; e3en{nvvwDx": y${6Z{ T{[ j QSYSTEMS AND METHODS FOR CONTROLLI NG THE VOLTAGE ON
THE LENS OF ELECTRON EM TTER DEVI CES BACKGROUND OF THE | NVENTION 5 FI ELD
OF THE | NVENTI ON The present invention generally relates to data storage
and, nore specifically, to systens and nethods for controlling the voltage

on _the | ens of electron emtters in atomi c resolution st&r@ge_éARSi)r
devi ces. 10 DEMHEMSANPMELHGRY KORCONTROLLINGTHE VORIAGE QY THE of

consuners for higher capacity, higher speed nenory storage devices has |ed
to the devel opnent of nmembENS Od BGECTRONEMEEIERIEVECES omi ¢ resol ution

storage (ARS). As is known, a storage device enploying ARS tec
i ncludes a nunber of electron emtters, such as field emttersmn“muj‘mmm“““m“‘“l
exanple, 15 that are adapted to wite data to and read data from v*agl%gys

storage areas of a storage %K@R@FWF?&PEWW@TI@F el ectron be&
owar ds"a correspon

current is extracted froman emtter di ng storage area.
Witing of data froman emtter a i s acconplished by

t enpor ari I5y i ncreasing the pome‘?lﬁé?ﬁgi{'ﬁhg’?&%ﬁiié&ron beam current 20 to
modi fy the structural state of the surface of the storage area. |n
contrast, readi ng Begprefenbimveniongenerallerelatesiojdgtagsteraggnids mee spgciibalt vi ng
the effect of the storage area on the electron beamof the emtter, or the

ef fect of thetoalysems amd inethiodofor chietreiling thg&ohageson th iens spelectiorcaniktyss i eadi ng
typically is acconplished by collecting secondary and/ or backscattered

el ectrons whefioRit @é&&ﬁdﬁ%x@%@(ﬂRS)-deﬁces.an el ectron beamwith a | ower 25
power density than that of the electron beamutilized for witing data to

t he storage area, is applied to the storage nmedium An ARS storage
mediumis fornmed of material characterized by a structural state that can
be changed fromcrystalline_to anmorphous bé a _beam of el ectrons. Since the

am)rphouslostate has a di ff%ﬁ@&!&%%rf ERELAEIDNARY on coeffi ci ent
(SEEC) and 5 backscattered electron coefficient (BEC) than the crystalline
state, a diff erentThaspparenvnsatisbiditiiof gonsumierd forikigher capaeity, bigher sp are
emtted fromeach storage area in response to an el ectron beam depending
upon the cur riagmostsidiggeldeticeshiaatial tofthd deatlopiertadmetiopystorage fechiiyues®@bur i ng

t he nunber of secondary and backscattered el ectrons, the structural state
as atomic resolution storage (ARS). As is known, a storage device employing ARS
technology includes a number of electron emitters, such as field emitters, for example,

15  that are adapted to write data to and read data from various storage areas of a storage
medium.

During operation, an electron beam current is extracted from an emitter towards

a corresponding storage area. Writing of data from an emitter to a storage area is
accomplished by temporarily increasing the power density of the electron beam current

20 tomodify the structural state of the surface of the storage area. In contrast, reading data
from the storage area is accomplished by observing the effect of the storage area on the
electron beam of the emitter, or the effect of the electron beam on the storage area.
More specifically, reading typically is accomplished by collecting secondary and/or

backscattered electrons when an electron beam, i.e., an electron beam with a lower

25  power density than that of the electron beam utilized for writing data to the storage area,
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of the storage area and, therefore, the data stored by the storage area,
may be determned. 10 A problemw th emtters is in controlling the focal
point of the emtted beam If the beamis not properly focused, witing
operations may fail, which nmay result in data being lost. Simlarly, an

i nproperly focused beam may hanper or even prohibit reading operations as
wel | . Thus, t‘ﬁépléleﬁéoﬁ’eﬁé%%gefr@??‘a“-system and method to control the focal
point of the emtted beamfor a plurality of electron emtters in an ARS.
15 Anot her probl enfi aRSsdrage mediuii$ formed of matepdlchbaractbtizedbyaastrecteral stoter
circuitry proximate to the emtters that are being controlled due to space

limtations oahattdagbé Belingtdftam c8)selireits amofPBRABEIBGm JIDEMcEBhd. YSindehBe Si | i con
area under the emtter Iis limted and usually reserved for emtter control

circuitry, V\/nd'n{; i -0k i : eis a
need for a sys %ﬁ%g&@%g%@%&}@%}% élrettﬂ;énn&g%ﬁ%rféeo%ﬁ?%gﬁ%%é oﬁent s and
related ci_rcuit fromunderneath t itters ile still..controlling the
focal poi it dackifatarl ppdiensasnibnt GHEC) e Srtaling pdlees igeRA duager o
SUMVARY OF THE I NVENTION Briefly described, the present invention relates
to atom c ressfendporandbackseatte{cdrBrtronsdre erjitted fropneach storage gesadn respanselionent s
of the present invention nay be construed as providing nenory storage

devi ces and raitdation beath, depgiding upah theausient srubtufahisthte ofARfat stopa ale®gYhusAn
enbodi nent of one such nmethod for controlling the voltage on a |lens of an

el ectron em tyy fiehsHieyd G8 nhitbértdSSondiH) Rhdy bats@fler8d el ifins MR SRGGurkIQ A"

electron emtter In t%e electron emtting device, wherein a current

anplitude is t abl i shed: sepsi t.he,em r violtage on the.el.ectr.

o tter: suptoteaoaBeiate R BB e o bt by % 4058 46 I oE 0FER R,
follows the emtter voltage; and providing an anplifier t put, vol tage from
the anplilfier to therqolsm Wilkrapiers lsuﬁéoa\w%ﬂmg ﬂ@?fgaltpaw ogﬁaetemj@edclzﬁ%sponds
to the emtter voltage at the electron emtter. Another nethod includes:
suppl yi ng an Iéthetbeam iy notiproperlydocusedy| varttingorperations may ifal, whechahey tesalhin
emtting device; sensing the emtter voltage on the electron emtter; 15
sunm ng the sRESRIhEBH (SHnilkdy, A gapRiperiy ftasdd rdml mashafpdr 2@ evengirchibit

providing a voltage output that is the sumof the emtter voltage and the
desired | €nS YRlEAGTrkFork IO vl ThRY, leieisc RER 1A ich! drdindfi¥d Ton(Biner
enbodi nents of t nvention can

é construed as Storage devices. An
fgﬁgdi ment Ofin@Rarpiiit ot te! Gified B¥Ans for'a FindflEordkchbs ShuieBils 2" ARS, and @
15 Another problem is that it is difficult to physically locate emitter circuitry
proximate to the emitters that are being controlled due to space limitations of the
individual electrical components. Typically, the silicon area under the emitter is
limited and usually reserved for emitter control circuitry, which has the highest
priority for this area. Thus, there is a need for a system and method to remove certain

20 electrical components and related circuitry from underneath the emitters while still

controlling the focal point of the emitted beam of all electron emitters in an ARS.



