212 8783 Portable Conputer This invention relates to a powerful, portable,
personal conputer. It relates particularly to a personal conputer tha”__
provides substantial stand 5 alone data processing 08232 "‘Bb IS
al so capabl e of being connected to | ocal support servi Oby efc
the conputer) and to renote |large nmain frame conputers, progran1ano

bases (over standard tel ephone lines). 10 = 1 = A personal, porjtab -
conput er for use by businessmen nust neet a nunber of requirenents to be
truly personal and portable. First of all, to be portable, the conputer
shoul d be sufficiently small and Ilgbbrwebgatcb@pﬁéerbe readily carrled in
a brief case while still,l.eavin pace ri.ef _case.for fil

other materials. The coﬁ%ﬁfe#n %8318nh532 ea.§8|aypﬁﬁ?éﬁufs %%5?? %1ewed

and | arge enough trergonglayogpapercs 20 aedatestpakbacuyarThetper sona

conputer shoul d bg rp@reun\éql )éoulgsalebEU%hxe solasg H8b4 Pah 0Ea DPSERLA NY
confi-gurati on. The .conputer should have su ilent ma storage to

ror
of fer. substantﬁala§F§ﬁd F&n@rfﬁeﬁéﬁagpFGEégé hﬁlﬁﬁpﬁth?tf%sX $d it is
desirabl e that theapaiylet ef baieghebhnacbed- tol ddbecak snppmytfserwic&sng

data and programs (! uhetie-aegd L8 SLASLELEF! aRVE4 ABbE, [ Aslggocess

sem conduct or stora conpute should
have integral, h|@ﬁlgpééémﬁuPPNBPéeéénan¢ea§moﬂ%dn@#t% @ﬁﬁ@ﬂmﬂowmﬁ

~_conputer standard telephone lines).

&;;/ ' 10 A personal, portable ébmputer for use by’
: businessmen must meet a number of requlrements
to be truly personal and portable.

First of all, to-be_portable, the bomputer

should be sufficiently small and light weight to

15 be readily carried in a brief case while still
leaving space in the brief case for files and other
materials. . .

The computer should have a display which

- is easily wviewed and large enough to display graphics

20 and text clearly. . -

' The personal computer should be relatively
unobtrusive wﬁen set up in the operating configuration.
- 'The computer should have sufficient main
memory storage to offer substantial stand alone

25 ~'data processing capabilities, and it is desitable
that the computer have beth a non-volatile memory
for storing data and programs without the need
for electrical pdwet and a fast access semiconductor
storage for normal operation. | | |

30 "~ The computer should have 1ntegra1 higt speed

- ‘multiple eommunzcatxons norts so that the computer
can be ceonnected to peripherals to provide éubpctt

- services locally and to eliminate the need for

each user to have a dedicated unit,

35 - The computer shoull also be capab!e o€ being
connected over standard tzlephone lines beth te
large main frame compdters and data bases for data



can be connected to peripherals to provide support services |locallLy and to
el imng the need for each user to have a dedicated unit. 35 - The
conpure oul d al so be capable of being connected over standard tel ephone
[ to large main frane conputers and data bases for data - -2- and
_ 3“gnd to other personal conputers for electronic nail and ot her .
comunR{cati ons. The conputer should have sufficient power to acconplish aNW-
the above noted different nodes of operatfof 5 and should be constructed-
with a heat sink feature to utilize th% power hout the danger of
over - heat i ng.  ThENFoPEBHERTS p8RY oED cOLOp REF Sahbh| CPRA LRALT & of
accessi ng and usemgctnbnlanmanh amdrethex] edmmunimatidmosati on is needed by
the user. 10 A BAL! 388 uegapyﬂ@h%mﬂ%'mpeia&@j%a@ fggtures and -

which is effective to unctlo as descri ove constituUtes an object - of
this invention.. acgamatyshfalhctheapryenoked rdiftprent modes f ieRetatkian
is provided 15 an@osheblé benpotstreoted rwitieds tedle sk afewghrevi¢din an
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housi ng, a top cover, aheeaersgnzﬁ, portable computer should be ‘
' capable of accessing and using information where
'and when the information is needed by the user.
10 A portable computer which incorporates the
features and wh1ch is effectlve to function as ~
described above constltutes an object of this 1nvent1on.. '
Summary. of the Inventlon

Accordzng to the 1nventlon there is provzded
18 a portable computer constructed_to be contained.
within an outer case for'trensport and to be erectable
to_a'viewing and operating configuration for use,
said computer comprising
~© a base, |
20 a display houszng,
a top cover, ' -
a rear cover, _
hxnge means for perm1tt1ng swinging movement
of the ‘display hous1ng_about an axis of rotation
.25 adjacent the rear end of the displey'houSing and
from a closed and latched position of the display
housing on the_baee to an erected position for
viewing by an operator, and including stop means
for holding the display housing at the desired
30 angle for viewing, the hinge means being located
in a mid portion of the base and wherein the hinge
means permit swingzng movement of the d1splay housing
to an erected 9051t10n in which the inner surface
of tne display housing is held:;n an upward and _
35 rearwhrdly inclined angle for viewing by an operator
' Vin front of the computer and'including a keYboard'
in the portxon of the base which is exposed by the
movement of the dzsplay housing to the erected position.



hi nge neans for permtting sw nging novenent of the display housing about
an axis of rotation 25 adjacent the rear end of the display hou5|ng
froma closed and | atched position of the display housing on the
erected position for view ng by an operator, and including stop

hol di ng the display housing at the desired 30 .angle for view ng
me§ps being located in a md portion of the base and wherein the
nmeans pernmt sw nging nevenent of the dlsplay housi ng to an erected

D i oy e b u e batd 1B, Btk U1 BAE8YORORELAD ddg [@,&%ﬂ‘y

upward and 35 rearwar i ncl1 ned an ope
flroont of the corrﬁi‘FétP%tieﬁcPl‘}él R§°5eﬁé§b65?dw?hk%% %FEQ’W%# ofethmse

whi ch is exposed damputermineaat cqi:séae bephBYe heoiSE Igui L idle, er ect ed
posi tion. r case,|s referably nade of

SRS
nmetal and physically eﬁ@ig?ﬁpgt @Sa&ﬁd%ﬁ ?’éﬁ?iyt?\%m%*% FR it e
t he computer i%n lcﬁéc@l wd&b, tper hinge meansgteabobd. tﬂ'msissmyrﬂmusmg

pref erably coMpr iate ahl GpwarBly! hah afRacaLy if i dikdild
I'nclined angle fo

the display housing at an up rear war
vi ewi ng by an op?ﬂ’a?&r °§S§PFPSn985i‘H’-‘P§‘%ﬂt i’bffE%t c%ﬁ'p’ih%rcomﬂ%rr-abl Y,
torsion springs in thephemgeabiyenbbrSSobl9@:iﬁ§sdi§F&ﬁ§/ﬁlhga ng ‘upwardly

of the
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cl osed the latched position and are effective to prevent
\_ _ . slamming of the display housing onto the base as
- the display houszng is moved toward the closed
and latched position.
' Preferably electrical cables are gﬁided from
lS__the base through the hinge assemblies and to thé-
display housing by cable guidés which protect the
cables agéinst snaggihg and_unnecessary flexure
during pivoting movement of the disélay housing.
_ - A keyboard frame cover preferably encloses
20 _thé keyboard area and includes a trough which provides
clearance for the swinging moéement for the inner
_end of the display housing while covering the related
portion of the base in a way to prevent entry of"
g , ' foreign objects, such-as pencils and paper clips.
25 Latch mechanisms are=preferab1y provided :
| which are recessed in the base and the display
housing to securely latch the display housing to _
the closed condition of the computer and to minimize
the chance of inadvertent and unwanted unlatching
30 of the disblay housing. - ; |

A support leg is preferably mounted in the base
and is rotatable from a retracted position against the
base in the closed condition of the computer to an

_ extended position in the erected and operating configur-
35 ation of the computer to elevate the'reér end of the
. computer at the desired angle for opération. _

In a specific embodiment of the invention, the

display housing includes an electroluminescent display.



and |l atched position. Preferably electrical cables are guided from 15-the
base through the hinge assenblies and to the display housing by cable

gui dg&sxWRji ch protect the cabl es agai nst snaggi ng and unnecessary fl exure
duri oting nmovenent of the display housing. A keyboard frane cover
pr efier 2 encl oses 20 the keyboard area and includes a trough which "
provNdes/ cl earance for the sw nging noveneni for the inner end of the g

di spl @y housing while covering the related portion of the base in a way to

prevent entry of foreigp,oRj S p L1S; lpbs. 25
Lat ch mechani sns _are p?g e?g§?L %P%é?geﬁﬁﬂhggﬁé%fﬂa$gé§§§§P§##{%e base and
the di spl ay housfR§ PBQSEEHBEIgh?aﬁehpﬁﬁ%rd?%%lB&efﬁiﬁﬁ¥Xy@QPQ¢ﬂ§(ﬂ osed

~condition of thejgogRytBasandnt @ Wayi 6bzesé hene hnee£l Baddaglyey t ent and

mounted i n the bBSREaRENKsEPE ALERHBYEIE LAY R B e Tt 05 et 1 he
base in the cBosthecbedttpoaducingeccomppuerts tef athesermlediqadsi tion in. the
Cear ond of the CLESUIERY, OfftegParéd PLropit VoRAMME dfe Badid 17,
embodi ment of - t hELPRVERE| baner hgugfage 9L nehriPREe RY AR AL gap |
el ectrol um nesceghcHi $8! sifficiedtlFhsmableto scppse Wi Beidifidient
component s for OpeLaLkRy bRenEREPHY CFadifePhE' S bondRHYSH £rom
10 each individual component of the integratedlcircuit ,
to the metal base through the air gap. The power Nt
supply components are mounted on a metal brééket
associated with a leaf spring which engages the
| metal base for transferring the waste heat of the
15 powér supply components to the metal base through
 the metal bracket and the leaf spring. '
| In a preferred embodiment of the invention
- the méhal_case is made of magnesium for light'weight
with adequate strength and heat transfer characteristics.
20 Pteferably the central processing unit (CPU)
and the display of the computer both access the
same main read/write memory. Arbitration means _
interleave the display and CPU dual accesses to
the main memory. to provide the required noninterruptable
25 accesses and periodic refresh of the display without
degrading the performance of the CPU. - |
The CPU preferably includes a sixteen bit
microprocesSOr, and the_computer has a GPIB (general
purpose interface bus) intefface.'-Logiclis operatively
30 associated with the microprocéssot in the GPIB
interface to use an instruction'in-the microprocessor
in combination with a capability of the GPIB interface
to provide fast data transfer into and out of the
GPIB interface without the use of extensive logic.
35 Preferably a pin arrangement of a compact
nineteen pin connector is used in combination with .
a serial communications interface and control logic



in the ,base in a way to use the . netal base as a heat sink for dissipating
.the heat produced by -5 the heat produci ng conponents of the electric
circuitry.. Integrated circuit conponents are spaced fromthe inner ace
of the base by an air gap whch is sufficiently small to cause a h '
efficient transfer of heat by radiation and conduction from 10 ea

i Rdi vi dual conponent of the integrated ci.rguiLt to the netal base through
the air gap. The pomer supply conmponents are nounted on a netal bracket

associ at ed mntrlng |HakﬁMy %hgghg%g@g bagaﬁggalsgg§§1fp{nkransferr|ng
t he waste heat of(%- 15 po ﬁp enti ﬁ E hgﬁtal through :
the metal brackd@®hf X% Spegd gﬂ%@*éncp 3eht8fertBy ¥ dYﬁEﬁ? €t he

i nvention the natladck s tichimsde d&pemigngsupnnf thel| mgde teighichi t h
adequat e strengtdy AnEbfigaf tl(ogg 15 sWiken fﬁ.' the £Phgle conféé?%g{ ably

the central proce55|n un ut er
access the sahe main JgﬁﬁmeﬂﬁéeﬁeﬁﬁP§eraﬂiﬁl Pﬁt?oﬂ°ﬁﬁﬂn§ %ﬂ?erleave t he

di spl ay and CPU jllainAaudees &% Ta(ﬁ lindedRial PaEer Pt ehareumﬁetéhe required
- noni nterrupt abl e .25 accessg% Fﬁ@“%gr od| refres Iay wi t hout .

degrading the pe¥FSFEFR: ﬁlo?h CﬁUsB?g?g?ngﬁl?ﬂﬁ RTes a sixteen
bi t ni croprocess@twankd t Paraddeldt dnteafageCGRb8i¢giacoperptiiyeby i nterface:

bus) interface. JLic dePRAA! ikhe! %odlnaSAackAb oeeY br tJeri EE Ry OcesSOr

in the GPIB jnterface t e an instruction in Mm.Cr oprr-ocesso
conbi nat i on 3 t Fhe zﬁihﬁ FIEPSERE EatﬁtéP%aEE“FB°er%FﬁE3?ast dat a
transfer into arﬂawmmfaﬂm&h@hbdiemt.erface wi thout the use of extensive
ogic. |  The computer preferably includes a single
'connector for connecting'an.audio circuit on the
, modem to use either a standard-hand set for voice
15 communications or a passive speaker and microphone
as an acoustic coupler forldata communications.
. Preferably a machine readable serial number
for the computer is stored in an electrically alterable
* read only memory in a way that permits the manufacturer
20 to alter the number electrically while preventing
a user from'readlly alter1ng the number . o
Portable computer apparatus and methods whxch
incorporate the features noted above and which
\v,/-'. are effective to function as described above constitute
' 25 further objects of this invention.
- Other -and further obJects of the present
invention will be apparent from the following description
and ClaimS'and are illuStrated_in the accompahying
drawings'Whieh, by way of'illustratien, show preferred
30 embodiments of the present invention and the principles
thereof and what are now considered to be the best
modes contemplated for applying these principles.
Other embodiments of the invention embodying the
same or equivalent principles may be used and structural
35 .changes may'be'made as desired by those skilled
in the art without departing from the present_invention
and the purview of the appended claims.



35 Preferably a pin arrangerrent of a conpact nineteen pin connector’

sed in conbination with a serial communications interface and control
‘ -5- to-support both a high speed bal anced serial link and a | ow -
d¥uhbal anced serial link with versatile clock sw tching, dependi ng upon
oge to which the control logic is switched, in the single connector._j'
ohput er preferably has a nodem whi gh_i s included as an integral part
of the conputer which .permts connection to a switched tel ephone networKk.
Paral | el interf &R&E FISE DRGBING MEEWS:| at.ed wi't h-the nodem and t he
CPU for permtting 10 the parallel transfer of data and control between the

‘CPU and the nodem The conputer preferably includes a single connector for

connecting an audi o circpid. anis hesiddertaidacviv bera postanldacahphand set
for voice 15 comruni cations or a passive speaker and m-crophene as an

acoustic coupl eFoPBFrHEEed FoARTARRAET SHEP e rfBYUBIG Y Arathf REF¥Edabl e

“serial nunber fQqhobREoROMMIET 1 i shodk ONRdchdbuRer 8RRt Eheali by 4l bgdmall e read

only nmenmory in a way that permts the manufacturer 20 to alter the nunber -
el ectrical IS whivwefpr ensent ifig- al wder showm theadphoutgktieithnghe [seppratber .
Port abl e conput §L.ab aeglggcys'and met hods whi ch incorporate the features

not ed above and wﬂi chare effective to functi on as descri bed above

constitute 25 further objects of this invention.
- Fig. 2 ié a side eievation.view like Fig. 1 but
' showing -the computer from the right hand side in théfcioSed,
transporﬁable position with £he display and the leg folded
10 up. Fig. 2 is §art1y broken Away_to show details of con-

struction.

