(S

T
P

._...,_, 5__.,_...._.....
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'II\NEI\FI'ICJ\I 1. The invention relates to the field of coII|S|on
det- 'ect |_on_ in- Et her net net wor ks. 2. Prior Art En an

--_-.'_.'n'etwork before a node transmits it first deternmines tf a
mi’'ssi-on +:s soccurring from anot her node. Roughly speaki ng, 'f the node
senses_;_the netvvork line to be at 0 volts, it assumes there is no traffic

.oon: _the‘.ﬁ;lrne and:thus, it can transmt. On the other hand, if the DC

- on” the line is between approxi rratejzy -.2 volts and -1.4 volts, it
suned that one other node. i's transni tlng This DC voltage is in

he aver.age of the transmtted si gnal froma node
R NCEDGCQULISIOMNDETECTION: RNE

because pr opagatlon deI ays and ot her del ays such as those assom ated with
cting- ST [ prevent a node from precisely know ng.
en a collision occurs, the DC
-4 volts allow ng all the nodes to know

Ii'si on has aoccumqnyétmo% 8&39 4 #0815 PeBiGion duigtiditn, the

the col liding signals eater nodes to
i a col EiisdrABt hevarsurred because for exanple, a repeater must
arm ng code for the indeterm nate AC signal that, results
¢ The sengirpg Apf the DC potential on the line

In an Ethernet network, before a node transmits it first determines
ife_fé transmission is occurring from another node. Roughly speaking, if
the node senses the network line to be at 0 volts, it assumes there is no
:.'__"tt;_fﬁc on the line and thus, it can transmit. On the other hand, if the DC
: Véttage on the line is between approximat‘ely -.2 volts and -1.4 volts, it is
agsumed that one other node is transmitting. This DC voltage is in effect
1 e average of the transmitted signal from. a node. |

_ * Collisions between transmitted sngnals occur in Ethernet networks
m- part because propagation delays and other delays, such as those

2 ssoc:ated with detecting the status of the line, prevent a node from

precssely knowing when another node is transmitting. When a collision
occurs the DC potential on the line drops below -1.4 volts allowing all the
_nodes to know that a collision has occurred . This DC voltage is again, in
' __";:'_effect the average of the colliding signals. : lt ts important for repeater

oﬁes to know when a collision has occurreg because, for example, a

;répeater must substitute a jamming code foti'the indeterminate AC signal
'that results from a collision. The sensing of the DC potential on the line
1 'y a passive (noritransmitting) node to determme when a collision has

__.occurred is referred o as receive mode co!l:sson detection. One problem



".-'i'by a passive.(nontransmtting) node to deternine when a collision has

“peeurred.is.referred to as receive node collision detection. One problem

" lead to @

2 W t] eive node collision detection is that the | ow frequency

I-npedance -of -the line becones inportant, for instance, resistance in the
R B 1. 'slow-the propagation of or attenuate the DC control signals used
.. to |ndfcate the status of the line. Thus, long line |engths becone nore
L dlfflcult 10 operate on. This limts the practical line length of a
2 network. " . In transmt node collision detection, a transmitting node
“* can sense: - :that its transnitted signal had col | i ded mnth anot her signal .
. The node .. . however, does not inform passive nodes of the collision and
-odefinitig - ';'-'pawahvecmwmotw/cmmlobdemﬂnenusmmehe loav freqiestyimpettansecan

l'ossiof control in the Ethernet .network. As wll be
sen®f mﬁd@mbmn@mmmdpr mt@rcedé@%%tan@ﬂ intheakng eaarly by

'-':e.l y| n‘% Rn recei ve node col lisign .detect
o the propagation of or attenuate the DC control sngnais used to

. seen, “the -

cate the status of the line. Thus, long line lengths become more -

diﬁlcult o operate on. This limits the practical line length of a network.

In transmit mode colhs:on detect:on a transmitting node can sense
that its transmitted signal has collided with another signal. The node,
however, does not inform passive nodes of the collision and definition
passwe node may not be able to see the collision. This canleadto a
!oss of control in the Ethemet network. |

~ As will be seen, the present invention enhances collision detection

aricularly by those nodes relying on receive mode collision detection.




: '*SUIVIVARY OF THE | NVENTI ON | mproved col |ision
Each of the nedia

lets transm ssion has collided, it engages a

_ rrent. sink connected to the line causing the line to be
&{pulled nnre negatlve This~in turn enabl es nontransnlttlng nmedi a access
wunits, part|cularly t hoserel yi ng upon receive node collision detection,
~.nore readlly sense that a‘'collision has occurred. Conseguently, with the

-present invention, | onger ‘lines can be used. 3 7 In the
~currently:. preferrep, g i pent , _the invention is - inplenented using
““the coll'is N hicl a comercially avail abl e
-integrated-circ hl'?n det e& ?n of a collisionis | ogically

- ANDed Wi thg tr ansmt m%ﬂ‘é\? £8lliziop\detectiorcioran Btheshefrrtwhek istduscribed.

