PATENT SPECI FI CATION  (11) 1354997 (21) Application No. 40340/72 (22)
Filed 31 Aug. 1972 (31) Convention Application No. 183491 (32) Filed 24
Sept. 1971 in (33) United States of America (US) (44) Conplete

Speci fication published 30~vay 1974 (5I)-Tnternational C assification HO5B
33/ 16/ / GOF 9/ 34 (52) Index at acceptance 'GGC 31B 31Q (54) SCLI D STATE

DI SPLAY DEVI CES (71) We, HEWETT - PACKARD present invention is
provided by a(solid state, COVPANY, of 1501 Page M| Road, Palo

monol i thic displ ay chi p, the eight .only regions 50 Alto, Cal i fornia,

Uni ted States of Arre(rjl C g?ﬁﬁ'ﬂ‘ rﬂﬁﬁngpnflfi&e of }I@ﬂ)chlt%4gg?
cor poration organise n ty of “p*

| aws of the St te L !91(1 | it %@&ﬁs 197% ef erably each Q

seven |inear r %é@ﬁ% Qd:as:;ﬂg%l;%ieveﬁ%?%r %g%ﬁléﬂyﬂanti’ B2 O

cont i nuous.
pat ent may be | L %ém@llér} lity of |ight

us and the net VI al | gned to ‘f‘v‘
I {0 bt fgi S ot o oned el

the follow ng %Y at’&heii} gx ot scccpian The present |nvent|on furth
This inventio S con éFnébB \ﬁ?h i nprove- visual display appara
conprising a plurality ments in or relating to solid state displ
nuneric display nmeans disposed in |lineal 60 devices.

array to display a pI urality OKSQ(ﬁO&é’érﬁTﬁdiEgPisé’LAfh’éEV@éabl I ity of a

deci mal point in ? substlalnt l.al I I ar e

S o ehsc e ARG, Y e
regi ons which DOSA!t&lQél:fdﬁfm, te temif theing ﬁwﬂﬁ&fnbyle f:ﬁ:éﬂo b lan
response to ap I aedp@%&nbmmmandmmme&sﬂlel rphmilngofcmﬂrmnmens strings, for

o, and v ool ARG el et ot p e i

difficult to qui el Gt e régkbn# Qontd ugﬁr of3
t he exact |ocati @ﬁm@d tot ndem:r maﬁodpglmchheeamsweemutc& hl@hi m rforrnespmme to

applied excitati meﬁrﬁOlmeélferbd@amnﬂ@Ytdmﬂheﬁa er strjn becone ~and
which is | ocat'®d!

RS TR b Lo MRS IR
To remedy the SO UG Helatig Vi8 solicE Ga@NEis 6l e Vi n°s disBoseE &
poi nt is usual lyddicepl ayed wel | a deci rral poran'ay wwplagx(plmd: afmdfademmm‘s, a

70 bel ow the | wes?tz’g bili cfa ﬂwenaé i&cg%c nberngt o
occupi ed by tH % £ % eé‘ r %
di spl ay neans. v - o foﬁ giiig{ga,cfoﬁlix- th)tb/hgxlclh are arranged to rov1 gﬁ@d’e&'
t he deci mal poi ntamlzle. it waieeldﬁcﬁbm qmc&nldctgmudere sebmentfiet qndlmtanbe ubwegndnewhzch

within the | O “ﬁﬁmt% bﬁqﬁa cter string a?xm?mes anﬂixgﬁ( xsl 5 e&w@ @foﬁeﬁggery;r%

t he manufac- - characters. To remedy the surroundmg
display. |f a cliay adbdital ipbint is uisaiBCkisplabddiweliofa dwingl @ ﬂtrﬁﬁ‘&xedkuﬁﬁhh n@ge of: 70

formed froma si b Iweﬂm bwetmpmemp thef chamacters.j aligit in- ng;ré%dpltyecmdtbsethe

r':!