Fig. 3 is a top plan view taken along the line
and in the direction'iﬁdicated by the arrows 3-3 in Fig.

2.

15 Fig. 4 is a rear elevation view taken along
the line and in the direction indicated by the arrows

4-4 in Fig. 1.

?ig. 5 is a plan view taken along the stepped

20 line and in the direction indicated by the arrows 5-5 '
in Fig; 1, Fig;"5 shows the locgtion of the logic board
and'the.ppwer supply within thg'bottdm part of the case

for-the'éomputer.

Fig. 6 is a rear elevaticn view taken along
25 the line and in the directien indicated by the arrcws
6-6 in Fig. 1. Fig. 6 shows the wertical orientaticn of

the modeh assembly, the power supply assembly and the



Qther and further objects of the present invention will be apparent from
.the follow ng description and clains and are illustrated in the "\\
acconpanyi ng draw ngs which, by way of illustration, shom1preferre.4ﬂj,
- enbodi nents of the present invention and the principles thereof a
are now considered to be the best nodes contenplated for applying
principles. Qher embodiments of ‘the invention enbodying the same or
equil val ent principles may be used and structural 35 changes may be, nmade as
desired by those'%g L'%Q ig,ghe grnrmjfhbut departing fromthe present
i nvention and the purdi SR°8f “¥h& appehad cl ai ns. -6- BRI EF DESCRI PTI ON
OF DRAWNG VIEWS Fig. 1 is a side elevation view of a portable conputer
constructed in accordance with _one enbodi ment of the present invention.
Fig. .1 shows the computer W#%h7t e APLPt Afeopeken ong thepling 2gde. Fig. 1
al so shows the conpuiRr ko ilhe; SURRPES blyeOr¥tendeds Fiigd.1 ZnkS a side
elevation view like Fig. 1 but show ng -the conputer fromthe right hand
side in the cl osedhows abepditrdbl eargoshe impuntinghof heddsypilay andd the | eg
fol ded 10 up. . Fig...2 is partly broken away.to ow details,of con-
struction. P g. 3 5re go%lgpg%iggnw\l/?%v'\‘/ £ %ﬁs%aﬁas?eﬁ%?ﬁ nelgl'n(j ia]r'ls? he
di rection indi cat ethoby #heersudiaySof3tBeidabkeg.in2o the hinge assembly. Fig. 4
is arear elevation view taken along the line and in the direction :
i ndi cated by the arrows : S

' : Fig. 8 is an overall block diagram of the electrical

.km,/ o : . o .
> components of the computer shown in Fig. 1.

~Fig. 9 is a block diagram showing the memory
10 timing and control signai generation with arbitration

between the display and cpu agceéses.

Fig. 10 is a state diagram for the memory timing
control for the block labeled “"State Machine" in Fig.

9.

15 o Fig. il-is a'diagram of a compact serial communica-
K¢~/ _ tions connector and shows dgtéils of the block entitled

"Serial Communications and Control Logic" in Fig. 8.°

Fig.'lz shows aetails of the switching logic

noted as "Logic Array” in Fig. 1ll.

20 _ N Fig. 13 is a diagram showing details of the
compénents entitled ‘"GPIB Interface and DMA Control Logic®

in Fig. 8.

Fig. 14 is a state diagiam for the DMA control

logic 159 shown in Fig. 13.



4-4 in Fig. 1. Fig. 5.is a plan view taken along the stepped 20 | ine
and.in the direction indicated by the arrows 5-5 in Fig. 1. Fig. 5 shows
£ation of the |ogic board and the power supply within the bottom part
e for the conputer. Fig. 6 is a rear elevation view taken a |ong
25 t Vijne and in the direction indicated by the arrows 6-6 in Fig. 1. _
Fig. Ows the vertical orientation of the nodem assenbly, the cower =
supply assenbly and the  -7- logic board for the display. Fig. 7 is a
plan view taken along the line and in the direction indicated by arrows 7-7
in Fig. 1 and shows the digspl 3% awlst BedIRYNEH RHe Ofadhiife didsRt B34 cAREbD
the logic board within the display assenbly. Fig. 7 also shows the routing
of the cabl es intEarReheshowngen dsserdl y. Fig. 8 is an overall block diagram
of - the electrical conponents of the conputer shown in Fig. 1, Fig. 9is a
- block diagram showi ng the nenory 10 timng and control signal
‘generation with arbitrati pigbasvweewst hepadaspdiayoand iobek mreesaes. Fig. 10
is a state diagramfor ‘the menory timng control for the bl ock |abel ed
"State Machine" ifHeFFePu§er 15 The parallel modem ingpgface) $howy i agram.of a
conpact serdal CQIEUNEancidddSeOPACLIRN Ak FRONS odeL aidascSfedt e DI ock
~entitled "Serial Conmunications and Control Logic" in Fig. 8. Fig. 12 shows
details of the swhytthd Fgfeegice numeral 151 in Fig. 8.

Fig. 17 shows details of the parallel modem ) N/

interface logic shown in Fig. 16.

‘Fig. 18 shows'the con#truction which permits
1O the com?uter'to be connected to an audio.éircui; pn.a
| ' modem toé use eiﬁher a 'standard handset fof voi;e éommunications
or a passive receiver and microphone as an accoustic coupler

for data communications. .

Fig, 19 is a fragmentary elevation view, partly
15 in cross section to show details of construction, and
is taken algng_thé line'qnd in the direction 6f the arrows \“~;
19-19 in Fig. S. Fig. 19 shows details of a flexible

spring mechanism used for the power supply heat siﬁk..

‘Fig. 20 is a fragmentary, exploded, isometric
20 view showing further details of the éénstruction of the

power suppiy heat sink structure shown in Fig. 18.

Fig. 21 is an iscmetric view_shbwiﬁq the iOwer
case or base 53 and the way that the power supply heat
 sink mounts in the lower case. Fig. 21 also shows the
25 . ofieﬁtation of the iogic board,with respect tq the powar

supply heat sink in the lower case.



not.ed as "Logic Array" in Fig. 11. 20 Fig. 13 is a diagram
showi ng details of the conponents entitled "GPIB Interface and _ R\Jol
Logic" in Fig. 9. Fig. 14-s a state diagramfor the DVA control
shown.in Fig. 13. -8- Fig. 15 shows details of the Machine
| dentificati on 'EAROM shown in Fig. 8. Fig. 16 shows a parallel
integrface for the conputer. The parallel nodeminterface shown i
Fig. 16 includes:the Parall’l Interface Logic indicated by the reference
numeral 151 in Fig. 8. Fig, 17 shows defails of the parallel nodem
interface |ogic shown in %"6 3% 15 Yy 159ee G PR KER Y @€tF6n whi ch

permts 10 "t RendeOAPIMBy tahdDSn&ANBEES 189 40 28D AT GhE Calast ON a nodem
to use either a standard handset for voice comuni cations of a passive

-recei ver and ni cr BffoRén B TaAtEEC RS drs2 HoupF ethef orbldatentdoathmideat i ons.
Fig.-. 19 is a fragg%%ythgl gyggte ggse\{,{beglk partly 15 ~in-cross section to:
e

show details of construction, I's taken along the line and in the
-direction of the arrows 19-19 |n Fig. 5. Fig. 19 shows details of a

flexi bl e spring mechani sm-ysed for the power supply heat sink. Fig. 20 is a
fragmentary? expl oded, is6RBts8 @228 2 FHRCINGAY Nt HOMivRttar| s of the

construction of tduspReyeiousiiplsy m&t; R 1K oBLH WGt e eSPAWA igkiREO- 18 Fig.
21 is an isonetric.view showing the |ower .
and showing in the block arrow the direction of movement

_ of the dxsplay housxng 55 w1th respect to the base 53

¥”f/ in the latching and unlatching operation.

10: ' Fig. 24 is a fragmentary, enlargéd, elevation
.view, partly in croés_section,showing details of a ﬁook
and snap mechanism for ho;diné the keyboard fraﬁe in place
in the base. Fig. 25 is taken along the stepped line
and in the direction indicated, by the'a;rows 24-24 in .

15 .Fig. 3.

Fig. 25 is a ﬁragmentary, enlarged view of the
portion of Fig. 24 shqﬁn;encircled'by the arrows 25-25

in Fig. 24. N . .

Fig 26 is an elevation view, partly in cross
20 . ‘section to show details of constructxon, and is taken
along the stepped llne 26- 26 in qu 3.~—Fxg 26 shows
details of how the dxsplay frame xs-assemblea in the display

housing.

Fig. 27 is a fragmentary, enlarged view taken
25 along the line and in the direction indicated by the arrows

27-27 in Fig. 26.



case or base 53 and the way that the power supplzy heat sink nounts in the

| ower case. Fig. 21 also shows the 25 orientation of the logic
boardwi th respect to the power supply heat sink in the | ower case. . -9-
Fig. 2Z an isonetric, exploded view of one hinge assenbly and shows

det ai | a pivot bearing and stop pin structure and details of the cable.
routi des through the hinge assembly. 5 : Figure 23 is

.side vdation view showi ng the display housing 55 bei ng hel d open by the
torsio pring and showing in the bl ock row the direction of novement -of .

the display housing 55 withig.eepegd at erd nbﬁaﬁeﬁé‘w:aomﬁeba&mlnng and
unl at chi ng operation. 10 24 is a fragnentary,
“enl arged, el evati GA°%F éle pet pgd i éh‘bsﬁs}rse@tqnonn@-hemmgwdmralalrsowﬁ a hook

“~and snap nechani smf 0 ng t Keyboard fsane |n pl.ace t he base.
1182 ﬂ ¥£Q g, r%} ¥p é% g dé%? f { str&%

tu
Fig. 25 is taken alongthe st eppe I|ne and in Jfr €& PSRN cat ed by :
the arrows 24-24 ifprldivoting Bhg. 1@ kify pf 25ell$ganf I Neddear y-rheenl arged view
of the port%on of JFi circled by the arrows 25-25 in Fig. 24.

Fig. 26 is an el e\}ﬁ?q@nse?@mmpﬁﬁ GUFiner LR dtspextended PRsitiAg t o show

details of construsdim shewifl ihSadsme@nod1Qhg g5 LRRPEGdl P&si2Gar0 1N Fi g.
3. Fig. 26 shows details of how the display frane is assenbled in the .

di spl ay housi ng. Ff‘g"l‘?272?s a fragnent ary, enl arged vi ew t aken

Fig. 29 is a fraghentary'enlarged view of the N
portion of Fig. 28 shown ehcircled by the arrows 29-29 |

10 in Fig. 28.

: Fig. 30 is a dxagram illustratxng the forces

1nvolved 1n retaxnxng the leg 63 in the retracted posxtxon

'\ : Piq, 31 is a fragméntary elevation view:taken
along the line and in the direction indicated by the arrows
15_ 31-31 in Fig. 5. Fig. 31 shows the 1o¢ation of the logic
' board with réspect to the base fof providinq heat éransfer
between.the'heat prbducing components of the iogic bbard \_\J

and the base.

Fig. 32 is a view like Fig. 31 but enlarged
20 to show the'pathsfo::conduction of heat by radiation and

conduction.

Fig. 23 is an enlarged view like Fig. 23 but
showing the parts of.the latch assembly as these parts

initiaily ergage in the closing, latching ogeration.



25- .akong the line and in the direction indicated by the arrows_27-27 in
Fig. 26. - 10 - Fig. 28 is a fragnentary elevation view taken
line-and in the direction indicated by the arrows 28-28 in Fig/
shows details of the structure for pivoting and | ocking of th
base. The 5 leg is showmn in bold outline in its extended
ant+i s shown in dashed outline in its retracted position in Fig. 28. Fig.
29 is a fragmentary enlarged view of {he portion of Fig. 28 shown encircled .
by the arrows 29-29 10 ;. 44;Fi %\ghlg%ghéo 1502 HAGRGRL! | ustrating
~the forces involved in retai n| ng t eg 63 1n t e retracted position. Fig.
31 is a fragnmentampoebrey @bk on ofi the tlaken aabmhgytdns:hl the ddmpldyn t he
direction indicated by the arrows 1% _ in Fig. 5. Fig. 31 shows.
the | ocation of %@‘P%g’lacfcﬁ%%rta W a?%fﬁe&‘?_e °8"‘?‘ht€tbase for 'provi di ng. heat,
transfer between the heat producing conponents of the |ogic board and the
- base. Fig. 32 is aview like Fig. 31 but enlarged 20 to show t he
‘pat hsfor conduction of heat by radiation and conduction. Fig. 33 is an
enlarged view like Fig. 23 but showing the parts of the latch assenbly as
these parts initially engage in the closing, |atching operation. .

o



-11 - Fig. 34 is aviewlike Fig. 33 but show ng the conponent parts of the
| atch assenbly with the display housing |atched to the base of the
conputer. - -12- DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A
conmput, eQnstructed in accordance with one enbodi- ment of the present

i nvent indicated generally by the reference nuneral 51 in Fig. 1. 5 =~
The co 51 is contained within an (puter case. The outer case conprise
a base\S3, /a_di S%g?)(rﬁ’a%”ﬁé%x??zo@OE%BCQXEEERE_&H HoBragas cover 59. The

di spl ay\Nhdusi ng ' two hinge
assenblies 61. 10 - A Ieg 63 is pivotally connected to the
base 53 by a doubl e hinge assenbly described in nore detail below). The

di spl ay housing 55 | atched °c°6‘PP\‘FEF Ba%%t 8884 17 PCRTA MR HARD ﬁ?ﬁc?i??ﬁfii‘-m ng

an upper, slidi ngehatdhepi %ﬁesmt Shi&ediof 71 ANdaded QWP enech X'l atieh pi ece
69 which provides a 15 | atch pocket (described in nore detail bel ow).
In a preferred erBéefianreatnryeraheSli Avefid-oh- t he base 53 is a nagnesi um al | oy

‘casting, and the display housing 55, .top cover 57, rear .cover 59 and |eg

63 are al so -separate magnesi um all oy castings. 20 S The hi nge
assenbly 61sal so corrpri SeBheTagBsied N Alilsoyordashedigd thhs aw bdtehecm'scri bed
in greater detail below). Wth continued reference to Fi , the conputer

51 conprises a kéJBoHETi idrcER T 18R &FPY By "l‘ﬁésPé"YYet" Hi’é‘qna?n a

top cover 57 and a rear cover 59.

The display houSiné 55 is pivotally connected to the
base 53 by two hinge assemblies 61.
10 A leg 63 is pivotally connected to the base 53 by a
double hinge assembly 65 (described in more detail below).
The display housing 55 latches to the base 53 by a -
latch mechanism comprising an uppef, slidiﬁg latch piece or
slider 67 and a lower, fixed latch piece 69 which ptovides a
15 latch pocket (described in more detail below).

- In a preferred embodiment of the inQention the base
53 is a nagne51um alloy castlng, and the dlsplay housxng
55, top cover 57, rear cover 59 and leg 63 are also separate

magnesium alloy castings.

20 'The'hinge assembly 61 also comp;ises magnesium alloy

castings (as will be dascribed in greater detail belcﬁ).

