COMMUNI CATI ON BUS Thi's invention relates to communication buses havi ng
positions along the length thereof for connection 5 of bus transceivers,

H gh depsity time division buses suffer from many Pprobl enms, one of which is |
that i b Jance discontinuities cause signal reflections to occur along the
bus. Thgsd/reflections, in turn, affect the settling time 10 and noi se
mar gi ns '

of the bus and thus reduce the tinme "w ndow' in mhic%é s&gnals
may be received at a receiving board. |npedance discontinuiti giiésyl from
many factors, sonme controllable and sone ungontrollable. One 15 such
uncontroll abl e discontinuity results fromthe renoval (or non-placenent) of
a circuit board froma particul ar physical position along the bus. This
problemis conpounded for bidirectional buses where data flows in two
directions along the 20 bus. In such situations the w ndow nust be nade
even nore narrow. Typically, this problemis overconme by establishing two
buses for interconnecting the circuit boards, one bus for signals passing
fromall circuit boards and a separate bus for signals passing to al

circuit 25 boards. A common control circui+ Wodld receive and retransm t

all signals according to a reference clock. In addition to signal
propagati on del ays al ong 25 the bus, account nmust be taken of the -
transm ssi on response 2 time dEPUMUNIEATERN BYSi vi dual boar d.

I n' operation, a giventhear dnwautﬂoﬁeﬁsweea ﬁéoé&mﬁthﬂf@é.ti&ﬂtbtﬂébét to
transmt mhatev r data are currenﬁ ¥ sgﬁ ef ts buf f Thi s signal nust
first be proces8BYLARIPLRAALARS: 2LOPR the eE%%E%? %RE HIRRF ST

order to del Bvepft basdaransoetiherbsus. Accordlngly, sonme period of tine,
called the High density time division buses suffer from
many problems, one'of which is that impedance
discontinuities cause signal reflections to occur along the
bus. These reflections, in turn, affect the settling time
10 and noise margins of the bus and thus reduce the time
"window!" in which valid signals may be received at a
receiving boafd.'
Impedahce discontinuities result from maﬂy-
factors, some controllable and some uncontrollable. One
15 such uncontrollable discontinuity results from the removal
(or nén-placement) of a circuit board from a particular
. physical position albng the bus. _
This problem is compounded for bidirectional -
buses where data flows in two directions along the
20 bus. In such situations the window must be made even more
narrow. Typicallj, this problem is overcome by
establlshlng two buses for interconnecting the 01rcu1t
boards, one bus for signals passing from all circuit boards
and a separate bus for signals passing to all circuit
25 boards. A common confrol circuit would receive and
retransmit all signals according td a reference clack.
In addition to signal propagation delays along
25 the bus, account must be taken of the transmission response



transm ssion delay, occurs before valid signals are placed on th us. This
probl emis conmpounded when a cl ock delay between boards is con%gggaed.
These delays. further reduce 10 the w ndow for valid data. Thus eed :
e'k\i;ts in the,art for a bidirectional bus -arZa-ngerrent which allows for the
Sp

ni fol | t dow '
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at the extrene ghven ubdsrd awdubdmekesions. am m:mlhenelpnom dits tlkave
been sol ved iN g Busy St I WELHEFe £, aillé)v&zfﬁnﬂyd's&‘?ﬁle'do%' it¥ubbierRent

operation by u5|ng current drivers and where each 20 driver and receiver
£h

‘becones a part SRIBheigRakhsAEstibiFTt e RERIASRED ANt beny BUSto F3F By B8Rt age

drivers for gl agh80ndeéssstgneds driddes biis. or'Ehﬁ' MY (R v t@lesS data to
designed with a ance. i oth_ the dP f_.states, ,* thgreby

e e ophe MRt R ARG ST FP L s kA o e piel Binaeal
Settling tinme ofrahembssios deibay amécurs beafhmeeadsid @fllge@tllsons‘edpéat:@dt he
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the nature of the current drivers. In. ad i on e out put capacitance Of
the 30 driver cBfbVeentBosEdSnEs p%ﬁ"!s’cﬁe’f% cﬁ‘a"(eascﬁ éqlﬁYSc f“ﬁﬁé&é’né‘@“&h"et he
bus. Thi s i pgcovhenaih@dw W dh i&madnuaﬁgu source nature’ of the drivers,
causes refl ections g rgted as. ¢ éeSé%t Lﬁ SSI Qards to .degradée noi se
mar gi ns |nS|gn|f|cant © Y oribrs odi®ment, the bus
drivers are desbgdauecblmpu ablesmrmgelmu ovhmht Ialblwa gomi aei sganning

resistors to eSBéblbﬁgt&h%’éﬁ@&@ M{‘ll@es@illt Cbo]ntjall%l‘ﬁ@  $2ansRAg8ibRStead

of a typical TTL, 5-vo raqg Because t - drivers are o%eratlng
as. current sour¥irdey, wide o Qﬁggh for transmlss1on in either direction

‘15 between boards located at- the extreme ends under all
,condltlons ' _

These and other problems have been solved in a
_bus'structure which allows for bidirectional, multi-port
opératiqn by uéing current drivers and where each '

20 driver and receiver becomés a part of the'transmiséibn line,
instead of the traditional voltage drivers for placing data
signals on the bus. :The_current drivers are designed
with a high impedance in both the on and off states,
thereby reducing the impedance discontinuities resulting

25 from transmission. Settliﬁg time of the bus is
substantially reduced as reflections due to the driver's
on-state output'impedancé are substantially”eliminated
because of the nature of the current drivers.

