2202695 COVPUTER SYSTEM ACCEPTI NG FEATURE CARDS DESCRI PTI ON The present
inverdtion relates to conmputer systens, and in particular to neans for
nMnigi sing el ectromagnetic radiation from E'uch systens. In the prior art
per§pna.l conputer systems; a planar board Eontaining the processor logic is
positioned by 'mating pins and holes to the base of a sheeg@%ﬁe al so
having side walls. One section of the side walls includes I
_ extendi ng sheet netal shell (often referred to as a "shadow box") wel ded
thereto and having vertical slots to permt connection of I/O feature cards
within the frame to externSPMEVEER SYSTEM AGRERTING EEATURE LARDS\d |/ O
connectors. The cards are connected electrically and nechanically to the
board via card/board connectors inserted intq the board and | ower contact
tabs on the cards forced into the car nnectors. Low carbon steel
|/ O brackets connected to the cards are adapted to engage the shell and
cover the vertical slots, a screw securing the upper end of the bracket to
the shell and a contact spring forcing the |ower end of the bracket against
the shell. Sini|&he prages: invantien radatas to qomputsrcpystemsg|apd Positions not
havi ng feat Uprtearhy td Hedndric?! mBlimiSIHY blabtabhiheb S ra@YA13h from such
di sadvant ages. . The | ocation of the installed card/bracket assenbly in the
direction of SEAY&PF: i s establi shed primarily by the engagenent of the card
tab in its associated connector in'the system board. The di nensi onal
rel ati onshi p bet t diac f _ br ot is
establ i shed by tg??r?‘gngéq\%alr‘%agg%sn%g:’ln&ﬁﬁ%bgﬁg‘%hdi n&ﬁg%’%lﬁg,gaééuch as the
di stance betstdaining the proegssondldsireis phsitighedibivematingepinedanid dotem to

operate to faad 88sd 02 Hraekeindth]l Hrane allsBendliing e ALWECBnkNSetPbsoe N 2
card bracket_tﬁehrs gegh whi ch these fasteners operate and the surface of this

walls includes an inwardly extending sheet metal shell (often
- referred to as a "shadow box") welded thereto and having vertical slots

. to permit connection of I/0O feature cards within the frame to external

: peiipheral units via cables and I/0 connectors. The cards are connected
. . electrically and mechanically to the board via card/board connectors
insertéd into the board and lower contact tabs on the cards forced into
the'card/bpafd connectors. Low carbon steel I/0 brackets connected to
- the cards are adapted_to engage the shell and cover the vertical slots,
a screw securing the upper end of the bracket to the shell and a contact
spring forcing the lower end of the bracket against the shell. sSimilar
brackets are attached to the shell in slot positions not having feature
cards.- = - L ' T

- This prior art configuration has several disadvantages. The
location of the installed éard/bracket assembly in the direction of
shell is established primarily by thé engagement of the card tab in its

“aSsogiated connector in the system board. Thé dimensional relationship
between the adjacent surfaces of each bracket and slot is established by
tolerance variations in a number Sﬁ @imensions,_such as thé distance
between the card tab and holes throﬁgh which threaded fasteners operate

'-to fasten thé bracket in place} the distance between the holes in a card
bracket through which these fasteners operate and the surface of this
bracket adjaceht to the shell, the distance between this surface of the
shell and fasteners which attach the system board in piace in the frame,

the distance between the holes for these fasteners operating in the



bracket adjacent to the shell, the distance between this surface of the .
shel | and fasteners which attach the systemboard in place in the frame, ~
t he di stance between the holes for these fasteners operating.in the ~2 ..1.
sy$tem board and the holes used to |ocate the card/board connector in thi's

assenbly, the location of the pins extending fromthis connector within the
holes in the system board, and the squaredess of the shell with respect to

the surfaces of the franme on which the system board is nounted. Because of

the | arge nunber of dinensions involved, relatively large variations in

this di stan&Esis heand ahd the) brledt vasd Fadesaty thaCarAfPasrd caanesiny dRot t ed
surface of thes @88éhbl9¢ CtHe 16cdtion WOERS piné dxterdingt ffdmghty/ cbmiBoubEtS. | f

this distance,.i.s 0,large he bracket i d during ins | ati SO
that 5 subePiriin.FAS peihd e, AW sPt R Boaids R BRE Aditqiibay ot Fho el O
cont act spr whth ardpeatr bov thel sunfiaces @fethenfidang prrwhicht thensystfemt baaridr dx ket
agai nst themgﬁ;,g‘egge of the shell, but the connection of the card to the
board pulls the central portion of this bracket away fromthe adjacent
surface of the shetl. This warping presents an obvious visual problem when .
the system unit Begavdecw® Cthiel DiBdelRunlRR! of BEnéiHiohs I1506Eved, Ofdlativaygh Whi ch
el ectromagnetic radj '

g f h .G oyndi | i cal
Cont act bat WESP PRECDAABRAR AMT ARECacHB e trecn Eha i IaRett SHToRP Toptend

bottom  ThIZ£0 ikragketamnd ;allodtedlisprthcanofitbe bshedlissconzbire therprecess ofar e

typically f ra . J Ra L I ' hat
Lhe. ol ect ri e At cery Ofaianct B0 Bach B mmathet Ly

of the hi ghifreafeed 3pringiissepiation wecthatus Fubshantdad aprparkiaticatvane.
Thi s resi st ganese FBkRces! MY §ther words the contact spring and screw hold the

lower and upper portions of the bracket against the surface of the
shell, but the connection_of the card to the board pulls the central

portion of this bracket away from the adjacent surface of the shell.
This warping presents an obvious visual problem when Fhe system unit is
viewed from the rear and establishes slots through which electromagnetic
radiation can escape from the unit.

Grounding.electrical contact between the bracket and the éhell is

- established only at top and bottom. This is a:particular disadvantage
because cable connectors are typically fastened to such card brackets in
their central regions, §0'that the electrical resistance of the brackets
along their length becomes a part of the high-frequency resistance '

between such connectors and the frame. This resistance makes it more
difficult to coritrol the electromagnetic radiation of cables attached to

such connectors and actinq as antennas.

~ On the other hand, if there is a mechanical interference between
the adjacent surfaces of bracket and the shell, the frame must be
deflected to.-allow the installation of the card assembly. This
condition can make such installation difficult or impossible, causing a
serious problém in the manufacturing or field environment and causing

stress in the feature cards.



dif$icult to control the electromagnetic radiation of cables attached to
such‘connectors and acting as antennas. On the other hand, if there is a
nechani cal interference between the adjacent surfaces of bracket and the
shell, the franme nust be deflected to'allow the installation of the card
assenbly. This condition can-nake such iqistallation difficult or

i npossi bl e, causing a serious problemin the nmanufacturing or field

envi ronment and causing stress in the feature cards: 3 The engagenent of
the contact sprithg svidabemeril aﬂkthbrﬁﬁkabt Gpr ey edtild biies beadketGoftean t he
bracket so t t..t he central of . thi c r ped. awa ron1the
adj acent sdt %:]élsg‘?s anto shél ? q"gleg%raﬁ%gent ?%aat aﬁ?/lcseﬁté%lval iB%‘E)’f"é‘m A%t he
unit is vi dxedkdt dmudrped myaEMeSheabﬂmmmhgplmfec@ of htlwgheWﬂ glso

el ectromag i C n Ugh P I ke it
G FF1 Cors kel ECuRRC BRBRERel FATVE bl eneB ERGPLAPLRED JRC,
frequenci ees§pbisbing FIAtY thﬁ?ugh lqhse%%ﬁ-‘mt&’ FRiiatign AfNee$cape t he
present i nEreMetiRNhnitQ an arrangenent whi ch obvi ates the dlsadvantage of
this prior art configuration. According to the invention, there is provided
a conputer systemconprising a printed circuit:-board (39) carrying, and
i'nterconnect ed \@uch, probpéms abkd \itodiffdckit $o(hipthior EMC Cimpegmidyaivel ow
connecti ng S ) V. n ec g ows of
Contoct oS S Cufl B lel)s ABER ARGALNE UGS tBln BlhECSIAS D0 OF
cor r espondithgrefiare @rPrép@&S Pgbeﬂstu?f dbesprssenh Jéﬂg@"%‘@ﬂhé‘@t ar Jrzgnges|nh

or Mr e cahflick hﬁb@&i&r tRedikaavalelges B eﬂil%dpﬁ%téﬁi SohfigBR&tionQW are

d contacts and a | arger nunber than said selected contacts are
According to the invention, there is provided a computer system.
comprising a printed circuit board (39) carrying, and interconnected
with, a plurality of.sockets (37) for accepting and connecting feature
éarés (27), each socket having first and second rows of contacts (Gl,
62) aligned oppoéite one another in pairs for connecting with
cbrresponding pins on bpposite surfaces of an edge connector (36) on a
feature card, characterised in that selected contacts in each row are
-~ ground contacts and a larger number than said selected contacts are
| signal ;arfying contacts (Figure 5) and the ground and signal carrying
contacts is situated not more than one contact position away from a

ground contact in either one of the rows.



