DEVI CE AND METHOD OF MANUFACTURE FOR A LOW NO SE JUNCTI ON HELD EFFECT
TRANSI STOR BACKGROUND OF THE I NVENTION 1). Field of the Invention 100011
Enbodi ments of this invention relate to a junction field effect transistor
(WET) that provides greater control over current flow through the channel.
2) . Di scuswmrom346del at ed Art [0002] Sem conduct or devirgaauss@molsess

manuf actured in the formof an integrated circuit or single device on a
sem conductor substrate. A transistor is a type of sem conductor device
that can HBEVHEH AND METHOD OB MANDFAIUTURE ®OR Ailg0W NOISEJENCIIONNd many
other functions. [0003] At [ [.St led the field effect
transistor (FET), relies oni‘lrwmqiﬂztmsﬁf@kvol tage to a gate in order
to control the conductivity or current flow of a "channel." [0004] The
channel regi ed with either n-type inplants or
p-type in@%&ﬂ@@ﬁ@é‘?ﬁ@%ﬁ@pdew ce or p-type device. Various types

of FETs udk didld ef deinveititms of i nsul ati on between the channel and the gate.

[ 0005] Pe h st conmman PET | a net al em cqonductor field
ef f ect trm@ﬁ: %’fn%? 7 thisnyentjon, aéenmlari 3?§F1gt9 FHeRRs IR Dnnel  and
the gat e, tatigriovides g4l cofidl dRdr culORGhlw dRkh eie charpel. of FET, known as a VT,
utilizes a p-n junctlon as the gate. A conventional three-term nal WET

al | ows cu?{ to. flgﬁi @2% source to a drain while controlling the
current flow [ 0007] Wthout a gate voltage, the charge
carriers tﬂ(m] |S|exmbmcmbtaﬂateerhce§ a@mnnatmefmmmlﬂefsmuﬁm iffagratdd @iréuit €r m nal s
and are . unl ess, a tage i s applie When t he gate

vol tage i g éﬁﬂi eo& 2 FETRICRPGUSTP F‘élﬁf’?)tﬁ ﬁ%f%@f‘é&%“gﬁ?ﬁic?fﬁmﬁ@bl | e
carriers deige thatean bdesed FaRwitbhisg) dmplificaeibh, Rggnel thoduldten Ghdaeal otleP008] Gate
vol t ages ant.be varied to cause the WET to act as a switch or to nodul ate
the flow 6P¢frent by affecting the cross-sectional area of the channel
and the cjuosjel Argsidftamsisor, &hl@dfb)é[ﬂ%ldﬁffe%n@iﬁt@ﬂmt)iﬁlﬁbs\ﬂnhﬂw det er m ne
whet her the MET | t desirable as a s h or mpdul ator. [000Q9] In one
exanpl e, 3ppligaiop iab’gls é‘?ﬁgat?’r’i’%'@%rlt%?ﬁ “F?‘&Wé’éém\tg%’@ifﬁg di rect
conver si omhaﬁ&,sentl ally, a radio frequency SI gnal and |l ocal oscillator
signal ar ;"ﬁd#fgfg‘ xer t the sane carrier frequency. The signals are
subtracte anfehiegiop o F“@’sﬂfﬂf? eidqped Vidhgitherr{i@s AYpIBRS 6 Brand out put

signal .  type implants, creating an n-type device or p-type device. Various types of FETs use

different types of insulation between the channel and the gate.

[0005] Perhaps the most common FET is a metal oxide semiconductor field effect
transistor (MOSFET) that uses an insulator between the channel and the gate, such as SiO,
(oxide).

[0006] Another type of FET, known as a JFET, utilizes a p-n junction as the gate. A
conventional three-terminal JFET allows current to flow from a source to a drain while
controlling the current flow with two gates.

[0007] Without a gate voltage, the charge carriers flow in the channel region between
the source and drain terminals and are “normally on” unless a gate voltage is applied.
When the gate voltage is applied, a depletion region is created by pushing mobile carriers
away from the channel and “pinching off” the channel.

[0008] Gate voltages can be varied to cause the JFET to act as a switch or to modulate
the flow of current by affecting the cross-sectional area of the channel and the channel
resistance. The type of JFET application will determine whether the JFET is most
desirable as a switch or modulator.