“eurrent sin
B S Each of the medla access units include circuitry for detecting collisions.

- When a umt detects that its transmnss:on has collided, it engages a

: contrellable urrent sink connected to lhe line causing the line to be

F pulled more egahve This in turn enables nontransmitting media access

,_nlts pamcularly those relymg upon recerve mode collision detection, to
more readxly sense that a collision has occurred Consequently, with the

' present lnve 'on longer lines can be used.

ln the’ currently preferred embodnment the invention is

.lmplememed usmg the collision detection circuitry found in a

ccmmercxally avallable integrated circuit. The detectlon of a collision is

logrcally ANDed with a transmit signal to- provide a control signal for the
[ urrent smk

When a



-4 BRI EF DESCRI:PTI ON OF THE DRAW NGS Figure 1 shows a portion of an
- Et her net network with three nodes. Thi-s figure is used to describe the
“oper at'i on*.of - the present invention. Figure 2 illustrates the
-l-ogi cal ANDi ng: whi ch occurs in the currently preferred enbodi ment of the
. present i nvent:ion. Figure 3 is an electrical schematic of the
‘currently ‘preferred embodi nent of the present invention. Figure 4

":"{lllustrates the waveforns of signals on the network line of Figure 1 for

t he three. nodes shown in Figure 1. These waveforms illustrate the
4 rrproverrent 0. _-'_ijt_-he present invention. 4

BRIEF DESCRIPTION OF THE DRAWINGS

. Figure 1 shows a portion of an Ethemet network with three nodes.

| Th:s ﬁgure is: used to describe the operat:on of the present invention.
| “Figure: 2 illustrates the logical ANDmg which occurs in the
: currenﬂy preferred embodnment of the present invention.

thure 3 is an electrical schematic of the currently preferred

Flgure 4 illustrates the waveforms of sngnals on the network line of
'.-.Fxgure 1 for the three nodes shown in Flgure 1 These waveforms

_ mustrate thei |mprovement of the present mventlon




t-"h DETAILED DESCRI PTI ON OF THE | NVENTI ON An enhanced col |i sion

-detection nethod and apparatus is described which hel ps overcone problens

”_a5500|ated W h“Iom/frequency i npedance in an Ethernet line. In the

e i.ption, nunerous specific details are set forth such

: t- nunbers, etc., in order to provide a thorough

; understahdlhgldf the present invention. In other instances, well-known

- -Ethernet ‘paraneters are not set forth in detail in order not to

- unnecessaril'y obscure the present invention in detail. Referrlng

. first toFigure 1, a portion of an Et her ne® network is shown conprising a.
l'ine 10 and_three nodes |dent|f|ed as nodes A, B and C. Each node includes

= i > A ETAINRDIDE SGRIPTION, OF THEJMMENHOM and C are shown with

- MAUs 11, and.13 spe tlvel : The line 10 nay be a twisted pair, flat

“ paral | eI “tef ephd?l@eBEBP%"%6%§'Pﬁé’§‘e‘l‘@f‘éf‘?€@dﬁﬂcb§w%rﬁlws satin",

Rt NI A T
I nterface AUI_ ) ?rlb%a%ﬂ&éul ShEiR8hnet ke PIFHe lollowmg description, numerous

p.e_cxflc detan._la are set forth such as spe._cmc part numbers, etc., in order

o provide a' 1}ierough understanding of the present invention. in other

nStances, we_ll;-,known Ethernet parame.t,ers are not set forth in detail in
rder not to Lfnnecessan’ly obscure the present invention in detail.

:: Refemng first to Figure 1, a portion of an Ethernet network is
shown compns:ng a line 10 and three nodes identified as nodes A, B and
-C '_Each node lncludes a media access unit (MAU). Specifically, nodes

A | B and C are shown with MAUs 11, 12 and 13, respectively. The line

- ‘lO may be atw;sted pair, flat parallel wire telephone cable sometimes

. r""_'erred toas’ sulver-satln coaxial cable or the like. Each of the nodes

. are-'shown havmg just an MALU, typically however the nodes will also
n_clude an attachment unit interface (AUl) and data terminal equipment
DTE) Later in this application the improvement provided by the present

entlon will be descnbed in conjunction wnh the nodes of Figure 1 and

_ ei waveforms shown in Figure 4. »

_ . lt will be helpful to briefly review the problem solved by the present
-smventlon Wthh may be understood from Flgure 1. ifnodes A and B are
-‘cbmmumcatmg-and a collision occurs, these nodes are readily able to

o :etect the collasxon since they are relatlvely close together. On the other
o hand assume that node C is a relatively large distance from nodes A and

