- SIRAMGLES STATE TERM NATI ON TESTER' Field of the Invention The invention
refates geerally to term nator devices and in particular, it relates to a

detection 5 nmet hod and appar at Lﬁﬁlﬁ?dgw ttnp#]bus for detecting the

nunber of term nators connected to bus transmi ssion lines. One
application where reliable data transfers are inportant is in the field of
data tramsm ssions on a bus 10 transm ssion |line for conmmunication
between a plurality of peripherals and a ceqgtral processing unit in a small
conputer. For exanple, a Small Conputer SystemInterface (SCSI) bus

provi des for such a comunication link. As is generally known in the art of
desi gni ng bus 15 transmssion lines, a termnator, conprising of

a resistor network, is typically connected to each of the physical ends of
the bus in order to elimnate line reflection created by the transm ssion

of signals on thﬁ:ﬁﬂﬁw:vz ﬂmgfrﬁﬂﬂﬁggif%g??gﬁf ﬁave a characteristic 20

| npedance equal at _of t bus eral’s, such as disk drives,
are adapted to se perlpherals are. usual |y equi pped

with a bus tern1natorTMblCthénthhe femaues &ehagamtylpberaterﬁlﬁator
connected to one_end of

ot St CvarTagRicgt, mhd AR phBkieHLAR . ik wrelatds: 85,4 ‘drbacBichnl |
be om tted or nomethddnandeapparatasousedy widh radnes t ox | geteahingetheo

the bus. Visual ﬂﬁﬁbéfcaf'9&rﬂin£98r§u83ﬁﬁe8£e&e£81Eﬁéoﬁﬁs transmission
lines.

One application where reliable data transfers are
important is in the field of data transmissions on a bus

10 transmission line for communication between a plurality
of peripherals and a central processing unit in a small
computer. For example, a Small Computer System Interface
(SCSI) bus provides for such a communication link.

As is generally known in the art of designing bus

15 . transmission 1lines, a terminator, comprising of a
resistor network, is typically connected to each of the
physical ends of the bus in order to eliminate 1line
reflection created by the transmission of signals on the
bus. 'Bo'th of the terminators have a characteristic

20 impedance equal to that of the bus.

Many peripherals, such as disk drives, are adapted
to connect to the bus. These péripherals are usually
equipped with a bus terminator which is to be removed if
the peripheral is not connected to one end of the bus.

25 However, with the addition and removal of various
peripherals. from the bus, terminators may inadvertently
be onmitted or more than one terminator may be
flnadvertently connected to the bus.

Visual verification of the number of terminators

30 'connected to the bus normally requires the system to be

‘turned off and the system components disassembled.
However, there are prior art designs which measure the
nunber of terminators connected to the bus, but all of




30 "_ connected to the bus nornalfy requires the systemto be turned off
and the system conponents di sassenbl ed. However, there are prior art
desi gns whi ch neasure the nunber of term nators connected to the bus, but

all of -2- these designs share the sane di sadvantage of requiring the
conputer systemto be rendered inactive in order for the bus to be tested.
Therefore, there is a need for a diagnostic 5 apparatus which has the

ability to deternine the nunber of termi nat@rs present on a bus w thout
deactivating the conputer system The present invention is such an
apparatus. In view of the above, it is an object of the 10 I nvention
to determine if the bus is active. |If the bus is found to be inactive, the
di agnosti c phase comrences. It is another object of the present invention
to determ ne the nunber of terminators connected to the bus. It is stil

anot her obj ect othehe designs shaset ithre Eame disndkant&getbﬁ neqhering
term nators con egm@ 534& y I o
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of term nators Zbhe bugchackecBesbed. bus when the bus is established to be

in an inactive state.rH8PekBkEl, Nathepet e3ker aOPREAECSEBY a diagnostic
5 apparatus which has the ability to determine the number

of terminators present on a bus without deactivating the

computer system. The present invention is such an

apparatus.
" In view of the above, it is an object of the
10 invention to determine if the bus is active. If the bus

is found to be inactive, the diagnostic phase commences.
It is another object of the present invention to
determine the number of terminators connected to the bus.
It is still another object of the present invention
15 to display the number of terminators connected to the
bus.
summary of the Invention
In one form of the invention, an inactive state
termination tester determines the number of terminators
20 connected to a bus when the bus is established to be in
an inactive state. The termination tester operates by
monitoring the bus to determine when it is inactive.
When the bus is determined to be inactive, the
termination tester senses the bus to determine how mény
25 terminators are connected to the bus. The termination
tester then displays how many terminators were detected.
Various means for practicing the invention and other
advantages and novel features thereof will be apparent
from the following detailed description of an
30 illustrative preferred embodiment of the invention.
Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred



gonitoring the bus to determne when it is inactive. Wien the bus is
deternmined to be inactive, the ternmination tester senses the bus to