20 adjust the focal point of a beamemtted fromthe electron emtter. The
storage device also includes a sensing switch coupled to the el ectron
emtter to sense voltage on the electron emtter. Additionally, an
anmplifier is coupled to the sensing switch that follows the voltage on the

el ectron emtter. In particul e_sensi i i.S coupled to an input
of the anplifier and the out ﬁWA@@%H&Iw&ﬁ@EUm ed to the 25 | ens.
The output of the anplifier drives the voltage on the lens. 3 An

embodi nent of an eBeefly dnscréreds the present arvegtionieldtesctoiatnnaic pesohittion stosaget t er
means for emtting electrons toward a storage nediun |ens nmeans for

focusi ng em t(ARS)atcmiquensid thiziregdnd, edibodirgént NS piesdrd irdentigii may bed f ocal
poi nt on the storage nedium neans for sensing voltage applied to the

em tter meansg,, d!Jsgﬁévi&ﬁﬁg%n{ stha%Wd@fﬂeas A rRsthdUlthH @ Caf IRask f1f | €ns
e vol

means that is relative to t age applired to the emtter "neans; and

means for adjusti i nput voltage to the anplifier neans so that the output
vol tage t th@#’@ﬁ%%@ﬁﬁi"g@(hange& O her features and advant ages of the

present invention will becone apparent to one with skill in the art upon
exani nati on of theAR&mbedimeyt ofregisHeismethad dencaniraling theqodiage pr adsps of g j s
intended that all such features and advantages be included herein within
t he scope of ¢léeatroprepstimg demice miclwles: sapplymgianethifter voltegatoparelistion emittes .

BRI EF DESCRI PTI ON OF THE DRAW NGS The invention can be better understood

wi th referencig thdelbdtfor phitta dedice [ aMéraigis: cubentldgp R edEIe BaEBIEhEd) skidéhgthew Ngs
are not necessarily to scale, enphasis instead being placed upon clearly

120110 LSePLAngk B85 @lrbiaRE S S B P A oyl fedigsfe ©
e i g RS PO S B B b o
emtters reading fromthe storage nediumof FIG1. FIG 4 is a schenatic
di agr am i | | usfemthenpliics ipthgilensnwherein the amplieryouinus veliagegeuesponds tofthes, 1,
25 FIG 5 is a schematic diagramillustrating the nenory storage device of
FIG 4, 4  asniteevatigahithgeckeirdn emitler.ne A - A
Another method includes: supplying an emitter voltage to an electron emitter
in the electron emitting device; sensing the emitter voltage on the electron emitter;
15 summing the sensed emitter voltage and a desired lens voltage; and providing a
voltage output that is the sum of the emitter voltage and the desired lens voltage to the
lens of the electron emitting device.
Other embodiments of the invention can be construed as storage devices. An
embodiment of one such storage device includes an electron emitter and a lens to
20  adjust the focal point of a beam emitted from the electron emitter. The storage device
also includes a sensing switch coupled to the electron emitter to sense voltage on the
electron emitter. Additionally, an amplifier is coupled to the sensing switch that
follows the voltage on the electron emitter. In particular, the sensing switch is

coupled to an input of the amplifier and the output of the amplifier is coupled to the

25 lens. The output of the amplifier drives the voltage on the lens.
3



FIG 6A is a schematic diagramdepicting an enbodi mrent of the control
system and read/wite conponents of FIG 1. FIG 6B is a schematic di agram
depicting an alternative enbodi mrent of the control systemand read/wite
eomponents of FIG 1. FIG 7 is a flowhart diagram depicting a nethod for
i npl ementing the enpbodiment shown .in FIG, 6A. FIG 8 is a schemati.c di agram
of a conputer or p%@g’é’ggm%éggﬂ‘ eleriron FmIting sisege eNice ipgorporates icpittsray be
utilized by the controller of the present invention. 10 FIG 9 is a

fl owchart depingnsdgr ¢mitiing deeirans yovedrd astossgsonédens lend means foofocusing er of

FI G 8. DETAI LED DESCRI PTI ON Reference will now be made to the draw ngs
wherein |ike eninedalestromdirantiee dhbitteomeasimodingtipdded Soddh poingbwthe stdisge
several views. As shown in FIG 1, an enbodi nent of the nenory storage

device 10 of &B&uRY: &REA for SYRMg VONRadd Wipide o Me CAMNET Peadd ShfNtORearsqBt 1 O
system 100 el ectrically communicates with a current source 102. Control

system 10Q- provides current fro urrent so e 102 t ead/wite,.
component & 1oASLET A g AT 6 e 104 % elitivi e ol doRiele qar
to storage nmedium 106. As 20 described in detail hereinafter, nenory
storage devi cl@e emitigrimgangandpesansion AdIUsAS inpyt violfagstodhageplifiar meaps s&val  of
data. FIG 2 schematically depicts a preferred enbodi nent of nenory storage
devi ce 10 t hathatethpbutpst AiR3ge ecthaddnsgeand chab€s. 2, representative emtters
202 and 204, e.g., field emtters, are shown reading from storage nmedi um

106. In parti cul arQtheffdatueds 28QAdVantales bEMSipR@ehtlifventibA Wil BecdnRlappBinend
emtter 204 is reading fromstorage area 208. Storage areas 2 and 208

are provided 'etxbiu@%liiﬁ%{ #3trt BH%%%%ﬁ%ﬁoﬁ{@étﬁéfoll%%vixﬁge&rﬁcvﬁ&ﬁ‘lnﬁ'ﬁétﬁitléﬂoefOre-

So provided, en el ectrons provi roma source,” e.g., current source
102, are tracted.fromthe itters gnd into the respective storage areas,
a differ n%rsrf)rél? i ?Qéeﬂﬂaf?ﬂl}haéﬁﬁék‘abﬁét éeﬁ(?ﬁé?‘?‘@&ggg%g‘i Pﬁﬁ‘gﬁé ﬁ‘?r@gt rons
may be detected relative to each storage area. Detection of the secondary
and/ or backs cuithia theiscepeef the presentynysation s dpfinestia thanppendediclaims.col | ect or s,
e.g., collectors 210 and 212. As utilized herein, the term"read/wite

conponents" may be used to refer to an emtters) and/or an emtters) and
its associated collector(s). Additionally, the term"emtter"” is utilized

herein as referring to angRARFIDESCRIMFIGN OX TAR DRAWINGSSsa field emtter,
ballistic emtter, quasi 10 ballistic emtter, flat emtter, etc.
The invention can be better understood with reference to the following drawings.
15  The components in the drawings are not necessarily to scale, emphasis instead being
placed upon clearly illustrating the principles of the present invention.
FIG. 1 is a schematic diagram of an embodiment of the memory storage device
of the present invention.
FIG. 2 is a schematic diagram illustrating emitters reading from the storage
20  medium of FIG. 1
FIG. 3 is a schematic diagram illustrating emitters reading from the storage
medium of FIG 1.
FIG. 4 1s a schematic diagram illustrating an embodiment of the memory storage

device of FIG. 1.

25 FIG. 5 is a schematic diagram illustrating the memory storage device of FIG. 4,
4



I'n operation, the nmagnitude of a signal current collected by the electron
collectors is nonitored. Based upon the determ ned magnitude, the
structural state of and, therefore, the data stored in the storage area my
be identified. Typically, the data stored in a given storage area
corresponds to a bif. It should be noted that the difference 15 in the
nunber of sec®nA&YSA BPREICFUMLINGN7 8r backscattered el ectrons col | ected from
one storage area, as conpared to a storage area having a different
structural state, Ky 6hdsgrsdumatic diagtagsdapictitg pe enibodimaniod therontrglsysterh
material and/or the type of nodification made to the material. Referring
now to FI GS. ahdirbidrwete compohdigy oftFIGoUI ments of ARS systens that 20 may

i npl enent the present invention will be described in greater detail. These

figures are disclopgfl cane, d8RAAIIOEglath dégétingéﬁ S¥mARe eﬁb?@ﬁggﬁ@thé"hi chis