'_T;-B as illustrated in  Figure 1. The negative control signal (less than -1.4




. (DTE). Later in this application the inprovement provided by the present
.invention wll: be described in conjunction with the nodes~of Figure 1 and
the maveforns“Thomm in Figure 4. It will be helpful to briefly
review the pri entsolved;by t he ‘present invention which may be understood
fromFigure~l.::kf ‘nodes A and B are conmunicating and a col |lision occurs,
“these nodes areireadily able to detect the collision since they are
relatively close together. On the other hand, assune that node Cis a
- srelatively Ia“'e di st ance from nodes A and

6 : reated by.the collision of65|gnals from nodes A and B may
ibl e by node C since the i npedance of the |line nay be great
anshereeteqzagate eelligion ohsignals iregaiodesndaad® may meidee C i s

ol]isjon veccurring between thetransm ssions of nodes A

JgiertableryGede Rosifer BaAgRRSIECE & Mesinm e RR OTeA, then i t

'@hough fo prevem the propagatlon of thls vottage tonode C. ifnode Cis

aware of: the colhsnon occurring between the transmissions of nodes A

-_;and;B and i rs a dewce requiring receive mode colhsron defection, then it

'r!l mtsfunctton

- The tmg;o.vement of the present intiention is succinctly shown in
b 7 ure 2. Therethe Ethernet line is showri__:'- as a coaxial cable 20, this

_ foine 10 of Figure 1. A singl'e_-node is shown coupled to the
particular, the transmit line ls shown connected from the
rode 18 to the line 20. 'With."t__he improvement of the

‘present invention, when a node detects a collision it provides a signal on

to the AND gate 15. If the node is g_l_so transmitting when the
téib‘h is detected an additional signal is: p’rovided on line 16 to the
ND gate 15, lf both inputs to the AND gate 15 are present, an output

- fri m. the AND gate 15 activates a current smk 19. In the currently
referred emb-o” ] ment a current of approxrmatety 18 milliamps is sinked

| s_:causes the line 20 to drop in potential, enhancing the

ct _'nces of a: dl; ant node detecting the coll:sron
k The curr' _;_tly preferred embodiment of the present invention is

. mustrated in Frgure 3. Asingle nodeis shown coupled to an Ethernet line

S -23-whtch line co-___:_esponds to line 10 of F:gure 1. A commercially

tlable mtegrated circuit 26, part number 8392 is used as part of the

o MAU in the currently preferred embodiment.




he inprovenent of the present invention is succinctly shown in Fi gure
2. There the Ethernet line is shown as a coaxial cable 20, this
.. correspond Fine.10 of Figure 1. A single node is shown coupled to the
. line 20an particular, the transmt line is showm connected fromthe
<, -hode through ode 18 to the line 20. Wth the inprovenent of the
“<present inventi‘en, when a node detects a collision it provides a signal on
“Fine 17 to the AND gate 15. If the node is also transmtting when the
“collision i's detected, an -additional signal_is provided on line 16 to the
_+~AND gat e ‘15::1f. both inputs to the AND gatg 15 are present, an output
~fromthe AND'gate 15 activates a current sink 19. In the currently
preferred enbodi ment, The eireuit?fi insludesR QQillﬁiﬁf\eﬂ%'feqef nWhareagellisiends nked
2 i-ne: This.. causes the line 20 to drop Rotentlal enhanci ng the

di Seipete oﬂ@%‘e@%&ﬂ'%‘ﬁﬂf@‘"&‘@ﬁﬁ%ﬂ%ﬁ* rough the AUI'27 tp@
_Wh o r :_.1;_ od| ggﬁéwﬁ? :efr‘féggmtgvemqeg}mggcqrpﬁgcewn'fIIStrat ed
| ._.sz'-av;.ﬂ il i @P@fi’%wb%detb@%”f B pahitif rhin g FERGE 2o cpupleddp 1 e

MU N the cur §ink!23 MNrGhgH b&flo B89 R Yeceive terminal of the circuit 26 is

oupled to the line 23 through an optionally used equalizing amplifier 25.