.Wiﬁh centinued refnren‘c° to Fiqg. 1, the Fomcuter 51
comprises a keyboard indicated generally by the refprence num-

eral 71. The keybcard 71 comprises individual keys 73 and



eral 71, The keyboard 71 conprises individual keys 73 and - 13 - a
keyboard cover 75. TROUGH As best illustrated in Fig. 2, the keyboard cover
75 is a continuous menber that not only goes around the individual 5x
keys but also fornms-a trough 77 at. the back end of the plastic 75.
This trough 77 acts in association with the top cover 57 .to encl e
reqr, part of the conputer 51 to prevent any objects, such as.penci¥Fsy” paper
cli'ps and the like fromentering into tg% el ectrical part of the conputer.
This will 10 ngo |bed|.pgrmre tail below in connection with the
0

des- cription of the ﬁﬁgflon ‘of the hinge assenblies 61 for routing

the cables associated with the display tkouwgugh channels in t he hinge
assenblies 61. As best illustrated.in Fig, 7 the d|581a£ housi ng 15
55 mounts a display 77. A%IP&pt d';}li‘ﬁ"tré‘rtf‘éc‘é' Btdr ¢+ 79 e¥ﬁﬂiﬁ?e‘i?"6ﬁder neat h

~the display 77. CABLES,TUohGabbes nBiod ¥ ndk Somignaant Shodrd LA sHhBRlRY)

board 79 and are conducted out of the display housing 55 hr ough
t he hi nge aSsenbl kexes 6’_1.lt a@ef@msvrtmsbnﬁoﬁttm hﬁcng@nésa?emé y:lﬁi;uand a

plastic bearlng a ssqclated.w th each cab & e described
in nore detail ﬁ C‘E&lﬁ% o = AR WP FESFTAigP ‘f’hti‘ E’éar “Bover 59.
25 - cé\gen |S|7uei le@éBskel Bhd-ir@ar zlpatrlaeoﬂr aae &weeeﬁsl nwr@ESVa:tpomer
on/off switch 91, a power line receptacle 93, a fuse holder 95, a voltage

sel ector switch 977 é’béﬁ?ﬁfacf"?ﬂ &t RRAF1HF n paper clips and the like from
entering into the electrical part_of the computer. This w111

kﬁ’/' 10 be described in more detail below in connection with the des-
crxptxon of the constructxon of the hinge assemblzes 61 for
routing the cables assocxated with the display through channels

' in the hinge assemblxes 61.

“As best'igluStratéd in Fig. 7 the display hodsing
15 - -85S mounts a display 77. A display intérface board 79 ié mounted
underneaﬁh the display 77.
| -’ | 'CABLES _
Tﬁb cables 81 and 83 are éonnected to the display
_ board 79 and are conductgd out of the display housing 55--
Eﬁp/ 20 through the hinge assemblie§ 6l. The construction of ghe hinge'.
assémbly 61, and a plastic bearing assembly 85 associated with
" each cable, will be described in more detail below. |
| REAR COVER
Fig. 4 shows.details 6f the rear cover 59.

25 ' As illustrated in Fig. 4 the rear cover 59:pounts a
power on/off switch 91, a power line receptacle 93; é fuse
holder.SS, a vcltagg selectc: switcﬁ 97, a compact nineteén pin
serial connecter 99, a connection 101 to $'te1ephone line, a

_connection 103 for a handset, and a general purpcse 1nterface

30 bus (GP£§J connector 195 as defined in the IEEE - .488 - 1978

specificaticn,



serial connector 99, a connection 101 to a tel ephone line, a connection 103,
for a handset, and a general purpose interface 30 bus (GPI B) connector

' ; ined in the 'EEE - 488 - 1978 specification. . - 14 - Fig. 8 is
a bl ¢ f agram of the electrical conponents of the computer 51. DI SPLAY As
' -igs. 7 and 8, the conmputer 51 conprises a 5 gr aphi c di spl ay _
¢l udes the display 77 and the display electronic board 79. The
- i ncl udes' the gl ass screen and drlver chi ps 80 .connécted to the
screen by a flexible circuit. In th ferred e of .the invention
the display 77 is an el ectt%l un%‘snésg%‘;rjﬁk 8fsgpfla5 gﬁti?’ghr%rc&\ﬂ‘ﬁaelscﬁm‘?ﬁnﬁﬁts

resol u- -10 bif OtheC RBPAXerdsspl @y screen. KEYBOARD The- keyboard. 71 is
controll ed by a -keyboard control 107. The keyboard 71 provides for operator
input to the 15 conmput er and t he B§#BkH ¢ di spl ay providgs for conputer
output to the operator. TQe skg‘y,bqgrgilqgnd-,ta{'ﬁ gl shlea¥, u‘%‘é dﬁnl nt eractive
communi cations with the conputer 51 (as well a$ renot &q" coﬁﬁﬁter
systens). 20 3 9raphic dlsplawwmchhewc}@ﬁpmtt@e ﬁsmﬁytTTBapaetsﬁnalsprl\a?ntl on
~there are two ba f erfaces.t e Cco --_one is the human
oriented int erfagé&a{}r{épgﬁ sy t%nﬁ i s?ha rgn*stS Olaﬁe“b?%i gﬁfe s Atads aEEeerTRRE human
ori ented interfadeiverckuifes 80 asnnetedll 8BOBHR, screen by a flexible circuit.

In the prefetred.embodiment of the invention the display

77 is an electroluminescent display which provides a high resolu-

.
10  tion compact display screen. \.‘J-
:KEYEOARD
The keyboard 71 is éontrolled by a keyboard control
107. | | ’
. . Thé keyboard 71 provides for operator input to the“
_ 15 computer and the graphic display provides for computer output
to the operator
The keyboard and the display provide interactive
communicat;ohs with the computer Sl {(as well as re@ote attéched
computer systems). . ' : ' _ N’

20 With the computer 51 of the present invention there
are two basxc types of interfaces to the computer -~ one is
the human oriented interface and the other is a machlne orxented

1nterface,'

The-human.oriented_interface includes, aslndted above,
25 the'keybcard 71 and the display 77. fThe human oriented inter-

face can also include a handset 109 for vcice communication.



25 . the keyboard 71 and the display 77. The human oriented inter- face
can al so include a handset 109 for voice comunicati on. The machi
~oriented interface of the present invention includes an | EEE 48
associated wth the GPIB inter- face connector 105 (see al so Fj
serial communications 5 connector 99, the tel ephone interf
101+ and the accous- tic coupler 103. CENTRAL PROCESSI'NG UNI T \S
illustrated in Fig. 8, the el ectrical palrt of the conmputer 51 corrprises'a
m croprocessor Set 415. Th mcro- ) i ented RLOSESSOr fs%‘ 11r5es I‘OVI de a
central processing unit (C %%erﬁ BB 0easTrege B P 8¢ 1%PRe
processors.- I n ongnspRekfdrc xemoada NRterbicd Aesddiaesd ivikht e OPIH QREQGESSOr
115 includes an Intel 8086 m croprocessor, an 8087 nuneric processor and an
80130 interrupt coMS GPMRASEOF | Hisr (38R 2RENIFigs 4), the serial compypications

M Cr OPr OCESSOr SELordthATsCali cEQioR 510 SENAGKM 1B, QhlihechearBal s

wi thin the bl ock di agram shown in Fig. 8. The interface bet ween t he

n croprocessor setid¥sualrf 8h@. ot her el enents of the bl ock di agram shown in:

Fig. 8 conprises 20 @ a set C /,, a set of data
buffers 119 and bus control il .RS Esod Dosci | | ator 123

provi des the basis for sym@h:miﬁlaSawaemtthn ®f thBeelRRtiiR1SyHitedE dhe
illustrated in Fig. 8 the 15 negahertz oscillator 25 123 is a basic
conponent in a sySRWHLEF otk CHRTAEE Gr MEGRIPERFIFACE NS¢t Bide The migEPem cl ock
125. A 7.5 @ggaheﬁ&e\gg&e%elﬁ?skpwmeg Q@ehv@ﬂ brasadsiaRy tni ER@0PI 12

gscrllator 123 as illustrated in __
i The nxcroprocessor set 115 comprxses three processors. In one

specific embodiment of the invention the microprocessor 115
. includes an Intel 8086 ﬁicroprocessor, an 8087 numeric pfocéssqr'

- and an 80130 interrupt controller, timer and ROM.

1ls . The microprocessor set 115 basically controls and
maﬁages the other elements within the block diagram shown in

fiq. 8.

The interface between the microprocessor set 115 and
_ the other elements of the block diagram shown in Fig. 8 comprises
e _ 20 a sct of address latches 117, a set of data buffers 119 and

bus control logic 121.

~ A 15 megahertz oscillator 123 provides the basis for

synchronous operation of the entire system.

~ As illustrated in Fig. 8 the 15 megahertz dscillator
25 123 is a basic component ‘in a system clock generator system

" which includes a system clock 125,

A 7.5 megahertz video clock 127 is derived from the

15 megahertz oscillator 123 as illustrated in Fig. 8. Both



- 16 - the. 15 negahertz clock output and the 7.5 rregahert'z cl ock output are
fed into a nenory and display timng and control 129 by the respective

l'i ng and 133. 1 The control 129 provides the control of the read/wite
: y 135 and the graphic display 77-79 through the connectors 137
and VEMORY The conductor 137 forns a part of the cables 81 and 83 -

sho Fig. 7. 10 The el ectrical systemshown in Fig. 8

teS a read- only nenory (ROM 141 and a bubble rrermry 143. The

. electrical system.also includes a real 1$i%re .cl.oc

i dentification ERFOM 1382057 i FERFLAYEBAY 3Bar 19 dr° 9@8?%&4%% QUYBRSE
which forms a pagte @batlRoMPARMoLdhndlaisplay timing and d@:Rherid bgal system
i ncludes a serial comunications Interface 153 and its associ ated control .
| ogi ¢ 155. A GPl B4 geepdatdue 155 pepak3 IDRA dddtrol | ogi ¢ 159 assloci- ated with '
that interface. The GPIB interface includes a physical connector and a set
of rules which'is called the |EEE - 488 - 1978 20 standard, and this set
of rules is a part of th&heormesbbri29BpiSSddhame avrerbhrafe thalireabuseizet yi ng
the system fogether. These ree mai.n buse ap address bus 161, a 16
bit data bu 163"‘*(“1?6??13}% sf‘ﬁé e PP R &8 E%Y 165 3n’d“8“?'b\ﬁ BaTA 668 F67). 25

and a cohtrol bug37@8a 139.

MEMORY
- The conductor 137 forms d part of the cables 81 and \ ;
83 shown in Flg. 7. '
10 : . The electrical system shown in Fig. 8 includes a read-

only memory (ROM} 141 and a bubble mehory 143.

The electrical system also includes a real time clock
145, a machine identification EAROM 147, a modem 149 and parallel

interface logic 151 which forms a part of the modem 149.

15 The electrical system includes a serial communications

inteffacé 153 and its assopiated.control logic 155.

A GPIB interface 157 has DMA control logic 159 asséci-
ated with that interface. The GPIB interface'inéludes a phyéical
connectbr and a set of rules-which is called the IEEE - 488 - 1974

-20 standard, and this set of rules is a pa;t.of the connector.

There are three main buses tying »he sys*e" together.

These three main b

[

[\)

ses are an address bus 161, a 16 bit data
bus 163 (comprising a high data bus 165 and 2 low data bus 167)

25 and a cohtrol bus 163.



- 17 - The nunbers indicated by a slash mark on the lines in the various
flgures of the drawi ngs indicate the physical nunber of conductors &

. line. PONER SUPPLY 5 - Finally, with reference to Fig.{
~electrical systemincludes a power supply 171. The power supply 17 .
shown in Fig. 4) is asso- ciated with the on/off switch 91, the powe I ne
receptacle 93, the fuse 95 and the voltage sel ector :switch 97 as shown i.n
10 Fig. 4. Fig. 9 shows details of the nmenory and dlsplay timng and
control 129 of the Fig. 8 block diagra¥t -As illustrated in Fig. 9 t he
control 129 corrprl ses a Morinceherd indidatgd guner ataph Byek on ther Lire8 18 ni ng
gener at or 75, a display address r.at S 191,
a mul tipl exor 18:%"1‘e Va(ﬁ'ﬁé{ﬁlp a(rilrgh fggﬁ% g qul%tzg% %ﬁdggﬁ?é@%@g\% er
187. © The si gnal sepubndudtohy xanehar.npuﬁé ed into these conponent parts are

i ndicated by the I egend on the associated Lines in Fig. 9. 20

ACCESS TO THE READ/ WRI TE MEMORY As EPYERSVEELEY in the bl ock diagramin Fig:
8 both the 1§ cropr ocessog-1§aqt1y11,,5it@lngeg}engg aphf Lo disgSptiy eYeotrifalaccess the
read/ wite nmenory 135, and the -accesses to this nenory are controlled by
the control 129. spStem includes a powgkesypPaphid-di spl ay 77 (and associ at ed
di splay interface board 79) has a periodic requirenent for .data that will

~be pre- sented on the graphic display. 1In a speC|f|c enbodi nent of the
.- 18 o The power supply 171 {not shown in Fig. 4) is asso-
| ciafed w1th'the on/off switch 91, the power lzpe recgptacle 93,
k”f/ . the fuse 95 and the voltage selector éwitch 97 as shown in
| 10 | Fig. 4.: '

Fig. 9 shows details of the memory and display timing

. and control 129 of the Fig. 8 block diagram.

As illustrated in Fig. 9 the control 129 comprisés
a.horxzontal txmlnq generator 173, a vertical timing generator
15 175, a dzsplay address generator 177, ‘a state machxne 191, a
multiplexor 183, a dynamic RAM array 135 and a latch and shift
register 187. - The signals put out by and inputted into these
(»-/ _ 3 component.parts are indicatéd by'the legend oh the associated

lines in Fig. 9.

. 20 . ACCESS TO THE READ/WRITE MEMORY

As illustrated in the block diagram in Fig. 8 both
the microproceésor set 115 and the graphic display 77, 79 access
the read/write memory 135, and the accesses to this memory are

controlled'by.:he centrol 129.

25 : " The graphic display 77 (and associated display interface
board 79) has a pericdic requirement for data that will be pre-

sented on the graphic display. In a specific embodiment of the



present invention this requirenent is basically sixteen bits of infornation
every 2.4 mcroseconds. -The present invention provides for arbitration of
t he du—' access of the menory 135 by the graphic display and 5 t he

f essor set in a way that provides the required non- interruptable
the graphic display while providing mninmmdisruption of the
m cr opfocgssor.set. The present in- vention also provides another beneflt\J-
of prowidi ng the dynam c. RAM refresh which is required for proper operation
of . the RAM 10 drray 135. The state nachine 191 (see Fig. 9) provides
the control of the arbitration noted Hhov g 10, shqows fhe state

transitions for PREEEFat'RaLn? ‘igﬁ?q“iﬁeme"t basically ?&ﬁ??F?l?ﬁ}sthfﬁ g.
10, the first stahgormeldmevd®l 7.9 Ritrdodbéordkate, state 0000; as shown in
Fig. 10 in the lower |efthand corner of the diagram In thisjidl e state the
state machine 191 sits until either one of two things happens. The state
machine 191 will transition to state 0001 if there is a 20 CPU request.
~on the lines 193 as shown in Fig.. 9. The state machi ne can, alternatively,
transition to stat e I OOOTbﬂ mredhspliayemﬁqmemtowiéeeif\pedarhitthei.dnnpﬂt i nes

195 shown in F|g t he stat chipe 19 ei ves
si frul t aneous re-° ques?ls a(‘):f:fa?sht-ﬁ’fl Fife Begory gﬁgq’l‘@%ge &R T“hé‘s?]raé’ngﬁl on will
be from t hes st at theORDErdp@otduBost 8612 J.HIOQQJ-ayTEH& PEGHIIS s DERAYSRuil-BE Indl e

machine 191 is biased to glve prlorltx to the display.
interruptable access of the graphic display while providing

minimum disruption of the microprocessor set. The present in- \ou'
vention also provides ahother benefit of prdviding the dynamic
RAM refresh which is required for proper operation oE-the-ﬁAM
10 ' array 135. . - . :
o The state machine 191 (see Fig. 9) pravides the

control of the arbitration noted above.