hereby incorporated by reference in"its entifety. It shou e noted,
however, that the, ARS syste shown and, d ibed herein are not the only
ARS systené; t%onggl ?Yll:%e %@deﬁwtetcﬂ@pﬁqeggéﬁ?f@hﬁenti on. To the contrary, the
present invention may be utilized with various types and 25 configurations
of ARS systens pr oﬁﬁcﬁéds@ﬂawcwaamﬁgmlgm&@n@ta@gfﬂrénbkmmgthg data to 6
and/ or reading data froma storage nedium FIG 3 schematically depicts a

t echni que f orembadimeg shewmintlHGa6A/ or readi ng data from an ARS storage area.
As shown in FIG 3, storage nedium 300 is based on a diode structure, which
may be a PN junctipig. 8as Sdheinbtiydiagam of @ lcomPhitePetprédebdi-bhseR Bytém s

el ectronic valve. Data is stored by locally altering the sur?ace of the

di ode in such t I .Qp:r:ef fi e ' i Ly: rs

gener at ed by %hﬁ‘e‘wg?{%: ie@'gld@se)&aing&qegﬂlcli‘?ﬁ%ﬁelgg rof(l)lrgrllr?f{r?z}l 8#6%%1918}&% tered
region. The collect] .efficiency for mnorif. arriers is fined as the
fraction m nor i ]%li(/}?@é?? gyeh BVH’E%EI"BEIPI’FE\& q%ﬁ%FQﬁ?gigﬂeﬁﬂc}S%@%ﬁ%h are
swept across the diode junction 302 when it is biased by an external
circuit 304 tofldGu8e 10 a signal current 306 to flow in the external
circuit. Although FIG 3 illustrates a preferred external circuit 304, it
w Il be appreciated that this circuit is provided for purposes of exanple
only. In operation, the enmtters 308 and 310 enmit narrow beans of el ectrons

onto the surface of the storage pEfAHEBPESCRIPTION dent el ectrons excite
el ectron-hole pairs 15 near the surface of the diode. Because the diode is

n- hol e pa sur he diode. Because
goner ated by tho i BrEER LS FRED e RE OhL RTORERR bR 7T O

302. Electrons that reach the junction 302 are then across the
junct i on.19 correspondlrng parts throughout the several views. Ass ownslwﬁ'?é l,anemgoc}lment

of the memory storage device 10 of the present invention includes a control system 100.
Control system 100 electrically communicates with a current source 102. Control
system 100 provides current from current source 102 to read/write components 104 so
as to enable reading of data from and/or writing of data to storage medium 106. As

20  described in detail hereinafter, memory storage device 10 utilizes ARS technology for
the storage and retrieval of data.

FIG. 2 schematically depicts a preferred embodiment of memory storage device

10 that employs ARS technology. In FIG. 2, representative emitters 202 and 204, e.g.,
field emitters, are shown reading from storage medium 106. In particular, emitter 202 is

25 reading from storage area 206 and emitter 204 is reading from storage area 208. Storage
5



Accordingly, mnority carriers that do not reconbine with majority carriers
before 20 reaching the junction are swept across the junction, causing a
current flowin the external circuit 304. Witing to the storage nedi um 300
t s acconplished by increasing the power density of the el ectron beam enough
to locally alter e ical properties of th i ode. This.alteration
affects the nﬁrﬁﬁsei &Pg?nﬁﬁaﬁl’[f&}“éﬁf‘ﬁ‘éb §1?§%LTW@F%§§%S*&§ djefﬁﬂ-‘(t,’ﬁ‘i&on 302 25
when the sane area is radiated with a | ower power density (read) electron
beam For 7 herpisbefptse Sormevideds when elactions proxidsdifionna sguree; g, eyresat Swececoul d
be increased relative to an unwitten area 314 so that the mnority
carriers geneiG, ert dxtrattedfromithd enittersead 8it@ theavspeaiveistocageassas| aatifférai | i ty of
reconbining with mnority Garners before they have a chance to reach and

cross the | ungirhidt of Setondd 6Retréhs AAMb! Bicksetiidr8lEledttoRYihal Be HBBc 1B LeBitiva!
circuit 5 304 when the read electron beamis incident upon a witten area

312 than en it 4 S.L.0Ackden iftte . ersely,. it is
al so possibl etotetgc}llség}ragg\%mg?'hbg%ééﬁdé&g%s#r@ Eégc d%&eaﬂﬁ@\%lg%éé éﬁﬁﬁcgﬁf%%r%%?&t ion
rate and to wite phitg by locally reducing the reconhination rate..In such
an embodi nent ?CCPWBB?Pﬁg By Fl?ﬂ‘é‘"b‘?"l%ﬁersc%g-r %‘ﬁ’tec'ioéssﬂﬁtai“ﬂ ¢1%-r dptilized hergisy they
carriers depends upon the state of the storage area and the current
continues 10 term “read/paite edmprmients’dbmaybi¢ vset do reffier than emittor(eg)chnd/for @Semifte(s)d 5
illustrate an enbodi nent of nenory storage device 10. In this regard, FIG
4 shows a si dand iGrassseiateicdolledian(s)v iAdditiohal e thetatns tentifg? isdeNizeéEhekéln awhi ch

i ncludes a nunber of field emtters 402, a storage nedi um 404 t hat

i ncor porat es REHIDRS and ettt @ oA RASUR S a gflg efhitfBr WA IERY EhitPubdat scans

the storage nmediumw th 15 respect to the fi emtters or vice versa. In

a preferr i nen ch.storage area 406 is responsible for storing

one bit oﬁpi ﬁ?n;gﬁ%ﬁtefnéﬁér’ eﬁ%%lrieéﬁed her ei nbefore, the field emtters are
responsi ble for reading data fromand/or, witing data to the storage areas
by utilizing el ectngpertianshe magpitude pkg signakpurreaf collpgied by the dlegironhe " pr esent
invention preferably are of the type that produce el ectron beans which are
nar r ow enoughcdllectds isvlonitared.t Based eporr thel detetmidedunagnitudé, théwrustueal age afedi um
and which provide the power density of the beam current needed for reading

fromand wi tandgtheefdrBahsins agrdi the ragbardaiidy tarigshtified eTHIGAN! ®e ditgvever ,
in other applications, various other emtter types may be utilized. During

operation, a Q&@@'ﬁ{@@%{l&&aggﬁgm&%s%@gé tesencR sﬁoﬁmft@@.hdtﬁgtpagmmgrfgcé ield

25 emitter 402 and a corres Ing g , such as a circu ate whi ch

surrou nds15t hein the number of secondary electrons and/or backscattered electrons collected from one

storage area, as compared to a storage area having a different structural state, may be
greater or lesser depending upon the type of material and/or the type of modification
made to the material.
Referring now to FIGS. 3 through 5, other embodiments of ARS systems that
20  may implement the present invention will be described in greater detail. These figures
are disclosed and described in U.S. Patent No. 5,557,596, which is hereby incorporated
by reference in its entirety. It should be noted, however, that the ARS systems shown
and described herein are not the only ARS systems to be utilized with the present
invention. To the contrary, the present invention may be utilized with various types and

