistor 204. A suitable voltage regulator arrangement
208 is coupled between terminal power (TERMPWR) 210 and
the bus 206. |

As also illustrated, a PNP transistor Q1 of a .
current switch 212 is coupled to line 202 via resistor
214. The base of the transistor Q1 is coupled to ground
via serially connected resistor 216 and capacitor 218.-
The base of an NPW transistor Q2 is coupled to line 202
via a resistor 222 while the collector of transistor Q2
is connected between the resistor 216 and the capacitor
218.

. In a manner similar to the arrangement set forth in
Figure 4, when the signal line 202 is deasserted (high
logic level), the transistor Q2 of the monitoring circuit
220 will be turned on due to the base drive current via
the resistor 222. BAny residual voltage on the capacitor
218 will then be discharged to ground via the transistor
Q2. Additionally, the base of the transistor Q1 will
also be placed at the ground potential via the resistor
216. As a result, the transistor Q1 will be rendered
conductive. Consequently, the resis;or 214 will then be
connected to the regulated power supply out Vout via the
transistor Q1. This stable condition causes the power
supply voltage Vout to be connected to the signal line
202 via the resistor 214. Transistor Q1 and Q2 and the
monitor circuit 220 then function as set forth above in
connection with Figure 4.
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a supply voltage; a plurality of resistors each having a first and a second
end, ,said,first end of said plurlaity of resistors connected to the supply
vol tage, said second end of said plurality of resistors connected to a
correspondi ng one of a plurality of signal |ines; an active deassertion
circuit for a regulated term nator providing a constant voltage output to a
plurality of signal |ines conprising: (a) means for providing a voltage

ref erence having an input and an out put18 and

In Figure 6, curve 118 shows the amount of current

flowing in the signal line of the prior art termination
network 10 when it is pulled down below the minimum
assertion level of +0.5 volts and all the way down to
Zero volts. Similarly, curve 120 shows the amount of
current flowing in the signal line of the prior arﬁ
termination network 10a when it is pulled down between
+0.5 volts and zero volts. However, it will be noted
that there is-no~appreciable amount of increased  current,
and thus the respective notches N1 and N2 in Figure 5
will be created. On the other hand, curve 122 shows the
amount of current flowing in the signal 1line of the
present terminator apparatus 110 when it is pulled down
between +0.5 volts and zero volts. It can be seen that
the current is increased in a highly controlled manner
so as to raise the notch N3 (Figure 5) and its associated
stub reflection well above the critical "double trigger"
area. ' '
' In Figure 7, there is shown the amount of current
flowing in the signal line of the present terminator
apparatus 110 as a function of time. As noted, when the
programmed length of time is exceeded (i.e., 40 ms), the
current will be slowly changed from approximately 41 mA
to 24 mA. This gradual change is- controlled by the
capacitor Cl and the transistor Q1 and thus again avoids
the generation of transients. '

In the typical situation, the control signal REQ
will be deasserted (high logic 1level) before. the
expiration of this programmed length of time. When this
deassertion occurs, the transistor Q2 will be turned on

- again so as to discharge the Capacitor Cl. As a result,
the terminator apparatus 110 is reset to its original
condition, and a new cycle is repeated. It should be
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(b) means for sinking current having a first input, a second input, and an
output, the first input being coupled to the output of the neans for
provi ding a vol tage reference and the second input being coupled to sald
constant voltage output of the regulated term nator; whereby the means for
sinking current is capable of conparing its first input to its second i nput
and,-when voltage at the second input nonentarily exceeds the first

- 19 -

understood that the terminator apparatus is always reset
when the request signal line is deasserted. In other
words, whenever the error is cleared after the system is
"hung, " the terminator apparaﬁus is returned
automatically to its original condition. |

From the foregoing detailed description it can thus
be seen that the present invention'provides an improved
terminator apparatus used with a SCSI bus line for
controlling the voltage level of a notch occurring in
data and/or control signals transferred on the bus line.
The terminator apparatus is comprised of a termination
network, a current switching device, and a programmed
monitoring circuit. The terminator apparatus serves to
prevent erroneous data from being transferred by raising
the voltage level of the notch above the critical "double
trigger" area. '

Referring now to Figure 9, an improved signal line
impedance matching (SLIM) terminator apparatus 210 is
illustrated which is constructed in accordance with the
principles of the present invention.

Reference is also made to U.S. Patent No. 5,239,559,
the disclosure. of which is incorporated- herein by
reference, wherein such SLIM terminator apparatus also
is disclosed.