'"'Whe__re, a ﬂa_t cable is used as the Ethernet line, the preferred coupling to
-;ﬁ"e"_ Iihé is described in co-pending application Serial No. 092,721; filed
July16 1993, entitled "Flat Cable to Flat Parallet Wire Cable”, assigned

_Id'fi_he'_Assignee of the present application. The optional eqdaiizin_g

a"ni‘pl_i_ﬁfe‘_r 25 may be constructed as shown in U.S. Patent 5,191,300.
'-';Remaining circuitry shown in Figt’:re 3inthe currently preferred
'embodxmem is associated with the MAU. and provides the improvement
'of,,ihe present invention. |

C The circuit of the present invention detects when the circuit 26 has
determmed that a collision has occurred on the line 23. A "CD" terminal
oflrcu:t 26 is coupled through the capacitor 33 to a detector comprising
m rter35 resistors 36 and 37 and the mverter 34. The digital inverter
34operates as a comparator, its input is Hiﬁsed through the resistors 36
- nd 37 the reference potential provided by';_;ihe inverter 35. |
Onseqbently,'a signal is provided by the ih;/ener 34 indicating that the
c:rcu:t 26 has detected a collision on the lme 23. The output of the

verter 34 is coupled through resistor 40 to the input of an inverter 42.




The circuit 26 includes a collision detector. Wien a collision is
detected, circuit 26 typically provides a signal through the AUl .27 to a
DTE. This enables the DIE to retransnmit the signal in accordance with

wel | - known protocols The transmit termnal fromcircuit 26 is coupled to
line 23 through ‘a diode 24. The receive termnal of the circuit 26 is
coupl ed to the-line 23 through an optionally used equalizing anplifier 25.
Were a flat-cable is used as the Ethernet I'ine, the preferred coupling to
the line i's descrrbed i n co-pending application Serial No. 092,721; filed
July 16, -1993; . entitled “Flat Cable-to Fl ‘Parallel Wre Cable", assigned
to the Assrgn ‘of the present appl i cation. The opti onal equalrzrng
anplifier 25 may be Heduinuiol Byeger $Rdnalsorcaupied th@rrB Wit suppino.

. cunpnt=shomn in Figure 3 in the currently preferred .

_.' %PéBaWQ"H”[ hENRARSISIRE 4B GRRACIRE ] r?rﬂ%%‘@rﬁ?n@ of
t ,of t t
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capacttor 3 1o a ot EReb 3k st Sb5 e daoSP R REPUIR 411,
and the inverts v 2 EnloldcBlonb P E Hfions 34 RRITSATiRBIS GAFParator.

its input is: brase roug € resistors reference
potenti al pr OVIté_ﬁﬂrrieY of ﬂ%’r‘e@l&%ﬁﬁ isXupled to the -4 voit supply and one

j-termrnal ef th _fcapacrtor 44 is coupled to the -9 voit supply. A signal

| '-presem at the output of open collector inverter 45 represents the

The CDs: téﬂninat of the circuit 26 is coupled to the common

Y ;unctnon between resistors 28 and 29 and to ground through capacitor 22.

Fig re2) Ascurrenﬂy implemented, transmissions are sensed on the

utp t'rénsmi't-’:ferminal of the circuit 26. An indication of transmission

may be obtamed:- om other points in the node, for instance, from the

4 put_transrmt t mma!s of the circuit 26. The transmit terminal of circuit

o 26 coupled to_the base terminal of a transistor 62 through a resistor 61

- :"_f__an _o ground through aresistor 21. The collector terminal of transistor

' "_3'62 rs:coupled to the -9 volt supply. The emitter terminal of this pnp
e -transrstor is coupled to ground through resistor 63. Additionally, the

emmer terminal- of transrstor 62 is coupled to the base terminal of a




Consequently, a signal is provided by the inverter 34 indicating that the
circuit 26 has detected a collision on the line 23. The output of the
inverter 347is coupled through resistor 40 to the input of an inverter 42.
The input of inverter 42 is also coupled to the -9 volt supply t hrough a
capacitor 41, “The resistor 40 and capacitor 41 operate as a noise filter
to filter out unwanted noise fromthe detector. The inverter 42
has an open coll ector output and together with a resistor 43 and a

capaci t or. 44 functions as a nenory circuit, One term nal of the resistor
43 is coupled:to-the -4 volt supply and on% term nal of the capacitor 44
is coupled to-the -9 volt supply. A SI%Pa| present at the output of open
col l ector inv :treﬂswprr%m@@ﬂerewetor 4o JResisten 68 couplescibiel bagedigrminal

The CDS terminal.. the circuit 26 oupl d to the co junction
et usen 1 ool st aptisgransiios S qrewﬁ o bR CPIREREIPTEMRAI 9 PR rANBICE

resistors ar '-'SBF?'s%guBr%h"t%‘?He Soit LS thiRR the F08sr8 ¥8%ind 70. The

g_mm.on terminal through these resistors is coupled to the input of an

_inverter 71.

_ The transistor 62 operating as an emitter follower receives the
. transmitted signal from the circuit 26. Trer;tsistor 62 drives the transistor

66 which operates as a switch. Consequently, the output of transistor 66

hich is coupled to the input of the inverter 71, is a digital signal

cating when the circuit 26 is transmitting. The output of inverter 71 is

L ___.:_.coupled to the -4 volt supply through resnstor 67 and to the -9 volt supply
:'.fthrough resistor 68.