1_.

deci mal point jgs %JE% BEER fi eftea & “zﬁ‘g .chi plsrte
separated fromi tSPoEIﬁéHJQYth@ Bt berwthebemmcmeﬁaed gp th :
t he When a chéalrecesrsomttines creasesjthsphmtfed (bgisuig regims. acter and the deC| sl
point, or a spec‘“‘%i’ln jSI‘Iﬁraa E@s‘saccw b b leng tsrvesf isg0
process nust iﬁ tm' ﬂ,ﬁ%&%‘% mﬁﬁs %@r‘”“&

deci mal poi nt ornﬁm{e #dreased €16 | a6RInmPdrte o t}i: ep gxa vel uik

character is enelclgrazedandrthed@hnabm 0r3% spegigic ra@assélqufld@lc tdmth:tbshvenuon 80

Thus the sane si? ﬁ‘@%’f“;“ ‘Eg? Cg?é%"%ﬁ fal tprqvg:e%hy %EW%LWI %“nt
invention to a8 é’,}%@; TH the xhénsl%ﬂ‘ i hsed 't
| nproved di splay devs ﬂﬁob)ect of the phemeinvmﬁonpubocae:hﬁ-am deciimal poR a‘lﬁeﬁﬁﬁﬁtbsa

85 The present i RupEe PQ)H“RS?VGII/FM %F‘"d"f tb?emm ingqded m plakCS! np,eelalt hes
deci mal poi nt de\éﬁ? Lok %{ ﬁéﬁ%o cter ;P%EF
within the chagpaef it rsév@ﬁof b 41@ Ehib) d G nots.eeu&ﬁo aah

are linear chi pandaaré ig i} e-pﬁsaghotomeﬂedakahad@mtrrpomanﬂ atraula bt ed
in figure-of-ei gH’Ed the) £ |°f)I'thdd’at1 nﬂ’(;a rife, pred qf | splidogate ﬁ'P's
and the eighth oﬁgﬁﬁb i St w;eg %{,ﬁﬂ'ﬁt hr{e ‘1‘%?? °‘lg 5T T Fost
of solid st at essdiptinctuatii nﬁfld;lf}t’leﬁl@ﬁ) lcguna- &dscriptigpl ays

for mediumto | onlghtdmem}tbelpg !?teFtWFIg bgbG 9m155&1eg mhICh os rtatbp oredt m rrdmnde tra the

arac

d.eCI mal  point or &gﬁg %adewce aaco?&"r{} at I wce rdfgg%gs%‘of Lt 1s

figure-of-  There now 10 “déscr t I on

bei ng sel ecti vel yPe#]l eni ssive  which is to be read wrth reference to the
to display a nuneric character. acconpanyi ng draw ngs of prior
art chips and 95

95




Preferably a display device according to the a device according to the

i nvention; it is to [Price 25p] 2

1,354,997 be clearly understood that the illustrated decimal point in a
string of characters, the device accordinyg to theTnventionm has been
decimal point is often | ocated bel ow the bottom sel ected for description to
illustrate the inven- of the character string. In conventional nono- tion

by way of exanpl e. lithic displays, either the Chlp si ze
nmust, be 5 In the draw ngs: - ' mcreased%}o
acgcﬁmndate bot h_the character s?i)”ﬁ?qure 1is a side viewof a%rior art

light-, and the deci £§ﬂ in Figure 2. emtting diode;
or*s s adeil GRERE T et G R o,
Conven'rsﬂ&t’tmforfdad‘cﬂ@mﬁ)fto illhshere die anvm oI @helthgractsd. sGiBQ VIR confents brﬁlthﬁm :

i ncog pairmby IW?' of cempleral p0| nt i n noih |displm, eifbiert ﬂlerchipcnlmmmbeaéed t he cost
of a° dl increased to accommodaté both the character ferring

oo RS e SaTUAPI R pr s o, can e el o, STRRIATE v ow o an
im. regngtﬂes mahdarssowp@meﬁttomedmt@f f thé rdedima epoint,- aspmwe omyu:cs in the form

of  a, ménfemPpratiigee deciealpaint d sonddithicankither foee jineeeas (Slilcn dieplery act er chip
oS 0% bOpBbe WGP or afl ! r@ﬁmg Afwa A ffg P t e 1 ower

hal f tipgd¥ed device in the form of a monolithic segment di gglay and @ de1 gl gater font to
keep t kiareter ohip tmdé_sccordmgmg theeinns hdmmlapo &rlemeted withih ltherlgneu:lulﬂg sarre si ze
as ae gur}E ional seyen rrent dgl sof the, é‘ﬁ’fltn? g dech