The terminator apparatus 310 is adapted to be used
with or is connected to ends of the SCSI bus line (such
as bus line 314) for removing noise spikes or transients
from data and/or control signals received on the bus
line. The terminator apparatus 310 includes a voltage
regulator 311 formed of an adjustable 3-terminal I.C. low

‘ voltage dropout regulator 312 such as LT1086CT, a low
voltage regulating circuit 314, a plurality of pull-up
termination resistors R1-R18, and transient suppressicn
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I nput due to active deassertion of at |east one signla of said plurality of

signal lipes, sinking current to prevent overcurrent on other signal lines
that are asserted or are going to be asserted to maintain said constant
voltage; and a signal Iline inpedance nmatching term nator apparatus

connected to each of a SCSI bus line for renoving noise "spikes or
transients fromdata and/or control signals received on the bus line, each

of the terninator apparatus conprising: 20ol-t age regul ator neans responsive
to an input o

networks TS1 and TS2 for removing or attenuating
transients or noise spikes. .

The low voltage dropout regulator 312 has its input
pin 3 connected to an input terminal 316 for receiving
an input termination power supply voltage TERMPWR (Vin) ,
thch is typically at +4.75“§6lts but can be wvaried in
the range of +4.25 volts to 5.25 volts in accordance with
ANSI specification X3T9.2/86-109REV10c. The voltage
regulator 312 has an output pin 2 for generating a
regulated output voltage (Vout), which is typically at
2.85 volts. However, this output voltage can be adjusted
to any value lower than +4.25 volts by selecting the
values of series-connected resistors R19 and R20 which
are coupled between the output pin 2 and a ground
potential GND. The junction of the resistors R19 and R20
is connected to an adjustment pin 1 of the voltage
regulator. | '

A capacitor Cl1 is connected between the input
terminal 316 and the ground potential GND for shunting
any low frequency noise appearing on the input
termination power supply voltage TERMPWR to the ground
potential. A capacitor C3 is connected between the
output pin 2 of the voltagé regulator and the ground
potential GND for shunting any low frequency noise
appearing on the output Qoltage Vout to the ground
potential. A capacitor C2 is also connected between the
output pin 2 and the ground potential GND for shunting
any high frequency noise appearing on the output voltage
Vout to the ground potential. _

The low voltage regﬁlating circuit 314 is comprised
of a current-limiting resistor R21, diodes D9 and D10,
and a capacitor C4. One end of the resistor R2I is
connected to the regulated output voltage on the pin 2

e it et
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term nati on power supply voltage for generating a regul ated output voltage
of a.predeterm ned value; |ow voltage regulating circuit nmeans responsive
to the regulated output voltage for generating a reference voltage; and
suppressi on network nmeans interconnected between at |east one of said
plurality of data and/or signal lines and the reference. voltage for
renmovi ng transients fromthe data and/or control signal by limting the
range of the upper voltage and the | owe2lvel tage | ever appearing thereon.

of the voltage regulator, and the other end of the
resistor R21 is connected to one end of the capacitor C4,
to the anode of the diode D10, and to a reference line
318. The cathode of the diode D10 is connected to the
anode of the diode D9. The cathode of the diode D9 is
connected to the other end of the capacitor C4 and to the
ground:potential GND. The reference line 318 provides
a reference voltage VREF for the suppression networks TS1
and TS2. Assuming that the forward voltage drop across
the diodes D9 and D10 is each 0.75 volts, the reference
voltage VREF is approximately +1.5 volts. Thus, the
value of the resistor R21 is selected so that the current
.floging through these diodes will produce the reference
voltage of +1.5 volts at V reference.

One end of each of the plurality of pull-up
termination resistors Rl through R18 is commonly
connectedftogether and to the regulated output voltage
on line 320. The other ends of the resistors R1 through
R18 are connected to one end of the respective data
and/or control signal lines ACK, REQ, DB(0) through
DB(7), DB(P), ATN, BSY, RST, MSG, SEL, ¢/D, and 1/0. The
pull-up resistors R1 through R18 function in the same
manner as the resistors P1-P18 in Figure 2 of the prior
art and serve to supply the current to a respective open
collector transistor device formed in a corresponding
transmitting device that is coupled to the SCSI bus line.
In particular, when the open collector transistor device
associated with the respective data and/or control signal
lines is turned off, such signal line will be at a high
logic level and no current will flow through the
corresponding pull-up resistor. When the open collector
transistor device associated with the respective date
and/or control signal lines is turned on (signal line is
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4. Aline termnator conprising: a supply voltage; a plurality of
resi stors,each having a first end and a second end, said first end of said
plurality of resistors connected to the regul ated supply vol tage, said

second end of said plurality of resistors connected to -36- a
correspondi ng one of a plurality of signal |ines;
- 22 -

active), such signal line will be at a low logic level
and the maximum current through the open collector
transistor device is limited by the corresponding pull-up
resistor. .