In addition, the output capacitance of the

30 driver combine to become part of the_charééteristic

- impedance of the bus. This in combination with the
‘current source nature of the drivers, causes reflections
generated as a result of m1s51ng boards to degrade n01se
margins 1n31gn1f19antly _ '

35 ' In a preferred embodiment, the bus drivers. are
designed to operate in coﬁjunction'with bus” terminating

resistors to establish alﬁoltage in the 1- to 1-1/2-volt

38 range instead of a typical TTL 5-volt range. Because the



_signal reflections due to missing boards will not re- reflect off the
“driver and thus will only mninmally degrade receiver noise margins and die

out goickly for practical 5 configurations. In addition, the drivers are ,.
n toturn on with alinmted slew raBe=to insure a mni num of radlo\;f
.3@ y radigtivirs Iareao}qjetﬁaqrin atshlc&rrbh% %nveég @5@ ¢psiggd to be
hel d the off; state f a .perioq ar e Iugged into

afte
the bus so as $i®B#: FRPIRSTLIAS, A e ﬁ&gmﬂﬁséﬁﬁ bB&FaglﬁF}}aP?Ea¥?on wi t hout
interference \mdﬂemgnﬁlfs thie tdrd vieors an@hithusewtiliabadyt manim.issyoae@mdes
designed in a’QR%ﬁ I.an d rece S 5 on
t he sane cl ock %b S ﬂ%%?% %@9egggng théﬁggkﬁy #Epmé &%gigaf
transm ssi ch rQQH%%ﬁH?%iﬂP&% so I ggdiitfong the dragrrdi arei designed
requi rements. e uyre iy mh@rachmri%h afl e akBVEBt LRBursi ¥R RYmiAY of
exanple, wll qﬁm1be de Cribed w't re erence 20 to the acconpanying
draw ng, i-n wf PPQH%5ﬁ¥ F2HALEOPR-ed schematic diagramiliustrating
. a transm ssion bus hmvmmmunmmmagatmhﬂsdehaysdrﬁvensaaper&esﬂgﬁé& tear end

-~ of the bus (cl fid k .C 5
-showi ng rel at |b\%:%fe mes anz1 oggaIS%%gl a?érpé’r glrﬁf’%gof gﬁ'é Lit&é@%@ 3 and

4 show si 9 aran%fnil%doﬁ-nft@r theabysi §6i 88 tromLiopol hobh boerd aplegroi nf
the bus; FIGS.ary m&t ShAW iia)fieFabnOWikt8bus ¢ARBLBEHedle WitHakiLNa DS
near and far end . sn1SS|on FIGS. 7 and 8 show information for a simlar
si tuati on -of éﬁhﬂi ‘and far end transmssion: FIG 9 shows the bus .
structure and backMThms(ﬂﬂnmyamﬂaﬁmmansdﬁbs1onbusFiéidéﬁlgheﬂslm schematic
| unped rodel %%uh@%é@*¥$3@ﬁ§ﬁ§m1tbﬁﬁd Ebc&eéélégo¥§o&h§ Qihéf& LYot fPr

each circuit
' 15

on the same clock edge,.suhstant1ally 1ncrea51ng ‘the time
allowed for transmission response and also 51mp11fy1ng the
clock dlstrlbutlon requlrements

The preferrod embodlment of the 1nvent10n - given
by way of example, w1ll now be descrlbed with reference
20 . to the accompanying draw1ng, in whlch _

. FIG. 1 shows a 31mp11f1ed schematlc dlagram
1llustrat1ng a transm1551on ‘bus hav1ng propagation delays
from a port on the near end of the bus (closest to the

-clock source); - :_
25 FIG. 2 1s a graph shOW1ng relatlve tlmes and
- signal dglays pertaining to FIG. 1;
- FIGS. 3 and 4 show similar information for
'__transmisSion'from a port on. the far end of the bus;
FIGS 5 and 6 show information for a comblned
30 situation of near and far end transm1351on,
' FIGS. 7 and 8 show information for a similar
sxtuatlon of comhined near and far end transmission;

- FIG. 9 shows the bus structure and backplane
carrier layout;. - ' _ |

35  FIG. 1Q shows a schematic lumped model of the
transmission bus; ' | N

N -~ FIG. 11 shows the drlver layout for each circuit

38 board; and



circuit, a discussion of the timng restraints will be given assuni a
signal réflections. FIG 1 shows a port A at the 5 end of the bu re’:
clck 101 is located. This is called t he heéhr-end. A second port B is at
the"far end of the bupiG. A pcinswgnehe Gtwdl thes alttiprsafl cl ock 101
Rt [ERR | ForSarafE diRetreutE 1hS AT E % i taual 60 o
Dat a si gnal s DAdaseupsiordobntihdet ndng reestraints aidlabe dhivepeadsispming
amount [ERR] behgresLhgy poridee (O ARl U Bnolid i Bty an sdchay [ERRI s
the time it takes port to emt a‘data signal i1n response to the proper
Ial!ing_edgF5oLeS¢g25ItER@E?iSWhZ;Z °;¢4¥i i%i;i?qQWQ%ﬂgg%gi§n1§fcﬁﬂéeg
I'm ng 1 nvol vedth8 heansendti ng &nd 'soe P& 1i 0 ey If d oF ahe
arbitrary.gi ve_nbti me ﬂot Si %EIC&AJ-S used there afsqﬁ_hek\rl\gf grence cl ock
and a tine slot P8 dge ﬂ%‘a e n 135 ntgh%oodésp,uﬁ_r? oth&F P s, from edge
20 'to edge 21 opropaghted atomgath<ikbus Dui aHis \dignal strtmixmesniatt ed duri ng
this time slot wiip B BENB § iS¢ AL BRR] i1, Val sl Aenth® of
period shown be wiéen gdlzntg %é%%%a%%#%ﬁ%&a i pr%;%%’a;b?lr?gq{egtggorf B
i s further 481 a}edf8§tpfopagatd vl L0 [ERR) Raf® Henals P4 pgeaplgsed B
f-rgm poi Et 22'Ib 3h the D@Enfr&ﬁ'.porﬂA)CéSncSiWLdé]@écBllﬁeb&Kled&y:tt m ; ([jERR]
and i s shown be n_peints_20: an telnt ex e, .the re igge ata
bit is not aVai#§§$£efgbe%aﬁ%$} % {bé$ﬁaﬁtﬁ?§%ﬂ twfﬁgéﬁﬁﬂﬁﬁﬁﬁineﬁéé 1mT
The requi renent isf ther time vi hgt alads bl A e anhidt & Watdatsdgnalvdmi d sone
gi ven amount of »8@pohkgerHef RS SpAGk A ££11 {dle JRLPioe (7000 ERas. These
e e bbbt G S o B,
_receiving amé& in this st tWohe T i R e
requi rements  f oinserapsAntt g diitaefrom port A to port B during an >

arbitrary given time slot. Signal CKA is used here as the

_ referenée_clock_and a time slot is défined.between falling
edges, in other words, from edge 20 to edge 21 of clock