Fiq. 10 shows the state transitions for the State

'macﬂine 1l91.

15 Referring to Fig. io, thé first state maghine 191 \_‘J
is an idle state, state 0006{ as shoﬁn iﬁ Fig. 10 in the lower
lefthand corner of the diagram' In this idle state tﬂe state
machine 191 sxts un&ii-;:ther one of two thxngs happens. The:
state machzne 191 will transition to state 0001 if there is a

20 CPU request on the lines 193 as shown in Fig. 9.

The state ra”hiﬁe can, alterbatively, transition to
state 1000 on a display rnquest received on the input 11n=s

195 shoun in Fig. 9.



Once the state machine starts the transition to a specific second state
(the state 0001 or the state 1000 as described above), the state machl ne
continues to change state sequentially wi thout condition as illustrates
10 "Fig. .10, except when the state machine 191 reaches state OM0A

in,the top lefthand side of Fig. 10). The state machine 191 stay_'
115

- 010%¢until the microprocessor set selection signals (on the |ined

becone inactive, at \Ahlchxwh%t L8 shdlife Bantas 121 Hracesdsul 0raeiis”
t hen back to the 15 Idle state without condition. In a particul-ar.

i pl ement ati on ofquelses mreseﬂtlmﬂwelﬁﬂl oW Lh® $han echeathinsdtidN wiikl conpri sed

of a four bit coynter an 1d.a gglézoozarga%h\éml aQe fod% co“ ecglgur}sof gat es
_and. four flip- rops Conmect to perform state transriions as shown in

20 Fig. 10. HeRadsgahti fualcarmnbnsilgenis mﬁasém tpresenpridrent i on the
state machi ne 191 acts n conjunction with-a FIFO (first in first out store)
in the Intel®MdéP 8086 i8PaYopr ocessor and the |atches and shift register

187, to provide the desirgg.2%me stat@'n%%ﬁix?é ¥ ffs 36EASInbYeihe CPU to the
menory 135 which affects the efficiency of performance of the CPU N NETEEN

Pl N CONNECTOR Thsosersceelczémnssmrchtskotres (ke erthbe 085 rmktetdteteont rol | ogic

155 as shown in- FI°E| ermt a corerga%lenl n%te p| n con: .30 nect or

bed ‘ab co to
to support both s eecf' B3 A9¢_ SEFi WeTFiTiC éﬂ% A J(‘)'\1/\‘/les eed

unbal anced seri a|ch|ah§H( swateh 9eQusidilab By cdzesd(uasubzhahuag e pendtitbgeddp@n. the
node to which the logic array 155 is sw tched, -20- As shown in Fig. 12

ﬁiuy IOgl(: éyq.ay :ﬂgg CkﬂTpF¥%ﬁﬁ§ when the state machine 191 reaches state 0101
{shown in the top lefthand side of Fig 10) - The state machine

: 191 stays in state 0101 until the microprocessor set selection
| signals fon the lines 193) become inactive, at which point
the stete machine*lQi proceeds-to 0110 and then back tb the
15 ! idle state without condition. - |
In a particular implementation of_the'present invention
the state.machine 191 is comprised of a four bit'counter'and

a logic array which is a collection of gates and .four flip-
. flons connected to perform the state transitions as shown in
20  Fig. lo. |
7 In a particula: embadiment of the present invention
the state machine 191 acts in conjunction with a FIFO (first
in first out store) in the Intel Model 8086 microprocessor
_and'the latches and shift register 187, to provide the desired
25 elasticity of access by the CPU to the memory 135 which affects

the efficiency of performance of the CPU.

NINETEEN PIN CONNECTOR

The serial ~cr~unications interfa"e 153 and the control

logic 155 as shomn in Fig. 11 ,-rnit a compact nineteen pin con-
| 30 nector to support both a high speed balanced serial link’ and a
low speed unbalancea serial link with versatile clock switching

depending upon the mode to which the logic arrby 155 is switched.



provi dés - ‘cl ock switching to the serial

i-nl exor which is under the control
and\it receives different clock inputs fromexternal pins on the
p pi n connector on the lines 203, 5 and it receives a clock
oh a line 205 froman internal clock source. The mil tipl exor 155
controller on the line 207 and to

one of the pins on the nineteen pin connector on the line 209. The

mul ti pl exor- 10

155 al so controls the2dr+ver enable in the hi gh speed
bal anced mode by means of nseRHAP BiF-altithe bagic prrayndhb Fomerisesed wit h

reference to Fig. I hae Jeu i Qy der Jh%r cbf¥rof k¢ QT é’du"%%%akpe

ni net een pi'n connec-.tor are those ers which are directl
oatﬁﬂaukegnaRBSZangauﬁturheeaaxghs duimdrentdelqﬁk Eagptslfromlhe
| ower ‘part of Fig: ’§% ta ins a %abular des- scription of what the output
lines 207, 209 and9Ff"3 &

pins in the 15

%r?ﬁ?@ée?Q)def?%ﬁnéﬁt° cBRbifat tREs 263

lnf honr

sel ect bits pecei vad ap id&ew&‘aput clddkesi gl oR03 13R8 285¢: R0 an internal '
The serial comrunications.controller 153 and logic array 155 1llustrated in

~Figs. 11 and 12 arfthogssiqYeEed above thus enable a very conpact nineteen pin
connector to be used in two different nodes of  operation. DATA TRANSFER

THROUGH GPI B | NTERFACE 25 .

pposite the

of the CPU by neans of'thé si gnal s.

-
BN

V .

The purpose of the circuitry shown

~in Fig. 13 (and in rel at e¢hFigeltiplexardlibprpeides Abodknkgitchliiey reat eheof dat a
-transfer through the | B.interface 15 assoc ted wi th_the connector 105
°“(§§?£Pelrs °f‘r%ﬁ?slé‘$ 339 a"aa 1°"e BhHtHei P 8Rd out of

as showp in Fig.

the GPIB int el’faCEhd rrhb&l&eﬂpﬁfzﬁtcbﬂﬂe&ﬁ:rt&e the line 209. The multiplexor

10

- 15

20

25

155 also controls the drlver enable in the high speed balanced

mode by means of an output on a llne 211.

It should be noted with reference to Fig. 1l that

the pin numbers for theé various pins of the nineteen pin connec-

. tor are those nUnbera which are directly oppos;te the pins in the

tabular listing on the right hand side of Fig. 11.

The lower part of Fig. 12 contains a tabular des-
scription o§ what the output lines 207, 209 and 211 do with
reference to different combinations of select bits received

on the input lines 201, 203 and 205.

The serial communications controller 153 and logic

array 155 illustrated in Figs. 1l andllz and described above

thus enable a very compact nineteen pin connector to be used

in two different nodes of operat1on

CATA TRANSFER THROUGH "PIB INTERFACE

The purpose cof :he'circuit;y shown in Fig. 13 (and
in'rélated.Sigs. 14 and 155 is to maximize the rate of data
transfer through thé G?IB ihterfaéé 157 (assoziated with the

connector 105 as shown in-Fig. ). The data is transferred



conmputer 51. A general problemwth the rate of transfer of data 5
i nvol ves the number of operations that have to be performed in deter Lhi ng,

first of all, the validity of the presence of data, then the acqui of
the data and the storage of the data, updating the various pointe

counters and determ ning whether or not the acquisition process e
COIQIAI nued or termnated. Typically, the problem has been sol ved “Tel a-
tively large, ‘extensive use of di screj.e_|l ogic. The present invention -
optim zes partlcular ca abilitie f 8086 pLoc d GPI B
interface to al IRREDFHPEGLENE ouk 3§t8‘8a a tr“éttnesr ?‘ %geu;%%z?ﬁ!eu%geo%?ﬁe

extensi ve | ogi c. com‘glaee; 51. present i nvention accorrpl i shes ‘this by using
the conbination of an instruction in the 8086 and a capability of a GPIB
inter- face device as will now be described. 2Q v The

~ conponents of Fig. 13 mhlAcge,gqg[eﬁggmgnmtgmesm eenmmgfg,s oenaddae Fig. 8
- bl ock diagram are indicated by the sane reference nunerals, but it should

be noted thiat thinvsaves bbefrymbes Ploppetafions thasHavg & bg P?Frféém?ﬂart dat a
bus buf fer: havi n’gntheglparts 1 réroé%gﬁlawheljv%?x&ﬂ 59 thhepre?séng_@%f '

i nstruction that TSN ¢ he m cr Opr oceéssor I n present
invention can vedatal,apiedl YheTR\eQu B4 iitii B8 So f0khel dllaBa f an@TE o & t gy yfltmeatl on to
anot her. 30 The bus buffers 119A and 119B serve . to

pi eces of data niAt@d PRACHRI S086VAHIQUE (?°§é&ife‘nﬂ‘%l‘ﬁ°§‘“§‘?’§?ea?‘hélftﬁﬁ‘l‘&‘?‘b t he

GPIB interface 13ftner or 40t thIhgcogDLBu'o'ﬂt FFJcRSS shet1d WY ead@fubd or -
(vgdl ness to-

1Q terminated. Typically, the problem has been solved thh rela-

txvely large, extensxve use of discrete logic.

The present.inventiqn optimizes particular caéabilities
of .the 8086 microprocessor and the GPIB interface to allow for
15 fast data transfer witheut the use of extensive logic. The
preseﬁt invention'aceompliehes this by using the combination
of an inétrgction in the 8086 and a capability of a‘GPIB inter-

face device as will now be described.

- 20Q . . Theneompoﬁente of Fié. 13 which correspond to the
S _ same components in the Fié.-B block diagtam are indicated by
the same reference numerels,.but it should be noted that the
“data buffer 119 of Fig. 8 is shown as a three-part deta bus -

‘buffer having the parts 119A, 119B and 119C in Fig. 13.

25
The instruction that is used on the 8086 microprocessor
in the present invention can very rapidly move strings of data
from one remcry lecation ko another.
3Q . The bus buffers 119a and 119B Sserve tb.take pieces

of data moved by the 8086 and to sequentially give that data

to the GPIB interface 151.



accept data on the DVA request line 213. The DVA grant line 215 is used to
i ndi cgttent he avail ability. of that data fromthe 8086 to the GPIB-interface.
5 !)2 The m croprocessor 115 indicates the availability of data
for nterface 157 on the DVA cycle select line 217 and the DVA 'control
| ogi 9 (which in a particular enbodi nent of the.invention uses part of
"the mechanismof the nultiproces- sor) indicates the acceptance of the da
by the GPIB interface 10 157 on_the. CPU walt/5|gnal line 219. In the

event of interruption in %Ee g? mtnt?rfagg: nsaf eers 1 rq__%e §89L.0 eration
woul d halt because the GPI'E itert" face wol no‘f T 980" 1P&8 e any
nmore data. In thiacey@nidadd on the R FAdhecoLineal zingl chéLaaAvmuhd nek allow .

t he processor 115 to continue operation. The keyboard m croconputer
control ler 107 mai?hPaisesed it ErHSGEEi Ther 2ViteRIL i RbtT3&r dudi Eam §he eset

wi Il activate 20 gogs dohendMBrbi {RePEicd.i Ne 221. This activation of the
| ine 221 causes the DVA control logic 159 to allow the 8086 to continue
normal oper&tion. Secondafhd y\l¢tm0ke§ﬁl9c5ait§ rfind i eatesptite rveblabi bl dyep € 25

107 generates an GRLEIEPyS L 0Ale b 11PalRl di A 0%l 08 12228 Ay or m no
the m croprocessor of t -out = hé"Stat'e

condi tions of theafiAheoDsx @Ionl:ngl modﬁQ 1% a{rwmnalg in &hpddte ci IHre esoatife 0000
at the bottom of 30 Fi g. -23- The CPU 115 generates an address
| atch enabl e (ALE?fs"rh@néT“’%”f’féP“ 4985 cefTEsOf Hé‘es'f‘%ﬁ"t"ﬂbs‘lbf“t ke Lt FAFeEEHN

Sequence_ I f the QPH l%gléa&‘tegc’éwaéc%ngéf(afetﬁ@djakgeb%%bcﬁﬁg interface

1Q 157 on the CPU wait/signal line 219.

In ﬁhé event of interruption in the GPIB interface
traﬁsfer, processor operation would hélt because the GPIB inter-
face would no£ be able to feceive any more data. In this event |

15 -ﬁhe DMa contro1 logic 159 would not allow the'proéessor 115 to

. continue operation.

The keybbaré microcomputer controller 107 maintains
a watchdoé timer which, if not periodically reset, will activate
20 the DMA time-out line 221. This actxvatlon of the line 221 causes T
".the DMA control logic 159 to allow the 8086 to continue normal ~—

operation.

_ Secondarily, the keyboard micrdcémputer controller.
25 107 generates an interrupt $igna1 to the CPU 115 on the line

223 informing the microprocessor of the watchdog time-out.

Fig. 14 shows the state conditions of the DMA control
logic 159 starting with the idle state 0000 at the bottom of

3¢ Fig. 14,



5 - 104 has not timed out on the line 221, and if the GPIB interface 157
-has 'not signalled its readiness to accept data on line 213, then ¢ state
machi ne 191 remains in state zero, and the CPU 115 iss caused to '
signal on line 219. 10. When the GPIB. interface
its. readi ness to accept data ‘on line 213, or if there is a key _
ti me<out on line 221, then the state machine 191 is allowed to proceed to
state one (0001 ps illustrated in Fig. 1% . The state machi ne then proceeds

through the renaini ng sta#gsﬁlrﬁdl at ed ﬁueé"d%glsﬁlattc? engw'%)ﬁgngrrther
Yc e sta €'s

qual i fi cation. The state Feisid art of

A TIaNTS hel

“the next. i.nstructsigRaXygahe. 1n2@caTd%Q amseeprobflmgl Cn%Gc(f@es&x@ncas) in
conjunction with-the read/wite control signal on the line 225 control the

25  direction of the data bus buffers 119A-119C. The DVA control logic

159 conbi nes signals fronjd Qﬁe@ﬂd ¢PNiIs0h 0 HoORMMAl LA 23da ac'ﬂg @Uoélﬁdﬂr esses
on line 217 to appropriately enable buffers "119A, 119B or |19C.

EAROM Wt h ref er d82ehasondt Gimdd outhen rthehlime Rengnd |1¢ath@rGPE$\R®Vbr@c&n
electrlcally alt e read . only | 4 ur pgse. of EAROM
147 is to give egéhq?ndP%?dhg?aﬁﬁgggg%¥e§T“esunlqﬁﬁcﬂ%cﬁlﬁg rela:ﬁbb%p3e
identification nefaberenehatateSmavting el kymaalnkeredebye tzB€o L2@a, cHauted hat can
be easily changed by the nmanufacturer w thout physical renpval and re- 5

pl acenent of the !EARGVFIEd A YHELRX rhe ctigral P‘i‘\gl“l% 21fhe EAROM 147 has
|nput

\\—-:'/I .
: 10 When the GPIB interface 157 signals its readiness

- to accept data on line 213, ét if there is a keyboard time-ocut
on line 221, then the state machine 191 is al;owéd to proceed
to state one (0001 as illustrafed in Fig. 14). The state machine-
then proéeéds ;hrough the remaining states indicatéd in'sequenée

- 15 without further qualification.

The state machine returns to the idle state by the

start of the next instruction cycle.’

20

_ The DMA control logic 159 (see Fig. 13) in conjunction
with the read/write control siénal on the line 225 control the

25 direction of the data bus buffers 119A-119C.