The transient suppression network TSl is
interconnected between the control signal line (ACK) and

the reference line 318. The transient suppression
network TSl is a diode array formed of diodes D1 through
D4. The anode of .the diode D1 is connected to the

cathode of the diode D3 and to the control signal line
(ACK) . The cathode of the diode D1 is connected to the
anode of the diode D2. The anode of the diode D3 is
connected to the cathode of the diode D4. The cathode
of the diode D2 is connected to the anode of the diode
D4 and to the reference voltage VREF on the line 318.
The transient suppression network TS1 functions as a
variable resistor which dynamically changes its impedance
dependent upon the amount of current flowing
therethrough.

Similarly, the transient suppression network TS2 is
interconnected between the control signal (REQ) and the
reference line 318. The transient suppression network
TS2 is a diode array formed of diodes D5 through D8. The
anode of the diode D5 is connected to the cathode of the

diode D7 and to the control signal line (REQ). The
cathode of the diode D5 is connected to the anode of the
D6. The anode of the diode D7 is connected to the

cathode of the diode D8. The cathode of the diode D6 is
connected to the anode of the diode D8 and to the
reference voltage VREF on the line 318. The transient
suppression network TS2 functions likewise as a variable
resistor which dynamically changes its impedance
dependent upon the amount of current flowing
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a signal

line increased current kicker circuit including: a current

swi t ehi ng.device interconnected between the power supply voltage and at
| east one of the signal l|ines for generating a current for the signal
the current sw tching device. having a control input; and a progranmned

nonitoring circuit

contr ol

I nput and the signal

i nt erconnect ed between the current switching device
line for controlling a programmed | ength of

i ne,

time that the current is generated, wheRdby the current switching device
bei ng responsive to the nonitoring

therethrough.

It should be clearly understood to those skilled in
the. art that additional transient suppression networks
similar to TS1 could be connected between each of the
othér remaining signal lines and the reference line 318
so as to suppress transients. However, in oxder to
reduce costs, the transient suppression networks are

geneérally implemented only with the signal lines which

are highly susceptible to transients. In other words,
at least the control signal lines (ACK) and (REQ) being
the most critical to reliable and accurate data transfer
have been implemented with such transient suppression
networks.

The operation of the present terminator apparatus
310 of Figure 9 will now be explained with reference to
Figures 10A and 10B. As can be seen, when the signal

" line is at the high logic level (i.e., between + 2.5 to
+3.0 volts), there is a positive spike at point A

extending above the high logic level. . Also, when the

'signal line is at the low logic level (i.e., between 0.0

to 0.5 volts) there is a negative spike at point B
extending below the low logic level. If these .transients
appearing at the points A and B are sufficiently long in
duration and have largé enough amplitudes, these

transients could be interpireted by a receiving device

coupled to the SCSI bus line as a valid signal. As a
result, such transients may cause incorrect data to be
transferred.

The improved terminator apparatus 310 in Figure ¢
of the present invention will remove or attenuate the
transients appearing on the control signal lines REQ anc
ACK so as to produce the waveform 324 of Figure 10B.
When the signal line (i.e. control signal line REQ) is

e ———
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circuit for disconnecting the current when the programmed | ength of tine
has been exceeded, the current serving to raise the voltage |evel of a
notch occurring in a signal transferred via the signal |ine when the signal
line is deasserted so as to prevent erroneous data from being transferred;
an active deassertion circuit for a regulated term nator providing a
constant voltage output to a plurality of signal lines conprising: (a) .
means for providing a voltage reference2favi ng an i nput and an out put; and

at the high logic level and a transient appears like the
one at the point A (Figure'S) which exceeds the high
logic 1level, the diodes D5 and Dé will be . rendered
conductive so as to clamp the control signal REQ to a
voltage equal to two diode drops above the reference
voltage VREF or approximately +3.0 volts, thereby
effectively eliminating the transient. In other words,
the diodes D5 and D6 limit the uppef voltage level on the
control signal line REQ.

When the control signal line REQ is at the low logic
level and the transient appears like the one at the point
B (Figure 10A) which falls below the low logic level,
diodes D7 and D8 will be rendered conductive so as to
clamp the control signal REQ to the low logic level or
approximately zero volts. In other words, the diodes D7
and D8 1limit the lower voltage level on the control
signal REQ. _

For completeness in the disclosure of the above-
described terminator apparatus but not for purposes of
limitation, the following representative wvalues and
component identifications are submitted. These values
and components were employed in a terminator apparatus
that was constructed and tested and which provides a high-
quallty performance. Those . skilled in the art will
recognize that many altefha;i%e"e1ements and values may
be employed in constructing the circuits in accordance

with the present invention.