_ The ANDing function illustrated in Figure 2 is performed by the

uit of Figure 3 through the inverters 45 and 72. The outputs of these

__\_(e'_réters are coupled together by line 74. Line 74 is coupled to the -4 volt

- supply through a resistor 73 and to the -9 volit supply through resistors 47
. and 48. Inverters 45 and 72 operate as operi-collector buffers and,

nsequentty, provide wtred logic represented by the AND gate 15 of

|gure 2. This signal on line 74 represents the condition that circuit 26 is

,.-.:._t_'ra_n:smxttmg and that circuit 26 has detected a collision on line 23.
. The common terminal between resrstors 47 and 48 is coupled to
. .. --.the -9 volt supply through a capacitor 47. Resrstors 47, 48 and capacitor
49 provide a low pass filter used to attenuate the high frequencies
- associated \rvith the switching on line 74. The output of the filter is

cdupled through a resistor 52 to the base terminal of a transistor 53. The



They provide a threshold level for the transmt node collision detection of
circuit 26. - . The circuitry of Figure 3 also uses a signa

i ndi cating that  transnission is occurring. (This corresponds to the
signal on I'ine:16 of Figure 2.) As currently inplenented, transnissions
are sensed on:the output transmt termnal of the circuit 26. An

i ndi cation of transnission may be obtained fromother points in the node,
for instance,” fromthe input transmt terninals of the circuit 26. The
transmt termmal  of circuit 26 i s coupl to the base terminal of a
transi stor- 627t hrough a resistor 61 and'ko ground through-a resistor 21.
The coIIecto ‘erm nal of-transistor 62 is coupled to the -9 volt supply.
The enitter” t-er AIHBET @rmingl of fip trappigtetiis covplpd te dhp ok éUBP'UthJ‘-tQ’ﬂ%ugh
gga'pftegf . f;B BB el etog ol of s it i SGLRA e’ o

9 transi: 80 Q8- t'lh'.'tﬁ o(%xgharersne o RS ouf\;))u? o? rans&s?or%yg coup IR

term naI
' ase;termmal of atransistor 56. The emmer terminal of transistor 56 is

' '.p._qup_led to.t_he_--g volt supply through a reStstor 57 and the collector
fiérr,hina: of this transistor is coupled to the line 23 through a diodes 58.
L _-:The sggnal from line 74 after being.':-f_iltere'd provides a control signal
at_:i:__bn't'rols ’tﬁé transistors 53 and 56. Tqansistor 56 provides a driving
cu nt in thei_f'oﬁr_m of a current sink to draw off current from the line 23

: the coni;igt_i;ons described (the detecﬁbn of both collision and
=trétfsr§ﬁssion)"ére- met. As mentioned in the.currently preferred
'.‘embodsment a current sink of apprommately 18 mxlllamps is provided.
Note the ANDmg function dlscussed above prevents passive

| _nodes wnth the tmprovement of the present invention from sinking current
-fro:i '_:the line when a collision is detected.

.-;l_g;;_the cy_rrently preferred embodcment, inverters 34 and 35 are
commercxal inggners, part number 74HCO4P. The inverters 42, 45,71
nd 7 gi:e part.number 74HCO5P. The value of the resistors and

__ pacifqt$_ use'i:i in the currently preferred embodiment are shown in the




of the transistor 66 to ground. The collector termnal of the pnp
transi st or 66 is coupled to the -9 volt supply through the resistors 69
and 70. The . common term nal through these resistors is coupled to the

i nput of an inverter 71. The transistor 62 operating as an
emtter foll ower receives the transmtted signal fromthe circuit 26.
Transi stor 62 drives the transistor 66 which operates as a sw tch.

Consequently, the output of transistor 66 which is coupled to the input
ofxthe inverter 71, is a digital signal H]di_cati ng when the circuit 26 is
transmtting. The output of inverter 71 is coupled to the -4 volt supply
t hrough resistor 67 and to the -9 volt supply t hrough resistor 68.

