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JH ISION DETECTION FOR ETHERNET |
D HE INVENTION
1. The invention relates to the field of collision detection in

éfhemet networks.

2. Prior Art

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

: traﬁlc on the line and thus, it can transmit. On the other hand, if the DC
: ":\'réi'tage on the line is between approximat‘ély -.2 volts and -1.4 volts, it is
assumed that one other node is transmitting. This DC voltage is in effect
the average of the transmitted signal from a node. |

' _ _' Collisions between transmitted signals occur in Ethernet networks
m-‘;part because propagation delays and other delays, such as those
féssoc:ated with detecting the status of the line, prevent a node from
pfécssely 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 1s important for repeater
:ho_c‘;i_:__es to know when a collision has occurrg_g because, for example, a

| ';:)_.:?ater must substitute a jamming code forthe indeterminate AC signal
:_t_'ha:"_t_'_'jresults from a collision. The sen_sing ofthe DC potential on the line

y a passive (noritransmitting) node to det_efﬁine when a collision has

occurred is referred to as receive mode collision detection. One problem



:_\ivith i'eceive mode collision detectio'n is t'hat the low frequency impedance
_of ' he line becomes important, for znstance resnstance in the line can
.slow the propagation of or attenuate the DC control signals used to

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 colhsron and definition
p_g__ss_l_ve node may not be able to see the collision. Thiscanleadto 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.
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'SUMMARY OF THE INVENTION

N Imp ved collision detection in an Ethernet network is described.

e Each of the medna access units include crrcurtry for detecting collisions.

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

__pulled mori negahve This in turn enables nontransmitting media access

_._umts pamc 'arly those reiymg upon recelve mode collision detection, to

'more readdy sense that a collision has occurred Consequently, with the

present invention, longer lines can be used.

o _ !n the: currently preferred embodiment, the invention is

xmplememed usmg the collision detection circuitry found in a

commerc:all '"avauable integrated circuit. The detectlon of a collision is

loglcally ANDed with a transmit signal to- provide a control signal for the
rrent smk




: 55-_&3.1&1: DESCRIPTION OF THE DRAWINGS

' '_ is ﬁgure is: used to describe the operat:on of the present invention.
“Figure: 2 illustrates the logical ANDmg which occurs in the
'j'__u_"rrenﬂy preferred embodnmem of the present invention.

thure 3 is an electrical schematic of the currently preferred

mbodrment of the present invention.

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

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



| | An enhanced collision detection method and apparatus is
descnbed Wthh helps overcome problems associated with low frequency
___llnpedance l,_n.an Ethernet line. In the lollowmg description, numerous
p.e_éffic detal;la_are set forth such as spe‘._t:l_ﬁc part numbers, etc., in order
o) ,ﬁrovide alt_!l_,ibgrough understanding of the present invention. in other
nStances, \n%ell_gknown 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
; '_Each node lncludes a media access unit (MAU). Specifically, nodes
'A : B and C are shown with MAUs 11, 12 and 13, respectively. The fine

- ‘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
nelude 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
-“cnmmumcatmg-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

Bas i ustra‘ted-,l_n_ Figure 1. The negative cqnt_rol signal (less than -1.4




'_ons) created by the collision of signals from nodes A and B may not be

'-detectable by"'z__:ode C since the nmpedance of the line may be great
'nough fo prevem the propagatlon of thls vonage tonode C. ifnode Cis

aware of:tl___je-.colhsron occurring betwee___r_x_.ihe transmissions of nodes A

andB and ie:féf_;-ﬂevice requiring receive mode collision defection, then it

.- . The ir'r__r’érbvement of the present iniiention 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 coliision it provides a signal on

to the -N gate 15. If the node is e_l_so transmitting when the
féib‘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 approxrmately 18 milliamps is sinked

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

_ m the line.

_c _'nces of a: dl; ant node detecting the collrsron
” The curr' _z_tly preferred embodiment of the present invention is

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

P -23-whrch line co-___:_esponds to line 10 of Frgure 1. A commercially

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

o MAU in the currently preferred embodiment.
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o - The circuit 26 includes a.collision detector. When a collision is
G '.cted cnrcuxt 26 typncal!y prov:des a sxgnal through the AUl 27to a
;-._':_"Th:s enables the DTE to retransmit the signal in accordance with
:;_fxownmp_rotocols. The transmit termmal from circuit 26 is coupled to
lmeZS through a diode 24. The receive_'ferminal of the circuit 26 is
oypled'to the line 23 through an optionally used equalizing amplifier 25.
Where '.a fla_t cable is used as the Etherne_.ft‘__line. the preferred coupling to
the Ime is described in co-pending applice;ipn 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.
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. The i’n’but of inverter 42 is also coupled to the -9 volt supply

- th ug-h a capacator 41. The resistor 40 and capacitor 41 operate'as a

:iermi"ﬁal of -th"‘e esistor 43 is coupled to the -4 volt supply and one

j:termmal of the capac:tor 44 is coupled to the -9 voit supply. A signal

p esem at the output of open collector inverter 45 represents the

océ’ 're_nce of_ .colhsaon
_ _":'The CDS termmat of the circuit 26 is coupled to the common

i. juﬁi:‘tnon»between resistors 28 and 29 and to ground through capacitor 22.