20 signal CKA. Data DA which is transmitted during this time

. . ) . : . .
4 FIG 12 shows the actual bus drivers. Before discussing the actﬁzgégéa

- .slot with a given transmission delay TT?is valid for the
period shown between points 22 and 23. The data in
propagating to port-B.is.further delayed by propagation

" delay TD and thus iS'valid at.por? B from point 22 )

25 to point 23'. Clock signal CKB is delayed by time_TC and is

- shown between points 20' and 21'. In the éexample, the
received data bit is not available for sampling until the
fpllowing falling edge 21°'. _The requiremehts_for receiving
valid data are that the data is_valid some given amount of

30 time before and after the Receive Clock Edge. These two
periods of time define the setup Ts_and hold TH times for

- receiving. and in this system the two equations shown in
FIG. 2 are the requirements for setup and -hold time
under thsse transmission'conditions. '

'35 -~ FIGS. 1 and 2 show the extreme case of what we
ca;l the near end transmission. FIGS. 3 and 4 show a
similar situatiog'when port B is tranSmittiqg the

38 -data and port A is receiving it. Under these cqnditibns



.. under Fl_ese' transm ssion conditions. 35 ' 'FIGS. 1 and 2 show t he

extr g case of what we call the near end transm ssion. FIGS:~3 and 4 show
~a si situati-.O'.n.V\hen port Bis transmtting the 38 data and port Ais
‘recei g it. " Under these conditions =P the setup and the hold tines
of the recei vm@esasatmp)ramdetfge vfaﬂlcbytiinefé efﬁrﬂhé&{ei:eﬂvﬂ Wt TRt areand
In this case L8 &tﬁ&et%@c x{eERR]r nd %at%#:sgpgrﬁg
valldfrompoa%{% after poin U ’|§l els5 g

dge of CKB démﬁm!{m setun goimet T@papﬁaaa'}s i sDalte. bhiaisl arg edge of
A Since cl ki C¥r G GBS ssm.necrmrmn 3R:C LRI LCR: LR CReGE YRC OCk

h as t 41, al.so occurs sodner. pl aces t he
Esgt?emss?\rllvg% ’fga’d!-}[f%f 14488 RF CKB wledayied ddger T rnfa‘nmloomtddﬂﬂl, owhh.cﬂel ay,

nanely the deliy ﬂﬁmrﬁﬁiﬂi@@ﬁﬁlﬁf loxaF! Gslﬁc\éBch%Eﬁ KKGBEEQ of the _
tlmngtoCKB 415({3%5553‘1 %%gBagg‘ ;{e 1 I%tlrms'sﬁtls--
fromfalling edge toq’f%ﬁ ow g Fal9 add@eofeCrd¥R Blerks Egapq0shewn 41
The data bit t%mq& éd .atalse wccBriss sbenkwr.t hPhigebajedsby Bdrass &hi S

dara b1 It dojovea e T o PEOBAOGEE 095D LELRIS kOB %50

that this ta JS va bet ween p0|nts
rru?t beI cit g)a eadmlrﬁl(?nsatja YA - Rife LoADgt dgdpsit Ta10f TheckeCKB.tine is
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defined from point 42 RIG.4% w20haveecrederiba BOLdoki §Rei £1hH1QH EQ' nt 41 to

' rent fromthose in
E?EPt243butTPE§&%§ﬁl%%i%%F %%pgs%ﬁnéﬁrdgﬁa ?§§ﬁ§§$g Fon a1 htmeeSit ti me
[ERR] of the fi& e dedddnessder socfohdowdag Salligenedgeqos reI®sk s f or
ei t her node. OforZEroinr aQs Mpsigen. Firfee ﬁa%QOMttP?aﬁgﬂftpgé ]%?Jnxlél: CEO](% i
- and 3 bUtlg erfg ig% bg en LransgLSSIOQS o fg Eﬁsh delayed '
eval uated I n Pﬁl & Zr Ten@tfoFhispdpta BRR v
even more. in propagating down the bus to ‘port A so that
this data bit is valid between points 42' and 43¢, Now .
' this data bit must be clocked into station A with CKA at
point 41. The sétup time is defined from point 42' to 41,
20 whereas the hold time is-from point 41 to point 43'.
These equatlons shown on FIG. 4 are different from those
in FI1G. 2, but the hold time TH 'of near end transm1ss1on
and the setup time. TS of the far end transmission are the
most stringent requlrements for either mode of.
25 'transmission; : o _
- FIG. 5 shows the same bus as in FIGS. 1 and.3 but
here interference between transmissions in aﬁjacent time
slots isievaluated. VIn'this case the near end port, port A;
will be transmitting first (in arbitrary time slot N),
30 whereas the far end port port B, will be- transmlttlng
in the followxng time slot N+1. The transm1551on from
port A 'is intended to be properly received at any point
along the bus'whereaé the transmission from port B which
'is intended to be recelved on the next falllng edge of the
35 clock 51gnal will not 1nterfere with the reception of the
data from port A. ' . . '
 FIG. 6 shows the tlmlng at three points along the
38 ?us. These p01nts are at ports A and B as discussed above,



“will be transmifting first (in arbitrary tinme slot N), 30 whereas the far
end port,. port Bb w il be transntttlng in the followng tinme slot N

The transm ssi on fromport Ais intended to be properly received at

_ Q\gt along the _bus wher_eas the transmn ssi-o f+ om port B which is iR d
to~be received giythe uexdc iRl | d g Ssloi Ofa it e ‘Elu%c%h%'r%n@hewcllbcﬂot

interfere with the receptlon of the "data fromoport

“timing at threedpbrhiteaudingl{ih& 38 Ahdis padsd ghendatar dedaypsaArela and
.tBhas Iell sEuzsled BPDVED. ﬁﬁzs el AisdAHY dita ﬁ‘fidﬁpgidi'tt al @ggllt heeleuslmahi;g
e cloc elay S poi.nt. t.he ay _equal s
TD. In each ca B#ht %%t%ﬁ%? it Tﬁﬁﬁsl?%héﬁl d ﬁﬁeF& Zt%ﬁg PE§EEFenent s
est abl i shed &n fbébpﬂlémromrthmnféiIxngxnhank(Eﬂgmhesh@Mhlmg pbdalt 60gwith -
‘'shown as -poi nt S t Agq 1P h,
pgg%é{:@ t& 9&9 Jﬁ#éb?tséﬂg‘g% B :Ltnt 60 %iBh @gsg%tt to