[0009] In one example, JFETSs can be useful in designing radio transceivers using direct



[ 0010] One of the problens with direct conversion is that the m xer nust
operate at very 5 high frequencies while providing sone gain, which

i ntroduces noi se that nakes signal processing difficult. [0011] M xer
transistors should ideally be small in order to support frequencies in
excess of 6OHosHBMEYer, the area of the device is i nvecIaisgoopomass ti onal
to the flicker noise created. At |ower frequencies, the dom nant flicker
noi se source in a MOSFET 10 transistor is due to the interaction of the
nmobi | e chaomession. tHssankiallys i lradio frequendesigmt ardflacat ostilthtdrBznalepafat] inteas i n t he

channel . [Q012 n._contra ETs, m.ti gat e noi se, .because the
conduct i o%“occlthgsama Weer%qﬁmﬁc ni}[‘?%ﬂl i he ?"{Ii’ga%ffﬁzomrog? Aetethan near the
surface ofesullnﬁgmahber ﬁe@eudﬁm&-bdﬂd\mtpafsxgm problemstill exists with
manuf actu ETs tand Ierrent netal oxide 15

ser - condlieif) ' Pa B prsRER SRRSO e SR BFBR POEPRRR ¢ b
standabd GighFreguencies whils pmwilmt doamgahr aflich imodtdey noieehbt skes sipediul | y
tailored | | ant ?ﬁig%io chi eve the correct channel depth, which further

requires 3 ar 8 ski ng, which increases the cost of the product. Many
JFETs use[@1bur Mitkrgahsstivs Shduld idbelybelsial ad erdereb siigpatt ﬁeQuﬁx@Ies as anot her

nmeans to contr hannel, flow_ | f, a buri ed telsn U t he

resul ti ng®fEEP f&ﬁ%oafdvevﬂeﬁflafﬁaé’ﬁfqefe?ﬂéﬁﬁll?vé’m@ Iherﬁ‘ﬁ}ﬁred vol ts

to " pi nchngifd &r itEtE Atawaciequbiidsfth OFShd il ﬁseﬁd&:‘c@mEﬁOOl?’] The
| wth, r ferencetoth

i nventjion is. be of,. exa
accon{') ny RS é yede! ﬂ“’\/ﬁ%@?& ‘waé@ T%L?A’F‘arlg%ﬁ% ¢ stligonyoxids,interlage of o
subst r at eamiitht db;ﬁhﬂ?nﬁﬁhhe(ﬂia&mlunct | ogof ield eff ect2 t ransi st ors, accord: ng
to one e ment of t nventi on; )15 e IS, a cross-secti ona
front vi gﬁﬁ'ﬂ@ke @Rtrast, 9%5 SF—"?%%{] igke P@Eﬁ%fcapﬁed eondugtion geeryda theect i onal
si de vi e%hqk:ﬁjﬁo@nnare%umf rdthed tHafl ndar thOQHEke &My@délmteﬁfa@e HoReverSect i onal

30 [0018], Figure 5 is a cross-sectional

side view on |ines Figure 1,
front vi elﬁog‘ qnirc:qsg Vﬁ&b‘ﬂﬁ“&‘g@mﬁnﬁﬂﬁ@ﬁ with sgndarcqomplementazy matal 9268 ur i ng
process Waedifbohditbr (OO pRicedidse Maﬂufdcﬁmﬁ?ﬁﬁ bRSEHVO JIETSWHNS bthiafd [0019]

Figure 6 is . a viewsimlar to Figure 5 ustrating a, stage in

manuf act ubMEY prperdutes W@rb@l"?\t‘%@“&‘ﬁﬁ% Fesired eapefplly @ﬂ%Fﬁ?)}qué%P e a’&hléY,Post rate;

the correct channel depth, which further requires additional masking, which increases the

cost of the product. Many JFETSs use a buried gate within the substrate material to act as

another means to control the channel flow. If a buried gate is not used, the resulting JFET
20  would inefficiently require up to several hundred volts to “pinch off” the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention is described by way of examples with reference to the
accompanying drawings, wherein:

25 [0014] Figure 1 is a top view of a substrate containing multiple junction field effect
transistors, according to one embodiment of the invention;
[0015] Figure 2 is a cross-sectional front view taken on 2-2 of Figure 1;
[0016] Figure 3 is a cross-sectional side view taken on 3-3 of Figure 1;
[0017] Figure 4 is a cross-sectional side view on lines 44 of Figure 1;

30  [0018] Figure 5 is a cross-sectional front view similar to Figure 2, illustrating a stage in
a manufacturing process wherein an insulator material is applied to a substrate;
[0019] Figure 6 is a view similar to Figure 5, illustrating a stage in a manufacturing

process wherein a conformal layer is applied to a substrate;
2



[0020] Figure 7 is a viewsimlar to Figure 6, illustrating a stage in a
manuf acturing process wherein the conformal |ayer is etched; [0021] Figure