sighal carrying contacts (Figure 5) and the ground and signal carrying _
contacts is situated not nore than one contact  position away from a grouM
‘contact in either one of the rows. 4 According to a,second aspect of the
-present invention, there is provided aﬁature card -.havi ng first and second
rows of contacts aligned opposite one her in pairs on ‘opposite surfaces
of an edge connector characterised in that selected contacts in each row

are ground contacts and a Iarger nunber than ‘sai d sel ected contacts are
signal carryi tacts and t oun d si .carrving ,cont acts are

posi ti oned su%c?ﬂé}tngeach g?cgr?al arr%y‘lgfnggc teg(e: i8ve qat et ﬁ%t nmore than
one cont @aroviiedi &ifsatave ratd dravang foust andrsecond  rowei ehepntantsodlighedr ons.
In an ey pbgﬁ%t ofdd a&.t;fham&ryale@ Jnoopﬁosqﬁé (gdr?g&é Be Al Bade lcaaﬁécto@ shadow

box is noulded directly into rear he base frane of processor
unit, th&hpragherprgddn n‘ﬂﬁrtdweFstﬁaF%&r Hbr?&f-‘E r&nda%merpmdeﬁma%ar faces

bei ng pl &Ineda vna&beﬂlnelﬂeér analn Fs@ﬂ@%’eleEﬁéﬂ'lc&itdclﬁE atRr Eicﬁﬁh. édﬁﬁrinﬁ n t he
are mde to her aj is

shadow box ggtp/n Ctl on CQ‘F Sh
def i ned ?5°§ﬁ FArEHHIR COPE sP8?“68P‘h s&ﬁ
openi ng rthaheeachamgmalllcarkyika cohmuteis stituatedr sot @ave nhaonine eontaye for

the rear Papad rac t e received
Wi t hin ef\éﬁk%ﬁgﬁﬁﬁ 'f'?‘%?lsé- ge5| gnc%)rg:?%pt% g%ﬁ%ﬁ?@%g’g %%L gg‘ﬁ%ch as 30%in
the width of 1/0 connectors received in the ¢hannel and brackét. By

moul di ng in the shadow box, the cost, inventory and

~ 3 . LT
~ .



a

insﬁgliation requi renent of additional parts is elimnated. Additional

roon® is provided for a larger selection of connectors to be utilised in
the 1/0 bracket and tol.erance-build up between the feature cards and the
encl asure-are reduced. Thi.s noul ded pl astige=design in conjunction with

i nproved |/ O bracket provides continuity ry half inch for inproved cable
shield term nation and overall enclosure shield integrity. The reduction of
shield integrity between a separate shadow box and frane has been
"elimnated. As will be seen below, the requirenment of tools to install and
remove feature cARcRD BEecdiment ofi tHenameshtiqmdo) b dssexibed i dpbdid datsum el y

in place by aasizaBw B TPS Golida tahfeatdp HeBCHRL redth stbl roeqener sasmrsmoff or

i nstal lation. Wen installed, the |/0O bracket has the freedomto f]|oat,

wi t hout | os8 RRCCERRST HRLyr EhS, frP?‘%rheFP%ﬁPu%‘?fdog’&‘K“ PALYGREPonate. and, tgef | oat.
al l ows for tinteiapcsmrdacssnbéhid pbateld eithoateked &ed wopsert. he base, pl anar

6 and I/ O port, and prevents stress concentrations fromformng.on the
feature card. The shadow box frame design is preferably formed by noul di ng
al | internal feaEachofofhe Merticat cwkobexdin hhe shhdow hoer rihkroughr whizth t he t ool

requiring t Q@nﬁé%ﬁé&alaré tmeréo Petiphelsl ta@%?f‘cfe%d 1Y a8POida By 2 deslResy The

tool for this nethod is |ess expensive to bujild and easier to naintain. The
| / O br acket Uu#apgd Hﬁ\?é“%]olsité%"ﬁb‘ﬁﬂt ﬁ&eos@td’é%ﬁ“@eaﬁ Spering A the wpfhwahswedl | ed
and r enoved th@Whafindle sSrukkare a.léévﬂ%gbﬁﬁabl DédeOfdN €h@ | rfai NEAIAN tmelabm;e -

- TheI/Obaket Chann trutural sh formed f al f-hard
stajnj ess s Boq7D Brasetice Botened: b Be Tote el REm Q) fach chamer?
' Thls des1gn permits an increase of a much as 30% in the width of I/0

connectors received in the channel and bracket.

By moulding in the shadow box, the cost, inventory and
installation requirement of additional parts is eliminated. Additional
rooms is provided fpr a larger selection of connectors to be utilised in
the 1/0 bracket and tolerance build up between the feature cards and the

enclosure are reduced.

This moulded plastic design in conjﬁnction with improved I/0O
- bracket provides continuity every half inch for improved cable shield
' termination and overall enclosure shield integrity. The reduction of
U  shield integrity between a separate shadow box and frame has been
- eliminated. As will be seen below, the requirement of tools to install
‘and remove feature cards has been eliminated. The I/0 bracket is held
" securely 1n ‘place by a tab stamped into the I/O bracket, whlch requires
no tool for installation.

When‘installed, the I/0 bracket has the freedom to float, without
- loss of EMC_integrity; from front to back in the unit. This float

‘allows for tolerance accumulation which occurs between the base, planar



thin material thickness required for the bracket to act as a spring along -
its side walls where EMC contacts are stanped into it. This material does/
not require any secondary plating or finishing and the, brackets can be-lUseds
as they are produced fromthe die. The cket has i-ncorporated EMC
groundi ng contact points approxi nately y | 2mm all around the periphery
of the bracket to approximate a 360 degree connection of an external cable
shield to frame ground and to provide the required cabinet shield

continuity across the option slot. The configuration of these contacts is
uni que in #E/P @Ftar%‘dapﬁfﬁétﬁrsqrs#%|‘-‘Gh¢§}#?h§msm@§ef9wilnag® &beonnodat e
t he differesdtugbash@w, box manufacturing tol erance requirenents inmposed by

the different materials used for manufacturing various systemunits. The
spring al so provides controlled pressure to plated plastic surface of

shadow box so %se tshadontbos| friame eddsign mglrémmi fb i By adlgimsaon of the

pl at ed sur{,ﬁ._re%%l‘lg;gt‘gp tgftth%ogﬂtdgw% ed $hS ch%rgaq: ﬁé{hePE tck t may be‘ |

installed elt stral ght down ZUOW BOX Pt s
sl i de downregpdring dhecnarsiesl FhMaMSbw tapededt be abpute I0e6 d@rswt ed.

They may afised ttasl Imtaliseﬂeéﬂoani@%sé%enm@ eabh!i!i-‘a QRENidMGeand Wi | |

conformto the of the shadow box w thout catching or hangi ng up
on the  B&jRka ’é/ eaglasl/Bfb{ﬁ?éebdseuéadwﬁgc%:&ag@dwé’i PiRseresdapsk: or t he
bracket. Téteichreldtetinsiedilgd amdi rémoebé cahBes Nees Wear Midly deqraabtidn 86 tekehnment

SCrews. F)Rﬁﬁﬁ gﬁjg uires that the bracket provide a substantial path
to frame dgroun hgln t ekéégnt that an external feature/attachment fails apd

produces an electrically unsafe condition.at the bracket. As a result, a
external capti¥ge ) Mraakee WaisSa "C BhHE1+ N e2UI21 Shidbe Mormed from

half-hard stainless steel. This provides strength to the relatively
thin material thickness required for the bracket to act as a spring
along its side walls where EMC contacts are stamped into it. This
material does not require any secondary plating or finishing and the
brackets can be used as they are produced from the die.

The bracket has incorporated EMC grounding contact points
approximately every 12mm all around the periphery of the'brécket to
approximate a 360 degree connection of an external cable shield to frame
ground and to provide the required cabinet shield continuity across the
option slot. The configuration of these contacts is unique in that they
are a type or torsion spring. These springs accommodate the different
shadow box manufacturing tolerance requirements imposed by the different
_materials used for manufacturing various_sYstem units. The spring also
provides controlled pressure to plated plastic surface of shadow box so
as to control insertion and removal forces and erosion of the plated

surfaces.