: Th___. se resnstor are coupled between the -9 volt supply and ground.

mayb obtame_ rom other points in the node, for instance, from the

_nput transrmt termma!s of the circuit 26. The transmit terminal of circuit

- 26 :s coupled to the.base terminal of a transistor 62 through a resistor 61

- :';Zand"to ground through aresistor 21. The collector terminal of transistor

;ijcoupled to the -9 volt supply. The emitter terminal of this pnp
B K -trans:stor is coupled to ground through resisior 63. Additionally, the

emmer terminal- of trans:stor 62 is coupled to the base terminal of a




'trensrstor 66 through a resistor 64. Resistor 65 couples the base terminal
-;the transrstor 66 to ground. The collector terminal of the pnp transistor
st coupled 1o the -9 volt supply through the resistors 69 and 70. The
common terminal through these resistors is coupled to the input of an

._intlérter 71.

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

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

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

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

B _:._cbi]p'led to the -4 volt supply through resistor 67 and to the -9 volt supply
N :'.f_'through resistor 68.

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

crrcurt of Figure 3 through the inverters 45 and 72. The outputs of these
\_ké'_r?ters 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

-‘,.',_' ..fartd 48. Inverters 45 and 72 operate. as open-collector buffers and,

consequentty, provide wlred logic represented by the AND gate 15 of

Flgure 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 fine 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

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



emmer termmal of this transistor is coupled to the -9 volt supply through a
' resnstor 54; the collector terminal of this trans:stor is coupled to the -4 volt
supply through resistor 73. The output of transistor 53 is coupled to the

. te:rmmal of atransistor 56. The emmer terminal of transistor 56 is

' '.é_qup_led to.t_he_--g volt supply through a reStstor 57 and the collector
;érhinal of this transistor is coupled to the line 23 through a diodes 58.

- - The s:gnal from line 74 after being: ftltered provides a control signal
-at comrols iHe transistors 53 and 56. Transnstor 56 provides a driving
entin the_.__f,o,r-_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

e bodsment 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
fror '_:the line when a collision is detected.

B ln the currently preferred embodcment mverters 34 and 35 are
'-commercxal mverters part number 74HCO4P The inverters 42, 45, 71
nd 72 are part number 74HCO5P. The value of the resistors and

_capacntors used in the currently preferred embodxment are shown in the
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Besistors OHMs Capacitors Farads
21 10K . 38 AMF
- 28 750K . 33 47pF
29 . 12K 41 22pF
36 8.2K < 44 100pF
37 100K 49 12pF
40 470K
43 2K 68 . 100pF
47 7.5K |
48 16.9K
52 100K
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-wavefofm 77 re._g\jg_sents the low frequency or

DC potential at node C.

Assume first that node B begins transmitting at time 80. As canbe

seen in Figure 4, there is a drop in the D ""f)"':_;?;)tential represented by

segment 82 of waveform 75. Next assumg __hat node A begins

transmitting at time 81; the DC potential a :":"c.?de B drops as shown by

segment 83 of waveform 76. Note that he time node A begins
transmitting, it does not know that node Bi_i__-s::i_‘already transmitting because

of the propagation delay between nodes Aand B.
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After node A begins transmitting, the potential at node A drops
because of the collision occurring between the transmissions of nodes A
and B. The segment 84 of waveform 76 illustrates this and the arrow 85
indicates the cause and effect b"'etween- the segments 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
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L ‘occurred. However, because of the improvement of the present

vention, the level at node C is dropped even further to level 95 in two
‘separate drops represented by segments 96 and 97. Segment 96 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

- . $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
'_?;-;:?tﬁe 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.
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Claim:

1  In an Ethernet network having a line interconnecting a
fli_::_Jr'aIity of media access units (MAUs), an improvement for informing
-_%--_;p;issive MAUs 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:
o 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. |

e ———

mam
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SR X The unit defined by claim 3 wherein the circuit only changes

Bé.;pétemial on the line when the collision detected is caused by a signal

ransmmed by the unit.

_ 5. A method for providing improved collision detection in an
Ethernet network comprising the steps of:
| ~determining when a collision occurs with a transmission from a
._"'.__;_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
| q_e_tected with a transmission from the first node;
- 5'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.

"+ 7. Acircuit for coupling to a media access unit for an Ethernet
-ﬂéiwork comprising:
a first detector coupled to the unit for detecting when the unit has

sensed a collision;
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a second detector coupled to the unit for detecting when the unitis
transmitting; |

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.

B S