8is aviewsimlar to Figure 7, illustrating a stage in a manufacturing
process wherein inplants are inserted into the substrate; 5 [0022] Figure 9
IS a view WOz0b&034626 Figure 8, illustrating a stage i n PCTIERTATSHIS | NQ

process wherein the device has been anneal ed; [0023] Figure 10 is a top
view of a substrate containing a junction field effect transistor according
t 0 anot he[0020p oHigne# is @fvidwhemilirte Figueas, illustratifpOZsidge it g naaufdduting a
cross-sectional .side,vi eli/fy onl%%- 11 Oéedl':i gure 10; and 10 [0025] Figure 12 is
a cross- s BEFPS AT bR porpgl yeris eBeda " i qure’ 10. DETAI LED DESCRI PTI ON OF
THE | NVENJOO2N FigofX6k aviegdimilarko Figufe Qfilhishatirgecsappany magufstanngngs
illustrate a JEET 20, according, to one epbodi nent of the invention,

i ncl udi ngpQC?SﬁfE%p?af%&rﬁinﬁg/fimﬁ%ﬁf&ﬂ%@e’26, and first 15 and second
gates 30 §0022B2FighfQ0ifh viduesimiidnrto Cifuted) ilbfstritigy 4 supetin mahifedtarigf f ect
transistor is fi rstncfgeacr.igle?(sjbvmth r?spect to Figures 5 to 9, whereafter
its funct PESFYIGHPETEE Orviers brHBB2I9% qure 5 shows a p-substrate 36 of a
waf er. The028pSFigated 08d Rpividw 6fdsub§ragadontaiiihdd RttdhicldéffdcE Rihsis@@r mani um

silicon carbide, or other known senm conductor 20 substrate materials. The
subst r at e 38T gtalan?tgﬁtmﬁlﬁleﬂb?fséﬁe ¥HBm a p-substrate 36 which will

| ater act [(024p BierRNd i9at®ss3dcidtd] il view 9at e 134bf HQRRA]; aAd t hi n epi t axi al
| ayer é)f i‘ﬂ}zul ator material 38, such as oxide, is_grown on top of the
p- subd?r al¥¥28k Highredd i eropsrisamo ivigw ol 2312 gbFigyred 0o top of the
insul ator material 38. An n-type dopant is then inplanted into unmasked
portions of the p-substrate 36, 25 resulting in n-type regions 42. The

n-type doP&EFAlkEl) BFESCRBENGPEJEHE BRERTION anti nony, or any ot her known

dopi ng agent that can produce an abundance of nobile electrons in the
mat eri al (o®28hi Eiguies 1S4 apht b@BmphBAdraviagsSiliowrate HJFHTO0, @cdordigd foer t he

n-type regi on 2 have been created, an oxide conformal |a 44 i s applied
over "t he PR CEROTRE BF PP, e Uog A SR it &N 2 Chaal 26 SO p

regi ons 4gnd febdtid@attebo k. 44 material can be chosen according to the type
of etchin ocess_used. [0031] In Figure 7, the_ conformal .| ayer 44 is
ani sot r oplterl y Tha fabragtipmeichpying @@?ﬁbw@tp@ ) S‘r‘l%?‘%ﬁ@“@ acers 46
ext endi NYrRYRE toFigREd 3 B, Gherbifeer its funRorliMLis ABscfiBed. The etching 3
[0028] Figure 5 shows a p-substrate 36 of a wafer. The substrate material can be

gallium-arsenide, silicon, germanium, silicon carbide, or other known semiconductor

20  substrate materials. The substrate material is then p-doped to form a p-substrate 36 which
will later act as a second gate 32 and third gate 34.

[0029] A thin epitaxial layer of insulator material 38, such as oxide, is grown on top of
the p-substrate 36 and an electrode material 40 is applied on top of the insulator material
38. An n-type dopant is then implanted into unmasked portions of the p-substrate 36,

25  resulting in n-type regions 42. The n-type dopant can be phosphorous, arsenic, antimony,
or any other known doping agent that can produce an abundance of mobile electrons in the
material to which it is applied.

[0030] As shown in Figure 6, after the n-type regions 42 have been created, an oxide
conformal layer 44 is applied over the insulator material 38, electrode material 40, and n-

30 type regions 42. Conformal layer 44 material can be chosen according to the type of
etching process used.

[0031] InFigure 7, the conformal layer 44 is anisotropically etched back by the etching

process, forming spacers 46 extending over a portion of the n-type region 42. The etching
3



process can be plasma etching or any known ani sotnpic etching process.

