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·.·• ENHANCED COLLISION DETECTION FOR ETHERNET NETWORK 

'." •. ·_·· ·i.; 

.O' . - FJELD OF THE INVENTION 

1. The invention relates to the field of coflision detection in 

.... · Ethernet networks. 

2. Prior Art 

In an Ethernet network. before a node transmits it first determines 

ifa transmission is occurring from another node. Roughly speaking, if 

the node senses the network line to be at O volts. it assumes there is no 

\ tr~ffic on the line and thus, it can transmit. On the other hand, if the DC 

:.· vqltage on the line is between approximately -.2 volts and -1.4 volts, it is 

.··.·• · ;~-~~urned that one other node is transmitting. This DC voltage is in effect 
.... ·:::·: 

.••. th~· average of the transmitted signal from ~- node. 

Collisions between transmitt~d signals occur in Ethernet networks 

· ···.· in ··part because propagation delays and other delays, such as those 
:-..... ; .. '. !·· 

-- ·· ' :·associated with detecting the status of the·line, prevent a node from 

:preCisely knowing when another node is transmitting. When a collision 
. : . 

occurs, the DC potential on the line drops below -1 .4 volts allowing all the 

no;des to know that a collision has occurred.~ This DC voltage is again, in 

effect, the average of the coJliding signals. '.rt is important for repeater 

. . .. hoc:fes to know when a collision has occurr~(:f because. for example, a 

··· <-<-> ·repeater must substitute a jamming code fo~'the indeterminate AC signal 

:that::results from a collision. The sensing of°ihe DC potential on the-line 

.. :by ~passive (nolitransmitting) node to determine when a collision has 

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

.··.,:·.: 

... ·:.;: 
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.· with receive mode collision detection is that the low frequency impedance 

·c>tthe line becomes important, for instanbe, resistance in the line can 

- slqwthe propagation of or attenuate the nc control signals used to 

iri(:ficate the status of the line. Thus, long line lengths become more · 
:·::·. ,_; 

~i.fficult to operate on: This limits the pta~ical line length of a network. 

In transmit mode collision detection, a transmitting node can sense 

that Its transmitted signal has collided with another signal. The node, 

. : hpwever, does not inform passive nodes of the collision and definition 

P~$sive node may not be able to see the collision. This can lead to a 

ld~s of control in the Ethernet network. ··:- ~ .. ::: ' . : : . , .. 

·'.·.·. As will be seen, the present invention enhances collision detection 

... pa~lcularly by those nodes relying on receive mode collision detection. 
;"(;: .. ~ 

.,:·\.' :'·. 
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::'.' · •. ··••· .··•· .• 'suMMARYOF THE INVENTION 
···.:.: .. 

: lmpr9~ed collislon detection in an E;thernet network is described. 
. - E~c~ :ot the\!"edia access units include circuitry for detecting collisions. 

Wtien: a u:.riit d~tects that its transmission has collided, it engages a 
.·. •.·· •. confrtjllable.bl.lrrent sink connected to the line causing the line to be . . ·. . . . . 

•·. pulfedmpr~riegative. This in turn enable$,nontransmitting media access 
< \ qr1its, parti¢:ularly those relying upon rece~ve mode collision detection. to 

. more readil/sense that a collision has occurred. Consequently, with the ·· . 
. . ·.. . >. pr~sent invfihtlon, longer lines can be used. . . . ,. 

·• . ·: Jn .the··cl,lrrently preferred embodiment, the invention is 
,·.· • · · · ·······. irnpler.nente.d·using the collision detection circuitry found in a 

· .. ·.·' . 

.. ccirnrn~rciaily.avaifable integrated circuit. The detection of a collision is 
16g.ic~lly ANb~d with a transmit signal to provide a con~rol signal for the 
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... , ; .. · BRlEF DES.Q'RIPTION OF THE DRAWINGS_ 

Figure l shows a portii:>n of an Eth~_rn_et network with three nodes . 
:·: 

. _.: f 

· .. _ ·-·- ·- ~ · Th:is figure iS'.J.rsed to describe the operation of the present invention. 
<·. "Figure:2-ilfustrates the logical ANDing-which occurs in the 

· · · · · · tt1trently preferred embodiment of the present invention. 

· .. ··,··· 

" 
· · Figure $ is an electrical schematic of the currently preferred 

.. :- emboqiment otthe present invention. 

Figure4 illustrates the waveforms of signals on the network line of 
F~Qllre :1 for the three nodes shown in Figure 1 . These waveforms .·: 

· · · · iUtJstrate the improvement of the present invention. 
: .:·. ··.-

=~- ·.< 

: -~ . : .: ·' ... ;_" '.: .. 
' .. 