~respect to t he. s 1 respect
signal at port 'Bhepasg@na.l. na%am’ﬂ-fbfa% taRe Pt é’%f’tt t5r°é thpeaeﬁpsmtlﬁo port
B begi nni'ng at PRé N 1Pl OLE ﬁ&ﬁtlgnewface Wth this receptlon because it

does not appear on the bus.until the dat r r.t Qi n ") 1LS no
longer valid. In the"hE?stitA%CH ($75% dﬁﬁ%bgyﬁbﬁfg% Efﬁé 5%? fshows
the data B foorippottB Bodeiromi g aﬂalpair;tuﬁz atoeshegoiimit emtfece ¥3thdahasA
fromport A goese Se 6lc 'a, : R fr(# o %ﬁ%ebtugegm‘%lll that

‘interfere and tﬁetranleon romthe port Ato the from
port B is snoot®at& from ReBHA ARRRL He 'Jardd i Joneex ¥eldGes EPGths

?Xffpt in th S Wepet Peise B méltixﬁmgsrmztol{lnﬂrpdﬂm o4 mleotbulét aRdweOtheA W |

ollowwith a trapsnmission in ti s| ot im.n

Lonl oat ot r ro8EE BOREGR adkd 'WhSadiude Yiar s Yube wt® thie oRink wners

t he bus t helglat date aksfirom epotty Hh@aes avamiats padmts (ﬁdr1§| @aldaEBe In this
" case they will not 1nterfere and the- tran51t10n from the

data from port A to the data from port B is smooth.
" FIG. 7 shows aimostithe-same'situation_as-ddes
‘FIG. 5 except in this case port B will transmit in time
20 slot N and port'A will follow with a transmission in time
. slot N+1. Again, the timing is evaluated at three points
along. the bﬁs as shown in FIG. 8. At point A.on the bus
the data transmitted'by port B remains for a considerable
amount of time beyond the point at which the data bit from
25 port A is valid. - This occurs because the transmission from
- port B is delayed'additionally by both the clock delay and
"the data delay 1n propagating down and back along the bus.
During this time interval port A is transmitting while the
bus is actively being driven by port B. It is important
”30 'tb'ﬁote, though, that this does not affect the proper
- reception of the data transmitted by port B. The data bit
" transmitted by port A is still not actlve on the bus until
‘time TT delay later. ' This time interval where both stations
are transmitting-onto’the.hus'will, however, affect the
35 settling-time of the data transmitted by port A. If -the
data bit from port B is bppoSite that of port A, the
“transmission from pbrtﬁA may not become-valid until the

38"data'bit from port B has gbne:away;.'Thus, port A's



‘anmount of tine beyond the point at which the data bit from 25 port Ails
val i @< - This occurs because the transm ssion fromport B is*delayed

ally by both the clock delay and the data.delay in propagdting down .
along the bus. During this time-<terval port Ais transmtting J

“whi Ne—the bus tsaméhi&@lon beims Wiy e ks Redd %e dnd §tisBMiE3RG139. to
not e, ;;thoughb th%?qé%és doe not ﬁ{feqc% B{Og(% rece tlg?qn %g@t IhF data
trans tted 'S | no .
acti v‘[en on the dtmsblmtti'a.ttsms'l”brdedmytﬂm gointThiah 'Idalili%el ratter;/ﬁl where both

stations are 't t ver, ec :

settl ﬂg tine %n?f‘f%& d%r?gofwalﬁes n‘?atq-tabﬁ ba;?fgﬁl& tth"% RS oﬁ' %a?&dbf?‘uﬁ?o?hoﬁ&t

‘Bis opp05|$e xahio of rerancy infenienendes geperated por thAsndntaobubeande

o L e i i e bns sl Bl
n
[ ERrR?.nsn} ?151330# ols It r&a%/?@sdd:@ﬁlsé PF'&FI‘%HF@Sl oRhgt defpsfpennt

can cause'alwﬁdmxxA(nB(ﬁtilﬁéﬂkﬂﬁﬁMﬂtﬂuﬂmﬁﬂﬂﬂ hﬁth&gtT@ and eﬁgsg nore 5
radi o frequen g r.at t|s ta_bus”a e bus
“settling ?I necyr%ﬂéﬁﬁtcﬁs%ﬁ&%ﬁd%?\#n Wt :ag S F%g‘ngfﬁgoéflﬁer
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eggent ially tﬁéltseaﬁriere%&c o Iﬁ*ﬁ tﬁé' “ti ﬁ’é‘tlanlBer}ﬁl igr sthdli KedifeppbRdis
shorter. Dat&he ﬁaltlllmg stdgd ofalCKM ®00unddt ke fial isngregeelyf reKdisea. and -
so it is prop t u a trans ssi ons -
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' galned when tfyrdyérLySﬁﬁﬁﬁiﬂé@ﬂb@st%EOWﬂocthEsborth¥ QGQ'C|0CK i's needed
' Three significant advantages ‘are galned when the.
bus is operated as shown._ First, only one clock is needed
for bus timing, and furthermore; only one'edge of this clock

20  is importént This makes ‘the. system immune to clock

' distribution tolerance variations. It does not.depend on
-duty cycle or on tolerances between3mu1tiple-clocks, both
of which can vary with distribution and buffering. Second,
it allows the entire clock cycle for transmission_time.