The ANDi ng function iBesisiorsited in 2 i Lapadiersed by tharadscircuit
of Figure 3 through the2inverters 45 8 72. The @8 puts of theddF

inverters are coupl ed t88ether by |ing®0W. Line 783 s coupl ed #épkhe -4

vol t supply through 2resistor 73 i to the -%lvolt suppl y28pFough
resistors 47 -~ and 48.36nverters 45 88K 72 oper add -as open- collPBRIf or

buf fers and, consequ8htly, providel@@Ked | ogi c49epresented B@pEhe AND
gate 15 of = Figure 2. #Bis signal ondT0Ke 74 represents the condition that
circuit 26 is transm 48i ng and that2Kircuit 26 IB8s detected #08pFli si on
on line 23.. TH2 common tern?.BKl between resistors 47 and 48 is
coupled to the -9 vol 48supply throuph9K capacitor 47. Resistors 47, 48
and capacitor 49 provbge a | ow passi@OKter used to attenuate the high

frequenci es 54 10K

57 49.9K
61 15K
63 5K

64 3.9K
65 10K
67 4.3K
69 6.8K
70 5K

73 7.5K

Referring now to Figure 4, three v{_réizeforms are shown along a

- time axis 78. The first waveform 75 repré.éénts the low frequency or DC |
potential sensed at the node B of Figure ‘L' The second waveform 75
represents the low frequency or DC potehﬁ_al sensed at the node A of

Figure 1; and, finally, the- waveform 77 re._'g\jg_sents the low frequency or

DC potential at node C. s
Assume first that node B begins tréqémiﬁing at time B0. As can be
seen in Figure 4, there is a drop in the D(_?'i;?iétential represented by
segment 82 of waveform 75. Next assurﬁ > _g_hat node A begins
transmitting at time 81; thé DC potential a g :-E;de B drops as shown by
segment 83 of waveform 76. Note that at e time node A begins
transmitting, it does not khow that node Bi_i__-s;_‘already transmitting because

of the propagation delay between nodes Aand B.



associated with the switching on line 74. The output of the filter is
coupl ed through a resistor 52 to the base term nal of a transistor 53. The
10 emtter termnal of this transistor is coupled to the -9 volt supply
t hrough a resistor 54; the coll'ector termnal of this transistor is
coupled to the -4 volt supply through resistor 73. The out put of
transistor 53 is coupled to the base term nal of a transistor 56. The
emtter termnal of transistor 56 is coupled to the -9 volt supply

t hrough a resistor 57 and the collector fEWﬂ nal of this transistor is
coupled to the line 23 through a di odes 58. The signal fromline
74 after being filtered provides a control signal that controls the

transistors 53 and 56Afer 9ses Begins tiansinitties. t'!i‘ecﬁthng at "Oéﬁr“?‘ 8PS n t he

formof a current sink t dra of f curr.en romthe |lin
condi tions descr %ﬁ@ﬂ“f% Hgt ts[:qrbﬁcg{rnggﬁﬁtvg%qzq fh:ﬂ Qgﬂn%{ﬁﬁsrons o Hodes Rk

et e oo e, 5RO ML AAS o PRI
the ANDing funct jpfcdbs ths 850sSRY SHBEAYAWeBnRAS SkYfents 82 and 84. Next,

node B senses the transmission from node A as indicated by the

segment 86 of waveform 75 and the arrow 87.

Node A is the first to sense the collision and assuming it has the
enhancement of the present invention, the conditions for its current sink
to operate are met and it further reduces the potential on the line as
indicated by the segment 88 of waveform 76. Following this, node B
which is also assumed to have the enhancement of the present invention,
has its current sink operate and reduces the potential on the line as
indicated by segment 89 ot wavéform 75. The reductién at node A
reaches node B and is sensed at node B as indicated by an arrow 90.-
Similarly, the reduction at node B is sensed at node A as indicated by
segment 91 of waveform 76 and arrow 92. -

Now examining the potentials at node C represented by the
waveform 77, first node C receives and senses the drop in potential
caused by node B's initial transmission. This is represented by the
segment 99 of waveform 77 and an arrow 85. Next node C senses the
fact that node A has begun transmitting as represented by the seginent
93 of waveform 77. At this point.in time, node C senses the potential
represented by level 94 of Waveférm 77. This level, because of
attenuation over the relatively lofrg line separating node C frofn nodes A

and B, may not be low enough for node C to conclude that a collision has



nodes with the inprovenent of the present invention from sinking current

fromthe line when a collision is detected. " In the currently
preferred enbodi nent, inverters 34 and 35 are comercial inverters, part
nunber 74HCO4P. The inverters 42, 45, 71 and 72 are part nunber 74HCO5P.
The val ue of the resistors and capacitors used in the currently
preferred enbodi nent are shown in the t abl e bel ow.