The contact configuration is such that the bracket may be installed
either straight down into the shadow box so that the contacts slide down
the side walls of the shadow box until the bracket is seated. They may
also be installed from any angle behind the opening énd will conform to

the side walls of the shadow box without catching or hanging up on the



thezkotton1of the bracket and secures the bracket to a ground stud. The
rackKets are attached to the option cards with two pop rivets. Two tabs
formed al ong one side, .one at'the top and the other at the bottom provide a
nmaxi num support span. Each tab has an enbossed diameter with a clearance
hol e tbrough it. The rivets pass through thefholes in the bracket and
corresponding holes in the card. A mandrel p@ulled though the centre of the
rivet expands the rivet, centring the parts to the-holes and cl anpi ng t hem
toget her sinultaneously. The rivets also reduce t ol €rance accunul ati on,

provi de a g0RReRIUasdsBs PleNbost BEMIRg! Aiiali@ AP REEHS T RMIIbER bhrARKL CaN be
assenbl ed on_an automated production line. The tabs are enbossed to keep

the head of t%8%%%et within the mninumwidth of the bracket. This
prevents interference between the rivet head and the shadow box. The

enbossed di anet er, LIferent, . de s_to_en
remain at -a 90 de%r Zéﬁap%gfﬁ%gﬁ&} ggi‘fun%t t h'geegl gnaran%giglfamvﬁ'n pEs g‘f’%’hl ng

wi t h t he noulsgrexs.dr B¥adughgadetin r?heu@hattmn blo bratietepiwiide/d4 substiaphbalar e

st andar di sed gaen tdAkraw §AMNAPLA QRe Ca;eqfe Gt segtonad. féafeer%'txaéﬁehe ng
t hat may be reqwred Is-a newinsert for the progressive die for

connect or (s) .fa¥he andoProdResD AR reIgGEFICad Y SRsR |°Bﬁd‘é'ti°{‘l‘ﬂ¥ teo bé'F"‘EeH’e As
bracket serva pegudlitplsh eiterina®ncEptive il sctéw dsPadeivéd dRYSughOS i sloMatst Op

Snd cause shdrHy oia i ERe RREEk 3% sPvnmice peEPkateRe “TRESTRb e ovi de |
for system security because they fit behind the guide posts noul ded into
the™Dase such The brackets are attached to the option cards with two pop rivets.
Two tabs formed along one side, one at the top and the other at the
bottom provide a maximum support span. Each tab has an embossed
'dlameter with a clearance hole through it. The rivets pass through the
holes in the bracket and corresponding holes in the card. A mandrel
'pulled though the centre of the rivet expands the rivet, centring the
parts to the holes and clamping them together simultaneously. The
rivets also reduce tolerance accumulation, provide a good conductlve
path, reduce the fasteners required and can be assembled on an automated
production line. The tabs are embossed to keep the head of the rivet
within the minimum width of the bracket.' This prevents interference
::between the fivet_head and the shadow box. The embossed diameters are
W, " formed to different depths to enable the card to remain at a 90 degree
- position relative to the planar board while matching with the mouldlng
) draft angle in the shadow box. These holes/locations are standardlsed
so that as new option cards are developed, the only tooling that may be
required is a new insert for the progressive die for the I/0

connector(s).

The two tabs/outriggers on each side at the top of the bracket

" serve multiple functions:

"Théy.provide a maximum down position stop (in

conjunction with gquide posts)'so that the



that intruders nust physically force and danmage the brackets before they.
can gain entrance to the system bus. They provide the main datunfreference
pl ane for the bracket tooling. They provide the ‘prinmary reference plang&
between the 1/0O bracket, feature card assgnbly and the planar board. A
sprvng finger is formed at the top of thﬁbracket bet ween "t he outri gger
tabs to provide an EMC ground contact w tT the conductive surface of the
shadow box. The I/0O bracket is designed for all option cards, irrespective.
of the 1/0O connector type and si'ze required. Through the use of inserts in
the tooling, the mRHtAEn sards Fiddmedctbits apd panpe dhontingea¢nnsgreheni || be
abl e to be handl ed ddinkb&ryes®a 8P| sykOém Stanping out the brackets. The

i nproved configurations described herein have the follow ng advantages over
-prior art configurations: 1. - The slot configuration is adapted so
that it can easily be noul ded |nto a plastic framework; 2. The
bracket is confjqu kes el ec cal contact with the slot at
a nunber of p0|'1lr11"tg é%% ﬁgwi offor 573 f%cé’ e%y Surtaces as well as in an area
under a threaded fa@tee'néit behir@ the guide FostpHmaukdad imtp thetbageesusdnf i gur ed

so that the nulti pleaeomefaaefsahaee @hyaasqiy oka'i-wrmdamgd'ém Begdveng of

the bracket in the direction of | ength he card due to variations in
t he di nensi onal tolléﬁfaﬁﬁég‘eﬁf“t’hga’dhleﬂ'?%eo‘f° ltH% SyssemPUBoard assenbly
into which the card is pI ugged; and 4. The shape of the bracket and

the direction Qlfhe%p&rov tgn xg)aln datum/reference plane .
for the bracket tooling. A
They provide the primary reference plane
between the 1/0 bracket, feature card assembly and the planar
board.

A spring finger is formed at the top of the bracket between the
outrigger_tabs to provlde an EMC ground contact with the conductive

surface of the shadow box.

The I/0 bracket is designed for all option cards, irrespective of
the I/O connector type and size required. Through the use of inserts in
the tooling, the myriad of I/O connectors required in the future will be o
able to be handled in the same tool for stamping out the brackets. The
improved configurations described herein have the following advantages

over prior art configurations::

1. The slot configuration is adapted so that it can easily be

~ moulded into a plastic framework;

2. " The bracket is configured so that it nakes electrical contact
with the slot at a number of points by means of spring loaded

surfaces as well as in an area under a threaded faetener;



ntact forces are chosen to prevent warping of the bracket during
insgtallation, thereby inproving both the appearance of the unit and the
~el ectrical grounding of the ‘bracket. Miltiple point contact with a
m ni m sed di stance between contact points | ps reduce el ectromagnetic
radi ation fromthe unit. The m nim sed di nce between contact points
m nimses the reflection of el ectromagnetic radiation through any sl ot
whi ch may exi st between the bracket and the framework and m nim ses the
effect of induced voltage patterns at high frequencies on the bracket.
Fur t her mor e, 3-nmul t i pl Bhggbrrgkditngpdsilet arareonfiiguredosq rhpedbe nuidipld ect of

electrically grosghdg phbeedy a6 ke é’:istﬁi:ﬂéh E?e&‘ési‘é‘éeﬂéﬁ%ft bad b'i‘Qcket in
i mprovenent can he expected in the electrica roundi ng of any cabl e

connector whi ch th¢ Si¥estheny #otq%éeﬁté’cR%ttheT‘Fﬂ‘? fug tarvanipkiqns; in the
especially i rrpord:aﬁhsﬂ:lmalttblbh&d‘ea%f tthatcarapmpeflghegpwﬁdwba&adasgamm;ded
cabl es attached suc.h n r, di ate as antennas. As
described in gre%% ot {’a&[L gg%é)v%/,g éﬁ%g chaﬁl cal -arrangenent of the frane,
| /O bracket, board/card connector, feature card and planar board and their
mechani cal , g1 ectri Cle RS GLWHRCHEIRDHE e h@@eﬂﬁaa&psﬁpﬂ%w&ﬁ of

cont act centres in the board/card connector to be reduced g as nuch
fifty percent. |9Pn48¢hk (PEFES RR® ShARTR LOOPTSyeBE MITPINF OF (1%t Bracket rF“trFrP%
connect or have bhimsealraiced thyrddy thpdoRihid S tHidhaosipedirgitel bf &kl ynit and

i ncreasing el ecthompgneti c radla ' onhi nation of these inprovenents’
significantly r et uces ct%ﬁe % éo%q‘éi eofbglger %’fg&z;r%'connector.. 10 The

preferred enmbodi ment of the invention wll now be described in detail with
reference to thewAceRTaBYIN G A PO al Mindhli &4 aistance between contact

pointé_helps reduce électromagnetic radiation from the unit. The

minimised distance between contact points minimises the reflection of
electromaqnetlc radiation through any slot which may exist between the
bracket and the framework and minimises the effect of induced voltage
patterns at_hlgh frequencies on the bracket. Furthermore, multiple
grounding points are used to increase the effect of electrically
grounding the bracket at high frequencies so ﬁhat an imprévement-can be
'exéected in the electrical grounding of any cable connector which is
"attached to the bracket. This latter effect is especiéi;y important due
to the fact that improperly grounded and shielded cables attached to '

U : such connectors tend to radiate as antennas.