25  configurations of ARS systems provided that such a system is capable of writing data to
6



emtter. So provided, an electron beamcurrent is extracted fromthe
emtter 402 towards the storage area 406. Dependi ng upon the distance
between the emtters 402 and the storage nmedi um 404, the type of emtters,
and the spot size (e.g., bit size), electron optics may be useful in
focusing the electraon b . Vo] tage also may be 5 applied to the storage
medi um 404 t o™E{TAEN c@gqn%?'gf’ééofﬂg%&é%é%r ate the emtted el ectrons or to
aid in focusing the emtted el ectrons. A casinhg 412 also may be provided
whi ch mai nt ai ns t WAGs 8 sehegratigally dericirortechnique Sarrwiiting datectoand/oealingdaitons a
top view of the cross-section A-A of FIG 4 and illustrates the storage
medi um 404 befrorg ahARS $igragevares eAs shofwnt ih FiG v Istoeage mediumi 300 is bated dnlaeliods 514
10 and 516, and 518 and 520. Although a beamtype m cronover is shown and
descri bed herﬁu@ﬂué{%ﬂﬁ&“ﬁaﬂﬁé@N?Wﬁén,%@éh@tﬂ@f b&HERD! MYtk typeof Onovers nay
be utilized by the present invention. Faces of the first set of thin-walled
beans, i.e&, 6 re } be
flexed i n%t heééﬁr ?dr}cellg i bl’ll) & '?8‘\!‘?#83’93 %")eé]léfi géﬁrg%ghense |a§em§%%f&%gp§§g§' ‘W{XX he X
direction with respect .the casing 412. Faces t he 15 second set of

thi n-val | ed HBsAoNEqtoR .e?fosemy franinoy caviers senered Iry theltared regien) is differend
beans all ows the storage nedium 404 to nove in the Y direction wth respect
to the casi ngfram zhat 3han wabiered eeginndi ThmepHedtien difisienchfor friinarity satiersfis beans t o
a frame 522. The frane is held by the second set of beans to the casing
512. Thus, t hdefinedhgkhe Fadtionrod miRotitg Cafien \tefieritb&bp the kgt slectronewhith aror t he
storage nedium may scan over the field 20 emtters, in the X-Y directions

by el ectrost %&%&a&&s‘%%&cﬁ&?@é}iﬁﬁ‘é&oﬁ’SOQW{‘Pﬁ'i@ﬁBéeh(By% eReRAI cifdiitBBRkfcal®d hods
and/ or mechanisns. Referring nowto FIG 6A, cirCuit 600 depicts the

Component ) 1ERL GRG0 Happin S AN Rhie YRARRL NG EMHIRY Sy ot o

100 and transistors 604, 606 and 608. and not for purpose of

) By 25 exanpl e, .

linmitation, tMefermededemalsguitdld, pavidlhe appissiated that this gircyjtds pyewided{ont r ol
system 100 el ectrically comunicates with the various transistors so that a
pr edet er m necpwprseesfiexampleontyo an enitter, such as emitter 610. In the
enbodi ment depicted in FIG 6A, transistor 604 is coupled between control

system 100 ( her ei rafdperation; @i énfittbre 308 a3l Oedthit fRfowbBdAmsP eRctEdIg Ohfoithel | Y,
the drain 604d of transistor 604 is coupled to node 605, which is also

coupl ed 10 ¢1Kie8t o @hno B! The HiffenlicdioRDSIcRt BlecfihdizpsuP! ed to

control |l er 100.

15 near the surface of the diode. Because the diode is reverse-biased by the external circuit
304, minority carriers that are generated by the incident electrons are swept toward the
diode junction 302.
Electrons that reach the junction 302 are then swept across the junction.
Accordingly, minority carriers that do not recombine with majority carriers before
20  reaching the junction are swept across the junction, causing a current flow in the
external circuit 304.
Writing to the storage medium 300 is accomplished by increasing the power
density of the electron beam enough to locally alter the physical properties of the diode.
This alteration affects the number of minority carriers swept across the junction 302

25  when the same area is radiated with a lower power density (read) electron beam. For

7



term nal 604g of transistor 604 is connected to, preferably, a SV source.
Transi stor 606 operates to rapidly charge the stray capacitance on node 605
and is coupl ed between node 605 and node 607, which is coupled to emtter
vol tage 10 source Ve. The source 606s of transistor 60Gis coupled to node
605, and the drain &g6d of .transistor 606 is cgupl g to node 607, which

al so is coupl BEaRs: BRvoqEIbitation mieina vaanasa i |0951§ e dnsiivased ToRIVELR At o

vol tage source Ve is also connected to resistor 612. Resistor 612 is

coupl ed bet wewnwritten aesai X146 o thabihe agrorgy aarciers\genaratdd bthé written gras 812 kaveianal
606g of transistor 606 and the drain 608d of transistor 608. Transistor 608

15 operates wneeaded pREbIliEy thtesoRibinifg Wah nliftity Gartibisbefotothsy Bivera chliee@h and
of f accordingly. As such, the gate term nal 608g of transistor 608 is

coupled to t I : gﬁ i IS
coupled to gpgﬁﬁ%{.ﬁhscgénsg?%d%gagagl%gﬁfgﬁﬁgfe te?(\f’/\%geﬁq‘t%ﬁ%ﬁ%rgg é:ﬁglgltS and
operation lifi 618. NMore specificall di ode 61 i,S_pQqsiti.oned with
its cat ho?e cOo p‘T"ée&%%feﬁ%&‘&" I%HﬁlqeﬁtsupéHSG@q‘%B&ﬁagng]@nﬁ%ﬁg lt6§§0, whi ch
is connected to an input of anplifier 618. As _such diode 616a is forward

bi ased when tReldeitiuperan gawritted aa:d [de Canvrersely. ildy alsa possiblete dtariveth & dede
emtter 610 is not active, which essentially results as an open circuit.

Di odes 616b tdtwuotughhavigra lagleresombinatidnyrate ang toeeiriteditede tocaldyired 6 thad t he
other emtters circuits. In this group, one emtter 610 is active at a

time, and_t heres@misihitbnZate dPHRA af difiBodimEriOhe HRRARdENE theQubRBiGedNidgTFonRCt i Ve
emtter. Thus, the sensing diode 10 connected to the active emftter is

forward bi as - : ' r ' ' : a
resi stor 622 et B henth BREINEGRe Bt el BhR Ao B i prby Bhiates £
Anplifier 618 is confiqgured.in non-inverting inplenentation and is

C(r)rEpI ed 300 tBﬁP’t‘tP'étrSIET’ghodB‘Bc‘gﬁgﬁﬂ@étSVée%i a cogne(r:r}t)i on 624. The negative
term nal 625 of anplifier 618 is coupled to a variable resistor 626.
Control l er 100 conthIGcSLéancbéilbxs@ate@zmwm@mmﬁemogmste@gf;dmedw. il thisur n
controls the gain on anplifier 618. Mre specifically, variable resistor
626 may be prregurdRIGd4 blyowswesids) GiokBsdctisnal Viewlad nasshdi stotalge d@déean 0ptvhiche
anplifier 618. The value of the gain of the anplifier 618 nay be 10

deter ni ned bYingugdla diiiet SNhdM SRR M2, BBy meliufIRhA indofpotdi&s 4 €Si st ance
of variable resistor 626 is set low, then tRe resulting output of anplifier

018 1o | ens. SiePollillec klod B8, 4% S ANER Y AIEa Uark Y b A ERR Ol | S

set high (signitican gher an T esi ot en ou t age

of anplifjer 618 wll entially be the voltage inpuf at node 620.
i 15  respect to the neeﬁ emlttters or)\/zice versa. In apref%?red emgoc}iment, eaclcli storage area

406 is responsible for storing one bit of information. As mentioned hereinbefore, the
field emitters are responsible for reading data from and/or writing data to the storage
areas by utilizing electron beams. Thus, field emitters suitable for the present invention
preferably are of the type that produce electron beams which are narrow enough to
20  achieve the desired bit density of the storage medium, and which provide the power

density of the beam current needed for reading from and writing to the storage medium.
As mentioned hereinbefore, however, in other applications, various other emitter types
may be utilized.