det erm ne how nany 25 term nators are connected to the bus. The

term nation tester then displays how many term nators were detected.
Various neans for practicing the invention and ot her advantages and novel
features thereof wll be apparent from the following detailed
description of an 30 illustrative preBerred enbodi nent of the

i nvention. Additional features and advantages of the present invention are
described in, and will be apparent from the detailed description of the

presently preferred -3- enbodi nents and fromthe draw ngs. Bri ef
Description of the Drawings There is shown in the drawings a presently
preferred enbodi nent of the present invention, wherein like 5 nuner al s

in the various feghoésmgnt&aandtﬁrbmktheldnawiagsand wherein: FIG 1 is a
functional bl ockgdiag cmi’nation tester appar at us;
and FIG 2 is a de am of 10. i nactive

state termination t%@?@ﬁ iﬁuﬂhﬂwn @bﬁsﬂrﬁv @EFl#\Hﬁﬁﬁﬁﬂﬁ%ﬂt@rﬁfﬁﬁrﬁﬁe
principles of theppbasfBhti NEeNt tAE fpredaAftW §AventEBANECLRErEdna PERE

bus.
5 numerals in the various figures pertain to like elements,

and wherein: _

FIG. 1 is a functional block diagram of an inactive
state termination tester apparatus; and

FIG. 2 is a detailed schematic circuit diagram of

10 an 1inactive state termination tester apparatus

constructed in accordance with the principles of the
present invention for use with or connected to a SCSI
bus.

15 Referrlng to the draw1ng, and partlcularly to FIG.
1, a functional block diagram of an inactive state
termination tester apparatus 10 is depictéed with a bus-
inactivity detector 12, a terminator detector 14, and a
display 16.

20 The bus-inactivity detector 12 is adapted to be used
with or connected to a bus and receives a bus activity
signal(s) 18 indicating if the bus is either active or
inactive. When the bus is inactive, the bus-inactivity
detector 12 transmits a signal to the terminator detector

25 14 indicating that testing of the bus should commence.
The terminator detector 14 then determines the number of
terminators connected to the bus transmission line 20 and
this result is received and presented by the display 16.

Turning to FIG. 2; an inactive state termination

30 tester apparatus 110 is depicted which is constructed in
accordance with the principles of the present invention
for use with a SCSI bus. It is to be understood that the
embodiment shown in association with a SCSI bus is not



Detalled Description of the Preferred Enbodi nents 15 Referring to
t he dramﬁng and particularly to FIG 1, a functional block diagramof an

i nactive state termnation tester apparatus 10 is depicted with a bus-
inactivity detector 12, a term nator detector 14, and a display 16. 20

The bus-inactivity detector 12 is adapted to be used with or connected to a
bus and receives a bus activity signal(s) 18 indicating if the bus is
either active or inactive. Wien the bus is #nactive, the bus-inactivity
detector 12 transmits a signal to the term nator detector 25 14

I ndi cating that testing of the bus should comence. The term nator detector
14 then determ nes the nunber of term nators connected to the bus
transmission line 20 and this result is received and presented by the
display 16. Turning to FIG 2, an inactive state term nation 30 tester
apparatus 110 i sidepndedd twhi serve (amsaru.d.mﬂd:altliomaapohand;he\m gdopacor

principles of th on e o]
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but is nerely foinﬁgﬁtpgﬁpgsgpgiiegaygﬂ|ence of illustration of one exanple

of the invention's apghlc ation, b5 The i,nactive state term nation

t est er apﬁ%ratus 110 e inactive state termlnation tester apparatus 110

which is used with or connected to the SCSI bus includes

a comparator Ul which ‘is confiqured as a logic AND gate

for the purpose of determining when the SCSI bus is

inactive. To accomplish this task, one end of a resistor

10 Rl is connected to the BUSY signal 112 of the SCSI bus

and the other end of the resistor is connected to the

non-inverting input of the comparator Ul. Likewise, one

end of a resistor R2 is connected to the SELECT signal

114 of the SCSI bus with the other end of the resistor

15 connected to the non-inverting input of the comparator

Ul. Also, a resistor R3 is connected to the non-

inverting input of the comparator Ul and the other end

of the resistor is connected to ground. The connecting

of the resistors R1l, R2, and R3 to the non-inverting

20 input of the comparator Ul results in a voltage divider
115 of the BUSY signal 112 and the SELECT signal 114.

To complete the logic AND gaté configuration of the

comparator Ul, a +0.77 volt reference 116 is applied to

the inverting input of the comparator. The +0.77 volt

25 reference 116 is provided by connecting resistors Ra, R9,

R10, and R11l in series, respectively, with the end of the

resistor R1l1l connected to ground and the end of the

resistor R8 connected to a +2.85 voltage source 118.