As described in greater detail below; the mechanical arrangement of
the frame, I/0 bracket, board/card conneutor,'feature card and planar
board and their mechanical, electrical interconnection permits the
distances between contact centres in the board/card connector to be
reduced by as much as fifty percent. In addition, the number of ground
lines/contacts in this connector have been reduced by three fourths
withouf'significantly increasing elecfromaghetic radiation. The
combihation'bf these improvements significantly reduces the size of the

board/card connector.



Figs. 1, 2,
shadow box;

and 3 are elevation, plan and sideviews of one enbodi nent of
Figs. 4 and 5 are a perspective view of one formof an I/0O

a
N

bracket and a plan view of the bracket blank after it has been stanped out

but before

and\Z are similar perspective and plan vi

it is fully formed for use in covering an enpty sockets Figs.

|/ O bracket adapted for connection to a f ure card; Fig. 8 is a
fragnentary perspective view illustrating a shadow box generally of the

type shown
card being

perspective vi efPdPrafeErad, prbadipent gf ctheo inyestiom @il hpionykr] deperibedcitet |

in Fig. 1, secured within a conputer enclosure, and a feature
inserted into a board/card connector; Fig. 9 is a exploded

preferred faets10¥itharefdrehas e thd Geeahigdnhohgl Qbaviingst N WReghs for
fastening the elenents together; Fig. 10 is a fragnentary perspective view
of the shadow box nmoul ded into the conputer unit frane as an integral part
t hereof and t heFpgef drr2d ahdrinarehslevapian epldn endrsideetews ¢t gge 11, 12,

and 13 are
board/ card

connector; Fi

BhHAinSSC bie0D Ana8L¢ Bk} On ‘and sectional side views of a
o

I's a diagrammatic illustration of the pin

of another form an inproved

6

1
arrangenent of Eigs- fSa’E‘%gn SeRFf & RexspectienEifeOf coneadeEm pfran 1P dinaghet and
Fig. 15 di agid@Blarcaliby dfl ths biradiast bivnk BBEQY ef s BEWIE Jeaipedf§ owlf Bud and

[ I 1 ' t he_cont.acts in the d/ boar d t f Fi
0080 nek Bl Butlhe SR e b AbE GRS b pnselr o Fos,

t he form of

U shaped channels. Flange surfaces 3 are f'6fffed at the rear of

Figs. 6 and 7 are similar perspective and plan views of -another

form an improved I/O bracket adapted for connection to a feature card;

Fig. 8 is a_ftagmentary petspectivé vieW'illust:ating_a shadow box
generally of the type shown'in Fig. 1, secured within a computer
enclosure, and a feature card being inserted into a board/card

connector;

FPig. 9 is a exploded perspeqtive view of a

feature card, one form of the improved I/O bracket, preferréd forms of

card retainéf and card holder_ahd the means for fastening the elements

together;
Fig. 10 is a fragméntary perspeétive view of the shadow box moulded
into the computer unit frame as an integral part thereof and the

preferred forms the.iﬁproﬁed I/0 bréckets;

- Y . o o
Figs. 11, 12, and 13 are plan, sectional elevation and sectional

side views of a board/car@ connector;

" Fig. 14 is a diagrammatic illusttation of the pin arrangement of

Fig. 13 to explain electromagnetic radiation tﬁe;ef:om; and

Fig. 15 diagrammatically illustrates the improved arrangement of
ground and ‘signal lines coupled to the contacts in the card/board

connector of Figs. 11-13.

o/

A



each channel and the channels are tapered fromtop to bottom (Fig. 1) with
a .\er degree draft. Notches 4 (Fig. 2) are formed at the upper ends of the
ehannel . The box.1 is preferably noul ded of polycarbonate nmaterial and all
forward and side surfaces are netal platedgapreferably with copper and

ni ckel. The I /O brackets 5 and 6 (Figs. Qd 6) are each fabricated from
- stainless steel with a U shaped cross-secti On for insertion within one of

the channels 2. The brackets 5 and 6 are also tapered fromtop to bottom

wWith a .5 degreepgitafy éd)3t£%w aasqnah&?)boﬁff w?.'ch%ﬂr@&%&@@éﬂle!sﬁo@s Efﬁ{“tké’p
to bottom a cl earance exists between the bracket and channel sides and -

wear on cont &®sof UrfhaRed channsied sElange: ppriapes |3 ere faened atsthe regn of
seated W t hi éa&.hehmamraid tM RRa kA shidC k@bsred frithh fopit6 Botithh afFiy. Shanped

out to bl t t d 11 '
rrgtdeI |nn0t _hea'g 'esgﬁf% gﬁagf)nd mag?s l?ﬁlé é r‘ﬁgg%%gﬁgoaﬁsg&ﬁr‘l’gﬁﬁr fgagr e
subsequent | yofjmhplcmanne)l f ofhe bhe blisvwetﬂeya.l@yt powlided afopélycagbgnrakad 9 which
act in a canpid eﬂ?{ a%é 109?{&;-8@{ g{)&c sﬁifa%ké'é‘z%' ﬂéémnﬁféé eq) ?E'rébfi?y

engage the verti-ca f ann ontacts are
preferably s‘ﬁH’é’el%H?Gu%ndlzﬁﬁ'ﬁ}part to nminimse el ectromagnetic radiation
around the bracket 5 or 6 and through the channels 2. A spring | oaded tab

16 is formed at the u f _bracket 5 and.tabs 17 and, 18 f d at

the bot tom def | KFrG/R Sraskes? ek flrisg- hanaifh Rar saahcrebpifispe B e g

sI ot 23. Onestminfiese soeeh mgls as Uedhaped tdtass-sdecmratfoidns&g.on%)i@as one
rovided in 8¢ ac%éﬁésha%gé ecefh‘éeb dc¥e @%‘ nf'sugré%i gtﬂgbgéeé 304 TBEVED

%ﬂet hr ough rac ar e EQFOVI connection to a
feat ure car degtompyigh 38’5aﬁ§9’9?ﬁ d{?rf&cﬁ%tthsthé:? YopEhisAéd Antagthappeks 25
and 26, becagsh ikbpitd bedtmded cﬁ.@ar%&@rex&sﬁsl@éﬂﬁeenztﬁéﬂb@ﬂ@teﬂ/\lﬁh& [khaghel

connection to an external eri pheral- devi '
_ 51des and wear onpcon acts 8 and 9 i inigfsé% until the I/0 bracket is

: firmly seated within the channel.

|  When the brackets 5 and 6 are initially stamped out into blanks

(Figs. 5 and 7), small triangular cutouts 10 and 11 are, made in the side
sections 12 and 13 of brackets. Progections 14 and 15 are subsequently

' dimpled to form the outwardly extending contacts 8 and 9 which act in a

_'cantilever fashion for reliable electrical connection when they engage
the vertical side walls of the channels 2. The contacts are preferably
spaced about- 12mm apart to minimise electromagnetic radiation around

— the bracket S or 6 and through the channels 2. A spring loaded tab 16

is formed at the upper end of bracket 5 and tabs 17.and 18 are formed at
the bottom, oefining a slot 19. Bracket 6 has similar tabs 20, 21, 22,
and slot 23.

. One or more openings such as that shown at 24 {(Fig. 7) are provided
in bracket 6 to receive 1/0 cable plug assemblies (not shown) '
therethrough. Tabs 25 and 26 of bracket 6 are provided for connection
to a feature card 27 (Figs. 8 and 9). Bracket 5 has no opening 24 nor
tabs.25 and 26, because it is imtendec to cover a channel 2 through

which no connection to an external peripheral device is made.