Thé CMA control logic 159 combines signéls Erom.the”
éPU control signél line 227 arnd CPU addressas on ling 217 to
_ appropriately enable buffers 119a, 1198 or '119C,
B - © zano |
with'referehce to Fij. 15,_£he macbine identification

EAROM is an'electrically alterable read only memory.



signal lines 229, 231 and 233. The lines 229 are subsets of the buses: 161.
and 16° The line 231 is also a subset of 169. 10. The EAROM 147 has a

bi di rfat gnal bus 235 which is a subset of the bus. 163 shown in Fig. B. A
l'i ne connected to a pin labeled "store" at 15 the bottom of the
EARON 14 7Vvas illustrated in F|g 15. Aline 239 is operatively associated -
W th ine 237. 20 A store signal .froma test fixture i\

transmtfed on a line 239, and this store signal is junpered to the line
237 by a junper or other connector 247. -M4§ anper 241 can be connected to
the test points 243 25 The am02450%1rt¢1etmeomi-h7e i33% tgdval daslv dndiaidedlon of

information in thg chlggéa EA@%\delézcu?IQeéfldgpfer sldgnéifziggn%z}l? @ﬂ:‘l the line

239 are nount ed- éxXternal FHe"Co and "are ‘use a program
~for altering thethatf asnmdd @Basiigr Edtérladtllﬂ}e tEARGHIrMﬂut Thet icahoseTeh s DIy
- stored in the EAROM 147 cannot - be change hout - connecting the

~junper 241 acros8"1¥E&? c}bynttéﬁt‘%a’?‘lfgc%ﬁfﬁgz‘ﬂ’sthﬁﬂﬁ th‘&ﬁ}t *ERYyadi A £fe 1 ne

239 with the |ingA3feNt df YRPBRrAM47. - 25- A conbination of the
junpers241 and 247 with prograns executing in nmachine 51 as -well as the

test fixture allow alter- ation of |nformat|on stored in the EAROM 147.

PARALLEL MODEM | NTERFACE % F:II:H‘I trate in g.: 1;6 tﬁg%ﬁmg}ﬁ#ﬁ%éi%ﬁ”ace

~logic 151 is associ ated W|t em 149 and’ t ustrated
“in Fig. 16 the ps&gﬂaneilnastezi;aaellany @33. The lines 229 are subsets of

. the buses 161 and 169. The line 231 is also a subset of 169.. “;
1Q - ' '
The EAROM 147 has a bidirectional bus 235 which is

a subéet of the bus 163 shown in P;g. 8.

A line 237 is connected to a pin labeled "store" at

15 the bottom of the EAROM 147 as illustrated in Fig. 1S.

A line 239 is operativeiy aésociated wiEh the line

237.

20 _A store signal from a test flxture is transmxtted
on a line 239, and this store signal is jumpered to the line
237 by 2 jumper or other connector 247. B

A jumper 241 can be connected to the test points 243

25 and.245 and the line 239 to allow alteration of information
Iin the m#chiﬁe EAROM 147. The juméer$ 241 and 247 and the line
239 are mounted external ﬁo the computer 51, and are:used with a
program for alte?inq the ibfornation stored in the EAROM 147,
The'infornatidh_stﬁred iﬁ-ﬁhe EAROM 147 caﬁnot-be=¢h$nged

3Q without connzcting the jumper 241 across the contacts 243 and 245
and without engagihg the line 239 with the line 237 via

jumper 247.



151 has.a bidirectional data bus 167 and has a nunber of con tors
whi ch forma subset of the buses 161 and 169 shown in Fig. 8 zig’ i ch
transmit the signals indicated by the | egends on these |ines\ifi~ 16.
The parallel interface |ogic 151 of the present inven- 15 A enabl es -

the CPU 115 to comunicate with the nodem 149 nore efficiently than present
senal interface nodens. This interface_|lggic pernits the parallel transfer
of data and control to theg éﬂ%‘iﬁ?}f&roﬁ AHeChulgedd${1€lana 2427 with programs As
illustrated in Fig- 17 the para interface logic 151 conprises a '
separate item of eteaudivey an(raaqmiogrsambieéll a8 &he ‘F%@eﬁaﬁa}ﬁ? exlowAlERTT s
constructed to recei ve t he %% Gi f| n%l §_heo 5‘? L,nes as indicated by
the | egends in FrYfor19f dige téﬂ“ sd‘ cons dd’to receive and
transm-t the respective si gnabﬁgﬁ}im Modgndimhextdoy the | egedds on the

| efthand side of Fig. 17 and wWhich s al so constructed toéﬁransmt to

tone dialer Pn the nmodemFafid Yoshseht WeotheREA o dRd o’t?oﬁfftﬁcé?t?
speci fic signal s jndigated.bydong.d edends o the righthand side of the
adapter 151 as sh %J\/?\\nklﬁ%"% R 47. 30 The progranmmabl e interface adapter 151
as shown in Fig. 17 permts a parallel interface to be matched to another
-26- parallel interface w i pterposjdi [ §£é‘|1|ol to
serial converter and t heft® ar@é’%ﬁa “det' 4l 8’f oist)gﬁgla%frrﬁc%nvgér?gr Iglacs been
done in the priofsiahhs a BHeif¥ceseidl HavLbusOrs7UbRd ihassa triveber ogrcmtam e
interface adapter 151 to go directly fromone 5 l el interface to

w her par]sﬂ | e] t95%t EP*% °”HﬁNmtd?if Me& %pﬁ%d.a& shown in Fig.

8 and which transmit the sxgnals indicated by the legends on

these lines in Fig. 16.

The parallel intcrface loqic 151 of the present inven-

15 tion enables the CPU 115 to communicate with the modem 149 more
: effxcxently than present serial interface modems - This interface

logxc permits the parallel transfer of data and control to the -

modem for faster transfer.

20 | "As illustrated in Fiq.'17 the parallel ;nterface'logic
151 comorises a_sepcrate item of hardware (a programmable inter-
face adapter) which is constrdcted to receive the specific signals
'on the lines as indicated by the legends in qu 17 and whlch
Ls .also constructed to recexve and transmit the respect;ve sxgnals
25 indicated by the legends on the lefthand side of Fig, 17 and
thch is also constructed.to transmit to the tone dialer in
the modem and to receive from the modem microcomputet the
specxfxc 51gnals indicated by the legends on the rLghthand sxde
of the adapter 151 as shown in Fig. 17. '
© 30
The ptogzammablo'xnterfaca adapter 151 as shown in

Fig. 17 pornxts a parallel interface to be matchod to another

J



.Fig. 18 is a diagramillustrating the electrical
circuit conponents incorporated in the conputer 51 which enable the

connections and rel ated

conmputy to be used 10 . with either. a handset 109 or an acoustic
coupl to transmt voice or data. In accordance with the present

i nventi the conputer 51 conprises a connector 103 and the sw tching 15
| ogic\shdwn in Fig. 18. A nultiplexor 249 is associated as illustrated
wi th connections for a handset or acoustic coupler in the connector 103.
The mul ti pl exor 249-is sw tched under ram 20 control of the CPU

115 by the sel ect
i nterface adapter
Fig. 5 the base

PaF Yl bhtar SRR izbalic s NP teFBRA itthen Rfogr Bimtabparallel
g%Sg'er(zfggconl/Q:te{lﬂglny t!‘hga g é@éﬁ@ s\é'rg.gl t%f sgx.eﬂqgl %erpgeé

In F

W t hout the rear cover

“in place to sinpliabyhdsheeen |asserat itba prxohozwti he'rlmalpneée)gl d:mhapaltoin illides

mnthln the base 53, As illus rated

i c board

54 is nounted on e HFLIEHS 6? ’t'?ﬁgégﬁcee 986%85%:5 %’Ol“(%%ed gﬁ@“l’sz%{‘h&“e
pan- head screws 3@3r-{NRe Fhbrfdde to anothér-pMah18f ihher@legctricall

conponents of the | ogic board (Wb&gggp% %ﬁégkgqxﬁg ;ge bubbl e nenory 143
and associ at ed connectors) are pf the | ogic board
54. Thus, as illustrated Qagtﬁrgg?am LIIQQUa&@g%'ﬁ Fleﬂs ?1%4 ;he 1 Cs '.

'305 are mounted on t he un erS| e of t

0ogi ¢ boar

descri bed ‘i n greatennections and ;elated circuit components anorporated

10

in the computer 51 which enable the computer 51 to be used.

with either a handset 109 or an acoustic' coupler 113 to

transmit voice or data.

15

20

25

" the illustration of how the main logic board 54 fits within

3Q

In accordance with the'bresent'invention, the
computef 51 compriees a,connec;dr 103 and the.switching '
logic shown in Fig. 18. A mult?plexdr 249 is associated
as illustrated with connections for a handset or acoustic

coupler in the connector 103.

‘The multiplexor 249 is. switched under program

control of -the CPU 115 by the select signal on a line 251

'coming from the programmable interface adapter 151 (Figq.

17). - :
' MAIN LOGIC BOARD

With reference now to Fxg. S, the base 53 is

shown in Fig. 5 without the rear cover 59 in place to sxmpley

the base 53,

As illustrated in Fig, 5, the main logic. board

.54 is. rcunted on the base 53 by threaded bosses 301 (see plg

ang pan-head ‘screws 303 (see Fig. 2).

2)

o



detail below, these I1Cs are positioned close to the inner surface of the
base 53 to conduct heat fromthe |ICs by both radiation and conducti on;
As-illustrated in Fig. 5, a lower flange of a |l eaf spring 307 form
of a heat sink assenbly for the power supply 56 (see Fig. 2) is np
.the base 53 near the upper |efthand corner portion of the |ogic bo .
(aswviewed in Fig. 5). 15 : As al so shown in Fig. 5, the.base
53 has two openings 309 for receiving a _Eose 311 (see Fig. 28) of the |l eg.
63 (see Figs. 1 and 28), Il _be, dé b red all bel ow. " LATCH
VECHANI SM 20 A %sthe £lecs 4 ?g’“‘?f’"e“ ot Fef isee 53 has.
bosses 312 whi chbbudn(sﬂpp&hé&:&‘d&pti&}ﬁokmmrbutfumeadenlo&ycmzphea:e 69 (see
Fig. 1 and Fig. 24%%c The construction and operation of the |atch mechani sm
71 will be descrPBRFIPRETSPENRRACIF| 4581 BIYNESS on the lower side pfor general
reference and-or krtiahi®oageVvsy.al TrKéySaJ?uQ&sé:Q@K&w}O@ﬁQ pm)(@ombee” shown
in phantomqutline in Fig. 5. illustratéd in Figs. 1, 2 and
26, the display PrEiBesH Févers tthe T(ﬂ—'lssp}%ﬁyaeet gotnted o8 thedudkddrisidat es t he

di splay 77. KEYB th.r renc to Fi 24 and 25, the
structure for asége\% i ng ang%\ﬁR ﬂgutsh‘g“ﬁieg od:ersﬁt? c%\%f 75 in place

Wil nOVV be descdedrdd. below, these ICs are positioned close to the inner
surface of the base 53 to conduct heat from the ICs by

both radiation and conduction.

10 . .As-illustrated in Fig. 5, a lower flange of a
'leaf spring_307 forming part of a heat sink assembly for
the power supply 56 (see Fig. 2) is mounted on the base
_53 near the upper lefthand cdrner portion of ehe logic

board 54 (as viewed in Fig. 5).

15 : As also shown in Fig. 5, the base S3 has two
openings 309 for receiving a nose 311 (see Fig. 28) of
the leg 63 (see Figs. 1 and 28), as will be described in

more detail below. -

e _ . LATCH MECHANISM

20 - .As also shown in Fig. 5, the base 53 has bosses
312 which form supports for the lower, fixed latch piece
69 (see'Fig. 1 and ?ig. 24). The construction and operation
of the latch mechanzsm 71 will be descrzbed in more detail
below.
25 For general reference and orientation, several
keys 73 of_thekeYboard have keen shown in_phantem outline

in Fig."S.



As shown in Fig. 24, the keyboard cover 75 has two snap details under the
front 1ip 315. These are the 10 snap details 317. The keyboard frane
cover 7 Q has a boss 319 on each side near the side edge. As -

n Fig. 24, the base 53 has a | edge 321 which has a | ower,

".

i1l ustrpaH@s _
. machi ney Lyt ace for engagi ng the 15 snap -detail 317. The |lower |atch
pi ece. onNpdcket 69, which is attached to the base 53 .by the pan-head screwsy, -

. 323, has a pair of cantilevered spring elenents 325 which are integral to -
the |l ower |atch piece 69 and which are t@8structed to 20 _engage into.
the boss 319. As best il|¥&StitduetratgdHdyFios: whé PBiesE6 319hAsPA2Y over
Circul ar surface.eand deheoral LALYALRLSRLLI AL EITRLSaelaR L0 an upper
surface 327 inclined at an angle 329 fromthe vertical and a second
inclined surface t381dplay 77. which is inclined at an angle 333 fromthe

vertical. The angle 329 i-s a | eﬁggos%g{.ﬁ%h@&gﬁhe ‘angl e 333 and pernmits
‘relatively easy entry of the boss= ween the spring _
el ements 325, and the anghmh333tdtease siwves Higshold ahbe2keyhoaredudduzee
cover 75 in place. However, the surface 331 and the angle 333 are sel ected

so that the boss f812tRRAPhEIRPHACAAANT F8Mm REPRREH fEARe SOVPRJ S5 el enent s
325 without destrQybikealy1 0hol e d8L&ihsa. The hook and snap structure and .

. nmode of assenbly for the keyboard frame assenbly 75 pernits the keyboard

cover to be snapped into place-and then held securely in place wthout the .

) 'need for screws or ot herhiaé%ggrl\’]eirnsf‘i'g. 24, the keyboard cover 75 has

. , .
two snap details under the front lip 315. These are the '
10 snap details 317. .
The keybo;rd frame cover 75 also has a boss 319
on each side near the side edge.
As_i}lustfated in Fig. 24, the base 53 has a ledge
321 which has a.lower, machined surface for engaging the
15 snap detail 317.
The lower latch piece or pocket 69, which is . ~.‘
' N’

attached to the base 53'by the'pan-head screws 323, has
a pair of cantilevered spring elements 325 which are integral

to the lower latch piece 69 and which are constructed to

20 engage into tﬁe boss 319.

As best illustrated in Fig. 25, the boss 319
hés a lower circular surface, and the cantilevered sprinq
elements 3235 have an upﬁer surfécé 327 inclined at aa angle
329lfr6m'the vertical and a second inclined surface 331
25 which is inclined at an angle 333 from the vertical. The

angle 32z9 is a lessar arcle than the angle 333 and permits

_relatively easy entry of the boss 319 into aid between



10. . . DI SPLAY FRAME COVER Wth reference now to Fig.
-26; the display frame cover 56 has two snap details 335 which coact -~k a
machi ned surface on. the underside of the | edge 337 of the display h ~§fng
55 simlar to the coaction between the parts 317 15  -and 321 i J 24..
- The di-splay frame cover 57 also has two bosses 339 which snap int&_
captil ever spring nenbers 3.41 sinilar_tggthe way that the boss 319 snaps
into place between the spring nenbers 325" in Fig. 25. In addition, the -
“.di spl ay cover SENESSRFERE §L¢mepts 325 Add; Fofh 2pGLe 338 ofhePi FPWES which forns a
part of the hingg asse (5} i ds \S | rated in the
det'ai |l ed view O%%FI g. g;;é }%egéééﬁgrﬁ%%g‘&% ?g E’ﬁ?é&%ﬁi 'ﬁ%v}o&gpt hr eaded
openi ng of an updeasdifage fildngel 3188 mlehﬁwhsﬁ)lsayeMsﬁmg:hﬁs, and the 25
- shank portion of the stop pin 343.projects through openidg 347 in a
‘dependi ng flangé'fh34ll?s-1so$ §28rP% Hé%bér?&é’?s“isr&em %?t%% & E'Llesgﬁ?:[alfgfrarre cover 56.
- 30 - The Sli splea¥mddt3NB2L @Y Eho 20 abSedoiisg Al dof Rhpldeteiby. the stop pins -
343, the bosses 339 and the hooks 335. The display frane 56 is snapped
into position in the sane way as described above with reference to the
keyboard frame 5 = COVRl, f3ax QUh LG SLARCBLD aRd3d¥eSOe SQLYMAR L O retain
the display frame cover 56 in place 1n the display housing 55. fhe stop pin
343 used with tlferdirepkegbokrdntracevarsebblypriévraimdts hheskdybbyrd eat ure of
preventing i nadvertent enpval frame cpver 56, and

this is i rrportaﬁfwer to -belosn;appedr into plagg atngetfgelnsglefdy securely 1in

(N .~ place without the need for screws or other fasteners.