p ks LA ok a;iﬁfemm% et FRhure
shows fhélG;irﬁHc pdilﬁllltcodnﬁneﬁ {8 REacten t he

char actaeshous usﬁlswn 55 but i uheen@rovmtchm t@dihena posesienteded Ind ognuno  addi ti onal

pr ocgs B Riagerpegt db . fﬁ 1 peigy ickizd b deV| ce,
fact urqnzaﬁtgqg ﬂ%ech%aafc d%%m %ﬂ‘ﬂ“ BY mcteé
accordi ngefe‘.rﬁng[thFigurel a'ﬁighﬁemmﬁﬁgdioded srl:mgs I]’B|shqiﬁlxﬁl1Flgp}eéﬁC}ﬁﬁ'&&Habﬂﬁ§ [ nvent i on.

i npr ov gl R (53 ag%:mgfmal alc hod aadecimpl POReiDeqlf:Jan neyingiwgng e 1, a

i ghys GFEERTRR n‘ Em % %‘ﬁgg@, bd ity
wel | - Kngwiide! ;ﬂme @e. Aol makéS @-déﬁg{aﬁﬁdu&'an gel-nt 1n a
char actdinde, sanr rz-mg’euélpm tghlaumgmem omgws'slmxyn grej ority

conv entPhesphige 1Ly o g o biliy i Sincr Plér%eaﬁeécorrbl ne. éuch
i R ““ TEra, T

a negeerc alb§ diles ymargeﬁ‘ begyeen

ar seni de g tnoanﬂstd‘edxagzd tbhﬁe mtpml :ﬂt and the
char actl%FaPBqdr\rﬂ ” menl Gfr '?ézg @ICha(w-ter Aﬁhﬁ@b Em‘%’F‘ @nﬁa‘ggl de the

i npr ov%ﬂ N o epi taxially
O’ a3y ahthéddMBerm A “readabl |1ty |§1e|d&£ﬁa@ J&aw JeReb iiskmE Mog e

substr at Whéh a férwprdrh@gusappliid ta&h& diate, ﬂmnonzlsrﬂbalrhapthe:leﬂg: &g weenrt he deci nal

poi nt 3. P‘t&?”é l&ﬂ'leb t 8 2 “ﬁ °a”c la tl%ﬂh istt s near by -
char acttﬁﬂ*‘%pm : m-& 5P ‘El ? A 8‘°f°n Ehip. This
regi 4N ard inRtted smd | 4C e "aﬁcphd: eC| mal polntin a. i's capped wi.th a netal

cont actinjécedThe o regsytlr"H vcrf wbhar am'E WB\CGM/MCI@ —'n the forWpof tact 1

provi ddiesg H’é‘n‘ﬁﬁ% FT8, TP H!‘e _ CPRPHPSteight PRIE | nventi on
does dlpggf fatg%fts ledé;ﬂ gmg @méﬁ extra
char ¢ tisin thosifhde @N1the doped (Idﬂaﬁoﬁ;’ mdnﬁb elghth of which is

t he decnhm lm ﬂ“bl!i!Od‘E r@tedgbt e;lf kocmﬂeg withiny the g@@nev\héﬂzeaowfeomarmbl as is

appl i ed*P; ggg,g@ﬁéesa&u% | Pl ﬁﬁ?&% o Mg oatea or the
pot ent i fnrd 8éno £ bPthe phstide- | Rilors f A FREElaE- o lfdmatroe%hg ed by
convﬂhtmg)ofahe diffgsed pechmednshs tnhnmt:r ‘Cugleqtively lighn emfsdivewo. displgyta manetied -~ pl ays when

used i rfhigs oﬁ;‘iE‘P sta dard dl ode115el ectrons
cﬁaﬁ@?ﬂm@ e ﬁé‘ﬁéﬁ ,Jv%:.?a%y am@m are 1 ected