~
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(b). means for sinking current having a first input, a second input, and an
output, the first input being coupled to the output of the neans for

provi ding a voltage reference and the second input being coupled to said
constant voltage output of the regulated term nator; whereby the neans for
sinking current is capable of cenparing its first input to its second input
and, when voltage at the second input nonentarily exceeds the first input
due to active deassertion of at |east -0@® signal of said plurality of
signal lines, sinking current to

PART TYPE OR VALUE
c1 ' 4.7 uF
c2 . .1 uF
c3 22 uF
C4 2.2 uF

'~ R19 121 Ohms
R1-R18 110 Ohms
R20 154 Ohms

' D1-D10 BAV 99

_ Therefore, with the above <values wused, the
terminator apparatus'310-of the present invention will
- generally provide a regulated output voltage of +2.85
volts with a termination impedance of 110 Ohms which
meets the maximum current specification. Further, the
suppression networks TS1 and TS2 will remove any
transients by limitiﬁg the range of the upper voltage
level and the lower voltage level of the control signals
REQ and ACK. '
However, since it has been encountered in the
computer equipment industry that many of the SCSI cables
~ have a lower impedance than 110 Ohms and is more on the-
order of 80 Ohms, it would be desirable to easily modify
the terminator apparatus 110 so as to accommodate the
difference impedances. It is merely needed to lower the
regulated output voltage Vout so that the maximum current
‘requirement is met when the termination impedances (R1-
R18) are lowered to 80 Ohms. Accordingly, it has been
discovered that the output voltage should be reduced to
approximately +2.15 volts when driving an 80 Ohm
termination impedance. Therefore, it will be apparent
to those skilled in the art that the output voltage
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37 - prevent overcurrent on other signal

going to be asserted to maintain said constant voltage; and a signal

i npedance

mat ching ternminator apparatus connected to each of a SCSI

line for renobving noise spikes or transients fromdata and/or control
signals received on the bus line, each of the term nator apparatus

conpri si ng:

- 26 -

further can simply be adjusted to a desired value so as
to accommodate the variety of different impedances of the
SCSI cables.

From the foregoing detailed description, it can thus
be seen that the preseﬁﬁ invention provides an improved
terminator apparatus used with an SCSI bus line for

lines that are asserted or are

i ne
bus

removing noise spikes or transients from data and/or et

control signals received on the bus line. The terminator

apparatus is comprised of a voltage regulator, a low

voltage regulating circuit, a plqrality of pull-up.

resistors, and suppression networks. The suppression
networké serve to remove transients from the signal lines
by limiting the range of the upper voltage level and the
lower voltage level of the control signals appearing
thereon.

Figure 11 shows an active deassertion circuit 422
in block diagram form. The active deassertion circuit
422 is comprised of a means for providing a voltage
reference 424 and a means for sinking current 426. The
means for providing a voltage reference 424 has an input
428 and an output 430. The means for sinking current 426
has a first input 432 that is coupled to the output 430
of the means for providing a voltage reference 424. The
means for sinking current 426 also has a second input 434
and an output 436. |

Figure 12 shows the active deassertion circuit 422
and its placement within the SCSI system 410 denoted by
reference numeral 420. The regulated terminator 418 is
comprised of a 2.85 volt voltage regulator 438, the
output 440 of which is éoupled to each signal line 416a
through 416r of the transmission line 414. The voltage
regulator 438 is connected to a common voltage 444.
Other features of the regulated terminator 418, such as

-------
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vol tage regul ator means responsive to an input term nation power supply
voltage for generating a regulated output voltage of a predeterm ned
val ue; low voltage regulating circuit means responsive to the regul ated
out put voltage for generating a reference voltage; and suppressi on network
means i nterconnected between at |east one of:said plurality of data and/or
signal lines and the reference voltage fQr renoving transients fromthe
data and/or control signal by limting Fﬁ%'?ange of the upper voltage and
the | ower voltage | ever appearing

its input 445 and its capacitors, 446, 448 and 450, are
connected as .shown. The means for sinking current 426
of the active deassertion circuit 422 is coupled to each
signal line 416a through 416r, and the output 440 of the
voltage regulator 438 via its second input 434. These are
the only connections that need be made between the SCSI
system 410 and the active deassertion cireuit 422.
However, preferably, the input 428 of the means for
providing a voltage reference.424 is connected to the
input 445 of the regulated terminator 418 which enables
both the regulated terminator 418 and the active
deassertion circuit 422 to operate off of the same power
means (not shown).

Again referring to Figure 12, the means- for
providing a voltage reference 424, or voltage_referénce
circuit, is preferably comprised of a voltage regulator
452, a capacitor 454 and a voitage divider circuitry;456.
The voltage regulator 452 has an input 428 that is
identical to the input 428 of the means for providing a
voltage reference 424. The voltage regulator has an
output 458 and is connected to the common voltage 444,
pfeferably ground. Preferably, the voltage regulator 452
is part LT11172.85 manufactured by Linear Technology
Corporation. The capacitor 454 is interposed between the
output 458 of the voltage regulator. 452 and the common
voltage 444 and is, preferably, a 22 wmicrofarad
capacitor. The voltage divider circuitry 456 is
interposed between the output 458 of the voltage
regulator 452 and the common voltage 444. The voltage
divider circuitry 456 is comprised of diode means 462
serially connected with impedance means 464 at a jygqtién
466 that serves as the output 430 of the means for
providing a voltage reference 424. Preferably, the diode
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t hereon. 5. A line termnator conprising: a voltage supply: a resistor,
havinhg a first end and a second end, the first end of the resistor
connected to the voltage supply, the second end of the resistor connected
to a signal line; a signal line increased current kicker swtching device
I nt erconnected between the voltage supply and the signal |ine, the