12. Fig. 9 illustrates a preferred formof the feature card assenbly -

I ncluding the card 27, the bracket 6 attached to the card by fasteners ||‘|*‘
the formof rivets 27 and washers 28. The rivets' 27 are recei.ved through .
hol es 29 and 30 in the enbossed areas of the tabs 25 and 26 of bracket 6
and the upper rivet is also received thraﬂ a hole 31 in a card hol der 32
to tightly and accurately (as descri bed e) connect the bracket 6 and
card 27 to the holder 32. The rivet heads are encl osed by the enbossed
areas as described above in greater detail. Upper and | ower snap pins 33 on
a card retai ner Pl Setlivstrates, atpreferradofome of fhe peatyire rearieassemblypr essed

through hol g&c138ind) thbecaar g, thatadidetdbSaktadfied tBanegéai’H bD £QRANGILOrS ON
either side,there f an |nten to be received within a_mating connector

d
such as that™ S8 oBsF (’ﬁ-’g 8‘}“" vesheZfndfi- cThhELTettheTt ﬁfear?%if’%er al
devi ce ‘are tmsegh hmaagmeaascbmeln 3Mecentiosse hyesnbd the t&egzs&nd keisdg at es

t he bracket | f£.s S 7
| owered to ?%c%ggtgabk‘gG I'n %pecog%%%t 6% a@’? %'%g?y%érjlg%}t&ﬁgm) 'ie :flhe |Bwer
edge of t hecadhheldes, 33 tonkightly candoacturabelsn (#%rdseqrmmi repnhettes (not

shown) in téie Brad@t 6QfiaCchnnd &9¢nd hﬁl&@@&d 3%mleSrfAfet Uiéas! ¥rd0OSi ti oned
r frane 40 by ans of mating positioning holes and

on the base of conput e

pi ns shown %Hﬂ&ied%x u%&ﬂﬁwsﬁﬁxa?afsassﬁf%ﬁﬂbﬁds"é’@m’é!‘ greaksy f¥iti oned
within the frane 40 relative to the board 39. Shield grounding studs 42 are -
adapted to make C rical Shl d cqntact _w. th tabs
such as 17 and (,"},H@C]%?}Q{. sgﬁ?i‘“%e %hn%:l 3 %kl?i 98 th(‘?ket 6 tQJ
the shiel d ¥Rt@dner $psthencatrd RIr wherh theas aampz@eseﬁ tbh@dhrh@lest 55 dmgtlee t he

pl ated surfagR, of cddac2+ R8s ﬂsoastﬁeawitﬁ%oﬁa@éoé% %ibﬁa%eaé tﬁeééa%t

Wi thin notches 4 to retain the upper ends of brackets i.n place.

shi el d and intended to be recei . within a matlng connector such as that shown :
at 37 (Fig. 8). External connections to a peripheral device ére made

through a socket 38 carried by card 27.

Fig. 8 illustrates the bracket 6 about to enter channel 2 of shadow
box 1 as card 27 is lowered to force tab 36 into connector 37. Pins
{not shown) on.the lower edge of the connector 37 have prévidusly been
forced into mating holes (not shown) in the planar logic board 39. The
board 39 is accurately positioned on the base of a computef frame 40 by
means of mating positioning holes and pins shown at 41. The shadow box
1 is suitably secured to and positioned within the frame 40 relative to W,
the board 39. Shield grounding studs 42 are adapted to make firm

' mechanical and electrical shield contact with tabs such as 17 and 18
(Fig. 4) of bracket 5 and tabs 21 and 22 of bracket 6 to the shield
ground system. Upper tabs 16 and 20 of the brackets engage the plated
surface of the upper cross member 43. Tabs 50 in brackets 5 seat within
.notéhes 4 tb-retain the upper ends of the brackets in place. The shield
ground system'(not shown) is-distinct from the logic ground system.

This isolaticn prohibits logié signals from returning via the shield to
A.C. safety ground through exﬁernal equipment.' Thé large area defined
by such an external loop can, by equation 1 beloﬁ, imply sighifiéant
high frequency RF radiation even with very small currents through the
loop.



grgﬁgd system (not shown) is distinct fromthe | ogic ground system This
tion prohibits logic signals fromreturning via the shield to A C

saf gty ground through external .equipnent. The large area defined by such
an external |oop can, by .equation 1 bel owg«nply significant high frequency
RF radi ati on even With very small current $1rough t he | oop. Fig. 10
shows the preferred enbodi nent of the shadow box la integrated directly
into the frame 40a. Wen the.card 27 assenbly is:installed in the shadow
box la, card bracket 6a operates in an_assocjated 'slot 2a_of machine frane
40a, which is a PrastiPcshawsythepeeinrzed eripiirent Rfefbefd2dreRer Y% assure
el ectri-cal Cﬁ)ﬂckg@‘atét& Idlii—gcmgtmentﬁdﬁersmaam anéh khanmard Tie assénblhracket

6a i ncl udes nd urface 44 essent. al oses | ot, 2a of the
a&&e'g gar 38 }(g'f 0§ ateg

machi ne fr and™ Ve IF SRS ox f SATETERS j Perates dnfR 4. 1f the

circuit on cassbciited séohrzacoéehacmr@eﬁrmy%ot whirh is @ phestbgssomchwre | a
cabl e Connecbﬂteﬁnﬁtrﬁbéﬂé& b gRahed, taJ%EQHQQl@«E\:ﬁBQi Whaitdnipity 24a i n

this rear surface. .Such connectors are ﬁsnera y also electrically grounded
to this rearPetHeen ihe bragket And Erapek ot TheacarPrackesl ¢4 ipsludsacs 82pai r of
si de surfacegudfdee M) hid esentdaTigeBloded $IctNBa W L€ BacKineOPradiel Wgdn ai de

f th h | h id f des, f
boi nt's oa. CERHE ARORAY {55 ROEAL ST R ErTLapUeT | B B9 SULF SBer-Spr i ng
action. The2® isucémeesed dondewicepxtesnalato thensydtemamisprd wgblaar e st anped
and fornmed fpoMeest NGbe ssxgeﬁi 19f m&maalmua% %ﬁl?prlpﬁak@m&enmc&n Pgjiat s

9a contact ad] acent areas frame surfaces providing a distributed
muNA pl e- poi AeaxSBEfATeng Wﬁc@‘?“&ﬁc\‘rﬂ?scﬁrq geprraliy A1got o) esHELGaR 1y [EoRRARS o
of el ectronagpadrie read sbrtrade. THE aRA!BIRKEE 6aPaddIGicKH119 NiricIndexhi paEred

so that thi Sof side surfaces 13a, which slide adjacent to frame surfaces 45 on
.either side of the channel 2a. Each of these side surfaces 13a includes
' five contact points 9a. Each contact point is supported in position by
cantilever spring action. These surfééeé;ncontéct points, and
cantilever springs are stamped and formed from a single sheet of
sta;nless steel. The ten contact points 9a contact adjacent areas of
e the frame surfaces 45, p:oviding a distributed multiple-point grounding
“ ' function which is desirable to aid in the control of éiectromagnetic
radiation.. The cantilever spring action is configured so that this
contabt occurs regardless of dimgnsional vafiatiéns in fhe card bracket
6a and the frame 40a. Because the side surfaces l3a are parallel to tﬁe_
" direction ‘of "arrow 46, the 0veflapping provided with respect to frame
. surfaces 45 is maintained, so that this contact is maintained,
regardless of the effect of allowable tolérance variations in the.

~ direction 46 in locating the card 27 by means of tab 36 (Fig.8).

Frame surfaces 45 are slightly angled with fespect to each other to
provide a tapered opening which is widest at its entrance during the
installation of a card assembly. This is done to allow the withdrawal
of the die section which forms this part of the plastic frame 40a. Side
surfacés 13a ofzﬁﬁe cardﬂbracket are similarly angled SIightly-with
respect to each other to provide uniform engagement when the card

assembly is fully installed. This tapering of the profile of the



contact occurs regardl ess of dinensional variations in the card bracket 6a

and the frane 40a. Because the side surfaces 13a are parallel to the N

<, e

direction of arrow 46, the overlapping provided with respect:-to frane h
surfaces 45 is maintained, so that this contact is nmaintained, regardless
of ithe effect of al | owabl e t ol erance variations in the direction 46 in
Iocatlng the card 27 by neans of tab 36 ( 8). Franme surfaces 45 are
slightly angled with respect to each othe 0 provi de a tapered opening
which is widest at its entrance during the installation of a card assenbly:
This is done to allow the withdrawal of the die section which forns this

part of t hePBSPIRY 3pdrohfRe M35 Hgagkets Glpa adds 1y, the ingEaliation ox ramoval e
simlarly asmkre &Iragiﬁsledysbw o é]ﬁﬁ:ﬁ)ﬁﬁiu&?tt&aﬁéq&l&'b@%ntt e%:prfeyi dﬁfﬂé&ﬁ‘ie?m ]
engagenent t rd_ass \/ ed This tapering of the
profile of %gﬂe cagﬁenevre\ﬁ % 3"%? dﬁ"ﬁgngcglr"ﬁ iﬁ'lsg%%&tg’%"f FE°EFs in the
installation or renoval of the card assenbly by elimnating the reqw r ement