Resistors R9, R10, and R1ll are chosen to be of equal

30 value and resistor R8 is chosen in order for the +0.77

volt reference 116 to be provided at the junction of

resistors R10 and R1l. It is preferred that the +2.85

voltage source 118 only vary between +/-5 millivolts to



whi‘ch is used with or connected to the SCSI bus includes a conparator Ul
which®is configured as a logic AND gate for the purpose of determ ning when
the SCSI bus is inactive. To acconplish this task, one end of a resistor 10
R1 is connected to the BUSY signal 112 of the SCSI bus and the other end of
the resistor is connected to the non-inverting input of the conparator UL
Li kewi se, one end of a resistor R2 is connected to the SELECT signal 114 of
the SCSI bus with the other end of the resi ster 15 connected to the
non-inverting input of the conparator UL, Also, a resistor R3is
connected to the non- inverting input of the conparator Ul and the other
end of the resistor is connected to ground. The connecting of the resjistors
Rl1, R2, and R3 to the non-inverting 20 i nput of the conparator Ul
results in a voltage divider 115 of the BUSY signal 112 and the SELECT

signal 114. To coypnstﬁlnmﬁvbmﬂscaﬁHDbeabeonaédgbyahlvalaagbheegomﬁ@kﬁﬁor
Ul, a +0.77 volt_refterence 116sb§1a§ﬁ g tQ the i nve |ng h ut, of,
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tester apparatus be mounted onto a SCSI bus terminator.
A pull-up resistor R4 is connected to the +2.85

10 voltage source 118 and the other end of the resistor
connects to the output of the comparator Ul. The pull-up
resistor R4 pulls the output of the comparator Ul to a
high level when the comparator output is in an "open"
state. _

15 Also connected to the output of the comparator Ul
is the base of an NPN transistor switch Q1. The
collector of the transistor switch Q1 is connected to a
bus transmission line DPO which is part of the SCSI bus
and is preferably that of the parity transmission line.

20 Correspondingly, the bus transmission line DPO connects
to one end of all terminators (terminators are not shown
in FIG. 2) attached to the SCSI bus. Likewise, the
opposite end of all terminators attached to the SCSI bus
are connected to the +2.85 voltage source 118. The total

25 resistance of all terminators connected between the bus
transmission line DPO énd the +2.85 voltage source 118
is referred to as the terminator resistance Rt.

The emitter of the transistor switch Q1 is connected
to a sensing resistor R5 which has its other end

30 connected to ground. Furthermore, the emitter of the
transistor switch Q1 also attaches to one end of a
resistor R6 and the opposite end of the resistor is
connected to the non-inverting input of an amplifier U2.



25- +/-15 millivolts and be provided bya voltage regul ator resident on a
ScSl bus terminator such as that depicted in FIG 2 (prior art) of U S

Pat ent No. 5,313,105 (1994), issued to Sanela et al. Therefore, in order
for 5 the inactive state termnation tester apparatus to be connected
to the SCSI bus term nator voltage regulator, it is also preferred that the
I nactive state term nation tester apparatus be nounted onto a SCSI bus
termnator. A pull-up resistor R4 is conngcged to the +2.85 10 vol t age
source 118 and the other end of the resistor connects to the output of the
conparator Ul. The pull-up resistor R4 pulls the output of the conparator
Ul to a high level when the conparator output is in an "open" state. 15

Al so connected to the output of the conmparator Ul is the base of an NPN
transistor switch Ql. The collector of the transistor swtch S

connected to a bus tr I|n DPO whi s r of the $ and
Is preferably that of@ﬁﬁe %i;lﬁ%;eﬁ o'??’r Z%Is a nggrt g?ﬁggg?'ﬁgl Y,
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term nators connegt thrbat (8pntebRihatorsanenhastad tontheP8csIdbube +ﬁ'o85
vol tage source 118t the gain of the amplifier U2, a resistor R7 is
connected to ground with its other end connected to the
inverting input of the amplifier U2. Likewise, one end
of a feedback resistor Rf is connected to the inverting
10 input of the amplifier U2 and the other end of the
feedback resistor Rf is connected to the output of the
amplifier U2.
The output of the amplifier U2 is connected to the
inverting inputs of comparators U3, U4, and U5. The non-
15 inverting input of the comparator U5 is connected to the
+0.77 voltage reference 116. Likewise, the non-inverting
input of the comparator U4 is connected a +1.54 voltage
reference 120 provided at the junction of resistors R9
and R10. Furthermore, the non-inverting input of the
20 comparator U3 is connected to a +2.31 voltage reference
122 provided at the junction of resistors R8 and R9.
To provide the +1.54 voltage reference 120 and the
+2.31 voltage reference 122, the resistors R9, R10, and
R1l are chosen to be of equal value and resistor R8, as
25 described previously, was chosen so that the voltage at
the junction of resistors R10 and R1ll is approximately
. +0.77 volts. This resistor combination will cause the
voltage at the junction of R9 and R10 to essentially be
two times +0.77 volts and the voltage at the junction of
30 the resistors R8 and R9 to essentially be three times
+0.77 volts. These voltage levels are preferred in order
that the inactive state termination tester apparatus
effectively detects the various terminator types defined