swi tchi ng device having a control input; ggd

means 462 is part number BAV99, manufactured by Phillips.
Thus, it is manifest that the capacitor 454 and the
"voltage divider circuitry 456 are in parallel with each
other. Preferably, the diode means 462 is comprised of
a pair of diodes 468 and 470, interposed between the
output 458 of the voltage regulator 452 and the output
430 of the means for providing a voltage reference 424,
or junction 466. Also, the impedance means 464 is
preferably a resistor 472 that is interposed between the
junction 466 and the common voltage 444 having a value
of 3.3 kOhms. _

Yet agéin referring to Figure 12, the means for
sinking current 426, or current sink, is comprised of
transistor means 474 héving a base 476, emitter 478, and
a collector 480. The base 476 serves as a first input
432 to the means for sinking current 426 and is coupled
to the junction 466. Preferably, the transistor means
474 is comprised of a Darlington transistor 482 arranged
from two PNP transistors 484 and 486 as shown.
Preferably, the Darlington transistor 482 is part number
FTZ705, manufactured by Zetex. In this configuration,
an emitter 488 of transistor 486, and thus the emitter
478 . of the transistor means 474, has a resistor 490
preferably with a value of 0.22 ohms connected to it.
The resistor 490 serves as the second input 434 to the
means for sinking current 426. Further in this
configuration, the collectors 492 and 494 of the
transistors 484 and 486 respectively serve as the output
436 to the means for sinking current 426 and the
collector 480 of the transistor means 474. Preferably,

. the output 436 is connected to the common voltage 444~ as
shown.

Again referring to Figure ‘12, by its very nature,
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a tinmer connected to the control input of the switching device, the tiner
responsi ve to an asserted condition of the signal line tolimt a period of
tinme - 38 - that the switching device is closed. 6. The line

term nator of claimb5, further conprising: a means for sinking current
having a first input and a second input, the first input conpected to a

vol t age
9 - 29 -

the quiescent operating point of the Darlington
transistor 482 will not be stable over the entire
environmental temperature range over which the active
deassertion circuit 422 may operate. However, matching
the temperature coefficient of diode means 462 with the
temperature coefficient of the junction of the emitter
478 and the base 476 alleviates this problem. Thus,
although, for instance, one can practice the claimed

- invention by using a zener diode (not shown) as the means
for providing a voltage reference 424, a zeneér diode is
not the preferable structure. _

Still referring to Figure 12, the second input 434
is coupled to both the’ output 440 of the voltage
regulator 438 of the regulated tefminator 418 and the
signal lines 416a through 416r at aﬁode 496. If there
are no actively deasserted signal lines 416a through
416r, the voltage regulator 438 will provide a voltage
of 2.85 volts at the second input 434. However, if a
signal line 416a through 416r is actively deasserted, the
node 469 will be at a voltage greater than 2.85 volts due
to characteristics of its drivers (not shown). Sinqe
each of the signal lines 416a through 416r has a 110 ohm
resistor, 498a through 498r, an asserted line will
hormally draw more than 24 mA (which is outside of the
ANSI standard) if an active.deassertion circuit 422 is
not present. In fact, "£he more signal lines, 416a
through 416r, that are deasserted, the farther the
current through each asserted line exceeds the maximum
current allowed by the ANSI standard due to the increase
in the overall current through theisignal_lines, 416a
through 4leér. . N

Having described the structure of the active
deassertion circuit 422 and its connections to SCSI
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reference and the second input connected to the voltage supply; and wherein
when.a voltage level of the second input exceeds a voltage of the first
i nput, the neans for sinking current sinks current fromthe second input.

7. A line term nator conprising: a voltage supply: a resistor having a
first end and a second end, the first end of the-resistor connected to the
vol tage supply, the second end of the resistor connected to a signal |ine;

a nmeans for sinking current having a Ti?gt‘input and

system 410, the method of use of the active deassertion
circuit 422 will be apparent'to those of skill in the
art. The method of use prevents overcurrent on signal =
lines, 416a through 416r, due to the active deéssertion
of at least one other signal line, 416a through 41leé6r.
First, one must provide a'regulated terminator 418 having
an output 440. Next, one must couple a plurality of
signal lines 416 through 416xr, to the output of the
regulated terminator. Next, one must couple the second
input 434 of the active deassertion circuit 422 to the
output 440 of the regulated.terminaﬁor 418. Next, one
may assert at least one of the plurality of signal lines
416a through 416r. Next, one must actively deassert at
least one of the plurality of signal lines, 416a through
416r. Next,'one must compare the first input 432 of the
means for sinking current 426 to the second input 434 of

- the means for sinking current 426. Finally, one must
sink current through the means for sinking current 426
until none of the asserted plurality of signal lines 4l6a
through 416r draws current in excess of that which is
permitted by its communications protocol.