25 Systems using opposite edges for transmit and receive only
allow half the clock. cycle, . and use the other half cycle
for-hotd time. Some systems have fWé—phase adjusted clocks

to reduce the hold time and allow more transmit time. _
Thus, the clock cycle_time for this bus is less constrained'

30 by its propagation delay, resulting in a clock cycle timé .
equal to twice the propagation delay plus the driver and
- recelver device delays. Third, this'design uses current
limited driveré.for the bus where significant delay
"differences cause multiple simultaneous bus driving, and
35 1isolates each port from these delay differences because
each port only has its own local clock. - | '
' A bus structure embodylng the 1nvent10n is shown in

38 FIG. 9 The bus is shown naVLng multiple paths LO—LN each



for bus.timng, and furthernore, onI y_ one edge of this clock 20 is

i nportant.  Thi s mékes the systeminmune to clock distribution tolera

yariations. It does not depend on duty cycle or on tol erances betwee
|tiple clocks, both of which can vary.gith distribution and buffering—

Sbﬁnd it aIIowsthe entire clock,cycle for tr SSi on 5 Systegs
usi ng opposi. t BaEHFREM 3L IRG ARSHireS IHANC & &0 9@”83 %Fl’aﬁﬂﬁ "IcetY?é“EI ock
cycl e, and useat ke sé¢Teeted atof hu;echeva‘lue tkuthelen ithe. chSomca:esyshens have

tio-phase ad) gl SnEL0SKSvTA, FEBHSE,SE Nk, t WIF 0] Al ks sogansmter

time. Thus, ti e BUs 1S T'éss COnStraine
its propagati @ne dshosy eachshavi nm@oand zpngfti@ns chabeted Oni. edbelborpds wree t he

bropagat | 0f dgkeyend 1P thier1buy LonARE1BRE,CONE Fol YAk BYac pith fy Lhi S

desi gn uses curren Lt mted. drivers 1 ?‘G ere si nlflcant del ay
di fferences c&08ReCkEd (ko the §Pﬁ{ﬁ5tpaﬂ%‘d‘c§spﬁﬂs‘ﬂirq i MREE e 3'5 Vigsd| ates each
port from t hegeaxiall ayatdief 9Gr eTieesoie cabbe fonatneppatth Onisholms biut seaOWn | ocal

cl ock. "A bus uge y 8 . The
“bus i's shown é&/’?ﬂril)g Hihi t%PPQﬂ Eﬂﬁﬁ pfyO Kﬁ%h#{}b&é ﬁgﬂwﬂ‘e ??1'&[ 8?{:;4 nat| ng in
a resistance ttbegteemrﬂ]hrr‘rm rétusbpahbéemteé that 'BETSeQO@eSt@Nt?OIShave a

val ue bet.ygen shhg Ctﬂarﬁ%ﬁw ﬁa¢§sshmﬂec@aﬁ1£@aac%n\e+é1l1eaecmaetme@.cbel oW,
Multiple carriers lgl%are shown .each havi ng beard 05|t|ons | abel ed

O M The boar d@P?ﬂa@cs cabie g gﬁré"daRP‘EQ?‘”F\Prtf ABRedABRSre c LPBNEAPISNES B each
path. Each patehtlsacbcuametaednabwhm cermse 9P RFdiradi b and drivendiegt, carrier

" via a coaxi al tﬁg?%ylpg;rrbef €98 agplbg ‘Is(rq one path is shown, but each
erc nnec

path of the b& with the sane path of the next
carrier. It shoul @ngeadvanta@emiatthmsneuq:wg Qvgp| priog arg: busasoiw that s

only nece?garyttg,alﬂ@yq,a@k Cant FWHheﬂkr%QﬁrﬁQL%e[ %B*ﬁﬁkgpﬁﬂaﬁﬁ% ‘?l@m e of the_
e of e 8PRRTICAT -and GVLIRISHB HORIPBREALIE0DA8SaN Lol BerePrBe Used.
buses on each carrier to which severa1 boards are connected, and
each short bus 1nterconnected by some buffer1ng to a central summ1ng
 bus. Each carrier then wou1d typ1ca11y have an interface board that
20 buffers and transmits from 1ts own local bus to some centra1 po1nt
‘These interface boards are fairly expens1ve_and have been eliminated
with this structure since length is not a problem. |
* Another advantage can be seen from FIG. 10 which shows the
electrical equ1va1ent of FIG. 9. Each unit Tength of backp1ane
25 consists of one board load (dr1ver and receiver) and the self
- inductance and capacitance of -the backplane path between board.
mp051t1ons When the propagat1on time between boards is sma11 with
respect to the risetime of the waveform (as 1s usually the case) the
equ1va1ent c1rcu1t is an accurate representat1on of the transm1ss1on
30 Tine characteristics of the bus.
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One advantage of this structure over prlor art buses is that 15 It snakes

back a orth across all the carriers and thus is economical. In previous
~bus i nt ati ons one n1ght=f|nd_$hqgt.buses on each carrier to whi ‘ch
severa ards are connected, and each short bus interconnected, by sone g
buffering to a central sunnbng1hgsto Erahsohssien ltmelthnoxytthncally have
~an‘interface a f al bus .
to sone centrgggggfhggg?ﬁgc 1B§%£§§aceﬂgoéﬁggﬁénéﬁ a§$| iexpe S|J§£and have -

been el i mi nat equaitddnthi s structure since length is not a probl em  Anot her
advant age can be Seen from Fl g .10/phagch shows the el ectrical ey val ent of
FIG 9. Each unit length of backplMane 25 ‘tonsists of one board | oad
“(driver and receiver) and the self inductance.and capacitance of. the
backpl ane paththEWﬁeanboererOShélnespecﬂmca iéuptapegandn time between

boards 15 it BaRESPSE (he LEEnLAPELLER Pladle YRUGLOTM AR AGheISU! Y

the case) the an accura e-representatio
transnm ssi on 39e bpand énarlaesew§ﬂtscepa¢hte1msan@5the -9- According to

~transm ssi on hhggahhggggtgaelﬁpaaaﬁagrbéébﬁegnpedance Zo of the bus is
gi ven by H@p equation: [ERR| where L and C are the.respective inductance

and capaciTance of the. transn1SS|o I n,our enbodi ment the board | oad
is nostly capacitive and the Bhas Lé(Cscbh |npedance becones: (B} [ ERR]
where L, C and Cb are t he i nductahce; capacitance, and the ‘board | oad shown

in FIG 10. 15. - Proper choice of L, Cand Cb in the above
equatlon i n cWhBrAaliof ﬁP@hCPhéreth%n%“®%@E3%9¢ve?%Pacltance- and

the board load shown in FIG. 10.
15 : Proper choice of L, c and Cb in the above
' 'equation in comblnat1on with the current mode drivers
insures that reflectlons resultlng from reglons of the
bus that have no boards connected are such that the
'n01se margln of the rece1ved s1gna1 at a11 bus board
20 'p081t1ons 1s not substant1a11y degraded as compared to
the fully populated bus.' A rlsetlme long compared to .
the transmiss1on time of the ‘bus coupled w1th a slight
overshoot in the drivers further mlnimlzes any s1gna1
degradations. This feature allows hlgher speeds and
25 1less restrlct1ve board pos1t10n1ng than the prior art,
Shown in FIG. 11 is c1rcu1t board 102 of
: carrler 900 (position 1) where the bus hu{{ers interface
with the bus paths.; The bus buffers 1100-110N each
- have four data 1nputs ‘and four outputs, each 1nput
30 connected to log1c implementlng the board's function,
and each output connected to a path on the carrier.
Each board has five such buffers with inputs DATA(0-19),
and outputs LO-L19,
FIG. 12 shows bus buffer 1100 in detall It
35 should be understood that while bus buffer 1100 1s shown
with four segments handling data on four leads, this
buffer could also be designed to handle a different