ks referred to as the termnator resistance Rt. The emtter of the
transistor switch QL is connected to a sensing resistor R5 which has its
ot her end 30 connected to ground. - Furthernore, the emtter of the
transistor switch QL also attaches to one end of a resistor R6 and the
opposite end of the resistor is connected to the non-inverting input of an
anplifier U2. -6- The anmplifier U2 is configured as a non-inverting
anplifier having a gain such that the vol tage-across sensing resistor R5
causes 3.0 volts at the output of the anplifier when the term nator

resi stance Rt "equals that 5 of three (3) termnators connected to the
SCSI bus. To set the gain of the anplifier U2, a resistor R7 is connected
to ground with its other end connected to the inverting input of the
amplifier U2. Likew se, one end of a feedback resistor Rf is connected to

the inverting 10py theNBEbI0b kBecdFRbhtish.U2 and the other end of the
f eedback resistor Rf I s connected to the output of the anplifier U2. The

out put of the anpl|f|?PeU?quqﬁwmﬁcFQHPPGaFm§|q%e%§|EQQQﬁﬁF%§cﬁ° the
conparators U3, &dthode JEf allkidith-editting idiedé i (ED)PD4 . of Theeanode

Che non- i nvert i ngei HEG: PAr 1bneoBBagkpd 57 oh8 EniCRE 8 Bt borc RIS rbE .
reference 820 prbhededthert henflunefi dthef resistiar s i#0 connected to a
termination power supply voltage TERMPOWER (TP) 124,
which typically is at +5.0 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. Likewise, the
10 output of comparator U4 is connected to the cathode of
a LED D3. The anode of LED D3 is connected to one end
of a resistor R13 and the other end of the resistor R13
is connected to TP 124. Finally, the output of
~ comparator U5 is connected to the cathode of a LED D2.
15 The anode of LED D2 is connected to one end of a resistor
R14 and the other end of the resistor R14 is connected
to . TP 124.

One end of a resistor R15 is also connected to TP

124 with the other end of the resistor R15 connected to
20 the anode of a LED Dl. The cathode of the LED D1 is
connected to ground.

In the embodiment shown in FIG. 2, the comparators
Ul, U3, U4, and US are all part of a single integrated
chip which has a voltage input pin 3 which is connected

25 to TP 124. Similarly, voltage input pin 4 of the
amplifier U2 is connected to TP 124.

The operation of the inactive state termination
tester for use with a SCSI bus will now be explained with
reference to FIG. 2. In particular, it must be

30 recognized that a SCSI system communicates using a well
defined protocol. One of the elements of the protocol
is a means of determining if the bus is active or
inactive. The SCSI bus is known to be inactive when the



and R10. Furthernore, the non-inverting input of the 20 conpar at or U3
is connected to a +2.31 voltage reference 122 provided at the junction of
resistors R8 and R9. To provide the +1.54 voltage reference 120 and the
+2.31 voltage reference 122, the resistors R9, R10, and R11 are chosen to
be of equal value and resistor R8, as 25 descri bed previously, was
chosen so that the voltage at the junction of resistors R10 and R11 is
approxi mately +0.77 volts. This resistor cogbination will cause the voltage
at the junction of R9 and R10 to essentially be two tines +0.77 volts and
the voltage at the junction of 30 the resistors R8 and R9 to
essentially be three tines +0.77 volts. These voltage |levels are preferred
in order that the inactive state term nation tester apparatus effectively
detects the various term nator types defined -7- by the SCSI-2

specification. T. ut h C al IS E%E&te : he ho of a
light emtting d?ggg EEBP%64.qq¥%£ gﬁgdg%gk'LEB isgé nﬁgctéggkb %ﬁg end
of a resistor RIPiEWYtaneousiycatopnbighepggisfleNel.resistor s _

connected to a ternyAah TheP WERY SyPFhylvehbade HERMUMER (TR, 124t which

LyPLCal LY 15 30 OoR SO B SR PRt el IS ] 305 pla 2 ZRavehi” 0

Li kewi se, %he 10SELECDusjgnabfllcioisaianctitid (i.eonmxldedcat @ thighc dokgdee of
level of greater than +2.5 volts), the voltage formed at
the non-inverting input of comparator Ul will be greater
than the +0.77 voltage reference 116 connected to the
inverting input of the comparator. This will result in

10 the output of the comparator Ul to be pulled to a high

' logic level, thereby indicating the logical AND condition
of the BUSY signal 112 and the SELECT signal 114. It may
be shown that other combinations of the BUSY and the
SELECT logic voltage levels will produce a voltage at the

15 non-inverting-input of comparator Ul which is less than
the inverting reference voltage of 0.77 volts. 1In these
cases, the output of comparator Ul will go to a low logic
level, thereby indicating the absence of the logical AND
condition of the BUSY and the SELECT signal lines.