· ... · .... ,:··.· 
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-· :.DEt'AILED DESCRIPTION OF THE INVENTIQN 

An enhanced collision detection method and apparatus is 

- _d~s~ribed which helps overcome problems associated with low frequency 

_ irilp~dance :in ~n Ethernet line. In the following description, numerous 

· : · ·.$peelfic detctil5c are set forth such as specific part numbers, etc., in order 
•. . .. 

\tQ provide a thorough understanding of the present invention. In other 

•. • : . ihstances, well~known Ethernet parameters are not set forth in detail in 

., · · · . qrder not to tfrmecessarily obscure the present invention in detail. 

ReferrinS first to Figure 1 , a portion of an Ethernet network is 
. . ·:: .. ~ ";":" 

-... -_. _-.· >· sflq~n comprising a line 1 O and three nodes identified as nodes A, B and 

Q; Each nodelncludes a media access unit {MAU). Specifically, nodes 

· -·A/Band C are shown with MA Us 11, 12 and 13, respectively. The line · ... ~ . . "' . . . 

-1·9 rna.y be a ~wisted pair, flat parallel wire telephone cable sometimes 

· · · < . r'eie.rred to as "silver-satin", coaxial cable or the like. Each of the nodes 

-. . .-. •-_• ~~~ sh~wn having just an MAU, typically however, the nodes will also 
.;:.·-· 

·: .· 'ih·clud~ an attachment unit interface (AUi) and data terminal equipment .. .. . 
.. ·. . ·. . 

··(DTE}. Later in:this application the improvement provided by the present .. . 

• Jrivention will Q~ described in conjunction wi1h the nodes of Figure 1 and 
....... :._ .· .. "-".·. 

·--·-•the\ waveforms shown in Figure 4. 

It will be·, flelpful to briefly review the problem solved by the present 

.. , _··. • :in\/ention whicfl' may be understood from f'igure 1. If nodes A and B are 

O .· ·commu.nicating.a:nd a collision occurs, thes,e nodes are readily able to .. ·· ·. ·. : .. ·.: ,· ... , 

.. :.' ... · d~tect the collislo'.n since they are relatively ¢lose together. On the other 
.'. · . .. :_. 

•-· pand, assume t~at node C is a relatively large distance from nodes A and .. . . : : 

;::B)_as illustratedin Figure 1. The negative t~ntrol signal (less than -1.4 
. . . . . 
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.~~Its) creat~d,}>Y the collision of signals ffpin nodes A and B may not be 

-_ ~~"teciabte: by:node c since the-impedanc!:l of the line may be great 

i~c>ugh to pr~vent the propagation of thi$ yoltage to node C. If node G is 
: ... :. . ~ . . . . . 

lf,Qa~·are otthE:fcollision occurring betweeri1he transmissions of nodes A 

and'B,, and is a;.(::fevice requiring receive mode collision defection, then it 

, Wtll- misfunctiorL 

.··:·.· 
· The improvement of the present invention is succinctly shown in 

._:·:.·· 

figure 2. There the Ethernet line is shown as a coaxial cable 20, this 

--- :;-c6rr(:lsponds fo)i_ne 1 O of Figure 1. A single-node is shown coupled to the 
·•"; , •;: . . 

-_ uri~ 20 and,- fr1 pilrticular, the transmit line is shown connected from the 

- -- :. -_ -_rC?d.e:througM ~i6de 18 to the line 20. With the improvement of the 
....... 

-- ·- --:- pres~nt inventio'n, when a node detects a collision it provides a signal on 
.· :::'· 

= • ___ iiri~_:1:7:to the ANP gate 15. If the node is also transmitting when the 

· • = -- ~ofnsibp is detf3~ed, an additional signal isJ>rovided on line 16 to the 
:, . .::· ::::.·::·- . .., 

:A,ND gate 15; Jfboth inputs to the AND gatf:} 15 are present, an output 

· ---- tt61llthf:l ANQ-g~t~ 15 activates a current si~k 19. In the currently 

- -- pr~f~rrf:)d ernb~dlrnent, a current of approximately 18 milliamps is sinked 
.. : .... , .... :,:' 

, _ -from th~ line. Tp!~:causes the line 20 to dropjn potential, enhancing the 
·: ... ·. 

-<• _ ~hi:i:f1ces of adisfant node detecting the collision. 
'·.· ... 

The curr~~tly preferred embodiment 6(the present invention is 

_ illllsfrated in Fig~re 3. A single node is sho~n coupled to an Ethernet line 
• .. :·. : : . : -··· .. ~- .. 