The invention has been described in detail with
particular reference to an active deassertion circuit 422
comprised of a means for providing a reference voltage
424 aha a means for sinking current 426. However, those
skilled in the art understand that there are numerous
variations and modifications of the present invention.
For instance, as explained above, the present invention
could use a zener diode as the means for providing a
voltage reference 424 and still fall within the ambit of
the claims. Also any temperature compensating voltage
reference can be used in place of the voltage reference.

In Figure 13 there is illustrated a particular
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a second i nput,

the first input connected to a voltage reference |evel

the second i nput connected to the voltage supply; and wherein when a

vol tage | eve

i nput, the means for sinking current sinks current fromthe second input.

8.

vol tage supply and the signal line, the
i nput ;

of the second input exceeds a voltage |evel of the first

The line termnator of claim?7, further conprising: a signal |ine
I ncreased current kicker sw tching devicgvgnterconnected bet ween the

and

embodiment of the invention wherein a terminator
apparatus is provided with a SLICK circuit, and ADR
circuit and a SLIM circuit in addition to a typical
termination network. As can be appreciated, the SLICK
circuit actually consists of two SLICK circuits, one each
for the REQ and ACK signal 1lines of the SCSI bus.
Similarly, the SLIM circuit includes two suppression
networks, one each for the REQ and ACK signal lines.

. Only one current sink is required in the ADR circuit

because it is connected to the output node of the
regulated power supply voltage rather than individual
signal lines.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes

and modifications be covered by the appended claims.

———

and

t'chi ng device having a contro

ilﬂfﬂﬁJFMFNFSHEEr

¥ ot 12 FEB 1095




a tinmer connected to the control input of the switching device, the tiner

responsive to an asserted condition of the signal line to limt a period of
time that the switching device is closed. 9. A et hod of preventing
errors on a signal line having a line termnator, the term nator conprised
of a voltage source connected t.o a first end of a resistor, - 39 -
- 32 - '
—_—

I I!lll!! gy I!ll\

WE CLATIM:
1. A line terminator comprising:

a supply voltage; o

a plurality of resistors each having a'ggfst end and
a second end, said first end of said pluraiity' of
resistors connected to the supply voltage,  said second
end of said plurality of resistors connected to a
corresponding one of a plurality of signal lines;

a signal line increased current kickér circuit,
including; '

a current switching device interconnected between
the supply voltage and at least one of the plurality of
signal lines for generating a current for the signal
line, the currént switching device having: a control
input; and '

a programmed monitoring circuit interconnected
between the current switching device control input and
.the signal line for controlling a pfogrammed length of
time that the current is generated, the current switching
device being responsive to the monitoring circuit for
disconnecting the current when the programmed length of
time has been exceedéa, the current serving to raise the
voltage level of a notch occurring in ~ a signal
transferred via the signal.line when the signal line is
deasserted so as to prevent erroneous data from being
transferred; and )

an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising: . _

(a) means for providing a voltage reference having
an input and an output; and

(b) means for sinking current having a first input,
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a second end of the resistor connected to the signal line, a signal line
I ncreased «current kicker sw tching device interconnected between the
vol tage source and the signal line, said nmethod conprising the steps of:

cl osing the sw tching device;

si gnal

i ne,

i ne;

a vol tage source

and c) opening the switching device after the asserted

[

a second input, and an output;.the first input being
coupled to the output of the means for providing a
voltage reference and the second input being‘éaupled to
said constant voltage output of the regulated terminator;
: whereby the means for sinking current is capable of
comparing.its first input to its second input and, when
voltage -at the second input momentarily exceeds the first
inpﬁt due to active deassertion of at least one signal
of said plurality of signal lines, sinking current to
prevent overcurrent on other signal 1lines that are
asserted or are going to be asserted to maintain said
constant voltage.
2. A line terminator comprising:

a supply voltage; '

a plurality of resistors each having a first and a
second end, said first. end of said plurality of resistors
connected to the regulated supply voltage, said second
end of said plurality of resistors connected to a
corresponding one of a plurality of signal lines;

a signal line increased current kicker including:

a current switching device interconnected between
the supply voltage and at least one of the signal lines
for generating a current for the signal line, the current
éwitching device having a control input; and