During operation, a predetermined potential difference is applied between a field

25  emitter 402 and a corresponding gate, such as a circular gate 410, which surrounds the
8



15 Lens 632 may be controlled to focus the electron beamthat is emtted
fromemtter 610 and drawn through extractor 614. By adjusting the voltage
supplied to the lens 610, the focal point of the emtted beamis changed,
whi ch can be mani pul ated for reading and witing operations in the nenory
st orage device 10. f eedback resistor 630 is coupled between the output of
anpl i fi er elseraweho@eorgwﬂecgfna Bﬁqwaﬁ‘é&&ﬂ“\}%e’f%@f’%{o&‘E‘Fﬁ&ﬂm%ﬁo%mpl ifier
618. The output of anplifier 618 at node 631 is also coupled to the |ens
632 of the eltowardsithesidrages arga 4viRepending wWiom, the Jistatecbepvacp the emitters 462 631
fromanplifier 618 nmay al so be coupled to other lenses in the emtter group
for the el ectamnhestoiage medidev4taetht Gypelof emitel, bid the epagizae.glelit sik)ng an
alternative enbodinent to the configuration 25 shown in FIG 6A |If the
voltage on th | | j o JoSml y a

vol t age drop %?:dr?@g s?b ?%Sghgs&e%stﬁgﬂ g]I %g%ldgﬁgg%leéﬁ?lcﬂﬁ&nn%w ﬁgé\ggqgatqnea%p%r ature
sensitivity, a coppepsating di.ode, 635 be. pl.ace et n ngde 620 and
node 633, uhi GRIFLRHEApBER megan 4his Al pergisretE ot SsRPLal GhaRGol 1 11 or

618. Moreover, a bias resjistor 637 may be connected between the anode_ of

t he conpensat ¢leirons eite aghin fagnging ths emifted electrongt Agating 6Ekalsommay by previdedi st or
637 woul d al so be connected to ground. One of ordinary skill in the art

woul d al so r ewhighimeintiihathe slesigs nedan64® iangad@yvaouwnd each be repl aced by a
transi stor current source (not shown) controlled by controller 100. Each

current source WOURT:, 5WhewoRtopMVieV oftRe Edbsideblion A-26f FICRUQH ilfoktidtestht y, each
current source would turn of f when no emtters are active. 10 As an

alternative e ' ( LEF&E }

mon- | nvert | ng @ PP A beg ey RS bt Ein DAk TREERRI BEBS M . o
the desired | ens volt : , 4.t shoul d be ohvious too one t i

i 1 ar 40 rAnerd oo 8 apd S liiongh & braaime SRFSTBNESS o AR dstebed ut e
in the place of anplifier 618, which performthe simlar functions

descri bed abdvegein,/3ripys ethettynes and eanfigarations of rer@merers may e uihesdby thesensi ng
di ode 616 may be replaced by an electronic switch conprised of one or nore

hi gh- br eakdovpreseat inageiolvOBades afithie $irsd s&t of thir-walleddams) ire. 1314 and 46& aretihe
transi stor would be configured to sense voltage at node 605 and turn on

when the vol t@gK-7 BRRECThid sétiof BEMR Hay/ 5 ed MBE X! diR eI Q@t\&fhfgié/? 618

e
transistors) is turned on, the voltade at node 620 enabl es 20 anpli

to followthe 0 Ltier.. -t hi FSLor may
be control | ed™ %@L%lg%? rt%ﬁlf)g%.'ﬁ’ltggk é‘l‘ﬁ%%o?lj‘%tth ;sgﬁ%ﬁﬂgt‘%e&% n%{l('l)%j%c%@%%t@@t hat is
fam I iar 15  second set of thin-walled beams, i.e., 518 and 520, are in the Y-Z plane. This set of

beams allows the storage medium 404 to move in the Y direction with respect to the
casing 412. The storage medium is held by the first set of beams to a frame 522. The
frame is held by the second set of beams to the casing 512. Thus, the field emitters may
scan over the storage medium 404, or the storage medium may scan over the field

20  emitters, in the X-Y directions by electrostatic, electromagnetic, piezoelectric or other
suitable methods and/or mechanisms.

Referring now to FIG. 6A, circuit 600 depicts the architecture of an embodiment

of the control system 100 and read/write components 104. As shown in FIG. 6A,
circuit 600 includes control system 100 and transistors 604, 606 and 608. By

25  example, and not for purpose of limitation, the transistors may be field effect
9



with the art that other electrical conponents nmay be inserted in the place
of sensing diode 616 that performa simlar function to the sensing diode
616. FIG 7 is a block diagramof a nethod 700 for controlling the voltage
on lens 25 632 with the circuit i npl enentation depicted in FIG 6A. In step
702, transistor 604 i in turn, ivates the emtter
520, The. our r BRESOIBRLYTEY HEMOIDEGIneR| G ARmERPISHER “ahe YRIo0: TBRRSSa. o
current anplitude is set, as discussed above, by controller 100. In step
704, sensing & tdea predetemeinedeurrens flows tca@eermﬁem,h@cheaﬁemmr @00. One enmitter
is activated at a tinme, and di odes 616a, 616b...616n are used to sense the
vol tage on the em Idthe einbadiment depidtsEin RIG. SAQ@arﬁQﬁ)r 60833 sdupled®2twden
controlled by controller 100 to set or programthe gain of anplifier 618.

In step 708, E&ﬁro%&ﬁ'térﬁ h & &%J@“%&l&ﬂ%éﬁ&@r &fo. tl\hﬁre%gédlﬂ@all?r@hEt er

610 in relative fashion. e output of anplifier 618, as shown In step 710,

is used t drlve ta Iens 6 1 other .l ense

desi gnat e é(ﬁg Xgranm%m@ ar 08\}%16‘?%)@10@5 6§%1)VV1?1F lil %!sralsc0 cfogﬂfflt%i@q& b be
shar ed am)ng all the emtters in the group and can al sg be pI aced outside
the silicon afthapd F}@@Pweéﬂﬁﬁe?fﬁ@élﬁlﬁtof fed @rﬁOPPléiiéoc%mgﬁral(@d Thssoe, the
silicon area under the emtters may be limted. Thus, individual emtter
control ci rcutetm‘;nah@@tlghﬁmnﬁsﬁooﬁ@ttiycbm@tekisto,q:refa:abtmeﬁé’mpumcessi tating the
placing of the anplifier 618 and related circuitry outside the area

underneath the em Tfa@giStor BY6 %&rﬁ@k 85Il chige 9 dirayiclptitaice dAhodob0s he
anplifier 618 with resi stor the focal point of the beamfromthe

active emtt eﬁnc!? %Qo%er e 138709 aRY nbmﬁ%lcglfgccﬁ{p?& tzjei'm(}éfrv%ﬂ%eﬁ or

604 is turned gactivating emtfer

controlle 100 acty S or turns.on t stor

Transi st ol GOBFE %%ahhww R IO Pl O ol i 1 op
714, transistor 606, when 20 turned on, is used to rapidly charge the stray
capaci t ance of06df teapsistoppOGisseupios tayodg607 nuhighalse iy cagplyd topxractos Gl of
this step allows for a fast turn-off of emi ssion currents, as contributors
to the total aidayitteoypdtage ssuree VathﬁodrwdHagerumen&iiaglsdicommaddo tesBOSi St or
604. Enbodi nents of the controller 100 of the invention can be inplenented

in 25 softwargy q{éllstorfGIin@’\@JL?)ed U&aﬁém@'i@emi%r %1&??@6&6& Vednd bah e %até n an
enbodi ment, 13 where controller 100 is inplenented in hardware, can

i npl enent ed Wel jmﬁﬁé’o@rof?raﬁSE?pf%An%'}hé’ﬁra f6odaU et MLiter 66 "RRLEGb s Whi ch
own 117 the art: a

are each well

15  operates when turned on by controller 100 to turn transistor 606 on and off
accordingly. As such, the gate terminal 608g of transistor 608 is coupled to the
controller 100, and the source 608s of transistor 608 is coupled to ground.