for full deflec&awbpsckgbeeapa@;a éﬂXﬁEde%p&I ragse;d%an&bt g@az'vﬁﬁ%

process. Card bracket 6a al so 1 ncludes an upper -end cont acts
an adj acent2¥ pdifceat frape shrfachdiatvhenchey ca%éﬁﬁ?"bblﬁ’siﬁ H-S‘FEHJI]-GE' andd
| over end tmher2di aask 22& anai 2he GROGHGbntdte £t€é/QéG&'s‘éU§tfﬂﬁee ot studl442a of

d ket .47. ket, 47 I I I
2 oohoer o S pngEhatts pedlied, 80Pk BrlREts ratey 47 blb
coupl i ng necompectsd thdhe. elefteieaidgraindt ab the ingch2e bynal axﬂealslteud.tzI.Za are
formed aWachuEQ ﬁ&ﬁhé)h@%rsh%a' théd [)Iesnhg 1%11% gﬁﬂd? flzlét 'z% & ttI-IS ﬁ% d&%ssenw

by pr eventi ng tO end contact a inclu

which al | ov%ret ﬁ?%“‘et“aﬁ"%yo £hem sagh %H?%ateeﬂi%tiedthﬁ)li%?%%#iﬁ@h"? é@el card a
captive thraadashy 8t meentidg &&{_‘H-Qb-érﬁ! E&;ﬁ@ded at one end and knurl ed at

the other. This fastener 49
Tabs 21a ‘and 22a lnclude a slot 23a, which allows this tab to pass

by threaded stud hole 48 which receives a captive threaded fastener 49,
which is threaded at one end and knurled at the other. .This fastener 49
can be tightened by hand to clamp tabs 2l1a and 22a after the
installation of the card assembly. This clamping provides an electrical
grounding éath which is capable of carrying relatively high currents to |
assure that current protection devices will be activated in the event of

a short circuit involving hardware attached to the card bracket.

Blank brackets S5a are'provided"to close unused slots in the frame. - o/

These brackets engage the surfaces of the frame 40a and of thenstuds 42a
assoclated with-oroundlng bracket_47 as_described above. In addition, a
pair of tabs 50 operate in adjacent notches 51 in the frame 40a to hold'
the npper end-of each bracket 5a in place when it is installed. Similar.
tabs 50 are also provided on bracket 6a and also prevent the card 27

from tilting.too_maoh. |

_ Tbe_frame:40a:also includes flange surfaces 3a, which serée an
aesthetic purpose in blocking the contact areas from view from the
outside of the rear of the unit} controlling air flow for cooling and

which further prevent-eleotromagnetic radiation outside the unit.

>



cap. be tightened by hand to clanp tabs 2la and 22a after the installation
of ¥he card assenbly. This clanping provides an electrical grounding path
whigh is capable.of carrying - relatively high currents to assure that
current protection devices will be activated in.the event of a short :
circui-t involving hardware attached to the,sncei bracket. Bl ank brackets 5a
are provided to close unused slots in the These brackets engage the
surfaces of the frame 40a and of the studs 42a asspci ated w th grounding
bracket 47 as described above. |In addition, a pair of tabs 50 operate in
adj-acent not ches sihce rcohbact sarfacéd s arélqiadaim tppae dirdceioncat hrbowcket

5a in pl ace en I nst.alle Simla Q.are als rowde

bracket 6a a\/)‘g T’{df)s%r?ceevgﬁ wag ecbc?a?? f?n;ﬁgafﬁ?'?if) BHE ﬁ’g%ﬁ‘ g‘é‘%@
40a al so i nclthdes Shlréfmgsosthifsamasa wi\mm;hasldreved anega:a:utelsetoﬁctpur pose in
bl ocki ng t he +aefdEchs At eRe leQﬂi\ohe& fhoma g&ﬁealls%@iuferEQhet Efrercgi?on_gg the

unit, controlling air flow for cooling revent
el ect r omagneBFEOY £8i SAUSSA RuLhe d’@gf‘!@‘eﬂhﬁf card tab 95ntfbtbc6h? RYEte PPakes 45
are paral | el cofnédtor @37 agtilisefatad rMWr{$, 8ancbuehnaRisOitheCésn Ba e’idbected

fi d t I t th.th f t
Wil be achi SPoRrTEgaarR it EfRe "0 albaraghest Rolsrnfeg Tuendy Bné Hedcar o
assenbly in talseemhlwectheoﬁrme.aand)nhﬂ&ysmbdaw t Thel senoyetgeteanigagémentir ik t ab -
36 with the sysibgipBearn th%ﬁeﬁt%BuégvagﬁinJ LS Wadh eétr{x&:\f Jof &ne %&Q‘P

vari ati ons can be expect ed to occur e to vartations In I nmensi ona
t 0I erances wIFAFkeY Ag- c Siaceasbe mPys-sertion afethigrkracket SpsiefUhowaged Thi s

act engag_aaer&trh&xhur 19t IDS QndCHse¥EdheWed RAMDIA PEiige! ) GuiBithde of
ggr :Jgt u [J.e SL at hga Ctapoa.n saacikee%rgv de§ ! ari'%xemé q:?ze C;Ee%ils:hesreyc E':k Otri'ie cardh Lracl?:r @ Cé(
he distance between adJacent points is limited, minimiSing the length
"of any slot through- which electromagnetic radiation can escape. Since
- the contact points are flexibiy configured with respect to the main
structure of the card bracket 6a, electrical contact can be easily
achieved at all points regardless of the variation of dimensions within

‘tolerances.

In future personal computers, it will be d_esiralole to provide in
one size box different processor capabilities with for exémple an 8 or
16 bit data bus, 24/32 bit address bus, for single or multiple bus small
U ' . computers with different but compatible processors. This offers s base
" upon which to build a plurality of small systems that extend above and
below the Personal Computer market. ' |

Conservation of space in the frame and superior EMC characteristics -
are important in these'future systems. In such systems, signals
originating from the processor'clock and a system oscillator are
.provided on one or more asynchronous buses, The signals are used to

a generats other high speed signals both by circuits on the planar board
" such as 39, Fig. 8 and on feature cards such as 27. Even when the |
btooéssot oloCk'on_the_bus is a sub-multiple of the actual clock used to

"step'tﬁe prooessof( trsnsitions on the bus stimniatsd by the.prooessor

generate frequency components that are harmonics or mixing products of



this structure is stiff and resistant to warping. Since a multitude of
contact points are provided around the periphery of the card bracket 6a,

t he di stance between adjacent points is limted,” mnim.sing the |ength of.t
any slot through which el ectromagnetic radi ation can escape. Since the
contact points are flexibly configured wth respect to the main structure
of the card bracket 6a, electrical cont %can be easily achieved at all
poi nts regardl ess of the variation of di sions within tolerances. In
future personal conputers, it-will be desirable to provide in one size box
di fferent processor capabilities with for exanple an 8 or 16 bit data bus,
24/ 32 bit thelrteye nrgsesdogr chickgl eltods mellili iploenbehatstisd lelechrpmagresio t h

di fferent bhﬁc:)cs?amttbalﬁe@a Ofse§§9au%ea ik fle Uy @é%t%xb%%eaﬂmﬂe Whis€ L shg
build a plurality, of small systens that” exten ove and bel ow t he Personal -