20 The diagnostic phase begins when the terminator
resistance Rt is connected to sensing resistor R5 through
the transistor switch Qil.

The base of the transistor switch Q1 is controlled
by the output of'comparator Ul. When the logicai AND

25 condition of the BUSY signal 112 and the SELECT signal
114 is met, the transistor switch Q1 is rendered
conductive, thereby connecting the terminator resistance
Rt associated with bus transmission line DPO, through the

transistor switch Q1, to the sensing resistor R5. The

30 voltage at the junction'of the terminator resistance Rt
and sensing resistor R5 will be dependent upon the number
of terminators present in the system. Correspondingly,
the output voltage of amplifier U2 will be an indication



& LED D3. The anode of LED D3 is connected to one end of a resistor R13 and
the other end of the resistor RI3 is connected to TP 124, Finally,
the output of conmparator U5 is connected to the cathode of a LED D2. 15
The anode of LED D2 is connected to one end of a resistor Rl4 and the other
end of the resistor R14 is connected to TP 124. One end of a resistor R15
is also connected to TP 124 with the other end of the resistor R15
connected to 20 t he anode of a LED Dl= 9The cathode of the LED D1 is
connected to ground. In the enbodi ment shown in FIG 2, the conparators U,
U3, WU, and U5 are all part of a single integrated chip which has a voltage
I nput pin 3 which is connected 25 to TP 124. Simlarly, voltage input
pin 4 of the anplifier U2 is connected to TP 124. The operation of the

i nactive state termnation tester for use with a SCSI bus will now be

expl ained with rﬁfetEéCﬂumbér 6t GterginatbPfspPabhhédtad, toi theubus.be 30
recogni zed that a SCS tes u5|n a ‘wel efin Qt 0G0

One of the elenents o lP% %&ﬁﬂﬂﬁgifqﬁﬁﬂﬁg °Qﬂﬁ?ﬁ?énﬁ%g€€?pgﬂﬁ Blls is
active or inactiparallhel SC& ﬂmwsnumbbuouﬁ terbinaters ipresendn arhd&he bus-
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decrease. Thus, both the voltage at the sensing resistor
R5 and the ocutput voltage of amplifier U2 will increase
as the number of terminators present on the bus increase.
Correspondingly, the output voltage of the amplifier
U2 will exceed the voltage applied to the non-inverting
10 input of the comparator U5 when one terminator is
connected to the bus. Likewise, the output voltage of
the amplifier U2 will exceed the voltage applied to the
non-inverting input of both comparator U4 and comparator
U5 when two terminators are connected to the bus.
15 Finally, the output voltage of the amplifier U2 will
exceed the non-inverting input of comparators U3, U4, and
U5 when three or more terminators are connected to the
bus. _
When the voltage applied to the inverting input of
20 comparator U3, U4, and/or U5 exceeds the voltage applied
to the non-inverting input of a comparatof, the output
of the comparator will gb to a low logic level. When the
. comparator's output is at the low logic level, current
will flow through the LED, causing it to light, thereby
25 indicating the number of terminators present in the
system.
' LED D2 will illuminate when one terminator is
attached to the bus. Likewise, LED D2 and LED D3 will
illuminate when two terminators are connected to the bus.
30 Furthermore, LED D2, LED D3, and LED D4 will illuminate
when three or more terminators are detected. -
As a way of ensuring that power is applied to the
inactive state termination tester 110, LED Dl will



\When. t he BUSY signal 112 is inactive (i.e., at a high logic |evel of
great'er than +2.5 volts), and the 5 SELECT signal 114 is inactive
(i.e., also at a high logic |level of greater than +2.5 volts), the voltage
formed at the non-inverting input of conparator Ul will be greater than the
+0. 77 voltage reference 116 connected to the inverting input of the
conparator. This will result in 10 - the output of the conparator Ul to
be pulled to a high logic level, thereby imgycating the | ogical AND
condition of the BUSY signal 112 and the SELECT signal 114. It may be shown
t hat ot her conbinations of the BUSY and the SELECT | ogic voltage |evels

w Il produce a voltage at the 15 non-inverting input of conparator Ul
which is less than the inverting reference voltage of 0.77 volts. In these
cases, the output of conparator UL will go to a low logic |evel, thereby

i ndicating the a o¢pal Y 0fi gt NHFAUR
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termnator resist@RBANRELIPE EBFKEEred to sensing resistor R5 through the
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t he output of co t he
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associated with LSS0 s i = o] r ' ist,ch
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termnator resisYahHESRaBAd SAMROMRNE cdidantlfications)c agecSUPRLLESIN t he

nunber These values and components were employed in an inactive
state termination tester apparatus that was constructed

10 and tested and which provides a high quality performance.

Those skilled in the art will recognize that many

alternative elements and values may be employed in

constructing the circuity in accordance with the present

. invention.