Resi stors . OHMVs Capacitors Far ads 21

10K 38 s 1MF 28 750K

33 L 47pF ' 29 13 10k 41

22pF 36 ' 7 8.2K 44 100pF

37 " opgred. However, pecause of the imprayeypent of the pregent

j;OK ' iipveption, the leve!iagnode Cis droppec? %ge‘g further to leve]!%%nxﬁ two

100K

‘Separate drops reprleoslénted by'sengeZns 96 and 97. Segrfl\gmq é% of
waveform 77 is caused by the écﬁvation of the current sink at node A as
:_represented by an arrow 98 and similarly, the segment 97 is the result of |
-:- the activation of the current sink at node B as represented by an arrow
 '92.
| Thus, with the present invention, the passive node C receives a
e $ignal represented by level 95 rather than 94 and is better able to detect
" a collision.
The remaining portions of the waveform 75, 76 and 77 illustrate
” that first node A ceases to transmit, then node B ceases to transmit and
the line returns to its initial- quiescent potential at these nodes and

: __'_,:'=.e:ventually. this quiescent state propagates to node C.

Thus, an improvement has been described which permits passive
: .'--:r_t_odes on an Ethernet network to more readily detect a collision that has

-“occurred between active nodes.



61 15K 63 5K 64

3. 9K = 65 10K 67 ' 4. 3K 69
6. 8K 70 5K 73 7. 5K

Referring now to Figure 4, three waveforns are shown along a tinme axis 78.
The first waveform 75 represents the | ow frequency or DC potential sensed
at the node B of Figure 1. The second waveform 75 represents the | ow
frequency or DC potential sensed at the node A of Figure 1; and, finally,
the waveform 77 represents the Iom1frequenp or DC potential at node C.
Assune first that node B begins transmtting at tine 80. As can be seen in
Figure 4, there s rop in the DC potential represented by segnent 82 of
wavef orm 75.. Nex==a53tine that node A begins transmitting at tinme 81, the DC
pot enti al angngig B drops as shown by segnent 83 of waveform 76. Note that
at the tine nod *‘-z:!@'gegi ns transmtting, it does not know that node B is

al ready transm t1ing fpecaysgndinb it ReRRERAH Y AR XnBRMRRRAGYeS A and

B.
plurality of media access units (MAUSs), an improvement for informing

. passive MAUSs of a collision on the line comprising:
o a first circuit at a transmitting MAU for detecting a collision on the
lme of a signal transmitted by the transmitting MAU; and,
' a second circuit coupled to the first circuit and the line for pﬁving a

~ current from the line when the first circuit detects a collision.

2. In a media access unit for accessing an Ethernet line
) ﬁaying a first circuit which provides a signal indicating the detection of a
. __"éol_l;ision on the line, an improvement comprising:
s a second circuit for logically ANDing the signal indicating the
. 'detecﬁon- of a collision with a signal indicating that the unit is transmitting
on to the line to provide a control signal; and,
a current sink for sinking a current from the line under control of

: t__he--.control signal from the second circuit.

3. A media access unit for use in an Ethernet network
comprising:

a receive and transmit mode collision detector;

a circuit coupled to the collision detectors and the line for changing

the potential on the line in response to detecting a collision. |

;..u‘!|1||c|m||mﬁ—|l_'|ﬁ|@m!||f



After node A begins transmtting, the potential at node A drops because of
the collision occurring between the transm ssions of nodes A and B. The
segrment 84 of waveform 76 illustrates this and the arrow 85 indicates the
cause and effect between the segnments 82 and 84. Next, node B senses the
transm ssion fromnode A as indicated by the segnment 86 of waveform 75 and
the arrow 87. - - Node Ais the first to sense the collision and
assuming it has’ the enhancenent of the present invention, the conditions
for its current. sink to operate are met ang_it further reduces t he
potential on. the line as indicated by the %égrrent 88 of waveform 76.

Fol I owi ng thi Sy node B which is also assumed to have the enhancenent of the
present invention, ha% i t sTeeppidefised by sirim3 wheneinithe ¢ireuit only ghangesi al
on the line as: :indi'cated by, segment 89 of waveform 75, The reduction at
node A reache Wﬁé’qﬁe'&‘l’ﬁt "i"sthgg'%'gé’ﬁf‘%ﬁ t%@@"@%QQIWQ&WW% el 90.
Simlarly, th eductJ 0 node B is sensed at node A as indicated by
segment 91 of: %?%Pﬁt gé’ Y08 W't ow 92. Now exam ni ng t he
potentjals at.-hode C represented by the waveform 77, first node C receives
and senses the drop in potential caused by node B's initial transm ssion.

This is represented by theasgg gﬁﬂiﬁ&&m%%ﬁé:‘&%ﬁ@ Ii3h GteBlibh Sn-  Next

node C senses the fact" that no ransm ting as represented by

‘the segnent 93: etnewqfématk%mﬁﬁsxhahﬁee&é;ﬁtoﬂn tinme, node C senses the

potential represented by |evel 94 of “waveform 77. This |evel, because of

attenuation over: t he deteahiniteg whbmwcdu:gicneemrrsahutmgtm@m@nbnmmades A

and B, may not:be | ow enough for node C to conclude that a collision has
node on the network;

. :sinking a current from the network by the node when the collision

: 6 An Ethernet network comprising:
a line;
| a first node coupled to the line having a collision detector and a
--:i current sink circuit for sinking current from the line when a collision is
| detected with a transmission from the first node;
a second node having a collision detector; and where,
the current sinked by the current sink circuit of the first node is

: é‘f:detectable by the collision detector of the second node.