·: -2_~:~hich line cc)f~~sponds to line 1 O of Figur~ 1. A commercially 
,;:::: 

:_ ayaifable integrated circuit 26, part number 8392, is used as part of the 

_ M~U in the currif'ltly preferred embodiment. - -
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· The circuit 26 includes a collision· detector. When a collision is 

q~~eQted, circuit 26 typically provides a signal through the AUi 27 to a 

,. RIJ:.' ·_This enables the DTE to retransmitthe signal in accordance with 

W~ll~~nown .protocols. The transmit terminal from circuit 26 is coupled to 

•· :T-::·une:23. through a diode 24. The receiveterminal of the circuit 26 is 

_,.·'co~pled to the line 23 through an optionaUy used equalizing amplifier 25. 
··... · . .-:· ··. .. 

. : : Wn~re. a flat cable is used as the Etherne1 line. the preferred coupling to 
' . . . . 

C t~e line is described in co-pending applic~tion Serial No. 092,721; filed 

.. :: .. : JJLl.ly- ts, 1993, entitled "Flat Cable to Flat ~arallel Wire Cable", assigned 

. "' · ..• tl:f the Assignee of the present application. The optional equalizing 
.... ··-

- ~ amplifier 2S may be constructed as shown in U.S. Patent 5, 191,300. 
. . 

.J~em~ining circuitry shown in Figure.3 in the currently preferred 
. ~ . .. 

ei_Tlt;)qd~ment, is associated with the MAU .~nd provides the improvement 

:· of_the: present invention. 
= .. ··, ·.• : 

The circui~ of the present invention: detects when the circuit 26 has 

· · <:. :. ci~ter.tnined that a collision has occurred an the line 23. A "CD" terminal 
.·:·; ' ,-: ·~ ... : : ::: ..... ' 

\ . : of qifcoit 26 is coupled through the capacitor 33 to a detector comprising 
··.· ···•.· .... 

inyert~r35, resistors 36 and 37 and the inyerter 34. The digit~I inverter 
. . . .· ... , 

..... 

··· .. ··. < .. ·34,_operates as a comparator, its input is biased through the resistors 36 

. >-·,,.·:and 37 the reference potential provided byJhe inverter 35. 

·. ': . ·pon~eqliently, a signal is provided by the i.n.verter 34 indicating that the 
.. ·.::> ' 

>:circuit 26 has detected a collision on the fin~ 23. The output of the 
. . 

· ··:.·:inverter 34 is coupled through resistor 40 tb ~he input of an inverter-42. 

··· .. 

'· .. ·: 

... : ~ .... 

. . . 

. :; ': < 

: 
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The input of inverter 42 is also coupled to the ·9 volt supply 

. ·· thi(>ugh a· c~pacitor 41. The resistor 40 and capacitor 41 operate·as· a 
.. ' . .. . . . . . . . ~ . : .. ; . 

·· noi~eJllter tQfnter out unwanted noise from the detector . 

.. . . ··Thelf'\~0.rter 42 has an open collector output and together with a 

· .. ·. .resistcfo43 ~.r19::a: capacitor 44 functions as a memory circuit. One 
.: ·.·:. 

· . ···. · ...•. , .. termliial ·of tt-l~·::,.e:sis~or 43 is coupled to the -4 volt supply and one 

.. ·. ·1~·rmi~:a1 of: t~e?c~pacitor 44 is coupled to the -9 volt supply. A signal 

·· :· : .. : present-at the· output of open collector inverter 45 represents the 

: ·>~dburrence bf:~·.collision. 
,':< . :_·_,·.··. 

·.:·the C~.~-:terminal of the circuit 26 is coupled to the common 

. , ·.· .... 

...... ,._ . 
. '," 

·· .. ~· Junttion•bet"V~~rl resistors 28 and 29 and to ground through capacitor 22 . 
. ·.... .· .. . . ·.· ... .-'. . . 

:·Tti(:lse:.eresistpr{are·.coupled between the -9 volt supply and ground. 

··.·· :,:They'.providE!·~·threshold level for the transmit mode collision detection of 

·. · · ·· <<circuit 26. 

. . :· · .·: "fhe cir~itry of Figure 3 also uses a signal indicating that 

.. ttan:srpissionisbccurring. (This corresponds to the signal on line 16 of 
: . . . ' : : . ~ 

. ':":·.--.· 

· : /Figure.2.) As.cu,rrently implemented, transmissions are sensed on the 
.. . . .,_,. '.. ., ... · .. ' 

::~utpl.J~·:translTlit'.tenninal of the circuit 26. An indication of transmission 
··' .:,· : .. •·may bEfQptairiecffrp~ other points in the node, for instance, from the 

; '.·:. ·~ : 

· .: inputlra·nsmit:tefmihals of the circuit 26. The,transmit terminal of circuit 
. . ... 