15 Part TYPE or VALUE
R1 3.9k Ohms
R2 3.9k Ohms
R3 1k Ohns

20 R4 470 Ohnms
R5 10 Ohms
R6 1k Ohms
R7 1k Ohms

25 ———— ———
Part TYPE or VALUE
R8 680 Ohms
R9 1k Ohms

30 R10 1k Ohns
R1l 1k Ohnms
R12-15 - 225 Ohnms
Rf Select
D1-D4 - HIMP1585

35 Q1 ' 2N2222
Ul IM339D
U2 IM324D
U3-U5 IM339D

40 As previously stated above, the value of the

feedback resistor Rf is selected in order for 3.0 volts



of terminators present in the system Correspondingly, the output voltage
of anplifier U2 will be an indication -9- of the nunber of term nators
connected to the bus. Since the termnators are connected to the bus in
parallel, as the nunber of term nators present on the bus increase, the
equi valent termnator resistance Rt wll 5 decrease. Thus, both the
vol tage at the sensing resistor. R5 and the output voltage of anplifier U2
will increase as the nunber of term nators xresent on the bus increase.
Correspondi ngly, the output voltage of the anplifier U2 will exceed the

vol tage applied to the non-inverting 10 I nput of the conparator US when
one termnator is connected to the bus. Likew se, the output voltage of the
anplifier U2 will exceed the voltage applied to the non-inverting input of
bot h conparator U4 and conparator U5 when two terminators ‘are connected to

the bus. 15  Ebnpé! Preséiet at Fit—ﬁe \6l on thea |:I.|ftle'r uQZwNéﬂ tmceed
the non-inverti ngsl nput of corrE tors ?5; e[ he(

d
term nators are DREQY: o XERASHATCE B tﬂ‘éu%g?
inverting input tér@inatorsorpmmeated/3toUthearsst bﬁsexce'm:ie feedbalckage

o Ly "SEBE B PR YA 11 88 4 Wdsplbie o
the | ow | 09ic |qumpe@@p¢@ntfor the error tolerances of the other
components used in the manufacture of the inactive state
termination tester. '
It should be understood that wvarious changes and
modifications to the presently preferred embodiments
10 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. For example, with minor variations, an
15 inactive state termination tester can be used in
conjunction with a VMEbus or any other various data
transmission line configurations. Therefore, it is
intended that such changes and modifications be covered

by the appended claims.



will flow through the LED, causing it to light, thereby 25 I ndi cating
t he nunber of terminators present in the system LED D2 will illuminate
when one term nator is attached to the bus. Likew se, LED D2 and LED D3
Wl illumnate when two term nators are connected to_the bus. 30
Furthernore, LED D2, LED D3, and LED D4 will -illum nate when thr ée or—nore
term nators are detected. As a way of ensuring that pﬁmm' ' o the
i nactive state termnation tester 110, LEDX2 will - m”mﬂml‘me
when the TP 124 voltage is applied to the ternmination testet. Fors »
conpl eteness in the disclosure of the above- described inactive state
termnation tester apparatus, 5 when it is used in conjunction with a
SCSI bus, but not for purpose of limtation, the follow ng representative
val ues and conponent identifications are submtted. These val ues and
conponents were PREENTcCLAEM8Ee i nactive state ternipation tester apparatus
that was constructed 10 nd st an i.ch ' hi i
per f or mance. Those sk%FIedA?n h%éggggm ng?gco&%%@éhgﬁgfinaﬁggggggrEg%}ve
el enents and val determining cthe qyuadberm ofokerninators (¢ennectad 5o ja) bus,

accordance W th gheapifaetivenkeateOterh®nation testerPébhprising: TYPE

or ,VALUE a) means for detecting bus inactivity to
produce a bus inactivity signal; and
b) means for detecting said number of
terminators connected to said bus, when
? said bus inactivity signal is received,
10 to produce a terminator detection signal
corresponding to said number of
terminators connected to said bus.
2. The inactive state termination tester of claim
1, which further comprises means for providing a display
15 corresponding to said terminator detection signal to
indicate said number of terminators connected to said
bus. -
3. The inactive state termination tester of claim
1, which further comprises means for determining if power
20 is applied to said inactive state termination tester.
4. An inactive state termination tester for
determining the number of terminators connected to a SCSI
bus, said inactive state termination tester comprising:
a) means for detecting when the SCSI bus is
25 . inactive to produce a SCSI bus inactivity

signal; and
b) means for detérmining the number of
terminators connected to said SCSI bus,
when said SCSI bus inactivity signal is
30 . received, to produce a terminator
detection signal corresponding to said
number of terminators connected to said
SCSI bus.