Conput er nEpRERt me’l‘ﬂ/ﬁfoﬂsﬁfn‘sp%‘éﬁ PROYYESS i PRt M@ Laq FUFien PR
characteri ghimsa o @ syPe Bﬁteldﬁiﬁéﬁﬁ@ d‘aulw,ecsﬁt&*oenﬁ;g kisess l&ﬁies%yst ens,

signal s or | na from rocesso C nd -a system_gscil
provi ded off % ‘g m % gé(efﬁl‘%" FrHREcS- ar’@tﬂ%‘éﬁjs?gﬁng .
generate otherradighospwcblem grtal ss [sotirehyhawevey igoodnieishen practicebemr d such

as 39, Fi gﬁnﬁ%%de:@%ngg\ﬁe{)_ c‘iiéﬁfissué Cilshﬁhéhmf g? W%S”of %ﬂepéh%ﬁféor

clock on t us I's a e actu used to step the
processor , 384 PYYEY | HRABL RS F‘besb déﬂgﬁurfafe‘@dﬁytitqﬁe%éé%ér%éha ate

frequency e&mmef\tb%twa\t thé GyR8éNBBLES afd :Infébﬂﬂ:'epéﬁ‘iiﬂe&& vef dimintbwed rue
Fleld s pPettesetsy il b S8atisHen dearriRedobeiam ar i ng current | oops |7
the system True progress in optinising EMC can be gained in a system by
el imnating Cala‘legéingcgn‘td’n?l Eﬁdqghgrﬁb%? f\ésn@ﬁown that input/output (2/0)
connectors are the primary_source of.EMC radiation even when the syetem
appears only with the attachment of external equipment. This occurs
because current loops ere introduced by the processor clock and other
high frequency signals when they enter and return from an I/0 feature
card. Ground planes in the planar and feature cards will eliminate the
current loops there but the radiating signals are exposed as they pass
through the feature card connectors. The radiated energy is determined
by the following equation, reference being directed to Figr 14:
| EQUATION 1 . E = ratr?®
| WHERE: ' is the radiated field vector
is e proportioning constant
is the area of each loop

is the current in the loop

Mo+ P R W

is the component of frequency

generating the energy

The net of this is that the energy radiated is controlled by three
factors, loop area, current and frequency. In addition, the problem
gets worse as the square of the processor clock. The'frequency is

'dictated by the processor speed chosen in the design and the current is
dictated by the current of 1ogic receivers and drivers located on
feature cards. The loop area is determined by the distance of the

signal to the nearest ground and the physical dimensions of the



decoupling, and other exanples of good design practice. Wthout solving the
radtati on problemat its source, however, good design practice can involve
expensi ve solutions such as filtering, plating of the chassis and power
supplies and shielding. The radiati on emanating fromthe connector between
t he system board arid a feature card can be di m nished significantly with
the techni ques descri bed bel ow. Testing i‘m ny EMC chanber has shown that

i nput/output (1/0O connectors. are the pri y sour.ge of EMC radi ation even
when the system appears only with the attachnment of external equipnent.

Thi's occurs because current |oops are introduced by the processor clock and
ot her hi gh fFeRfeskésn SPghASsIWh ERT¢ fey EiveBrthatda éerhy Prpeesmoanis A& f eat ur e
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chosen i n t hef desgim farcbrodeessurr gardrated dbqbom‘eﬁds lAyididwrifigirad eGtofE by %ec
re Lvers ang g{?dyg%%?ltg&{atagda %Eo:]f:ﬁr%rtg{ ?a“r"fzhe nThe | oop area is

det rnrned b ance of ear est ground and the
physi cal dinmensions of the

The ground return current is predominately through the preferred
path due to the lowered 1mpedance provided by the mutual inductance to
the adjacent signal conductor. In a cable a separate ground is usually
associated with_each signal in order to assure mutual_inductive coupling
"M" to one path only when a significant inductance "L" (diluting the
effect of "M") may be in series with the grounds to single point ground

- connections at cable ends.

If the series inductance "L"Iis minimised.bY-standard techniques
such as ground planes at cable ends or gridded ground systems or the
like then a common ground return for a number of siénals 1, 2, N may be
employed with the mgtual inductances being dominant factors controlling
current path selection. The area defined by the space between signal
and ground is therefore minimised.if the ground return is adjacent to

all signais involved.

The improved pin arrangement of Fig. 15 minimises radiated

_emissions:

a. Every fourth pin on each side of the feature card edge
. connector 36 (Fig. 8) is connected directly to ground or decoupled to
- ground at radio frequency (A.C. ground) as shown in Fig. 15. Connector

. 37 pins are'therefore similarly connected.



connection such as 37, Fig. 8. Gven that a 6 mhz processor is 6db bel ow
the FCC class Blimt, then this equation correctly predicts that an 8. nﬁf
clock in the sanme clock in the same processor would be.ldb bel ow the FCC+# ¢
class B linit at the anal ogous frequency or harmonic. Furthernmore, without
further efforts at containing the radiation, the FCC limit would be

exceeded for the processor operating wt cl ock above 8.5 mhz. One
-experinmental grounding system using an roved pin arrangenent and ot her
EMC features described herein, has tested at 20db of margin for processor
generated conponents |nd|cat|ng a cutoff by the preceding method at

approxi mately g0 nhge albe &roQH@CblBStéH Bn&lériﬁérﬁf ke Pr edom natel’y through
the preferred path due to | ower ed i npedance provi ded bé t.he nut ual

i nduct ance®d9§ F‘Pfﬁ‘eﬁﬂ?’ééé'ﬁt“sfr‘@héw Qvial (elons cf|r°mIW°§ecPébFBe Lreer &idte ground

i s usual | yTriss sedratedinviat Synineehi il Jiiftund ingd paeerh Owiitas Ui sibidlalis imddact i ve
coupling M to one pat hign f¥_°1\n/ma%nAac si_gni f | cant inductance "L" (diluting
the effect o Qﬁ)p faﬁe T 2eres ? CFide grounds to single point ground
connections at cable ends. |If the series inductance "L" is mninised by

standard techanueqhg%@&iqu@@ RS ﬁ&aﬁé&eﬂeﬁt aRtlss Ao Sidaddes gaound
systens or the like thén a common ground return for a nunber of signals 1,

2, N may berdabedPEqa fignat relativgato itha ECHR%%es bei ng domi nant factors
control I i ng current path sel ectlon The area defined by the space between

signal and groynd i er | d j f und LD i s adj acent
to all signal SHT nvo?%ng %h are rs'(")'\iij‘;en %I ) rlr?a!heoerr& "’Fg 38 nini ni Seﬁ/
radi at ed emiraggehwith one BT yf ftdnsr signgils @noea@hdsquetbé cah@ tHabal@rpdcar

edge connegidorfedebt 37 8ha iohe CRAIZESH ‘%ﬂedééh%&‘t_éi)éet n @180 brBkindeg P! €d o

one another. This encourages cancellation of fiéids; This is done with

the address bus as well as the data bus.

e. Signals with fast rise times of high freguencies are af:anged

adjacent to A.C. grounds.

f. The connector 37 is miniaturised to one half of the pin to pin

spacing of known connectors to further reduce the loop area.

g. The audio system signals utilise a separate ground'(not shown)
to minimise coupling of digital and audio information. This ground is U
connected to the digital signal ground at a single point.' ' '

h. All current is returned'through the connector grounds only and

not through the rear bracket connector or cable lines.

Note that a reduction in the loop area by a factor of four is
required to offset a doubling of frequency. Many of the design changes
made to achieve the above improvement also improve the wireability and

manufacturability of cards and planars.

One preferred form of the connector 37 is shown in Figs. 11-13;
longer connectors with a greater number of pins can now be used in the

space assigned in earlier systems to connectors with far fewer signal °
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ground at radio frequency (A C. ground) as shown in Fig. 15. Connector 37
pi s are therefore sinm.larly connected. 18 b. The A.C. ground pins on
éneside of the edge connector are offset by two pins fromthose on the
other side. This results in a symetrical grounding pattern where no signal
is nbre than one pi'n spacing froman A C ' ound. c. The symetrical A C
ground arrangenent tends to cancel fields diated by a signal relative to
two grounds. d. Signals that are sw tched si mul t aneously on the bus are
arranged with one half of the signals on one side of the card tab 36 and

t he connect @in37 &me onechaldligmenkepinshes withlin conmicese 3 axé Gaaptedotone
anot her. 0 e |s |s o th the
‘addr ess bus ;Zr%%&%%ﬁzﬁ%ﬁ%ﬂ%@&fu&u?@s éh J: %own Q_ rolq.’g V\%‘Iaﬁgge of
“hi gh frequerf&*8s*igelingersed datadioanestort 36.A @leagrnimidéo a‘re Mporcantnot or 37

is mni atUrldiadmiélngnébﬂééﬁﬁcégfaﬂdhﬁefﬂﬁltiﬁb RhDseiPaLitdtcd pERAND CANIREISY S
to further reduce the | oop area The audi o systemsignals utilise a

separate grouf AThELS IRBwHYe £8rdi g??ﬁ%ea%l?ﬁ?‘i‘%%fanﬂl £9% Brevamdingidi o
i nf or mat i on.sho¥hirg fetwerd pimscimrentedor @7t bg dd:lnga&u'sl ﬁltgaais gEothd catd a

single poi ity iy ke YobShllon! Sxduhill URE JNEQHIR L05nEARSE! Oty OpRAS, ON Y

and not t hr oug rear brack connec I neg‘ Not
reduction iPn héaqkespéaaﬁgw b0k seating whthihongtches ridgalscetielm tof hrewent

doubl i ng- of dhoeeliByewelBaajatedth i fle ShitbrnBanesymade to achi eve the above
i mprovenent al SO | rrpr ove the W reab| ity and manufacturabili ty of cards and

pl anars.
. Contact lines on opposite surfaces of the tab 37 engage opposed

contact wires or pins 61 and 62 within connector 37 and opposite ends of
the pins 61, 62 project below the connector 37 for receipt within :
plated-through holes (not shown) in the planar board 39 (Fig. 8).