."o
O

I Nt 0 t hdising’ giokd are nS'bemg

105 heabe shapnof |at hmbuhblv}d;dwntohe faheof the thip Ay @i 1devu ce

conpri i ven.pof f adl2 regi ons
co B e %g‘r‘fﬁh B ofih%‘:‘"%g%ﬁz%ﬁ ‘Esﬁ:a;)t ons e

emttEGschﬁioﬁlbcﬂIe&adeﬂngaﬂ onilfbe- atnmrr @usfeo- 45 fomthe -

surf@c@a%%égmmﬁ a‘llsmllm ﬁ%ﬁrﬂl f’&gﬁ.‘”‘l} ﬁaﬁug%)%a@omﬁ?el ght h of
whi ¢ch i & the

confi n% exp ""E‘f n@WEf‘ p r %&rd‘ gﬁé’g} Ey E@J

of the ng;mbmncyﬁmehlgtype 6fcfonrﬁdeomﬂt cre; vide The Ilght em tt| ng regions can
be s® eeint locdtipn. Fo maintaiveteadabilitstof @ pgmgt vl éwhmmam@h@mlmged in a
monol ithic chip by the position- regions of the figure-of-eight formation
being 50 ing of the diffused p regions. -In this manner selectively |ight
em ssive to display a nuneric .'



chi ps can be constructed to provide nuneric character.

115 and al phanuneric displays. To provide a 2. A display device
according to claim1 nuneric display chip, a plurality of light- and
provi ded by a solid state, nmonolithic dis- emtting regions are sonetines
arranged in play chip, the eight only regions being pro- 55 the shape of
a rectangul ar or rhonboidal vided on one face of t I lity
figure-of-eight. (See Figures 2-6.) By forward r‘mﬂmmmnlﬁulum‘i

120 biasing only selected regions, any digit fron1 3% A ditsplfay® deVi ce s“‘
according to @ither one 0 to 9 can be di spspetl. This type of display of

clainms 1 and™2 vvnerel n eacﬁ j Ssal Cl seven I's commonly called a

seven- segment foﬁ? A m t"élo FLURR{ oRPEL e eé, %:b Gur e
eight i's usual |y mg,ptam S o e e Bk R

seven |inear regtlsmsy waYOSTEkAnRBRS |<th1c @isplsy s,aélﬂﬁr the 2B tf 8¢ N
each of said severdn tkXbavirgght-- ermi tti ng re onscraseé talaq:cgnmﬂatedmﬂnﬂlmchamter 70
| i near regions cor%&"f:sdb aa“dﬁl"tﬂ”éﬁf PIorgTt Yighintand gheeicin asP’B’H in Figure 2,

mift 10 be mad ¥
em ssi ve sour ces " bR 00nd 9 afo@! Hvediiobsl BRAL of BE A i Sick,Na ont

I s deci mal 3I omcoqaﬁatmglmﬂecinﬁc @bmom mélithei MEithemforr dbehied Itlﬁeycoﬁtf ofaa dxsplify

vi sual di spl a conpri si 1, 354, 9§7fﬂb‘ evveach rgbt @ﬁ@ﬁed s
{hat the 111 ust r g A0b AR ‘%Wgﬁ 5 o, i i,
according to thecnafmemmpmahha&c @84 to BRGhvaR! dREInAY poind isUbch@d tﬁxﬁaﬂe mw
t he-hat t om sel ectxerd for descri pt ion to ill ustefehe chameter dionerto keapfthe Itbp the

er strlﬂg Higpre: 8

] C‘??Dﬁg“g ¥n fongsg l en—segxma:g:e d1s; 80
R G o bye %émsﬁizgam@be?%m e AL g Se

i ncr eased t 0 acceynrowaincFipaé b, Bubeith Rier @dfu&laﬂ.pﬂo&ssas Scedi@ t0/ingily- Of

a prior art Ii ghﬂecmaéndnttmmemrmed ppi d@wce’asfa@mwm SvenalFFl b peint ghiptti ng

di ode: made in the form of a chip, accorging éo 1 &pfﬁ:ﬁ SQlacE}éenﬁaa%
CP o S ﬂ'ﬁm characte

for. Figures 2 and ' Siehaw p@mmtugmahm&gm& ingd ‘b@ , il reddsbilihO

in Figure 3. incerlpkdoat imde art, dbonadentro m[aomaltd:nall mfmndtciinaltﬂainc in bHai‘ae:Er dtrignasing

i ncreased t he coshat espits #h Qng p({i%}mq@y al “% Seonvennonal decimal pomlt positioning depends
€ e . verti
Referring nOWZFOa s ;@fe%os% all:?LF ]l mg ﬂgﬂra po. nt : d @%TE% 2
kel