10 . DISPLAY FRAME COVER
With reference now to Fié. 26, the displéy.frame“

cover 56 haé two snap Idetails 335 which coact with a méch-ined
surface on the undersidé of the 'iedgé 337 of the display
housing 55 simil_ar to the coac_'t.i.'on- between the pa.rts 317

15  and 321 in Fig. 24. Tbe display frame cover 57'3150 has
two bos;es 333 whiéh snap into cantilever sbriné' members
341 similar to the way that the boss:}ié snaps into place

between the spring members 325 in Fig. 25.

.\‘/ . _ In addition, the display cover 56 is held in
. 20 position by a stop pin 343 which forms a part of the hinge

assembly 61 (see Figé. 1 and 22).

As illustrated in the detailed view of Fig. 27,
thé stop pin 343 is screwed into a threaded"opening' of an
upstanding flange 345 _cf the display hou'si.ng. 55, and ‘the

25 °  shank porticn of the stcppin 343 projéé'ts Eﬁroug‘n an opening
347 in a depending flange 349 formed cn the unde_rside of

the display frame cover S5§.



because of the electrical circuitry beneath the display frame cover 56. The
stop pins 343 thus provide a dual function of stopping the tilting of the

di spl a rane at the proper 15 angle (as described in nore detail: -

bel ow) retaining- the display frame cover 56 in position. LEG Details

of the Istruction and operation of the leg 63 are ‘shown in Fig. 28. 20
In Fig §, the leg 63 is shown in its retracted positiion in the phantom L

N This is the position of the leg as shown in Fig. -2. \Wen the
conputer 51 is opened for use as shown Fnf g. 1, the leg 63 is rotated to
the extended position 25 The £ sphywd=#7f FPYET PO(ahdhas Bldwhh iddaftg. 28 in
the bold outllne i LLant a I 3 PRS tlvely
held in both the retraect eépp%lsn:st??n gggs owWn %JE %)%%rt}?‘gmﬁ%&g ?él)i a?ldél nth
extended position dasosdqo\mamen slsoid smabdmdnentcn plélsgnoz\&m Eﬁeesbmiwasprl ng 351
coacts with the rmva? gx 353 f Qr t he %o nd a part of
coacting inclined?3u ?saccfége%r?bfﬁ‘é FeFPIeNTe | ﬁeuT 636 %id ’faﬁ‘é openi ng
309 in the base 53oker PrRVhee thBesRsShid 1@ 3 POt koRieRTeandched @nki on of the

_Ieg 63 in the retracted position and the extended position as illustrated
in Fi.g. 28. 10 Thé1§}5¥43h§f3=531 cRHST 2k é’arpléf:eflinaﬁb% d5glahdeueitdends
- downwar d as |IIust5r5at ed in Fig. 28 and V\/m ch is

The stop pin 343 used with the display frame
cover 56 érovidés thé safety feature of preventing inadverrent
-10\ removal of the disp;ay'frame cover 56, and rhis is important
.bécause of the electrical circuitry beneath the display

frame cover 56.

_ . The stop.pins 343'thus érovxdé a dual function

of stoppxng ‘the txltxng of the dxsplay frame at the proper
15 angle {as descrxbed in more detall below) and retaxnlng

_the display frame cover 56 in posxtxop, | '

Détails of the cohstruction and operation of

the leg 53 are shown.in Fig. 28,
20 In Fiq. 28, the leg:63 is_shown in its retracted
position in the phéntom outline. This is the position

of the leg as shown in Fig. 2.

When the computer 51 is opened for use as shown
in.Fig. 1, the leg 63 is rotated to the extended position
25 as shown in Fig. 1 (and as shown in Fig. 28 in the bold

outline).



attrached to the leg 63 by a pin 357 and which forns the axis to pivot 353
for rotation of the leg with respect to the flange 355 of the spri

The spring exerts an upward biasing force on the leg 63 in both-
retracted position shown in the phantomoutline in Fig. 28 and
ext ended position shown in bold outline shown in Fig. 28. In th

15

" pos¥tion, as shown in nore detail 20 in Fig. 30, the nose 311 is engaged

wi.th the base 53 at a point 361, and thi

-the leg

di stance 365 fromthe pivot

63.

point 361 forms a pivot point for

. 31. .
The wei ght of, ibeido8ge & ki NG QNE3the pbingvadbd at ‘the
poi nt 361 tends-to rotate the | eg dowward, but

the. spring forcehatdiingb@h the retrigtedgbositdonydss sB®® ancPhartethe di st ance
367 fromthe pivat point 36L i.s suffici.ent .to retain the | 63 .0 the
out:f1 ne .and?‘ lnFJI:hgf. eg%en_d_edLﬁﬁslzttlon.as stpown ?T Sb%tg%eoultll9ne

“retracted position shown 1n

I""Sonmeone pu

eg downwar d

agai nst the spring #igr.ces.at rhdidehi newrahg NIsMi Beadtewl g thad rovablee ext ended

positio
outline

n.

the leg 63 as shourelustdie chegRd 31906k NehEE S bRa @hﬂ-%&%iﬁ’?d Fig.
y

this position 5

of the leg 63, the upward bias provide

-32- In the extended position of the ;gg 63 (as shown in bold
Exf

in Pig. BBYOt #KES S5Pi TR B4 lednfi iRdse tRST CAFEIRBWERTD LYt ce on

29. In

he spring

force tends to welienakhé peke ried tertogéde 39 pisithee posetPhinggai nst a

coactin
t he bas

e’

g inclined surface 371 forned g f

e 53.

10

15

20

25

etention,  of e

shown in Fig. 29the extended position as illustrated in Fig. 28.
. . f

The spring 351 haé an ear or flange 355.that
extends downward as illuﬁtréted in Fig. 28 and which is _
attached to the lég 63 by a pin'355 and which forms the
axis to pivot 353 for rotation of the leg with fespect

to the flange 355 of the spring.

The sp:ing exerts an ﬁpward biasing force on
the leg 63 in both the reﬁtacied position shown in the

phantom outline in Fig, 28 and in the extended position

:shown in'bold outline shown in Fig. 28.

In the retracted bosition, as shown in more detail
in Fig. 30, the nose 3ll is éngaged with the base 53 at -
a point 361, and this point 361 forms a pivot point for
the leg 63. The weight of the leg.63 acting along the
ine 363 at the distahce 365 from the-inOt poiné 361 tends
to rotate the leg dcwnyafd,_but the sp:iﬁg fo;ceuacﬁinq

through %he axis 353 aﬁd at the_distance 367 from the pivot-

poin;'JSL is sufficient to retain the leg €3 in the retracted

position shswn in Fig. 30 -- until scmecne pulls the leg
downward ajzinst the spring fcrce at the ‘time of moving

the leg 63 ¢5 the extended positien.

he.interior .of the opening 309 in -
ThéSe tWo sUrfaces are i nctl Egﬁ %et%rgcgsﬁdiﬁﬂ?l éﬁ'(jlae"gB?B as



reference to F'gteggs the A Iay

- 10 (which in one specific enbodi nent of the present invention is about

5[err ._This inclination of the surfaces 369 and 371 is primarily to allow
for fhey Atolerances of the surfaces so as to ensure that the nose 311 is
puII . to. p05| tively engage the nose 311 within the openi ng 309 in base
63. - As illustrated in Firg. 28, the pivot axis 353 noves

bet the posi ti ons shown in the bold outline and in the phant om out | i new

“during the extension and retraction of the leg 63, and the spring 351

pernmits this novenent of .th t copmnda e fen Ssitioni ng of
t he 20 |l eg 63. The spr%netthT&enge# °tsﬁtl %tg a ogsg §95 Bn 8?16 interior

‘of the. base 53 bynaqumobeadxesc:ﬁ @Wg3728)asthd Ispsinated doatbhges 28. HI NGE
ASSEMBLY 25 Fig. 22 shows details of the structure of the

hi nge assenbly 6E*ESed aPRB IR fPro) on ihe Hih§d 25 SBAM PYothedaptises a

hi nge ear 379 V\'h"'gbrir% goﬁ&oaaatﬁgpl &€ Gnkir 249t be, baﬁeua@d leGBn 1 S _bol ted
onto the base. showmnin Fig. 5 and Fig. %e base 53 has

bosses 380 orft 0 Whi the ke fhi ngee amrer8 Pdasrmropidadety 'Wet apcingt Forsed

hous n a.trunni on 1 forned
integral with the % §|§I ay PHOAEY r#g - aé:ebi‘zarl PhgtEs ™ ?Eeeeﬁil so Fig. 7)
fits on the trunage&insi8d edadetnhd h.lnﬂlﬂnd’daﬁe:rﬁ%g inr BEﬂnédnoﬁ heehim@eiear 379

to permt the relcgtéhveeorot ation between the dis ‘Ip _
pening 309 in the-base 53. hese two surfaces
are inclined at a slight angle 373 as shown in Fig. 29
10 {which in one specific embodiment of the present invention
is about 5°). This inclination of the surfaces 369 and
371 is primarily to allow for the tolerances of the surfaces

SO as to ensure that the nose 31l is pulled up tb'positively

' engage the nose 311_Qithin the'opening 309 in base 63.

15 As illustrated in ?ig; 28, the_pivot axis 353
moves between the positions shown in the bold outline and
in the phantom outline during the extension and retraction
of the leg 63, and the spring 351 permits this movement
of the pivot axis to accom@odate the repositioning of the

20 leg 63. .

The spring 351 is attached to a boss 375 on the °
interior of the baée 53 by a pan-head screw 377 as illﬁstrated
in Fig. 28, |

HINGE ASSEMBLY

25 ' "Fig. 22 shows details of the structure of the

hinge assembly 61 (sece also Fig. 1).

* The hinge assembl# §1 coemprises a Hinge ear 379
which is a serarate piece from the base and which is bolted

dnto the base.



housi.ng: 55 and the base 53. 10 As shown in the partial
cross section through the hinge assenbly 61 in Fig. 1, the top cover >

a projection 383.mhich'fits in beneath a surface 385 in the hinge ﬁﬁ 79
to cause the upper,, inner surface 387 of the top cover 57 to eng.éi-h;e o
upper edge of the bearing 85 15 and to-hold the bearing and tte—hi nge

assenbly in position when the top cover_ 57 is connected to the base 53
t hrough the rear cover 59. A torsion §p??ﬁg 391 has an outer end 393 which
fits within a slot 395 i nashehdvinnge Rigr 3Andahib.hd2 tihe B&se 53 hasnner curved

end part 397 which engages the top surface of th to i 43 to bias the
stop pin 343 dO\An?\%ﬁ'ng gas" '\?f‘é‘@\/é"(ﬁ“?h %"gg"ﬁe e sﬁieﬁr%eg%f%g? of the -

torsion spring 391 engages the associated stop pin 343 when the display
assenbly 55 25 isin the fully latched and closed posi{ion of the
conputer and exerts a bi adiihly Fogtériednrefrre8sdFopFHe wWichth®i f1¥ e display

assemdly 55 about, g wers We AT S cortedidncod:itpldl ched. Thi <

ensures that the y assenbly 55 nust be latched to the base 53 before
t he conputerd 51 caisgleypianseédgup and carried. It also prevents the display
~assenbly 55 from being inadvertently slamed down onto 5 .the base 53
when the conputer 51 is being closed. As illustrated in Fig. 22, each hinge
ear 379 has an inner circuharpdadidngals 398 Whesaigadiugieordnesponds to the
arc of. novenment of the stop pin 343 and permits this stop pin to nove

Wi thin the channetruhaibngsapend mgthin a race 382 formed in the hinge ear

379 to permit thé'relative_fotation between the display

housing 55 and the base-53;'

10 B ©  As shown-in the'ﬁarbial cross section through
the hinge assembly 61 in Fig. i, the top cover 57 has a
projection 383 which fits in beneath a surface 385 in the
‘hinge ear 379 to cause the upper,. inner surface 387 of the

_ top cover 57 to engaéé the upper edge of the bearing 85

15 and to hold the bearing and the hinge assembly in position

when the top cover 57-15 connected Eb the base 53 through

.the -rear cover 59.

IA torsion spring - 391 has an outer end 393 which
fits within a slot-395 in the Hinée-ear 379 and has an
20 inner curved end pgrt 397 which engages the toé surface
: of the stop pin 343 to bi&s the stop pin 343 downward,

as viewed in Fig. 1. .

The inner end 337 of the toréiqn spring-J?i engages
the.assaciéted step tin 342 when the display assembly 55
25 is in the fully latched and clecsed position of the computer
_.and exerts a biasing force con the stop pin which lifts.

the dispiay assembly 55 about 10° when the-computer 51



10 : and cI05|ng novenent s- of the display hou5|ng 55. The channel 39
agsur f ace 401 whi ch engages the stop pin to hold the display

the full erected position.-shown in Fig. 51. It is a feature

¢ assenbly 61 of 15 the present invention that the cable

rough the interior of the hinge assenbly and is also held in _

hin the hinge ear 379 in a way which gives the cable a- p05|t|vej

_ e during the required swi ngi rg34rovenent of the di splay housing 55

-and- al so during assierbhyat2Bed. Thigfenshee s dhputtde 5zlsp1airhais§eab50 5pr ot-ect s

the cabl e agai nst snaggi ng and unnecessar | exur e | ustrated in Fig

22, the hinge ear Qg%\esq‘ét‘é’hﬁfl é°c'H§nH%Tey§E %eef°553t ﬁa‘“‘f‘ﬁétbéaﬁaﬁg 85 has

a central opening 45p M u@l dridnsa ik, a rkeh Al dr ORI NeheAQTs g1 y25

the display frane 35. The hinge assenbly 61 thus provides seveyal

functions. It provid#esmelye Spi trom hgmacnweremlwealq*wde?oyeww t he

di spl ay. 535 - Vvicde hg, st I o[ play at the:

desired angl e It pt"rhtgwgZI ees h%e%‘or%g’? ocﬁg?\itbl ag?nl% Jg]gmﬁe?h ensures that

the case is positively |ocked for transporting and mhlch prevents i npact

damage to the conputer conponents on cI05|n of__t upper cover__ It also

provi des the cabl e | ocati onaridtyErfsftet® IFgg‘prz&n gh’éqepﬁif t3e | ocki ng

‘of the too cover fas&fanRbPGitherheaningansh RS eCi-aleck kbparepaponent s

to the arc of movement pf the stop pin 343 and permits

this stop pin to move within the channel during opening \-‘J
10 and'closing movements of the display housing 55. The ghannél
39 has an end surface 401 which engages_;he stop pin to
" hold the displ#y hdusing.SS in the full erécted position

" shown in Fig. 51.