Sensing diode 616a is coupled between the node 605 and operational amplifier
618. More specifically, diode 616a is positioned with its cathode coupled to node 605

20 and its anode coupled to node 620, which is connected to an input of amplifier 618.
As such diode 616a is forward biased when the emitter 610 is active and is reverse
biased when the emitter 610 is not active, which essentially results as an open circuit.
Diodes 616b through 616n are similarly coupled between node 620 and the other
emitters circuits. In this group, one emitter 610 is active at a time, and the sensing

25 diodes 616a...616n sense the voltage on the active emitter. Thus, the sensing diode
10



[
discrete logic circuits) having logic gates for inplenmenting |ogic
functions upon data signals, an enbedded controller, an application
specific integrated circuit (ASIC) having appropriate conbinational |ogic
gates, a programmble gate arrays) (PGA), a field programable gate array
(FPGA), etc. In so enbodi nment s ntroJ .of the device 1 | enent ed
in sof tware, %msﬁn&eetéa@ameérwogffﬂﬁ" %d'ﬁdaﬁeé %séetgw@er @9 aéﬁo@lgf)eaﬁrssr
general purpose conputer, such as a personal conputer (PC |BM conpatible,
Appl e- conpat i biased. &nn&ﬂvhermsmﬁn iscoupled Sebnaen nodgdf) andrtheemitter yoltagai nf r ane
conputer. An exanple of a general purpose conputer that can inplenent the
system of thesgquk@seft i nvention is shown in FIG 8. Generally, in terns of
hardware architecture, as shown in FIG 8, the conputer 800 includes a

processor 802, MenRLy 0 618%990%@1&5[}{ %}Hﬁg ﬂ'ﬁ&ﬂéﬂ@ 126PAHd i§ bifPledl ®

devi ces 810 that are comuni cat y coup via’ a oca Interface 808. The

| ocal interface 808 c exa limted to, nor e
buses or ot hel® SRHHE 2 g?/\f‘?”é‘feoggv@(fﬂ {‘P‘bh%‘p tlé ?esga{%%\fﬂminﬁf)&ﬁe art. The
| ocal interface 808 nmay have additiqgnal elenents, ch are omtted for
sinplicity, sYBMifE 6&%#&%[’13&1*%3beﬂﬁh‘lee@lskoéégﬁegj’ntf@hr\}@? gONtrolSJesiFeF s, and
receivers, to enable comunications. Further, the 20 | ocal interface nmay

i ncl ude addr €625 vig oorreotion éﬂ&;l/mdmic}dattla'n(commuhecgam oroamplifidré 1 8pMaopr i at e
comuni cati ons anong the aforenenti oned conponents. The processor 802 is a

har dwar e devi gRcifiRallEXaGatlé RGiskR GRHRIaG be pAdgradmel By Shedonttoilét 18T aFust04.
The processor 802 can be any custom nade or commercially avail abl e

processor. & gentyale I QSRR 98 UL, (%%Plfae in SR Yspligr ot st gpgosor arong

Ci ated vvltﬁi

several 25 pro §d0rs A58 on em conduct or
based 14 roprocesso |n the f a mcrochjp). or a macrQprocessor.
The eor 0 BORGRNA R AL Hpn GRRSeiTor BT B CORTBE, U dretes PERAStr y

el ements (e.g., random access nenory (RAM such as DRAM_SRAM etc. é% and

nonvol ati | e nesfiable resigtaeodtsis set lgw, th e rpgltingputye of pmplifiercildniens 082) . 5

Mor eover, the nmenory 804 may incorporate el ectronic, nmagnetic, optical,
and/ or ot her ishigs Ifcthe Bdsistmgevaindbﬁvarﬂhbleeesihaﬂissﬁdxigtefsigniﬁdaﬁﬂy hizgherhhana a
distributed architecture, where various conponents are situated renote from

one anot her, Rb‘i%to?@ﬁ‘(gbﬁleﬁ GEEANRH vBMadeT aRIpAGESEY witsdsentiaRy 68 {HeWaltgzd N
nmenory 804 may include one or nore separate prograns, each 10 of which

conpri ses an f?l{)l(;tez{t%gdl 5%' ng of executable instructions for inplenenting

15 Lens 632 may be controlled to focus the electron beam that is emitted from
emitter 610 and drawn through extractor 614. By adjusting the voltage supplied to the
lens 610, the focal point of the emitted beam is changed, which can be manipulated
for reading and writing operations in the memory storage device 10.

A feedback resistor 630 is coupled between the output of amplifier 618 at node

20 631 and the negative input terminal of amplifier 618. The output of amplifier 618 at
node 631 is also coupled to the lens 632 of the electron emitting device 10 (FIG. 1).
The output at node 631 from amplifier 618 may also be coupled to other lenses in the
emitter group for the electron emitting device 10.

FIG. 6B is a diagram depicting an alternative embodiment to the configuration

25 shown in FIG. 6A. If the voltage on the non-inverting terminal input 620 is impacted
11



l ogical functions. In the exanple of FIG 8, the software in the nenory 804
i ncludes the control systemand a suitable operating system (Q'S) 806. The
operating system 806 essentially controls the execution of other conputer
prograns, such as the controller 100, and provi des scheduling, input-output
control, file and data 15 managenent, nenpry nmanagenent, and conmuni cation
control and rBY aveltpes dren 3cEess tWﬁmﬂ&éwésﬁl%@wh&h mashave 4 IEHPEAR ed i n
software, as is showmn in FIG 8, it should be noted that the controller 100
can be st or edsepsitiziy, acompghsating dinda 08 & may die piactd betwsen hgdedti20iand nodnei3, i on
wi th any conputer related systemor nmethod. In the context of this
docunent, a ceHhijellisthe pesitddicemiingat dfoparatich: ainplifiecs 1 STAIORbVE, a Bids
optical, or other physical device or nmeans that can contain or store a

: | _ s tha n o t
o Mot hod. Ths ooner biTRE pe T fieclsd pEARAR RIS fABIXO1 e B0 RO e =t o

medi um for. use or..Ln, co tion. wth.an i,gstructiopn execution sysiem
Rppar at us.S or SpeiE 618 BARERSS , TS hifsr it c0d v uaPe frBEdet Bredit ai i ng
system or other sesstemt_hat can fetch 25 the instructions fromthe

i nstruction executPahoksrdinany skilbpethe ai avoulst alspergregnizafhatirssistors,62d ané 63 he
instructions. In the context of this docunent, a "conputer-readabl e nmedi unf
can be any meandd tdchbe ceprlacet] by @, transistor curoeant squrge (@pogheiva) comtralledhgport t he
program for use by or in connection with the instruction execution system
apparat us, orcdh@¥ll&€L00] IRck ifpéHt Sburt &ROFA t@nIRtREMhE aRitlkeis defivatekanpl e but
not limted to, an 5 electronic, nagnetic, optical, electromagnetic,
infrared, or &em.Gon i agation

roct am Mor e STEP; G b Rer S50 EEWoBRAG e B Y bifendie REAR

conput er - y eadabl e di um woul d i,ng) ude the follow.ng: el ectrical

connect i o (el ect roh L AV GmpRimaant (Rof shaym cAmpliftes 618 may e cepigre by

di skette (magnetic), a random access nenory (RAM (electronic), a read-only
menory 10 ( ROMD-insering senmey cireuit (aptsbawnkthet signse itter veltageand henenor y
(EPROM EEPROM or Flash nenory) (electronic), an optical fiber (optical),
and a port abl destredrieas Voltigsc Thas dtshohld bewbwioys (odae@ht i fypdilisrakith thhlattahdthat