Rl 3.9k Chnms R2 3.9k Ohns. R3 1k Chms 20

R4 470 Chns R5 10 Chns R6 1k Chns R7

1k Chns Part TYPE or VALUE R8 680 Ghne RO . ————1K
Chrs 30 R10 ' 1k Ohns R11 1k Ohns R12-

225 Ohms Rf Sel ect D1- D4 HLMP1585 35”“‘“‘“““ “& ‘1
2N2222 Ul LMB39D U2 LMB24D U3- U5

As previously stated above, the val ue of -t A8 feedback resf st or S
selected in order for 3.0 volts to be present at the output of the

anplifier U2 when the termnator resistance Rt equals that of three (3)
termnators connected to the SCSI bus. The feedback resistor Rf is
sel ected because it is an easy way to 5 conpensate for the error
tol erances of the other

5. The inactive state termination tester of claim

4, wherein said SCSI bus inactivity detection means
comprises a voltage divider connected to the BUSY signal
and the SELECT signal of said SCSI bus to provide a

5 voltage divider output to indicate that said SCSI bus is
inactive. _

6. The inactive state termination tester of claim

5, wherein said SCSI bus inactivity detection means
further comprises means for comparing said voltage

10 divider output to a voltage reference to provide said
SCSI bus inactivity signal when said voltage divider
output is greater than said voltage reference.

7. The inactive state termination tester of claim

4, wherein said means for determining the number of
15 terminators comprises:

a) means for sensing- the number of terminators
connected to said SCSI bus to provide a sense
output corresponding to said number of
terminators connected to said SCSI bus; and

20 b) means for connecting said sensing means to
said SCSI bus when said SCSI bus inactivity
signal is received. _

8. The inactive state termination tester of claim

7, wherein said means for determining the number of
25 terminators further comprises means for amplifying said
sense output corresponding to said number of terminators
detected on said SCSIfbus to provide said terminator
detection signal. |

9. The inactive state termination tester of claim

30 4, which further comprises means for providing a display
corresponding to said terminator detection signal.

10. The inactive state termination tester of claim



~Lonmponents used in the manufacture of the inactive state term nation

tester.

the presently preferred enbodi nents 10 described herein will be

apparent to those skilled in the art. Such changes anﬂmmm:l"""“ﬂ y be

made wi thout departing fromthe spirit and scope of t

and w t hout

dimnishing its attendant advantages. For Ie Wi

m nor variations, an 15 inactive stat%e —termnation tester can
in conjunction with a VMEbus or any other various data transm ssion
| i ne configurations. Therefore, it is intended that such changes and
nodi fi cati ons be covered by the appended cl ai ns. - 12 - PATENT CLAI M5:
inactive state termnation tester for determ ning the nunbe
term nators connected to a bus, said inactive state term nation tester

used

1. An

conpri si ng:

5 9, wherein said meansaforf oprovidingng displayccowprises

produce a bus | gaghisv te6ySi ¢ %l“(?ﬂ?dsa. gpl'i?"i%%nemren 091kt | BharSaidhe

nunber

of term nat Qr s connect

n sald.-bus inactivity

signal is recei tegmipgtor is indicated bYosﬂ Jeerpinakox ndete
correspogdgfigl akObeipgl @éonnecelar to 8hid SCSI bus.

si gnal

5

10

15

20

25

30

11. The inactive state termination tester of claim
9, wherein said means of providing a display comprises
means for visually displaying when more than two
terminators are indicated by said terminator detection
signal as being connected to said SCSTI bus.

12. The inactive state termination tester of claim
9, wherein said means of providing a display comprises
means for visually displaying when two terminators are
indicated by said terminator detection signal as being
connected to said SCSI bus.

13. The inactive state termination tester of claim
9, wherein said means of providing a display comprises
means for displayihg when one, two, or three or more
terminators are indicated by said terminator detection
signal as being connected to said SCSI bus.

14. The inactive state termination tester of claim
4, wherein said inactive state termination tester further
includes: '

a) means for compariﬁg said terminator
detection signal to a reference voltage
to provide a display signal indicating
said number of terminators connected to
said SCSI bus; and '

b) means for illuminating an LED
corresponding to said display signal
indicating said number of terminators
connected to said SCSI bus.

15. The inactive state termination tester of claim

It should be understood that various changes_and mndifications.to

th
be

r of

tion



fermnators connected to said bus. 2. The inactive state term nation
tester of claim1, which further conprises nmeans for providing a display 15
corresponding to said term nator det ectlon Si gnal to indicate—sai-d—hunber

of term nators connected to said bus. 3. The in nation
tester of claim1, which further corrprl means ﬁm’,m'mm!? power
20 is applied to said inactive stafe termnati on testers -
inactive state termnation tester for determ ning the nunber of

term nators connected to a SCSI bus, said inactive state term nation tester

conprising: a) means for detecting when the SCSI bus is 25

ot or m ni ity WRiED T cmbrisgs Teplf o et BowsP B arblied SRE Spacte,
sai d SCSI aE}H@ il [.Q.L &%efl gnal is 30 ~ received, to

produce erm na ‘ection signal corresponding to said nunber of
termnators connggt ed AOmetRbd for(ddteraiifiing the nuniBer-of terminAtors cuh@bityE s at e

termnation tester of clarm4, wherein said SCSI bus inactivity detegtion
Means Cconppis §kidomMAbd ealipfising @y stegyefect ed to the BUSY si gnal

5 a)  detecting bus inactivity; and
b)  determining the number of terminators connected to said bus
dpring bus inactivity.
17. The method of claim 16, which further includes displaying said
number of terminators connected to said bus.