.. ·\· ·: 

.. ~6 is.c9ypfecft() the.base terminal of a transistor 62 through a resistor 61 

):u1,~fo groundth~qUgh a resistor 21. The collector terminal of transistor 

62 is:coupled toJhe· -Q volt supply. The emitter terminal of this pnp 
. ,. . .. '· .. 

· .. · · tran~!stor i~ coupled to ground through resistor 63. Additionally, the 

efT1itt~r terminal ()f:transistor 62 is coupled to the base terminal of a 
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....• ,·transistor 66 through a resistor 64. Resistor 65 couples the base terminal 

.· otthe transistor 66 to ground. The collector terminal of the pnp transistor 

. ,p(.~6 is coupled to the -9 volt supply through the resistors 69 and 70. The 

•·, •·•· ·>c:~fum.on terminal through these resistors is coupled to the input of an 

·.·· ·'. ;.iriverter 71. 

The transistor 62 operating as an emitter follower receives the 

transmitted signal from the circuit 26. Transistor 62 drives the transistor 

66 which operates as a switch. Consequ{3ntly, the output of transistor 66 
'· . • .. 

· · ·· :•> \vhich is coupled to the input of the inverter 71 , is a digital signal 
·.··:· 

•.. ·~<9tj~icating when the circuit 26 is transmitting. The output of inverter 71 is 

. ···.•· .. •'· .. dbupled to the -4 volt supply through resistor 67 and to the -9 volt supply 

. Jqrough resistor 68. 

.·.-.: ... j .. : The ANDing function ilfustrated in Figure 2 is performed by the 

·.,: 
. ·~ircuit of Figure 3 thr~ugh the inverters 45 and 72. The outputs of these 
·.·· .. :. •.: 

· ·o ·, irjverters are coupled together by line 7 4. Line 7 4 is coupled to the -4 volt 

, ~~_pply through a resistor 73 and to the -9 vplt supply through resistors 47 

·,cihci 48. Inverters 45 and 72 operate as open-collector buff era and, 

· , ·: ). c:onsequently, provide wired. logic represented by the AND gate 15 of 
··::. :';.· .. 

· ;~lgure 2. This signal on line 7 4 represents ihe condition that circuit 26 is 
· ... · .. · .·: . '· 

""; -tral'Jsmitting and that circuit 26 has detectepa collision on line 23. 

The common terminal between resi~ors 47 and 48 is coupled to 

-tfJe 79. volt supply through a capacitor 47. Resistors 47, 48 and capacitor 

49 provide a low pass filter used to attenuate the high frequencies 

associated with the switching on fine 74. The. output of the filter is 

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

.-·. ·. 
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' ·:· ... > . {;nr1i~er terminal of this transistor is coupled to the -9 volt supply through a 
·,: .·· . 

. · .. re$,i~tjr 54; th~ .collector terminal of this transistor is coupled to the -4 volt 
: : ~ . -. :: 

. . ·· ···. s'Oppiylhrough resistor 73. The output of.transistor 53 is coupled to the 
;, . ., ··:····.'=· -: . . 

· baseHerminal of a transistor 56. The emitter terminal of transistor 56 is 
.. . 

:cqt1pled to the·-9 volt supply through a resistor 57 and the collector 

···_terminal pf thjs transistor is coupled to the line 23 through a diodes 58. 

· ·. • The signal from line 7 4 after being filtered provides a control signal 

·.<. :Jh.~t controls the transistors 53 and 56. Tf<af1Sistor 56 provides a driving 

··Ctirientin the.form of a current sink to draw off current from the line 23 

.. J~en·l~e conditions described (the detection of both collision and . ·.; ... ·... .. . . ,· . 

·.·. ••-··
0 1ransmission).are met. As mentioned in the-currently preferred 

•:· ·,':'. .. · .. 

.. :: ernt>pc;Ji,rnent. ~-current sink of approximately 18 milliamps is provided . 
...... .. : . :' . 

. . 

. . : , \Note t~~- AN Ding function discussed c:tbove prevents passive 

··. : ndqes.~ith the :improvement of the present.invention from sinking current 
. -:. :· .. :·.-·.. . 

· ' ... Jroirrt~~line when a collision is detected. 

: . ., .. l~Jhe c_urrently preferred embodiment, inverters 34 and 35 are 

; · co1Tt.Tr~rci;al inverters, part number 74HC04P~ The inverters 42, 45, 71 

; anq 7:2" are paq number 7 4HC05P. The value of the resistors and 

: ;\~~pacitor~ used in the currently preferred e1llbodiment are shown in the 
. . .. ,: .... .. .. 