38 number of paths. There are two directions of operation -



insures that reflections resulting fromregions of the bus that have no

boar ds_connected dre such that the.noise margin of the received signal .

al | -bus:board 20 positions is not substantially degraded as conpar ed” to
ﬁ\he fully popul ated.bus. A risetinme |ong,conpared to the transm ssion’tine
of~t he bus coupled with a slight overshogq in the drivers further mnimzes
~any ‘si gnal degfieadwdrieodsta fTdw sut exft the bahrd)mtth|fg§ﬁe¢af‘§ﬂ)€e‘éésb%(§?a§'§’I ess '

restrictive bo%ghggﬁh%# ?Jﬂgf@ gagé‘%rﬁhﬁeo@ﬁb&f fR6rh somé Qtfier freldte 11 is

circuit board? osition 1) where the bus buffers
interface wittocahiéorbwia thenbus PE‘HES bus buffers 1100- 110N each have four

?ﬁ’éabggpgtz ?EﬁcI ?%{{15 ggf]ﬁ(:jéutepo iearlbsi F@pgtthpék Gﬁgmsct-em , P14 agd CTEFaplT@eent i ng
‘Each boar & hat's FU@C§GEFP'bG‘F‘f’é’FsH?Kf?ﬂpqctggﬂqe@Hg &?Barfg?w 1% f)‘!&t%pﬁ‘fi“ o -
- L? L19. FIG B@ffihOVRnhmiStsbuﬁﬁoelthé.mﬁr’ler Uankanne,l ﬂm‘Byhglhd'lEFd‘S)é%Wder st ood.
(that whi | e bug, Quf ber  JIQOeker BOURW Hlan! Y c3RAUPTYsRKFRIAL ] Npadati on

f our | eads, cou SO bé handl
nunber of pat hs.2 Mabrtenance doputyi rhen; b"’nés °"’op'EEr afPRrols ol's e ﬂf rgﬂ"é' wher e

. %L?ef :jg}["’aogﬁ ep'ﬁ eggﬁlboméh (31510 h'hgh CElid idevice herthpattransmirtd ndre ot her
‘Bus buf f el01 oﬁ?‘i,e‘ffiﬁ)G%Hﬁ hte%‘é%ma pésab"ﬁgoat"éli'?ec%éé%l&ﬁrgQeigw&eqa ths.

i'ndi cate an agfdmw ehé murrmubadapgam for \Wadnter@nce purpesest he  bus buf f er
_transmits onto the ﬁna(sr 'aﬁrovgpﬁiﬁ g f&df}gmr,yng, b§fﬂepgiﬁohhgh the bus

buf f er receives frE tthe carri er

“input, Wen i re¢es veeoon 1y TRodes orithes| BD t‘ﬁeh"dlat’a‘efapow dF?'ét(FP.'%rth V@Peﬁ%n
‘high, the devig¢padiébh hetotfsaﬁ§f”at $o @r iAdut, Buaceithes, a dgh timpedanicker |s

gql; ﬁ? Lﬁgnigdptggr&gggrd tyg |1(r:\pt|1 'iast naorma'i Pymctorrxlr?ec(tg& réh‘?Bu&PSkPJp%E?tJPr
to ground and through a h1gh valued resistor to the 5-volt power
_supply. Thus, when & board is 1nserted into. the carrier, it takes
time for the voltage on EO to build to the point where EQ is
recogn1sed as h19h. Th1s delay allows logic on this circu1t pack to.
'20 achieve normal operation before transmiss1on is allowed, thereby -
| prevent1ng the corrupt1on of data on the carriers when a board is
f1rst plugged in. : B -

Internal to logic 1105 is a ‘diode from lead EO po1nt1ng toward
the p1us voltage supply. This diode serves tp discharge the

25 capac1tor to ground quickly when the board is unplugged from the
o carrier momentar11y and then put- back.

‘The POR output is a T compatible vers1on of the s1gna1 EQ0 to
allow the other circu1ts on the board to know if the bus buffers are
ready to transmit. . ' '

30 The IPROG lead to current contro1 1106 is a h1gh 1mpedance
1nput " The vo1tage on this 1ead can be selectively adJusted to
_ determ1ne the amount of dr1ve current the dr1vers send out on the
various bus paths The rece1ver sec*1on is ' '

35



EQ is an overriding control forcing the buffer into a receive- only rmde
" When is high, lead TE* controls the data flow direction. * EG-is not a
1.0gi ut, but rather a high mpedance 15 conparator type input, and is -,
nor e connect ed thr ough a capaC| tar o gr ound ang th(rjough a hi ghdval uedJ
resistor to th 5vo| ower su when a board is inserted into
"~ the carrier, il e?éﬁ%ﬁ . ?ﬂe"?ﬁlf ‘?‘Eezv]m %a‘b%“()r?‘@:‘}‘t]o ARd $imEe Hepoi nt
where EO i.s reiopedance asith gthe Hals pledree el iovss wiogi cthen htdmsnl Ci rgw t
ack to. n r efore it n_i. owe
Itohereby preven?ﬁ%ﬁ;ﬂfﬁe @%ir‘rf%r gnﬁ {)a&gnder ‘;equarmrx%}rng \ﬁﬂ‘ér} eboard I's.
first plugged Rpee ‘Mtb‘?nmmtbatfbgﬁ cl-iljzﬁ%-'\f%lfa sligingd ffroomdidderedtpoi nt i ng
toward the gl uso¥Pht SEfc SHEP This di ode serves tp. discharge the 25
' capacitor to ground quic éewhen t he board i s unpl paged fromthe carr| er