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is_generated, whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current -when the programmed
length of time has been exceeded, the current serving to
raise the voltage level of the notch occﬁrring in the
signal line when the signal line is deasserted so as to

b) sensing an asserted condition of the

i

a)

condition is sensed for a predeterm’ned3 eriod of tinéT“IOT“A—ﬁePhgd_QL_\
mai ntai ning a supply voltage applied fo f'erm nating rn"’m Si gné
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connected to a first end of the termnating resistor, a second end of the
term-nating resistor connected to the signal line and a current sink
connected to the first end of the termnating resistor and the voltage
source, said nethod conprising the steps of: conparing a voltage |evel of
the voltage source with a reference voltage; and sinking_current—wth—the
current sink when the voltage | evel of the voltage source exceeds the

reference voltage. 11. A method of prevédting errors on ﬂmm“m‘““m‘m“

prevent erroneous data from being transferred; and

a signal 1line impedance matching terminator
apparatus connected to each of a SCSI bus 1line for
removing noise spikes or transients from the data and/or
control signals recelved on the bus llne, each of the
termlnator apparatus comprising:

voltage regulator means responsive  to an input
termination power supply voltage for geenrating a
regulated outpﬁt voltage of a predetermined value;

low voltage regulating circuit means responsive to
the regulated output voltage for generating a reference
voltage; and _ |

suppression network means interconnected between at
least one of said plurality of data and/or signal lines
and the reference voltage for removing transients from
the data and/or control signal by limiting the range of
the upper voltage and the lower voltage level appearing
thereon.

3. A line terminator comprising:

a supply voltage; _

a plurality of resistors each having a first and a
second end, said first end of said plurlaity of resistors
~connected to the supply voltagé, said second end of said
plurality of resistors connected to a corresponding one
of a plurality of signal lines; .

an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:

(a) means for providing a voltage reference having
an input and an output; and

(b) means for sinking current having a first input,
a second input, and an output, the first input being
coupled to the output of the means for providing a
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mai ntai ning a supply voltage applied to a termnating resistor of the

signal line, the signal line having a line termnator, the term nator
conprised of a voltage source connected to a first end of a resistor, a
second end of the resistor connected to the signal line, a signal line

I ncreased current Kkicker switching device interconnected-betweenthe—
vol tage "source and the signal |ine, and current sink connected

second end of the terminating resistor an® the voltage son“““HHmHm;THmj
conprising the steps of: a) closing the switching device; ! RNRRNEIEETS ™«

voltage reference and the second input being coupled to
said constant voltage output of the regulated terminator;

‘whereby the means for sinking current is capable of
comparing its first input to its second input and, when
voltage at the second input momentarily exceeds the first
input due to active deassertion of at least one signla
of said plurality of signal lines, sinking current to
prevent overcurrent on other signal 1lines that are
asserted or are going to be asserted to maintain said
constant voltage; and

a signal 1line impedance matching terminator
apparatus connected to each of a SCSI bus line for
removing noise .spikes or transients from data and/or
control signals received on the bus line, each of the
terminator apparatus comprising:

voltage regulator means responsive to an input

. termination power supply voltage for generating. a

regulated output voltage of a predetermined value;

low voltage régulating circuit means responsive to
the regulated outpﬁt voltage for generating a reference
voltége; and "

suppression network means interqbnnected between at
least one of said plurality of data and/or signal lines
and the reference voltage for removing transients from
the data and/or control“éignal by limiting the range of
the upper voltage and the lower voltage lever appearing
thereon. _
4. A line terminator comprising:

a supply voltage;

a plurality of resistors each having a first end and
a second end, said first end of said plurality of
resistors connected to the regulated supply voltage, said
second end of said plurality of resistors connected to
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12 FEB 1996 b) sensing an asserted condition of the signal |line; c)
openi.ng the switching device after the asserted condition is sensed for a
predeterm ned period of time; d) conmparing a voltage |evel of the voltage

source with a reference voltage; and e) sinking currenéu ] 1
si nk when the voltage |l evel of the voltage source exce l" ' , "ﬂﬂ
. - ) *%* c L M s *

- 36 -

a corresponding one of a plurality of signal lines;

a signal 1line increased current kicker circuit
including:

a current switching device intérconnected between
the power supply voltage and at least one of the signal
lines for generating a current for the signal line, the
current switching device having a control input; and

a programmed monitoring circuit interconnected
between the current switching device control input and
the signal line for controlling a programmed length of
time that the current is generated, whereby the current
switching device being responsive to the monitoring
circuit for disconnecting the current when the programmed
length of time has been. exceeded, the current serving to
raise 'the voltage level of a notch occurring in a signal
transferred via the signal line when the signal line is
deasserted so as to prevent erroneous data from being
transferred;

an active deassertion circuit for a regulated
terminator providing a constant voltage output to a
plurality of signal lines comprising:

(a) means for providing a voltage reference havirg
an input and an output; and

(b) means for sinking current having a first izpusz,
a second input, and an output, the first input kein
coupled to the output of the means for providiag a
voltage reference and the second input being coupled =o
said constant voltage output of the regulated terminztor;

whereby the means for sinking current is capable ==
comparing its first input to its second input and, whk=2a
voltage at the second input momentarily exceeds the Zirsc
input due to active deassertion of at least one siénal

of said plurality of signal lines, sinking curreznz =o
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vol t age.
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prevent overcurrent on other signal lines that -are
agserted or éré going to be asserted to maintain said
constant voltage; and

a signal line impedance matching terminator
apparatus connected to each of a SCSI bus 1line for
removing noise spikes or transients from data and/br
control signals received on the bus line, each of the
terminator apparatus comprising:

voltage regulator means responsive to an input
termination power supp%y voltage for generating a
regulated output voltage of a predetermined value;

low voltage regulating circuit means responsive to
the regulated output voltage for generating a reference
voltage; and |

suppression network means interconnected between at
least one of said plurality of data and/or signal lines
and the reference voltage for removing transients from
the, data and/or control signal by limiting the range of
the upper voltage and the lower voltage lever appearing

‘thereon.

5. A line terminator comprising:

a voltage supply:

a resistor, having a first end and a second end, the
first end of the resistor connected to the voltage

supply, the second end of the resistor connected to a

signal line;

a signal line increased current kicker switching
device interconnected between the voltage supply and the
signal line, the switching device having a control input;
and o

a timer connected to the control input of the
switching device, the timer responsive to an asserted
condition of the signal line to limit a period of time
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that the switching device is closed.
6. The line terminator of claim 5, -further comprising:

a means for sinking current having a first input and
a second input, the first input connected to a voltage
referéence and the second input connected to the voltage
supply; and wherein when a voltage level of the second’
input exceeds a voltage of the first input, the means for
sinking current sinks current from the second input.

7. A line terminator comprising:

a voltage supply:

a resistor having a first end and a second end, the
first end of the resistor connected to the voltage
supply, the second end of the resistor connected to a
signal line;

a means for sinking current having a first input and
a second input, the first input connected to a voltage
reference level and the second input connected to the
voltage supply; _

and wherein when a voltage level of the second input
exceeds a voltage level of the first input, the means for
sinking current sinks current from the second input.

8. The line terminator of claim 7, further comprising:

a signal 1line increased current kicker switching
device interconnected between the voltage supply and the
signal line, the switching device having a control input;
and

a timer connected to the control input of - the
switching device, the timer responsive to an asserted
condition of the signal line to limit a period of time
that the switching device is closed.

9. A method of preventing errors on a signal line
having a line terminator, the terminatér comprised of a
voltage source connected to a first end of a resistor,

}
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a second end of the resistor connected to the signal
line, a signal line increased current kicker switching
device interconnected between the voltage source and the
signal line, said method comprising the steps of:

a) closing the switching device;

b) sensing an asserted condition of the signal line;
and

c) opening the switching device after the asserted

condition is sensed for a predetermined period of time.

10. A method of maintaining a supply voltage applied to
a terminating resistor of a signal line, a voltage source
connected to a first end of the terminating resistor, a
second end of the terminating resistor connected to the
signal line and a current sink connected to the first end
of the terminating resistor and the voltage source, said
method comprising the steps of: '

comparing a voltage level of the voltage source with
a reference voltage; and

sinking current with the current sink when the
voltage level of the voltage source exceeds the reference
voltage.
11. A method of preventing errors on a signal line and
maintaining a supply voltage applied to a terminating
resistor of the signal line, the signal line having a
line terminator, the terminator compfised of a voltage
gsource conhected to a first end of a resistor, a second
end of the resistor connected to the signal line, a
signal line increased current kicker switching device
interconnected between the voltage source and the signal
line, and a current sink connected to the second end of
the terminating resistor and the voltage source, said
method comprising the steps of: o

a) closing the switching device;

—_—
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b) sensing an asserted condition of the signal line;

c) opening the switching device after the asserted
condition is sensed for a predetermined period of time;

d) comparing a voltage level of the voltage source
with a reference voltage; and '

e) sinking current with the current sink when the
Qoltage level of the voltage source exceeds the reference
voltage.
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Combination of Terminator Apparatus Enhancements
ABSTRACT
An SCSI bus line 14a apparatus including in combination at least two of any of
an active deassertion (ADR) circuit, a signal line impedance matching (SLIM) circuit
310 and a signal line increased circuit kicker (SLICK) circuit (110). In the ADR
circuit, if a current sinking circuit senses an increased voltage on the common node of
the signal lines of a bus due to active deassertion of a signal line, the current sinking
circuit sinks enough current from the signal lines to prevent an over-current condition
on asserted signal lines or soon-to-be asserted signal lines. In the SLIM circuit 310,
transient voltages are removed from a signal line by limiting to within a range the
voltages that can appear on the signal line. In the SLICK circuit 110, a current
switching device is controlled. '

Figure 3.

st i
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