·· ... · t~bf'fi) ;below . 

. . · :· :· ... 

. :·. 
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Resistors OH Ms _ .qgQg~i:tQr~ Earad~ 
21 10K 38 .1MF 
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 SK 
64 3.9K 
65 10K 
67 4.3K 
69 6.8K 
70 5K 
73 7.5K 

Referring now to Figure 4, three waveforms are shown along a 

· time axis 78. The first waveform 75 repre~ents the low frequency or DC 

potential sensed at the node B of Figure 1. The second waveform 75 

represents the low frequency or DC potentlal sensed at the node A of 

Figure 1; and, finally, the-waveform 77 re{)r(3sents the low frequency or 

DC potential at node C. 

Assume first that node B begins tratjsmitting at time 80. As can be 
-:~ ·. 

seen in Figure 4, there is a drop in the DQ-j>ptential represented by 

segment 82 of waveform 75. Next assum~-;~hat node A begins 

transmitting at time 81; the DC potential atJJQde B drops as shown by 
,.~ . ' -

segment 83 of waveform 76. Note that atthk time node A begins 

transmitting, it does not know that node B 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 8. The segment 84 of waveform 76 illustrates this and the arrow 85 

indicates the cause and effect between 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 of waveform 75. The reduction 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 segment 

93 of waveform 77. At this pointin time, node C senses the potential 

represented by level 94 of waveform 77. This level, because of 

attenuation over the relatively long line separating node C from nodes A 

and B, may not be low enough for node C to conclude that a collision has 
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· Qccurred. However, because of the improvement of the present 
· ... ··. ..:. 

'··· . invention. the level at node C is dropped eve·n further to level 95 in two 
. . . . . 

·'separate drops repre~ented by segments 96 and 97. Segment 96 of 

·waveform 77 is caused by the activation 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 

.· . signal represented by level 95 rather than 94 and is better able to detect 

.·.·.acoflision. 

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 

·>1~e line returns to its initial .. quiescent potential at these nodes and 

.· .. ·eventually, this quiescent ~ate propagates to node C. 

Thus, an improvement has been described which permits passive 

.:nodes on an Ethernet network to more readily detect a collision that has 

. occurred between active nodes. 
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CLAIMS 

-_.---:<-:tclaim: 
.: ... '·.:· 

1. In ari Ethernet network having a line interconnecting a 
: :·:=.-·. 

-_._-~-'plurality of media access units (MAUs), an improvement for informing 

passive MAUs.of a collision on the line comprising: 

a first circuit at a transmitting MAU for detecting a collision on the 

·Jin~ of a signal transmitted by the transmitting MAU; and, 

a second circuit coupled to the first circuit and the line for driving a 
,. 

current from the fine when the first circuit detects a collision. 

2. In a media access unit for accessing an Ethernet line 

.. ryaving a first circuit which provides a signal indicating the detection of a 

coll.ision on the line. an improvement comprising: 

a se_cond circuit for logically ANDing the signal indicating the 

detection 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 

-the 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 fine in response to detecting a collision. 
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··.·_. The unit defined by claim 3 wherein the circuit only changes 

... · • : l~e,.potential on the line when the collision detected is caused by a sigAal 

... 
.. · .~> t;arisrnitted by the unit. 

5. A method for providing .improved collision detection in an 

:~~her~et network comprising the steps of: 

··determining when a collision occurs with a transmission from a 

· .. ·• .·node on the network; 

i sinking a current from the network by the node when the collision 

·<is: detected . 
. '··,:.·.: 

.·. : . . 

'.6. An Ethernet network comprising: 

··~line; 

~a first node coupled to the line having a collision detector and a 

; current. sink circuit for sinking current from the line when a collision is 
:. ; .: 

det~cted 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 

·~etectable by the collision detector of the second node. 

7. A circuit for coupling to a media access unit for an Ethernet 

.~et~o~ comprising: 

a first detector coupled to the unit for detecting when the unit has 

senseda collision; 

------·----··----
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a second detector coupled to the unit for detecting when the unit is 

transmitting; 

'" logic coupled to the first and second detectors for providing a 

control signal when the first detector has detected that the unit sensed a 

coJlision and the second detector has detected a transmission by the unit; 

and, 

a current sink coupled to operate under control of the control 

_signal for sinking current from the network . 

.. ··1· 1111111111111··11111.11111.11 •. lllt 
·:·• ·.· C •. L . M , S . * .• 
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