monentarily and then put KdeSiEn YT RARSn When, PRAcing pas PuEIeay sion
of the. signal EDOoomla ovitdrei btferk cifrcuis mmstdm-ybw tkelep KrOWeal the

bus buffers, ar@héeﬁg¥ﬁ&0e& é”%%nﬁlnfg%ze rasi le%sipgg ué;ﬁnée

control. 1106 i$S g&dance I'n &0 tag
selectively. ad}"ﬂ%t%ﬂ%‘b" i afe ‘tftﬁa R et dfhedrﬁeweceuwsntarrlaagdﬂl vers'

send out " opOt heneTd obe M%hﬁo ked}f HRC HULEL Hatast 'g%u?%d?’io%etﬁ@?' gned
to work on a 1.5-volt Sﬁfﬁ% ta}tﬁdqswtcethe|rrpe ance Wt ack pl ane

varies with t 3o Ajledds &rPrRRR will be
needed to genetegetlex - dd%hmld:ttmxgreaid foot tiief fdenvdiele .5 Powatrd1@pasi ngs. For

SeELT P PO S A W o MU ASUb T o

necessary to keep it near the i“Mi Z& par.asttics an
capaci t ance.. THR¥eR ARG §rPuRd ditadse pi ﬁ’s‘sotlst néte‘eme ¥ impozteatged 10.

~ shoul d-be 35chbesase l«eeputdwea&uﬁypa{disekgrrqeeedﬁnegetfh%eneat-reae end of
the device amjfgnanHV\Ae rou %agnitude of these signals,
typically 10 nsec. and 75 ma. : :
Each driver DO0O-D3 has a TTL compatlble 1nput
such as input DATA O for driver DO. The driver has a
20 constant.current output to the L05L3 bus when_tranehitting
.'a_logical 1 to the bus path. As diséuésed, the_amoﬁnt
- of current is determined by the signal'level on lead
IPROG. Drlver DO has roughly the same output impedance
_ whether or not it ls dr1v1ng a current. This impedance
25 is dominated ma1n1y by the capacltance ‘of the device.
' ' The receivers (RO-R3) have a TTL compatible
:output with three-state control. Their 1nputs are’
_connected to the LO-L3 bus and have a high impedanc'_e
designed'to receive a 1.5-volt signal. Each receiver . -
30 1includes several hundred millivolts of hysteresis to
improve the noise immunity of the circuit. The input
‘levels necessary for 1 and O are accurately determined
with the voltage reference so that this rece1ver achxeves
the same noise marglns onal, 5-volt signal that ‘normal
35 TTL does with a 5-volt signal. . _
During normal operation, the drivers on a
transmitting board output a constant current for any |

38 logical 1 and no current for any logical 0. This results



together on . the ot her end of the device. Power |eads nust 'be short and
direct to ntnlntze i nduct ance in the power and ground | eads. - Thi N
extrenely |nportant 15 because of the fkﬂrby’qU|ck rise time of éEgZBurrEntn

\pals and the targe nagnitude of these signals, typically 10 n and.75 -
ma.

Each driver 19061%1:9%% Qe¢§k309@§t5%§1t§p& é“\?@lt toﬂﬁw g, for

‘driver DO.. The drive constant current outpu e LO L3 bus

when transnlttlﬁgcéuPSQPgthE ‘packplapgspabihs charag teukstie impedanfitt of -
current i's det'gndl nee la;rhmﬁaswﬁafeheyebr@n | grl ¢ fIE bodFds/awi O has

roughly the sanmg out ut I, c not driving a current.
Thlg |%pedancen§§ aéx?ﬂ t & ﬁﬁ?ﬁ?§h ﬁ%ec Et?ﬁ%ﬁkiy%ks WA ce. The

‘recei vers (BO R¥pelhixveodtage teﬁpaenbeelbofput mnth three-state control.
Their inputs are Connected to the- LC>L3 bus and have a hi gh-.i npedance
designed to receive a 1l:5-volt signal. - Each receiver 30 includes severa
hundred nmillivolts of:hysteresis to |nprove the noise inmunity of the

.circuit. The input |evels necessary for -1 and O are accurately determ ned
w th the voltage reference so that this receiver achieves the sane noise
margins on a 1.5-volt signal. that normal 35 TTL does with a 5-volt si gnal .
During normd® operation, the drivers on-a transntting board output. a
constant current for any 38 | ogi cal "1 and no.current for. any |ogical O.

. Thi-s results - 12 - in voltage |l evels of 1.5 volts.or O volts, '
T.espectively, because of the backpl .ane path's ‘characteristic |npedance and
‘the termination resistors.: ‘Al -other boards w |l be receiving by checking

- these voltage | evel s against 5 their voltage reference 1107. 10

15
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15 20 25 363538 t - CLAIMS 1. A connunlcatlon bus term nat ed

ypeda sald bus haV|ng posi ti ons along its length for
yn o Mlﬂm ml S, SO tha?35 _as a lunped circuit transmssion
Mlu conposedo t he i nductance and capaci tance of -

bet ween sai d positions and CBQIM5apaC|tance of said transceijvers; “’
bus i n regions
£et®nd hi gher
characterlstléﬂpﬁﬁea&ﬁcétabeﬁg eaidg BaidlhHSeQaunsgmhesets@md aXemgcei vers

are missing fre@ &%h@tlﬁui’ors6bﬂnQH%1BhaB?C€h¥e£§a§§8€'i+@f§ udwgt
injecting a bilevel current g onto_s$ai d bus .and neans’

EPPﬁE?SFéQ%I1b¥°cﬁ??ehﬂm8?%nal applied to
dapaed tamaes for -

by an
conne
| ine
the wi

k

sai d bus having a first ﬁhar§9585h5558 gggﬁdgg g%ﬁgg%ﬁﬁadb

where 10 said transcei vers ar€ CONNec

- detecting 50IP§g@slP8§ﬁFtFﬁ§°P
sai d bus fromeaementanacei uemposmdfdﬂtecind\gcfmem anl