10 18. An inactive state termination tester for determining the number of
terminators connected to a bus, the tester being substantially as hereinbefore described
with reference to Figure 1 or 2 of the accémpanying drawings.

19. A method of determining the number of terminators connected to a
bus, the method being substantially as hereinbefore described with reference to Figure 1
15 or 2 of the accompanying drawings. |



and the SELECT signal of said SCSI bus to provide a 5 vol t age di vi der

output to indicate that said SCSI bus is inactive. 6. The inactive state
termnation tester of claim5, wherein said SCSI bus inactivity detection
means further conprises*neans for conparing said voltage 10 di vi der

output to a voltage reference to provide said SCSI bus inactivity signa
when said vol tage divider output is greajgr. than said voltage refer.ence. Z
The inactive state termnation tester of Claim4, wherein said neans for
determ ning the nunber of 15 term nators conprises: a) means for
sensing the nunber of term nators connected to said SCSI bus to provide a
sense out put corresponding to said nunber of term nators connected to said

SCSI bus; and 20 ) or_connecting said sensing nmeans to
said SCSI bus when said éb@cuyfﬁ‘ﬂéxhtmﬁﬂwmf’r&%&. ved. 8.  The
i nactive sﬁ@i&gﬂ%nati on tester of claim7, wherein said neans for
determ nin er of 25 termnators further conprises neans for

anplifying said t ):h NG Wemal¥lty 0 I.Menat or s
detected on sai dﬁﬁg@?‘:%s 0 provi‘lﬁgle%qg%%@tléf%§?§ or ae él%etrll%% °§{H§nav—~. 9.
The inacti ‘(&nﬁﬁﬁ? donhéd i o [0 VY AY r

conpri ses neans %r pr?ﬁ?"nﬁﬁ‘é&‘?ﬁé’g g}%lggér?igg%%gdm%teto sal q?%#rﬁ?@': or

detecti gn sicHidks the®us Theddirafhing Swikdndt & ffdtive Iirdih R TeBbdPE Bhsti M

inactivity, the termination tester (110) senses the bus to determine the number of

terminators connected to the bus. The termination tester (110) then displays how many
terminators were detected. |
Figure 1.

10



I7¥x=1 9, wherein said neans for providing a display conprises neans for
visual Iy di spl ayi ng when | ess than one ternminator is indicated by said
term nator detection signal as being connected to said SCSI bus. 5

11. The inactive state termnation tester of claim9, wherein said neans
of providing a display conprises means/Ror visual |y di spl ayi ng when nore
than two termnators are indicated by said term nator detection signal as-
bei ng connected to said SCSI bus. 10 12. The inactive state

term nation tester of- claim9, wherein said nmeans of providing a display
conprises neans for visually displaying when two term nators are indicated
by-said term nator detection signal as being connected to said SCSI bus. 15
13. The inactive state termnation tester of claim9, wherein said neans
of -providing a display conprises neans for displaying when one, two, or
three or nore termnators are indic y said term nator detection signa
as being connected to said SCSI bus 14. The inactive state
termnation tester of claim4, whergipysgid inactive state term nation
tester further includes: a) means conparing said term nator
detection signal to a reference vol )5 ° ‘to provide a

di splay signal indicating
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Sald'ﬁunber of term nators connected to said SCSI bus; and b) means  for
|Ilun1nat|ng an LED corresponding to said display signal 30 ,

i ndi cating said nunber of term nators connected to said SCSI bus. 15. The
inactive state termnation tester of claim 15 4, which further conprises
means for determning if power is appérgd to said inactive state
termnation tester. 16. A net hod f / determ ni ng the nunber of - —
term nators connected to a bus, said nethod conprising the steps of: 5

a). detecting bus inactivity; and b) determ ni ng the nunber of

term nators connected to said bus during bus inactivity. 17. The net hod
of cl'aim 16, which further includes displaying said nunber of term nators
connected to said bus. 10 18: An inactive state term nation
tester for determning the nunber of terminators connected to a bus, the
tester being substanti al as herelnbefore described with reference to

Figure 1 or 2 of theégcc---. cH-ermt—ree—- Aeret-hed of determ ning

the nunber of termn onnk ctednto a pus, the nefhod being
substantially as her e areqoescr bed thnre!eren'e to Flgure 115 or 2

of the acconpanyi ng n‘gs“ Q v
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