"&ﬂ

view of an im  4RE, WSx- e&[l@r pp%m QEn!iBrovad pANBhIng, Y EhéwHl

in the form of ghasphids? Slsrowries 6,athd laaddb)hwrml mp'a}ilserdt by flg:g;nter

character- chip, rrﬁ’a%” gﬁ‘é“ t egibﬂ’t“ oint
0 xﬁ'usm charge maten such an its nearb racter ara i

wi thin the | ower lﬁ E il mto the chip. This reglon tion is dedmil'id to the decunal pof potsb

character font tes &ﬁﬁﬁtﬂ d‘ufh&a @latapDcdntaer 1.5The cofd Quiting db chdifatess. A deVie acihe FonGtof i NQ
using sane si zetaa laPrre ; sughﬁ prsde terminglefer s}bfgn%rﬂmpdl%mrdmo tQ:dhvelmepmakioes

deci mal poi nt 33 strgte cobtr.%¢ %ﬁl t giﬁgcm%al Jh@?{h Q@Fsﬁ%} mls ex% 100
the Figure 6 sho %fm bﬁbgragﬂfeﬂotséalbaag posiaéd ¥Buess R
the character as tlshpmnnal rbafole arr e p—rbjuhction tih 4shmbf:yrt[morceldred |qogveﬁﬂbna1 dis-

addi ti onal pr oces@“@é 5?1 . Jese @t fral P céndimplayp obwogethaby a .
device, factype X iﬁfo ol ‘?%% i se?tg(;m;’?g%‘g in the formof a
&

chi p, accor di ng t;;gecte lifto the T:htegxoh NHbWRV acl MWHADIWE qpagaersent 85 105
it thes» mmonty carriers recombme with the | AOQI@QY tdlqecer@am,gl qxghy oglf
g G Q IFY e of t Sﬁ oton lvena oﬁhﬁ] t$§P§St TalP nea}i ?rg%lf?agn m ?-O(f)-f- AS
Shown' i n Fi QUIB Bromithesubtk@ i d I fﬁ i 2
material of a d@haspmde pmuntthel nmae einasf atghuein Slbcfateﬂgvﬂhﬁll mg cdnh&k oemetlsmplpm one

when minority andes eff-dg ard é@g‘d‘é‘ﬁ&ei one}e gf tof-pight i formeatipm go @nds
25 carriers’ recouhl 2 P Ei? thé’fﬁ‘ghﬁi‘%?'fzgﬁ ﬁ&aﬁ cing
vertical separspt iifof Q SE i ﬁar& 8y ligh? eMR4R 18 display a numeric

light-emtting thps dechemaltSt drio mqvcﬂetdmemmctter string. In diode, an 115

n-type alloy of @ rg&gp“‘“&‘# éﬁi’lﬁbélu g EoFififyriov e p& %‘ cﬂ‘ﬂ“ acc‘g@‘“&;
Fi gure phosphi de et Qbf-he%iﬂe Lhasg ij %@
is increased 5§ g:reeaiaﬁer oﬁl‘aS&ﬁh . Vi denl’cﬁglfdaﬂoﬁthb&hl R plurahty

hori zontal spaci ﬁ%@d&w@;ﬁfgaﬁw@w Sbﬁ}" H g @é@—fcé ‘illt;@aor@d by %dhffltm ng a 120
charged nateri al %‘z 10 ct d_? A poerliag §?’ one g5
P e Db M e Tl St ’*ﬂg s A TR e ot e
deci mal poi nt 60N cansd mecmpedgw ishusaallmahale wont acA dfsplail’ teice addording td' dither ont
characters. A degavenelinegrrregidpe *@thegfsm%ﬂlg@f-lﬁ oo Gl?{ﬂée‘saqdﬁ’ewlzfrmd@dt e,frﬂamdr'f‘adenftiﬁ
the a chip, acc eﬁ, Fﬁg:jjp"ﬁﬁfémlaﬁ‘%ﬁﬁ ﬁ"“ﬂa’oe1 ré&gﬁl rﬁe? %gh
contact 4 acts as 4 ﬂbje,ﬁmﬂltmﬁqgé’lgfq&ﬁf‘@demr a,egl@{ posi o di spI ay %35
cat hode ter ni 6al point location. To maintain readability of 2 t e Adeshindikplgyoapphratub wbmgrisieg
cost of this extra 100 When a forward bias is applied to the diode,
position is less than the extra chip area or the potential barrier at the
p-n junction is assenbly tinme required by conventional dis-