2 ~ Acircuit for coupling to a media access unit for an Ethernet
-ﬁéiwork comprising:
a first detector coupled to the unit for detecting when the unit has

sensed a collision;

. e c L H tar ol *



13 occurred. However, because of the inprovenent of the present
invention, the level at node Cis dropped even further to level 95 in two
separate drops represented by segnents 96 and 97. Segnent 96 of wavef or m
77 is caused by the activation of- the current sink at node A as
represented by an arrow 98 and simlarly, the segnent 97 is the result of
the activation of the current sink at node B as represented by an arrow

92. Thus, with the present invention, the passive node C receives
a signal represented by level 95 rather_than 94 and is better able to
det ect a collision. The remai A ng portions of the waveform 75,
76 and 77 illustrate that first node A ceases to transmt, then node B
ceases to transnit arfisecanstdeteatorcovpleddoitbe ung fordetesling wheadbatunit is
potential at these nodes and eventual ly, this quiescent state propagates
to node C. transmlﬁlng;

- logic coupled to the first and second detectors for providing a
control signal when the ﬁrét detector has detected that the unit sensed a
collision and the second detector has detected a transmission by the unit;
and,

a current sink coupled to operate under control of the cbntrol-

signal for sinking current from the network.




Thus, an inprovenent has been described which permts passive nodes on

an Ethernet network to nore readily detect a‘collision that has occurred
bet ween acti ve nodes. 14 -
CLAIMS |.claim 1. In an Ethernet network having a |ine

.gl ovenent

i nt erconnect i ng &Hﬂéﬁﬁl '

for |nformng P4 g:
a first circuit at a transmtti ng I\/AU for detectl ng a col I|S|on on the

line of a signal transmtted by the transnk}tl ng MAU, and, 4 a second
circuit coupled to the first circuit and the line for dr|V| ng a’ . current
fromthe line whe he fir 'rC|tdttsacoII|S|on - 2. I n
a medi a access S ARV INE i D) =2kernet |ine having a first circuit
whi ch provides a sig i ndi.catin etecti t he
e, Bt nprovement. EUIRSEELRY S Bl 57 Bl Betst: RAPyBRK g
the signal indicaki I n
indicating t hat q‘%%lgﬂg?tllt 1 s\%eﬁggi%émggp § receivg njlef&l ?‘ﬂ %{1 rt?]jee?%cg?ogr %lh na
control si.gnal: tafMmiting node detectsacolhsron for example, using transmit mode

Lo colhs:on detection, it activates a current smk at the node further reducing
s "i-""_"the DC potential on the line. This reduced DC potential assists in
| overcoming the low frequency impedance which may exist between the

o trénsmitting node and a remotely located passive node.

Figure 2



a current sink for sinking a current fromthe |ine under control of the

.control signal fromthe second circuit. e 3. A nmedi a access unit
for use in an Ethernet network conpri sing: a receive and transmt
node col | i sion detector; acircuit coupled to the collision

detectors and the line for changing thg,gotential on the line in response
to detecting a collision.

15 " 4, The unit defined by claim3 wherein the circuit only
changes= the potential on the line when the collision detected is caused

- by a signal transnmtted by the unit. 5. A et hod for

provi ding i nproved collision detection in an Et hernet network conpri sing
t he steps of: determ ning when a collision occurs with a

transm ssion froma node on the network;

3000 P 1200°
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~sinpking a current fromthe network by the node when the collision is

det ect ed. 6. An Et hernet network conpri sing: aline;
a first node coupled to the line having a collision detector and a

current sink circuit for sinking current fromthe line when a collision is
detected with a transm ssion fromthe fi5§5 node; a second node
having a collision detector; and where, the current sinked by the
current sink circuit of the first node is detectabl e by the collision
detector of the second node. 7. A circuit for coupling to a
medi a access unit for an Ethernet net wor k conpri si ng: a first
detector coupled to the unit for detecting when thesgnit has sensed a

col li sion; © e\
- E%—{é’—\bf—gﬂ«%

MAU

AUl




- 16 ) a ,second detector coupled to the unit for detecting when the
unit is transmtting; | ogic coupled to the-first and second -
detectors for providing a control signal when the first detector has
detected that the unit sensed a collision and the Second detector has
detected a transm ssion by the unit; a 3 -a current sink coupled
to operatée under control of the control “"Signal for sinking current from
t he networKk. "

k2

FIG. 4