t he conputer readabl e medi um coul d even be paper or another suitable nmedium

upon whi ch t heh& il bempireisefay BeSsubfRuted ﬁgﬁ@?ﬂ&é@f RepRi&Y1BORhieR! | Y
captured) via for instance 15 opti'cal scanning of the paper or other

medi um then e?%ltﬁéjsiaaiillg%ﬁ%@{izgﬁﬁgdégc rbeﬁég&fe‘-” se processed in a suitable

manner, and then store e nory. Functionality of the
enbodi ment_ of the controller or nethod 100 of FIG 9 may, he nstrued as
begi nni ngl%at bl oc klngggth\%%lpeglaéwegm%p&g}eng&g{ hova).eaging X‘Pge Pﬁ@@w B In

replaced by an electronic switch comprised of one or more high-breakdown voltage
MOS transistors (not shown). In this case, the transistor would be configured to sense
voltage at node 605 and turn on when the voltage reaches a threshold value. When the
high-breakdown MOS transistor(s) is turned on, the voltage at node 620 enables

20 amplifier 618 to follow the voltage on the emitter 610. The gate of this transistor
may be controlled by controller 100. Thus, it should be obvious to one that is familiar
with the art that other electrical components may be inserted in the place of sensing
diode 616 that perform a similar function to the sensing diode 616.

FIG. 7 is a block diagram of a method 700 for controlling the voltage on lens

25 632 with the circuit implementation depicted in FIG. 6A. In step 702, transistor 604 is
12



bl ock 904, a current level to be provided to the emtter is dterm ned
Preferably, a 20 determ nation of the appropriate current |evel to be
provided to the emtter may be based upon an evaluation of the emtter
status signal (s) Thereafter, such as depi cted in block 906 providing t he
appropriate cu evel, to the emtter In b lock 908, based
on the vol t ag® p?ﬁl‘?]’]E‘c‘ih {5 (RACHNRIER &}F emétt‘?’él Q’[ &b%f”ﬁm’[ﬁt SHRY fodhe FmifsT + age
is establlshed on the emitter's lens 632 (FIG 6A) as well as all other

| enses in theflews threughamngiston p04 ybmcwtaspapplifyde issel, as disepssednboM® byenses in
the emtter group, the emtted 16 el ectron beamis focused to a desired
poi nt for readinogllew 100 g siep§O0dtsensisg dibbde 6 fdamanseh et wliage o1 (BS.emittarecd09 show
the functionality and operation of a possible inplenentation of controller

100. In this (pgahfiteraaadtivatedtk a tigR! ARANb&sH18BH16E...6168 Bﬁ:ﬂised @ seR&¥thé on of
code, which conprises one or nore executable 5 instructions for

| | d
that T scme H’fé? ﬁ%@* :%969 fehig lig%t:fi{ei‘ BB IRE o PR CotuRuBeRR°, 22;& ocks
Fi 9. F
Shown i n succedpl 104 @seuEproaran the gﬁ%sgf%@“f"eﬁ%-cfr & Dhetapiiter °°°

substantially concurrently or the blocks may sonetines be executed in the
reverse order61&feﬂewdth@g/onpgmoftthea¢t1m(cmltb¢ra6|10tnyreiamerfaﬁhimled, as will be
further clarified hereinbelow The foregoing description has been presented

for purposes of ilThsdutpitiofamplifledtBIBeas dhowarin step 716, i 0éedito deineled vohadee
exhaustive or to limt the invention to the precise forns discl osed.

Nodi 11 oat | oS feny 53 Atd A1 8" EnRORHE i ol OB AN Gwd fECH1 NOS

The enbodi ment or e nment s scusse wever sen an

d b d f f

[ mvent | ont Gt i irey P il shre el B «Riech iy ML i on B e e
skill in the art to utilize the invention in various enbodi ments and with
various nodi fRlacedioytsadethe siligonarep diyeqtly undempath thecgmiffers & statet ope-dhed. Al |

such nodifications and variations, are within the scope of the invention as
det er mi ned bysilidoa angmerddethechuiters matide linxitedr gihes, ealividugd@Emitereodtilce wi t h
the breadth to which they are fairly and legally entitled. 17 CLAI M5 A

T A ety RO g0l At 1
amplifier 618 and related circuitry outside the area underneath the emitters. By
15 adjusting the gain, in step 706, of the amplifier 618 with resistor 626, the focal point
of the beam from the active emitter 610 may be optimized by lens 632.
In step 711, transistor 604 is turned off, thereby deactivating emitter 610. In
step 712, controller 100 activates or turns on transistor 608 via gate 608g. Transistor
608 is used to turn on or to turn off transistor 606. In step 714, transistor 606, when
20  turned on, is used to rapidly charge the stray capacitance on the emitter node 605 or at
the emitter 610. The result of this step allows for a fast turn-off of emission currents,
as contributors to the total stray capacitance may include the sensing diode and
transistor 604.

Embodiments of the controller 100 of the invention can be implemented in

25 software (e.g., firmware), hardware, or a combination thereof. In an embodiment,
13



supplying an emtter voltage to an electron emtter in the electron
emtting device; sensing the emtter voltage on the electron emtter;
supplying a non-inverted input voltage to an anplifier that follows the
emtter voltage; and providing an arrplifier output voltage fromthe

anplifier tot ens he a | out | ta relative to
the e tter voResangene 00 & Brlettrahetdars i Gambiaiogtuida,
further conprising the step of: dr|V| ng all other lenses in the emtting
devi ce based esmbihaticarnfithe OélpwmtpdtnometSagbwbammapbweﬂympwe imthelartt jaer . 3.
The nethod of claim1, further conprising the step of placing the anplifier
out si de of andi¢rer logideiragds)having legie ghteo forémplehentinglogikhfanetizink aporndate| ai m
1, further conprising the step of adjusting the anplifier output voltage so

that the |ens 1§, %h2h/D &Jh‘acfoﬁﬁé‘l'l lifdtioR sPERHIE Bifedrited ciréudiAlSiE) el ectron
emtter. 5. Tﬂgmrret hod Sf cl ai m4erp;\g/\ﬁhd(yrpél nltﬁg anpl |fgfrer glutlgturq vo%tage S

adj ust ed ng. t he. of .th | ifier f claim
5. Wher ei o« nERE Sort A gt BP ahiet Hruaddmmpenle anl GV (e
anplifier. 7. An apparatus for controlllng the voltage on a lens of an

el ectron eni tﬁ?ﬁ@“&%%m@éblﬁ@a@cﬁ“@&w?% cal point of a beamenitted from
an electron emtter, conprising: a diode coupled to the electron emtter to
sense vol tage on thlesomcidlnmdirn@tanpﬂlt'rdliOéthemubbéﬁ is implérventediesoftvate, &0l | ows
the voltage on the emtter, wherein the diode is coupled to an input of the
anpl i fier andad &@cadblepio dg@imtitﬂl@exﬁcufed% al spediflLp lgesbrhlpuiiiste compute:

variabl e resistor coupled to an input of the anplifier, wherein the gain of
the anmplifier r ﬂé}w rein
t he out put of Sdtc aggjr‘r’pgﬁ%l?dq r| v I% a\efllg[eé o%b%héeo ea?l&s)go?r(ﬁ Y%3éctron
emtting Vi ce. The. a t us of am? furt her | Sin

ol ur a1y fE1 ek ttioh i OB B ARG CTH T A SBALGS S4HIP o1 and

addi tional electron emtters. . o )
purpose computer that can implement the system of the present invention is shown in