1&?@”5 for

~ conparing sai

arranged such _
“posi tions sai 8fbsabdetranseeivers gradidriopadmaving raofiiarsdri vi ng transcei ver

past each rec@h&f&ﬂt&fﬁ@ﬁf@'Yﬁ%e&ﬁﬁﬁ%ail

Be ghb! L1P ¥OLEEOESs P I Y P00 Laf! HRA0% At vartidl 4 gUS'

ranscel I’S ar e (?COHHGC

| t
bolre a?r&ﬁgeﬁaﬁgn‘s’gﬁﬂﬁc?ﬁﬁ?r?faE%u‘b°’b‘? CHEd tqsaid MmN

al ong sai d buhighéfecharaéterisths Mpmmbamwlidimﬁ&mmarne riegdlomeei vers

are mssing,

15

20

25

30

%ﬁgfngafEappéﬂgcéfééks are missing from said bus,

said bus transceivers.each including means for injecting
a bilevel current signal onto said bus and means for
detecting voltages resulting from either level of

current signal applied to said bus from any transceiver,

said detecting means including means for comparing said
resulting voltages to a threshold voltage 1eve1, said
bus arranged such that when said transceivers are
connécted at all said positions. said bilevel current_.
signal propagates from a driving transceiver past each
receiving transceiver generating substantially the

same voltage signal at all transceivers, and said
impedancés and voltage threshold level being arranged
such that if said bilevel current signal-propagating
along said bus sufrers_rgflections at said_aﬁy positions
where fransceivers are missing, thereby changing said
current signal level and also changing fhe_resulting
vbltage levels detected by said iransceivers, the
resulting changed voltage signéls do not cross said
threshdld no matter how many transceivers are missing

 from said bus.

35

38

2, A bus as in claim 1, wherein said bus
term14at1on impedances are selected to be in value

S4ibed anld ald Frdion Wt t age

ceivers, and sa ances and voltage threshold | evel

ng

between the values of said first and second characteristic

impedances. _
| 3. A bus as in cla1m 1 or 2, whereln said
1nJected signal has a leading edge overshoot to

..'.



~

scurrent si gnal level and al so changing the resulting v mm‘l ﬂ‘& L‘u
detected by said transceivers, the 30 resultlng changeﬁ““ do
ot cross: sai d threshold no matter hpmﬁnpny.transcelveré afe n1§%|ng from,

3aid bus. 2. (Abus as in claim1, wherein said bus ternination inpedance
~are sel ect ed t@ﬁ;ﬁensawlm 35 vk tovgare ath e igmade shengeai duei tot sahd second

~“characteristic 9&ﬂﬁ?”= 3. Abus as inclaiml or 2, mhereln said 38
-injected S|gnéfé§gs a 1'eadi ng edge overshoot to , - ensate for

said current signal chandes dudus afaicdaigrededd GHY. PIeceﬂlBﬁs 818y ai ned
in any precediyefdfi BadhedLid tﬁﬁ&hfa&isﬂieﬁlﬁ%ﬁ Hakdtdescmeans| ides nmeans

for 5 inhibiting said i ed . t, b d
sai d bus transtRiiRit 4¥5f44¥§ . %L A 3 %%§d$§35g§§§§t§?gpgble nhen
elnabl i ngos\%d opéuranleé ngnemasmd Bus ﬂt:taxesmvarallrsedlmtanynpﬂe&edl ng -
- claim ergin
£4Ng Qﬁ? dbdpélsf&z[ lelﬁﬁﬁxge\?{evae!rﬁf%ﬂlq 5“@%.1'@@?1%15@&1?12' ectively

adjusting said’'inje si'gna so“that said transcei ver can be used
with differentme®@®d spacings. 6. A bus as clainmed in any preceding claim

%gr r\lfvgre;el gagﬁl d bus tr an§CE|AéQ¥d?s He raispat i tahiyn preplediali cYadm,
carrjer e or_acceptin r t f sa bu ' '
transcei vetQ = Wherein g2 33 | H?snﬁ‘??@l‘{)f&'ess%caa"‘bqoégmﬁh gyg%ﬁr’%clffg all said
‘carriers, eachsenedttn@lﬁ ddjusking sdiid dnjentest edignalc leyeddsacahad
between that of, g gréaéééﬁéf SEEWY! W S Ididreremedaages. 7. A bus

-as clalned I n any precedin a|n1
' spac1ngs.

6. A bus as claimed in any precedlng claim,
15 'wherein sa1d bus transce1vers are grouped within a
' plurality of carriers, each carrier adapted for accepting
a plurality'of said bus tranSceivers, and wherein said
bus includes cables interconnecting all said carriers,
each said cable having a third characteristic impedance
20 between that of sa1d first and second characterxstic
impedances. o _
7. A bus as claimed in any preceding claim,
further comprising a bus system including a plurality of
busses as described in claim 1, each said bus carrying
25_'independent bilevel current signals. |
' . 8. A bus as claimed in claim 7, wherein
one of said plurality of busses carries a clock signal
"originating from any one of its transceivers, said clock
“351gna1 having beg1nn1ng edges and trailing edges for
30 establishing on said bus system a plura11ty of time
' slots,”means at each said connected transceiver for
transmitting all of said independent bilevel current
signals onto said bus from that transceiver during a
time slot between any two successive trailing edges of
'35 ‘said clock signal, nand means for detecting all said
| independent bilevel current Signals from said busnat any
_ said connected traneceiver at the second trailing edge of
38 said time slot. o



further ¢
d |bed
pl , |ty of

transcei vers,

r|5|ng a bus systemincluding a pIurallty of busses as
sai d bus carrylng 25 i ndependent” bilevel

lﬂiﬂﬂlﬂuﬂﬂﬁﬂﬂ

ussed' cdrrtes a clock: S|gg§
"~ said clock signal having gi-nni ng edges and- tralllng edges

as claimed in claim?7, wherein one of. said. ,
originating fromany one of its” A

for 30 est abl i shi A9, on communbakd ogybuse suks tentiralllyt3s dereinbefstet s,
each said CORBECHBEE tWidR St edcel @ &Eaﬂ%'hﬁi %Haw?ﬁ ssa' d i ndependent

bi l.ev@l curent.signal's onto sald us fromt

ransce ver during

@
means at

atIITE

sl ot betweén any two successive tralllng edges of 35 said clock signal,

and neans for detecting all

38 said t

ne slot.

-15 9.

sai d ‘i ndependent’ bil evel current signals from
sai d bus gt any sald connected transceiver at the second trailing edge of-

A communi-cation bus substantially as

“herei nbefore descri bed WTIT reference to the dccunpanylng dr aw ngs.
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