It is a feature of each hinge assembly 61 of
15 the present invention thaﬁ the cable is guided through
the interior of the hinge assembly and is also held in
position within thé hinge ear 379 in a way which gives
‘the cable a positive place to be during the required swinging
_ movement of the display housing 55 and also during assembly ; \_;}
20 of the computer 51. This also protects the cable'aéainst

snagging and unnecessary flexure.

As zllustrated in Fxg 22, the hznqe ear 379 has
.a cable channel guide 403, and the bearing 85 has a central
opening 405 which aligns with a related opening 407 ‘in

25 ‘the disclay frare 35.

The hinge 2ssembly 61 thus provides several functlons.
It provides the pivoting acticn reguired for .'

 erecting the display.



10 »in position when assenbl ed. HEAT TRANSFER It is a very inportant
-feature of the present invention that all of the heat producing npprent s
of the conmputer 51 are located to nmaxim ze the transfer of 15 B&at) from

t hese conponents to the base for dissipation to the surroundi

‘features of the present invention are illustrated in Figs. 19421 | i gs.

31and 32.

In the operation of the conputer 51, nost (about 80

the heat is generated in the base part_of the conputer. A small anount of
heat is generated in theIgi&pyvqxegacr;ﬁz)ggpt P& GRMPUIELhe HIEoNEAL generat ed
in the base part of the conputer Is generated by the power supply and by
~the. integrated 2& the deisiced tangdeiponents. - 36 - The power supply -
‘conponents and the integrated circuit (1C) conponents are positioned and

| ocated in the base to maximze the transfer of heat fromthese conponents.
directly to the heat sink® B OViRsd By toREithRataPiardas, foxsehichnow be

described. As il i e Fi s G0y el3Sedl ; the
under si de of the&;dgéf%ttgg%rég‘%i&seoét h%?qgheélg Hhels fJP'&P&,&q,oQQd-E

C 305 is positroned quite

cl ose to bl notangnwhkeht predvent Hﬂph_etidfmefve sor o gobpdtedf cénpenbmszse 53 as

illustrated in Fig.,1

eci fic enmbodi nent of the present

) n osq of%;i'e uln a SV% - -
i nvention a small" gap 593" as sHarr $%%5:010 inch . (0.25m1), is pro- vided
between the 1C 30.5 and the surface 501. : ' :

kﬁ,/
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15

20

25

It also provides the cable location and gquidance.

It provides the positive locking of the top cover

. for retaining the bearing and associated hinge components

in position when assembled.

HEAT TRANSFER

It is.a very important feature of the present
inv;ntioh that ail of the heat producing components of
the computer S1 ére located to maximize the transfer of
heat from these coﬁponenﬁs_to the base for dissipatioﬁ

to the surroundings.

These features of the present invention are illustrated

in Figs. 19-21 and Figs. 31 and 32.

In the operation of the computer 51, most (about 80%) -
of the heat is generated in the base part of the computer. A
small amount of heat is generated in the'display part of the

computer.

The heat generated in the base part of the ccmputer
is'generated by the power supply and by the integrated

circuit cémpznents.



“This. small air gap 503 actual |y provides physical conduction for the heat
transfler—between the 1C 30 and 15 the base53, and a substantial amunt

the transfer of heat by conduction 'and radiation actually
nore efficient heat transfer (with air gaps of this size) than
by using a leaf spring heat- 20 - sink between the 1C and the
It was found, in theory, t hat. |s air gap was a nore efficient

han metal clips. ﬁgwﬁes%hgg\esmga %rrtpra%' 02 1Rkallay gf ficient

~dissipation of heat. By havr uci ng nponents.

. located quite clozxeréwitd hecrm:toabomge £S5y pbh:e:rxened; aadhltghltyd eifnf tizé ent

transfer of heat by radiation and conduction from - each i ndi vi dual

conponent to the ﬁéf%lt%é‘%’é""%ée g sranges1°f IhF5§tfr‘§f‘etl'tf€Faf‘T“§°8T“"tshe
structure for nexisitging tharkr Resd @En0fprbhgadiesy deometenpuers supply to
t he heat sink provi ded by the base 53. 5 .+ As illustrated in
Fi gs. 19 and 20, t Wélpower beudsskyirasnponent s represent ed by the bl ock
nunbered 171 (see Fi.g.. 8) are nounted on a power supply board 58 (see al so.
Fig. 2). The corrponents of the. power supply 171 are mount ed on the

undersi de of the power supms M1lbostdted.inlbig. 5, each IC 305 P& mobhust r at ed

B in Fig. 20 a nmetal bracket 505 is connected directly supply
board 58, by sol d&fi B #Pdefiddpi ¥k thantPaiertes A it g'*ﬁ ﬁ‘e"e{‘t g’r’ g%v\g hg

conponent s of the;eogwléypﬁ YuiSdlChods thhsud rnaesmkeﬁ@ae‘iozmarcee rmunt ed onq

the netal bracket 50 The leaf spring 307 is in turn
inner surface 501 of the base 53 as illustrated in Fig.

10 31. In a specxfxc embodxment of the present invention
a small gap 503, as small as 0.010 inch {0.25mm), is pro-

vided between the IC 305 and the surface 501.

This small air gap 503 aetualiy provides physical
conduction for the heat transfer between.the Ic 30 and
15 . the base 53, and a substantial amount of heat is also radiated

across this gap 503. Using this air gap as a vehicle for
the transfer of heat by conduction and radiation actually
provides a more efficient heét transfer (with air gaps
of this size) than is obeaieed by using a leaf spring heat

l 20 sink between the'IC and the-baSe $3. It was found, in
theory, that this air gap was a more efficient wvehicle

than metal clips.

The present invention provides hithy efficient
dissipation of heat. By having the heat'proﬁucing components
25 located quite clo2se to the metal base 53, there is a hlahxy

efficient transfer of heat by radiation and conduction from



15 - » connected, as by riveting, to the nmetal bracket 505; and t he

flanged | ower end of the | eaf spring 307 engages the

preferred enbodi nent of the present- invention a thermally condu
conmpound 509 is used between the | ower end of the l'eaf spring

base 53 to. maximze the 20 . transfer of heat.

base 53. |

In the he

for<t he power supply 171, the heat sink spring 307 serves as the primary
vehicle for transferring the heat fromthe primary heat producing
conponents 507 of +he power supply 174 370~t he outer base 25 5 3.

- 38 - In a pref er redh enaodi qm@0t carpohérr RbesRANetdlveAL: 053, the base 53 and
ot her conponents of the outer case of the conputer 51 are made of cast

magnesi um Magnesi um Jas chosen as a preferred netal

for the cover because

of the 5 Tightness of smanesi-sm andsberaHses SRANGE WD PrAYLLES Adequat e
an _

heat transfer properties

characteristics. LATCH ASSENBE

atch

assenbly conpri si ngmm@zsrq dihagtdaasEer plfet-:lme @Eamﬁmtned'teopowhe supgiar

di spl ay housi ng 55 fix |ec
53 (see Fig. 1) w I? now %etlgé%kc I'Bet e%k’ 33

69 nounted on the base
teference to Fig. 23.

This | atch nmechani smincorporates a spring- Ioaded cam acti on which permts
t he displ ay hou5|ng to be latched to the base automatically by pressing
these two conponents - 15 7S LIlysGzatefoin Figs. 19 Adpptw ithe PoyeREtPRAY sm

which is recessed vbdgohbnéd@eshicsRhoya BUSLS 180 nhlﬂﬁe&%s?ﬂ Ns8e V@S..tﬁ
.mnimze the chance of -inadvertent and unwanted unl atching of 1
_ are mounted on a power supply board 58 (see also Fig. 2)

. The components_of the power supply 171 are mounted on the

underside of the power sﬁpply board 58.

As illustrated in Fig. 20 a metal bracket 505 is

connected directly to the power supply board 58, by soldering

or the like; and certain high heat producing componénts'of

the power supply,‘such as the transistors.507, are mounted bn

the metal bracket 505. The leaf spring 307 is in turn

15 connected, as by riveting, to the metal bracket 505; and the

flanged lower end of the leaf spring 307

engages the base

53. In a preferred embodiment of the present invention a

thermally conducting compqund 509 is used between the lower

‘end of the leaf spring 307 and the base 53 to maximize the

20 transfer of heat.

In the heat transfer for the power supply 171,

the heat sink spring 307 seryés_as the primary vehicle -

for transferring the heat from the primary heat producing

componants 597 cf the power éupply 171 to the outer base

25 53.



Fig. 23, the-display housing 55 noves toward the base 53 in :
osing and away fromthe base 53 in the initial opening. - 39
ider 67 of the latch assenbly is mounted within a recessed =
openi ng. 513 (see Fig. 33), and a spring 515 has one end engaged with a o4
surface 517 formed on the interior of the housing 55 and has. anot her end
engaged with 5 - a surface 519 formed,gn the interior of the slider 67
(as best shown in Figs. 33 angd &%}erreﬁh@mﬁdd;m@ﬁt oY mvg§e£&¢tw@£&ian%9@,x nst
the force of the spring 515 by virtue of a camm ng surface 521 sliding
agai nst a | ower | atr@hbpsnsrﬁer agdirokber @Esomttsh@f fthxequtlegmmsel af athepi ece 69.
10 ﬁtrateddln g 33, nS) Wi ngi novenent of the
housi ng 55 dovmwar?f'"@ﬁu% ot AT SAPF e 820 tag een‘g‘fﬁge Ae°¥iM 5t% 523 and to
progressi vel y nbvecrdsansds deprdferted treeal efolr €106 cov@edcadsdbg. tne3) in the
direction of the block arrow 524. \Wen the display housing 55 is fully 15
cl osed down ohto th@h$agss 5§ maIEsEyt 2AY IPFBUFerRERts YPher Yifdeerd69uats t he
position illustratgd b fHGer 3oWREE £ s2Bnd %ﬁLi—JLQQ:?éHm@CG 529 engages a
coacting inclined surface 527 on the fixed |ower latch piece 69. The taper.
and wedgi ng action pr-ovi ded between tIAZE® RStSEMIrYed surfaces prOV| des . 20
‘a ranp whi ch conpensates fgﬁ%gert§ t%nggnces t0., ':%nglhﬁg tcg bet ween

y comprisihg

these two | atch pieces and prevent R
piece 67 mounted on the upper, display houslng 55 and the \-’J
10 fixed latch piece 69 mounted on the base 53 (see Fig. 1)

will now be described with specific reference to Fig. 23.

-This iateh mechanisﬁ iﬂcorpo;atee a spring~loaded
cam action which permits the display housing to be latched
to the base autometically by pressing these two components

15 _ tdgethe;. It also provides a mechanism which is recessed
within the display housing and the base in a'way to minimize
the chance of inadvertent and unwanted unlatching of the |

display housing.

Fig. 23 shows the computer S1 with the dlsplay

20 housing 55 held open by the torsion sprxng

As illustrated by the block arrow 511 in Figq.
23, the display housing 55 moves toward the base 53 in
‘the final closing and away from the base 53 in the initial

opening.



rTesulting rattling of the display housing 55 with respect to the base 53 in
| at ched,

t-he

backwar ds,

horizont al

cl osed position. That is, the spring 515 pushes the 'slider 67
(to the 25 ri ghtas i ndi cat ed by the bl ock arrow 52 N
viewed in Fig. 34) until the two ranps engage i-n positive contact;
surfaces 525 and 527 were not ranps as shown (but were .instead fla
surfaces), part tol erances could result in rattli ng. -
The 'l atch assenbly is opened by pushing-fldrward on the slider 67.

e we

~have illustrated and descrihedtéhalpief @nrefl teabDdicheadsembiy disr meuneédt i on,
it s to be understood that 5 t hese are_capabl e of_variation and
nodi fi cati on,

details set forth, shutydesid GnkCerdUald vAUhSElsuesa 581G rRbRnRgeenaAnd
alteratlons as fall wthin the purview of -the follow ng clai ms.

L

M

- cont ai ned vm %
vi ewi ng and

base,

10

15

.20

25

best shown in Figs. 33 and 34). The slider 67 moves forward
against ﬁhe force of the spring 515 by virtue of a camming
surface 521 sliding against a lower latch pusher surface

523 on the fixed lower latch piece 69.

As illustrated in Fig. 33, swinging movement

of the housing $5 downward causes the surface 521 to engage

‘the surface 523 and to progressively move the slider.67

to the left (as'viewed in Fig. 33) in the direction of

the block arrow 524. When the display housing 55 is fully

closed down onto the base 53, the spring 515 retracts the

slider 67 to the position illustrated in Fig. 34 where
an inclined surface 529 engages a coacting inclined surface
S27 on the fixed lower latch §iece 69. The taper and wedging

action provided between these inclined surfaces provides

a ramp which compensates for parts tolerances to prevent -

iooseness between these ﬁwb latch pieces and to prevent
resulting rattling of the display housing 55 with respect.
to the base 53 in the latched, closed ?osition. That is,
the spring 515 pushes ihe‘slider 67 backwﬁrds, (to the
rightas indicated by the block arrow 524 as viewed in Figqg.

34) until the £wo ramps engage in posxtxve centact,

If the surfaces 525 and 527 were not ramps as

‘shown (but were instead flat, horizontal surfaces), part

tolerances could result in rattling.

and Wathifepefsseastb °RBEIRG Sh? t‘(fef)emlgl n?ed 2D & AB* Pi%eci se

C
* - AftexGlogi ¢fs thg housing (5Gr @'aé)lhesmh?’ére"éom“ﬂaét‘@dht o be

hin an outer e for transport, and t aple to a
perati nE; coﬁ?lsglér R q"§‘gs"e'1t"e *Sai g conpu ‘gg'(s)ngrl sing a



a display housing, a top cover, a rear cover, 10 hi nge means fer
permtting sw ngi ng novenent of -the displ ay hou5|ng about an axis of

r ot at k& adj acent the rear end of the display housing and froma closed and
yosi tion of the display housing on the base to an erected position
¥iew ng by an operator, and-including stop neans for hol di ng the -
. housing at the desired angle for view ng, the hinge nmeans being -
"located in a md portion of the base and wherein the hinge neans peynlt 20
smnnglng novenent of the display housi#g-to an erected position in which
the inner surface of the Tesitap sotegbhy issobeted bn rushipavdedvandd '
rearwardly |ncI|nedhan91e fo§ viewi ng by an operator in front of the
conputer, and 25°% ®"¢ 4Rt Uding a keyboard in the portion of the base

- which is exposed by the novenent of the display-housing to the erected

position. 2. A conmputer as clainmed_in.claim1, |nclud|n% torsion spring
means for biasing the di $PELY “RobRYhGLEE: trapedAads FRncribRe e AT ti on

and effective t ORI AYRMesSbABHNInntiBE, dieSPL a% HOURLBL:QBEOIe base as
t he di splay housing. is noved toward the cl'osed and | at ched position. 3.
A conput er & cl thesedars cgbatilm Qfoxrafzamm end Bifidesibnngedmeans incl ude

hi nge ears which_are att%ph ngo d tru ni ons_.on ispl ay

housi ng. 4. At%egﬁﬁﬁi (? |e al ™3 ceT l?ﬁ??l’gsebé%ﬁai 5 nmeans

engageabl e with gde fbtflﬁebeﬁrdv‘esaﬁd tIohﬁvii’IUB{itiHlSes of such changes
and - alteratxons as fall within the purv:.ew of the following \_) :
claims, ' |