reduced so that current can flow Just as in plays when used in displays
of nore than the operation of a standard di ode, electrons seven
characters. 40 are injected into the p region and holes are injected into

the n region. However, when VWHAT W CCATM™ TS

105 these minority carriers reconbine with the - i spl ay deV|ce

conprisingneight only majority carriers, energy i “ﬁlﬁ““ regi ons
capable of ®mitting light, seven of photons Sone M\m&ﬁg!‘s are _
emtted whieh «ar e linear and are ar ran N flg v fforithe
surface of mation..and the eighth %f

whi ch:is phosphpigglity b skinetib &sﬁdngﬁn pbsed | Ligtht s \vﬂereu{ %%&Qalvﬂoﬁih isqo&{éﬁ 15
confines of t hieliheawweray pedisplaiiﬁlumms eent Owitloli Via M@ maaSothé foaglihunded by

of the figure-$gite ispipy, Stséi’srp?t@lhi d@l%‘; em tt| ng regi ops can
OfFl

be Ser et vt ok A g b SO e T T

monol i t hic chnﬁhnbabdtmclp&s fRd tor;@@icﬁnas fiferen d-@'oﬂ @lTEH ON
bei ng 50 i ng sYent dagmari {fonysand p1m@@honmmnlpmwmgdmwhgner selectlvely l'i ght

em ssive to dlegx}gﬁ mﬁ% locateda%gld%m#thee C _I‘IUITBI‘IC
character. g periphery of the surroun seyen regions for QH& %S%{gég&, I spl ays.
To provide a dlspﬁ 1ayo ewhets @xcied ¢ di ng t gkWa eric display
chip, a pl urallletlﬂ\ffcﬁf diglt htthe digit dblgge gvdqupfetd by a sol i dl@tmae,, monol i thic dis-

enitting regidf, ‘E ‘“’gﬁs’ran ed in pIayIc‘H‘H“f B &Q%ht only

W

regi ons being pr acordin d mboi dal __vi ded on
one face of the ch %isiii*",éb&”fe sbﬁﬁ&?a,%‘éom ﬁrngﬁ’ :faﬁ%%mrﬁ%“ 2-6.) By
forward of p-n juncti ons chwplesmaybeobtame 120 biasing’only sel ected
regions, any digit from 3. A display device according to either one 0 to 9
can be displayed. This type of display of clains 1 and 2 wherein each of
said seven is commonly called a seven-segnent font be- linear regions is .
continuous. 60 cause the figure eight is usually made by 4. A display
device according to either one seven |linear regions. Sonetinmes snal
dot-like of clainms 1 and 2 wherein each of said seven 125 light-emtting
regions are aligned to formthe |I|inear regions conprises a plurality of

| i ght seven segnent font em ssive sources aligned
to form a linear A problemwth this type of font is decinmal region. 65
point location. To maintain readability of a 5. A visual display

appar atus conpri si ng 3 1,354,997 a plurality of nuneric display neans

di sposed claim5 wherein the decinmal point is located 15 in linear array
to display a plurality of adjacent within the |lower area of the font
bounded by digits, the display neans being substantially said regions.
simlar and each including eight only regions 7. A display device
according to claim 1 5 which emt light in response to applied excita-
substantially as herei nbefore described with tion and which are arranged to
provide a reference to Figures 4 and 6 of the accom 20 seven segnent
font and an eighth region panying drawings. which emts light in response

to applied excitation and which is located within the ERI C POTTER &
CLARKSON, 10 periphery of the surrounding seven regions for Chartered
Pat ent Agents, displaying a decinmal point when excited in

Ki ngsway House, lieu of a digit in the digit place occupied :

Ki ngsway, by the associ ated di spl ay neans. London, WC2B

6QX. 6. A visual display apparatus according to Printed for Her Majesty's
Stationery Ofice, by the Courier Press, Leam ngton Spa, 1974. Published by
The Patent O fice, 25 Sout hanpton Buil di ngs, London, WC2A 1AY, from which
copi es may be obt ai ned.