Alignment éins 63 projecting from the bottom of connector 37 are
received within mating alignment holes (not shown) in the board 39 to
properly align the connector and guide the insertion process.



One preferred formof the connector 37 is shown in Figs. 11-13; | onger

connectors with a greater nunber of pins can now be used in the space =
assigned in earlier systens to connectors with far fewer, signal pins. .
One or nore alignnment pins 60 within connector 3

received within mating structures (not s ) intab 36 of a feature car
when inserted into connector 36. These pd 60 arﬁ“lmml‘mm) I‘Humnl m si ng
tol erances and permtting cl oser distances betwee act pins

on the card, board, and connector and for preventi ng Shotti ng between pins
in connector -37 by contacts on tab 36 pfafvde card 27 is tilted too nuch
-fromone end of tab 36 to the other. The tabs 50 on bracket 6a (Fig. 10)
seating within notches 51 also help to prevent shorting bet ween adj acent
pi ns on connector 37. Contact |ines on opposite surfaces of the tab 37

engage o osed ont act res o 561 an t hi n connector 37 nd |

opgogl tepgnds 0 Pﬁ%uterw %fm "6‘28’5 Hrec? B gf‘t‘ﬁ% m%%“d‘&rﬁ?@fa fﬁ?"?’iﬂ' Prcei pt

wi t hi n pl ataad- i-!meaqunelcoéésu(:hota phoad ity oLt sekptanan) biear scckptifg gnd8) .

Al i gnment r h t e [ i ved
ig moaﬁe@ge ﬁa%ﬁﬁé RArbd Q3§ NRabR tsggw{]hg‘gﬁg g&%@; %Za 8L Eodd 8

within mati Ament hol es (not shown) 1Nt proper Al gn
t he connect®r cent@css i ¢d- ??feaim@#wnmsib%@e%anotherzenmwor conmcsémmm er

system’ COWWLItEIdh&rasﬁnldﬁlﬁ@@J.ﬁé V&Ubﬁp&Qﬁé dukBfesCaf Maki 8dbe 8bkhdcBber@@pnect ed -
with, a pl ur al |€ey of sog \‘f?‘ﬁ %£ Fa.:cctgigtl ng and con‘rle%tlir!llg feature
car dS (27) §8€T(§P cf F ﬁe %I GFB%CO!I-.JC S each row
are ground contacts ana a larger number than said selected contacts are - W
siygnal carrying contacts (Figure 5) and the grouna and sighal'carrying
contacts are positioned such that each signal carrying contact is
sitnated not more tnan one contact position away from a ground contact
1n either one of thie rows. ' '

2. A system according to Ciaim 1 in which each fouri.h contact in each
row is a grouna contact, and the grouna contacts in the rows are offset

between rows by two contact positions.

3. A system according to Claim 1 or Claim 2 in which contacts in
groﬁps which are switched simultaneously are locatea in proximity to

each other ana situated equally in eacn row.

4. A sys.em according to any of the previous claims in which contacts
for carrying signals with fastest rise times are positioned closest to

the ground contacts.

5. A system according to any of the previous claims including an
electrically conductive structure'having vertical slots through which
connections between the feature cards and external peripheral devices
can be made, and electrically-conductive brackets mounted to the cards
for covering said siots when the cards are mounted in said connectors,
said system being furtner characterised in that each said slot has a

depth defining an electrically conductive channel and each said bracxef
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- of .contacts (61,62) aligned opposite one another in pairs for connecting
Wit correspondi ng pins on opposite surfaces of an edge connector (36) on a
fledt-ure ¢ard, characterised in that selected contact

ground contacts and a | arger nunber thamrggaid sel ectﬁmnngmgﬂn la i gnal
carrying contacts (Figure 5) and the gr d and signat carnyi Rg g€ontacts

are positioned such that each signal carrying contact is situated not nore
t nan one cont act posi tion away froma ground contact in either -one of the

_ t h, f h ; '
caeh row i 28 5 R oo qfﬁanttf@egrmﬁ% REaEnl spn pieBh Rl
of fset bet \mehacrtowssabyﬂ towiucbineachapedi ti ons. 3. - A system according to

Claim1 or Claim2 in which contacts in groups vvhrch are switched
simul taneously are located in proximty to each ot her ana situated equally

in eacn roW- 4. A systapspesardieditai GpimoS dnywisich: prchpeeid duackatalsFormedini cn

contacts f Grogad rﬂléﬂﬂalél &Salstom hstézaateasra has @philEBaddE® cHOScts HRfled
closest to h und c nt act stem)rfﬁ\ccor ing to any of the

previ ous cl Btlﬁﬁ’f‘ téﬁgetrh@cf’rqeéa#)? EB}HH FORUFEL1¥e (hap havi ng
vertical slots through whi ch connections between the feature cards and
external peyiphegr v e de n Ietrrc nduct i

br acket s m%nt eg\ ?gs?% 5%%?’?@&? %]g\%gr? r?g §]a| gl 0 sﬁl (g}'né: %’é“re S are
mount ed i n byarketc éadewvnwrrdlystanered smwarddai.ng furt ner char acterised in that
each said slot has a depth defining an electrically conductive channel and
each said bracxet has a V-shaped crgss section di nensioned to frt vmthr n
antel ect ri%al | P EBFeTCROSPreinG) toorYuef | G1@1Ef M Ee|8 ip, which eachsbragk
accordi ng thasQtadi fiedn iaf edthCen®doh spaiifly b BEXRIA efgadgehéMdand electrical

_contact'with corresponding conductive studs at the top and bottom of

' each channel.



froma flexible conductor material and has spring based contacts formed .- 1
therein for contacting the sides of a said conductive channel. 7 A i, t _
systemaccording to Caim5 or Claim6 in which each channel. and bracket i

downwardly tapered inwardly. 8. A system acc Clainms 5 to :
8 in which each bracket has tab nean at h enﬂlmnfm;nllﬁml ﬁ ased .
engagenent and el ectrical .contact with espondi ng conducfive studs at

the top and bottom of each channel. .= 9. A feature card having first

and second rows of contacts aligned opposite one another in pairs on

opposi t e 3urf o ckeagprre sasd fiavinm fdesandnigcand arawseef icantaris alkdlgeed ed

contacts éppoRdtd dneVarftle s QUPAL ¥EOBA %bésﬂédsérﬂaéége&f BHTERE EMABCSR
sel ected contacts, are mgnals&iarryl{gﬁ_1 contacts and the ground and si gnal
u

carrying SE 50 1 58RY sEheteduEIPRAEE 1BaRaFhs Fojh Are cCaroupd (RPnERFtisact i s
si tuat ed amd anbamget hmmbenethaansfid sehwitbd QdnBEEHS af@mlanar euﬂﬁylﬁgnt act in
ei ther on ;0. card accor h .each
fourth cog ana ?ﬁanga&ﬁ P%%nldsaﬁa Gl canmlggtmngﬁ%st iy d?"&ﬂlﬁ’(fnfg s in
the rows ’ehae,t ewls stigialt wewryingveenigct \is stmabed npbsidrieotisan dde con'l?adtar d

accor di Ngpds3 tEhtiziad BomGh fareh,l& cbﬂtam' ¢h HARRLATHS 6fnt9§] U3 ¥ whi ch are

swi tched sinultaneously are located in proximty to eac er are situated
equally in each row 12. A card according to any of clalms 9to 1l in :
whi ch contact SAfdalrdCﬁdoyﬂng; sbyrlalif MihhwHirst &idh E6ERht bdMaceri® Bagd ti oned

cl osest téb S éﬂa%gﬁﬁh %gg%aé%tsand the ground contacts in the rows are offset

‘between rows by two contact positions. : : o/

11. A card according to Claim 9 or Claim 10 in which contacts in
groups which are switched simultaneously are located in proximity to

each other are situated equally in each row.

12. A card according to any of claims 9 to.ll in which contacts for
carrying signals with fastest rise times are positioned closest to the

ground contacts.