- 42 - 5. Aconputer as claimed_in any preceding claimincluding cable

gui de neans operatively associated with the hlnge means for guiding a cable
associated with the display of the E u ls" n‘hrough 5.the center of
t he hinge neans to protect the cabl Im fm ﬂﬂmﬂﬁl g and unneces; _
flexure during the required sw ngi ng* noverkent" of the display hougrm
basg. 6. A conputer as claimed in any preceding claim10 includi a

keyboard frame cover for enclosing the keybgard area with the exc IYon of

t he keys. 7. A conputer as claimed in.claimé6 including |edge and snap
‘means for permittChgimbe- keyboard franme cover to be snapped into and out of

the base. 15 8. 3,  Ac ﬁ%%%

keyboard frane cover |n§I eségﬁr%%@n |c%l%r%lvl{g es cﬁoeg\rgg%(?gtfope

.swi ngi ng novenént WbFhiRean rekterRR%E ok transrarth@ns ny Wei konfdgurahde
the related porties afviéwiR@send Nofe M¥idd dlfrﬁb’i?ﬁraa:(lo?”tf'b)f %fslef?;ghglnn
obj ects, such gs | ap conputer as cla

an; precedlng glag%?§hé§%§%g?ﬁ %W%ﬁﬁ%g%qu3u5|ng i ncl udes a display and

di spl ay frane cover. 252 hase, A conputer as clainmed in claim9 wherein the

di'splay frame cover inciuglespld %@éﬁg'snap means for permtting the

di'splay frame cover to be snagfed into and out of the display housing.

a rear cover, _
_ 10 hinge means for permitting swinging movement
\\,ﬁ . _ of the display housing about an axis of rotation
adJacent the rear end of the display hous1ng and -
~from a closed and latched position of the d1sp1ay
housing on the base to an erected position for
15 viéwing'by an operator, and including stop means
for holding the display housing at the desired
angle for viewing, | '
the hinge means being located in a mid portion
of the base and wherein the hinge means permit
20 swinging'movement'of the display housing to an
- erected position.in which the inner surface of .
the display housing is held in an upward and rearwardly
inclined angle for v1ew1ng by an operator in front
_ of the computer, and _
25 including a keyboard in the portion of the
base which is exposed by the movement of the display
housing to the erected position. '
2. A computer as claimed in claim 1, inciuding
torsion spring means for'biasing the display housing
30 upward from the latched position and effeotive
to prevent slamming of the diSplay'houSing onto
the base as the display hous1ng is moved toward
the closed and latched position. ' .
3. = A computer as clalmed in claim 1 or 2 wherein
35 the hinge means include hinge ears which are attached
' to the base and trunnions on the display housing.
4; A computer as claimed in claim 3 including bearing
means engageable with the hinge ears and the trunn1ons.



11. A conputer_as clainmed in claim10 wherein 30 the hinge means intludé

. stop_- means for hold]ng the display housing at the desired angle in the

“ere S|t|on i splay frame cover includes openings
coa tiﬁg/ th th 'ﬁﬂ@ Eﬂ Eor retaining the display frane cover 35
In and for prewen | rtent renoval of the display frame cover;
12.

onput er as clalned I n any: precedlggtcla1n1including | at ch means
for latching the display ~-43- housing t e base in the closed

condition of the sconpuje C 9@9: wher ei n
the latch neans |ncI ud éc?éété Ig% %i%%%é ﬁgu&%g éé"f‘féea%as%n?and a
sliding |atch pi éseludingeccabketgeide speans eperagivaly asgociahrd er as

claimed in clai Wbi@hw@ﬁéehﬂnégeméﬂghweag@wf@g r £ CONSES él&éd&fhéé?? di spl ay
housi ng and t he base t eg?%lnadverte 10 . and unwanted

.'_unlatchlng of thBlﬂPsEPSy hﬁgL?ﬁg°P gpe RMSING FREQHER i n claim 13
or 14 wher ei nseathel eéntepi ef ethash imge m¢amedts picbecengagadble with the

Inolined surface,ghshbe BhRSE1AG! &l PUssEcRER Dot RLId Sadild nat i ons Of

the inclined surfages a taper action
conpensat es for pbet§eﬂ'é¥é¢<&n%\é§“9H‘%rmen%dé%n*e%% g mash ftqwéli WO
| at ch pi eces andohOotRéengsé.resul t ant rattllng of the dlsplay housing with

respect to 6. A computer as claimed in any preceding clalm

10 1nclud1ng a keyboard frame cover for enclosing
 the keyboard area with the exceptLOn of the keye.
7. A computer as claimed in claim 6 including
" ledge and snap means for permitting the keyboard

. frame cover to be snapped into and out of the base.
15 8. ‘A computer as claimed in claim 6 or 7 wherein
the keYboard frame cover includes a trough which |
provides clearance for swinging movement of the
inner end of the display housing while'covering
the related portion of the base in a way to prevent
20 entry of foreign objects, such as pencils and paper
clips. _
9. A computer as claimed in any preceding claim
wherein the display housing includes a display
and display freme cover. -
25 10. A computer as claimed in claim 9 wherein
the display frame cover includes ledge and snap .-
means for permitting the display. frame cover to
be snapped into and out of the display housing.
11. A computer as claimed in claim 10 wherein
30 the hinge meahs'include stop pin means for holding
the display housing at the desired angle in the
erected position and wherein the display frame
cover includes openzngs coactlng with the. stop

pin means for retaining the display frame cover
35 in place and for preventing inadvertent temoval
of the display frame cover.
12. A computer as claimed in any preceding clalm
including latch means for latching the display



the base in the |atched, closed position. 20 16. A conputer as cl ai ned

in any preceding claimincluding | eg neans, k: froma retracted
posi tion ‘agai nst the base of the conputer UWLEH Eui,t ,H i tion of A£hg
conputer to an extended position in the er N ng conff gurélion
25 of the conputer. 17. A conputer as clained in claim16 wher he
| eq_neans include novabl e pi vot neans and ring means for permtting the
ggg'to be_posiagvely held in both the refragtéd.posLtion and. t he extended

- position. A copput.er | ai i WA ei the le
means i nclude a R8g§19\?\ig§ %ﬁ?s%{hﬁ]% e"flacfgee? E)Epoclanrﬂl\r,\%q{nn the base ign t he
ext ended positi.okhelgompuereonputer as claimed in claim18 wherein 35 the.

nose and the opepsng i t&Rphese deV@lLamed i i clidial i dtrdefiaces which
allow for part tolerances so_as

_ o ensure at.t 0SE IS | | ed by the
spring means to BB&i {2GERMeMBg ‘fﬁ'é %o%eé%?%gaet& -szfﬁcet E“ébuél%eeﬁ#ﬁg ?/n
the base. 20.5 #énctheubase aznd|aiskiting akatgh arieaiengrayindied iomc| udi ng

fast ener nmeans fgﬁecay§%fg%t $ER¢ . cover to lock the top cover to the
base. 5 21. A-conputer as clal ned im(ﬂéﬂfnzo wherein .t he rear cover

mounts-a serial &8mnechofompaber 38 flringd ip HAR i mherein Eh&nnector
means, a tel ephongteRNNEahE OAr SePECe$SEd awi e phire display housing -

and the base to minimize the chance of inadvertent
10 and unwanted unlatching of the display housing.

N _ 15. A computer as claimed in claim 13 or 14 wherein
each latch piece has an inclined surface engageable
with the inclined surface of the other latch piece _
-and wherein the inclinations of the inclined surfaces

15 provide a taper and wedging action which compensates
for parts téleranCes to prevent looseness between
these two latch pieces and to prevent resultaht
rattling of the display*hbusing with respect to
the base in the latched, closed position.

20 1le. A computer as claimed in any preceding claim
inclﬁding leg means rotatable from a retracted:

‘position against the base of the computer in the
. closed position of the computer to an extended
iv-/ | position in the erected and operating configuration

25 of the computer. ' |
17. ..A'compute:;as claimed in claim 16 wherein
the leg means include movable pivot means and
spring means for permitting the leg to be positively
‘held in both the retracted position and the extended

30 position. ' ' '

- 18. A computer as ciaimed in claim 17 wherein
the leg means include a nose which fits within
a related opening in the base in the extended position.
19. A computer as claimed in claim 18 wherein '

35 the.npse and the opening in the base have coacting,
inclined surfaces which allow for part tolerances
so as to ensure that the nose is pulled up by the
spring means to positively engage the nose within



and a handset connection neans for a handset or 10 acoustic coupler:. 22.

A conput gr~as clairnmed 1n any preceding claimwherein the display housing -
I ncl ude$y-apel ectr ' ieg! ay. 23. A conputer as clained in
claim 22 \, udi ngf@ﬂ@[ﬂi}[ﬁi@ﬂﬂﬂerface board nounted in the display
housi ng Wyid&y neat h c s 2% A conmputer as clainmed in claim23 -

i ncl udi ng eabl e neans connected to the dLsa%ax interface board and cabl e
conduit neans for. conducting-the 20 cabl e ans through a central part of

t'he hi nge neans gﬁg éﬁg&@ﬁQGEpaéﬁé Kase. A conputer as: clainmed in any
erein

preceding claim ase 1s netal _and including | ogic board neans
in the base and #wer BgAMBLERIARS ket im@antt qregeding wdadm o use the
netal base as a {efudidk f8teiss M EIMcdifAing HIGRADRdveg maj or
“heat producing conponent’s of the electrical circuitry located in the base.
' 26. . A conputer® sf%‘ﬁ%u% §P FHh ﬁvﬁ@réﬁ?eso the logic board means"
i ncl ude integbat2k. ci rkucdmpesers amwfmaa(he:m irhelsiiote 20f wheeredmard faci ng
ety on s hoEher42 Q000 YAEP £ Dol (8, SRV ) | TP
to 35 cause a B (IRRLEAY RYKRASY ridiErFacs ){W@atcwer%?aﬂmsand |
conduction from gagdnépbneg Ginasriv aidany fdie d YeQ@pHon@ Qineui t nmeans. -
to the metal . basaené har %&%ée@e cacimrne%atofon means for.'a handset or |
10 acoustic coupler, _ .
 22. A computer as claimed in any preceding claim ~¥'J
wherein the display housing includes an electroluminescent |
display.' ' |
_ 23. A computer as claimed in claim 22 including
15 a display interface board mounted in the display
housing underneath the display. '
- 24. A computer as claimed in claim 23 ihcluding
cable means connected to the display interface
board and cabie,conduit means for conducting the
20 cable means through a central part of the hinge
- means and into the base. '
25, A computer as claimed in any preceding claim
wherein the base is metal and including logic board
means in the base and power supply board means
25 mounted in the base to use the metal base as a
heat sink for dissipating the heat produced by
the major heat producing-compohents of the electrical
circuitry located in the base. o
26. A computer as claimed in claim 25 wherein
30 the logic board means include integrated circuit
means mounted on the side of the board facing the
inner surface of the base and wherein the intggtated :
circuit means are spaced from the inner surface
of the base by an air gap sufficiently small to
35 cause a highly efficient transfer of heat by radiation
and conduction from each individual component of
‘the integrated circuit means to the metal bése
through the air gap. ' '



-45- 27. A conput er és clained in cl'aim 26 whére the air gap is '“fx

ssubstantially 0.010 inch (0.25 mm. 28. A | din
25, 26 or 27 wherein the power supply board Hmmﬂmmgug E”erower
conponents nounted on the underside of the powerc

-bracket, and a |l eaf spring engaging the netal base and wherein the power
supply components ‘transfer the heat to the metal base through the netal .
bracket and-the 10 |l eaf spring. 29. A eogput-er as-clainmed in claim 28
including a thermally-conducting conpound bet ween the | ower end of the | eaf
spring and the nefal b&seomputeaxaa1almgme@elmr@h@imﬁ2&ﬁWHﬂ§ﬁ .thes  30. A

conputer as clalggg yRpaR¥ ggbgggﬁg§af P MYl (b 12y iiBt.al base is a

nagne5|un1alloy A portable conpu avin a conpact closed
configuration f0|2 t'r an8pEPPPYRAL ha%i & h"ﬁe%pb'h ¢ ‘i'gﬁ'atgsorﬁ”v\her ein a
di splay swings o2y wherginviRai powéorsupelpfbddued anegny emcladeri sing: a

on the upper 51 dEORET; AUBRLy BonBRE LS EuFEE) RS U@ A2 C TS €
a displ ay housi n@fwithe BOWREpPFUPPLY heoairdp| ayme bl NIARFKRY n@NG votaIIy
nmount ed on the basaesfoapamgaénﬁ@@m@é ttli@ 1 691 Wadw i Ginitednhor i zont al
pivot axis in a uc osition the
di spl'ay housi ng gb?eggwgﬁ ?H@p%%y%%% E'Wa%‘?ferr}%&eﬁstoﬂquhe di spl ay
. the metal base through the metal bracket and the
o 10. leaf spring. _
\%“/- ' 29. ° A computer as. clalmed in claim 28 1nc1udlng
a thermally conductlng compound between the lower
end of the leaf spring and the metal base for max1m1z1ng
the transfer of heat.
15 30. A computer as claimed in any of claims 25
to 29 whereln the metal base is a magnesium alloy.
- 31. A portable computer hav1ng a compact closed
conflguratlon for transport and havxng an open
_ conflguratlon whereln a display swxngs out for
20 viewing for use of the computer, comprising:
| ‘a base having a front, a rear, an upper side

and a bottom, _ _
a keyboard mounted on the upper side of the
base and adjacent to the front of the base,
25 a display hous1ng with a display, the dlsplay_
" housing being pivotally mounted on.the base from
"a rear end of the display housing on a horizontal
pivot axis in a mid portion of the base, such that
in a closed position the display housing covers
30 the keyboard and in an open position the display
housing is pivoted back to expose the keyboard,
with the display mounted in the housing such that
1t is in convenient view to an operator in front
of the keyboard, and
35 stop means for holding the display housing
and display at an open positibh_rearwardly inclined
- with respect to the base and convenient for view,
whereby the display is close to the keyboard



housing is pivoted back to expose the keyboard, with t he di spl ay nDunfed in .
t he housing such that it is in convenient viewto an operator in front of’
t he kegyheard, and 35 'stop neans for hol ding the display housing and
- di spl gy _jety an open p03|t|on rearwardly inclined with respect. to the base _
and canvesti ent for view, whereby the display is close to the keyboard ':J
46 - a to the user in the open configuration of the conputer, and the -
di spl ay housing covers and protects the keygoard in the closed
configuration of the conputer. 5 32. The portabl e conmputer of claim 31,
further includingnd Rovehal ukeg in the bpén %mmhé&abm @lﬂdtﬁ@vvard the
rear, wth |leg me _ n t b in a
retract ed p05|t|n§§%>k§gfé gﬁé ;réfe? alsgééf%alpﬁg% %‘}ﬁ'l alg;l%g %&CQ 0_ t he
base wi t hout projtbet kngbgat:d/aml phej ghosed genfigumation obitham of the
base, and in an gxkg a@gg position the | eg pro;ects outwardly and downwar dl y
. to support an vat e f.-the bas aj_t base .i s inclined-at
an appropriatg nge 1% PoPoﬁgﬂ98ﬁ|%ﬂ?p%€%r ﬁgaﬁ%ygbe éb LHheS he di spl ay.

- 33. A port abl eincipding _aupsVat_:a;alég s timeebmbls:ﬁmrﬁ Oetsxrbdmsd with
reference to theaRECQBEQPX'Eﬂed£é¥%9991th leg mounting means connecting

the leg to the base such that in a retracted position

_ the leg is retained against and contained within _
10 the base without projecting outwardly signifiéantly Nl
from the bottom of the base, and in an extended ‘
position the leg projects outwardlyfand downwardly

to support and elevate the rear of the base so
that the base is inclined at an appropriate angle
15 for convenient use of the keyboard and the display.
33. A portablé computer Substantially as hé:einbefore
.deScribed'with reference to the accompanying drawings.

A R D A