FIG. 8.
Generally, in terms of hardware architecture, as shown in FIG. 8, the computer
800 includes a processor 802, memory 804, and one or more input and/or output (I/O)
15  devices 810 that are communicatively coupled via a local interface 808. The local
interface 808 can be, for example but not limited to, one c;r more buses or other wired
or wireless connections, as is known in the art. The local interface 808 may have
additional elements, which are omitted for simplicity, such as controllers, buffers
(caches), drivers, repeaters, and receivers, to enable communications. Further, the
20 local interface may include address, control, and/or data connections to enable
appropriate communications among the aforementioned components.
The processor 802 is a hardware device for executing software that can be stored
in memory 804. The processor 8§02 can be any custom made or commercially available
processor, a central processing unit (CPU) or an auxiliary processor among several

25  processors associated with the computer 800, and a semiconductor based
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9. The apparatus of claim?7, further conprising: a current control circuit
coupled to the diode and the variable resistor, wherein the current control
circuit establishes the current anplitude supplied to the electron emtter.
10. The apparatus of claim 7, further conprising: 19 a switch coupled to
the current control circuit and the electron emtter for activating and
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controlling the voltage on a lens of an electron emtting device,
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109%g& () - $108igdiug)' carl bosgmejns 1oRgan §ipraggerhm@gicate,1frbpagslsy@t (rynsgrt the
10%g& ()-510%g& ()-310%& ()- YInl0%& ()-,/ G 10%g& () - bcdSgHK-

10! y10%9& () - Srdfeiol hise PSR connetBOB Fith khedih@¥@Soh kxechBod SytaHparatus,
10Y10%& ()-1° 10%& ()- . &10%g& ()- S10%g& ()-s10%& ()- 109%9& () - @ GIEHK-

12’601/3 g@ <(?L) f )G:I'lg %ﬁfﬁﬁ‘,e( Jhe ¥SAPREBEadab1d-hbdilivesn bk for eXFhOBufrot limited to, an

107, A0 A R AR et LU
211 EGF. 100 (RUNES| JEUER0ORgIopEsion M. Yios so0iEs cEympls (a noncxhaustive
S109¢&' ()-10%a& ()-!!6"""" UtdEeF-
list) of the computer-readable medium would include the following: an electrical
connection (electronic) having one or more wires, a portable computer diskette
(magnetic), a random access memory (RAM) (electronic), a read-only memory
10 (ROM) (electronic), an erasable programmable read-only memory (EPROM,
EEPROM, or Flash memory) (electronic), an optical fiber (optical), and a portable
compact disc read-only memory (CDROM) (optical). Note that the computer-
readable medium could even be paper or another suitable medium upon which the
program is printed, as the program can be electronically captured, via for instance
15  optical scanning of the paper or other medium, then compiled, interpreted or
otherwise processed in a suitable manner, and then stored in a computer memory.
Functionality of the embodiment of the controller or method 100 of FIG. 9 may
be construed as beginning at block 902 where an emitter status signal(s) is received. In
block 904, a current level to be provided to the emitter is determined. Preferably, a
20  determination of the appropriate current level to be provided to the emitter may be based
upon an evaluation of the emitter status signal(s). Thereafter, such as depicted in block
906, providing the appropriate c urrent level to the emitter is enabled. Inblock 908,
based on the voltage supplied to the emitter, a relatively proportional voltage is

established on the emitter’s lens 632 (FIG. 6A) as well as all other lenses in the emitter

25 group. Upon supplying the voltage to the lenses in the emitter group, the emitted
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The foregoing description has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the precise
forms disclosed. Modifications or variations are possible in light of the above
teachings. The embodiment or embodiments discussed, however, were chosen and

15  described to provide the best illustration of the principles of the invention and its
practical application to thereby enable one of ordinary skill in the art to utilize the
invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations, are within the
scope of the invention as determined by the appended claims when interpreted in

20  accordance with the breadth to which they are fairly and legally entitled.

17



[ I —
10 10T 10T 10T9109%F& ()-7109%F& ()-5109F& () - 3- 109%F& ()- Y1

10997&' () - CCAD} DD) E{ EDEYNC- 10 &10%@&' () - &F10%@& () - &9mLO%@& () -

109%@8 () - &10%@& () - & 10%@& () - { EEFCFFGf GAEYNC- 10

10%@& () - 10%@& ()-Y! 10%@& () -

109%@& () - 10%@& () - &L0%@& () - f GGH_HHHI | dEYNC- 10

*S10%@& () - (s10%& ()-y&y10%@& () - S$&ICUMES ()-3" 10%a& () -

109%@& ()-11111JIICKIEYNC- 10

Z égi%@ico( 1. 18 (}/%i@tlfoh ol QUEBilihg hE LRI n(2 tend df'ad QIO drnittlddBicE ) thHBIEKKPLI L

1094 10@0@0@s! 10%@&' () - - LLNMWDNNdEeF- 10
0%@;& 8 @%ﬁ%%&g‘()) 109 () - }3%@4 O - 8210%@4 0 - NNLO(CEDCP[ PdEeF- 10
ﬁﬂégg ( §) [ PPP A&éﬁggm itaﬁ%&%%}@g’ 0 ‘%‘ec{x})n exgr)n{@‘m(t}me electron emitting device;

10%a&' () - @! 109 S10%aR 2/ *F10% 3 élOfV () DRWRRS S! S" S#SqSxnmbC-
1010907& ()- 10@ 16 si g_x@x;{é ((lsage on the electron emi

1 110%@& () - 710%@& () - 5MLO%@&' () -qSSTj TTU_UdEMbC-
10 @o%a& ()-- 10t)/d'&umlylygmgqquvegte@ggq@v&ltqge.to an amplifier that follows the emitter

109M&' () - &10%I&' () - _UUU VWGMENC 1010%0&' () -
109& () - 10%&%@9@ bnd 090 &' () -, MLOYT&' () - @O%T& () - GAWAKI XXYdENDhC-
10-109%0& ()-*, 109%& ()-( 1090°& ()-y&10%& ()-L$ 109& () -
" S109°& () - Yc YYZUpégiditg &h amplifier output voltage from the amplifier to the lens, wherein the

amplifier output voltage is relative to the emitter voltage at the electron emitter.

2. The method of claim 1, further comprising the step of:
driving all other lenses in the emitting device based on the amplifier output

voltage supplied by the amplifier.

3. The method of claim 1, further comprising the step of:

placing the amplifier outside of an area underneath the electron emitter.
4. The method of claim 1, further comprising the step of:
adjusting the amplifier output voltage so that the lens optimizes the focal point of

a beam emitted from the electron emitter.

5. The method of claim 4, wherein the amplifier output voltage is adjusted by varying the

gain of the amplifier.
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a variable resistor coupled to an input of the amplifier, wherein the gain of the
amplifier is adjusted according to the variable resistor, and
wherein the output of the amplifier drives the voltage on the lens of the electron

emitting device.
8. The apparatus of claim 7, further comprising:
a plurality of additional diodes coupled to the input of the amplifier and additional
electron emitters.
9. The apparatus of claim 7, further comprising:
a current control circuit coupled to the diode and the variable resistor, wherein the

current control circuit establishes the current amplitude supplied to the electron emitter.

10.  The apparatus of claim 7, further comprising:
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amplifier means for providing an output voltage to the lens means that is relative
to the voltage applied to the emitter means; and

means for adjusting input voltage to the amplifier means so that the output voltage

to the lens means changes.
12.  The system of claim 11, further comprising:
means for controlling the current in the emitter means; and

switching means for activating the emitter means.

13.  The system of claim 11, wherein the amplifier means is in a non-inverting configuration.
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