[ 0032] As shown in Figure 8, P-inplants 48 are then inplanted next to the
spacers 46 by any known nethod of p-type doping with a p-type dopi ng agent,
such as boron. The spacers 46, resulting fromthe anisotropic etching
process, arwop@siosdmned so that the P- 5 inplants 48 armriaiayeitask from
conpletely covering the n-type doped regions 42. Therefore, as shown in
Figure 8, small N-tip inplant channels 50 are created under the spacers 46

after P-i rgmasum%pamau bisthy kAGSH asiiidpici dithiigPéRsS, the N-tip
channel s ?@ e | ocat ed |re§a%§n nder_the spacers 46 and do not yet extend
under the ?%it ASFEOW, #?%Sis?rﬁﬂ}eahmgfaﬁsda%wbawraﬁa Yfrom t he

el ectrode aﬁjﬂk@dv&rﬁﬂnelﬂ&i&ﬁ) e ddpinglWith b p- tﬁﬁb&i&?ﬁ%%gé@ sucl &3, Aheshown in

Figure 9, the devic |y i s then anneal ed, causjng the activation and
7 B iy

di f f usi on SBIOCTSH SAISQRPIREIE TIPS BIRSTHrsPasiongdo thatdhe P-enper at ur e

anneal ng umplraﬁte%aféq#aeﬁteahemmo Rtchadvieh@the A-tdioPed ARloanss 48 to diffuse
both verti aII g horlzontaé fp jﬂ re%ults |n0§ fll%gia N-tip channel 50

| ocati on F’i‘? Q48 1p E1gure a'éNé‘éR F’Bﬂﬂ%‘t ReApBels &9 arg greatpd angerithen| ant s 48

al so di ffma&aﬁaﬁa@@pimmﬁemaﬁ | ATR $hbhvn 4BFRAGR, {hél\aﬁfty aﬂﬁ%eﬁ(‘”j |h atn 48
he P-inpl an

edge of the elect 0 terial In the final position

is no | ond&t Omc&@eﬂhﬁﬁﬂa?ﬁé%%@q%é‘etﬁﬁe@#P%ﬂefﬁw cpptrodee N-t i p
channel  5@hateHAPA® - FHelPSiniphing 20ar€ Gabd UMY fioth S EleOriid ridi&ialid bmeRannel 50
on si qﬁs t ha do not face the P-inplant 48 or oxide interface 38. 20[ 0034]

Af t er 1Hi 1 fREPBRESSPe P-inpl ant 48 effectively acts as a first gate 30, and
portions @§03Be AR sEdHSh m?@e @Jéme%ssemﬁgqm@ngﬁeﬁle&%amtﬁeth' rd gate 34.
lectro nateri al e

Furthernore, the e 40 effectively acts as a fourth gate
52. Acti vé‘ft}véﬂorb‘fndtq@séﬂ%ﬁ‘@er%@ﬂ% %%UB@h@F@é 58.cEhe igh-femperatiganeal i ng

process bynic@Rdl frb&8s @&i¥es |ﬂ?éﬁitﬁ%h%@ﬁgﬁ aﬁ@iﬂl gﬁgtﬁ Eg?.’(?dlﬁﬁ&%o'ﬂfd during the

i npl antation process. Furthernore, 50 25 becones an
act i vat edVitieally aad hesizontaip, WI[@O@B}HSR@F ﬁn&llhﬁgp ghpane] S0doq@tioubeing 2, 3, and 4,

a second hﬁ!&kﬁe@ﬂﬁtﬁe SBdRAE Alatelid] 40N AMhe ‘Prﬁ'ﬁﬁaﬁ% 48n1do Asrae @Hséﬁ&kloﬂ%he; mng a

second ingsul ator |ayer 54 surroundin fourth gate contac

mat eri al Bamplapt 4edgais ﬂb@@m&s%@dgépf@ﬁylemmtﬁbtlnrﬂmMI al, is
appl i ed opodip, Ak Ptlh'lfalafnpw 15 Pho UHoEr ds%%ce?l%ur e Qe EE m&{egi Wtﬁ or |ayer

60 created on top of 'the 30 sec I nsul a ayer onduct or
| ayer 62 Netimghanpeb§0.f Thﬁm subgisate b6 pontinuesye md the N-tip chanpeld onfsidegont act 56

and thi rdtha%@rﬁf%tﬂﬁﬁ%@%gﬂ%@%’ﬂ%ﬁ%@ﬁumOr | ayer 62 is copper or any

ot her acceptabl e con As shown in Figure 1, the
sour c€0 22[0834 t ABerisiom the Frimplann 68 effcjivelp acteas afyar gate 30, and portions

of the p-substrate 36 act as a second gate 32 and a third gate 34. Furthermore, the
electrode material 40 effectively acts as a fourth gate 52. Activation of the doped regions
48 and 50 also occurs in the annealing process by repairing any lattice damage that may
have occurred during the implantation process. Furthermore, the N-tip channel 50

25  becomes an activated N-tip channel 26.
[0035] Referring again to Figures 2, 3, and 4, a second insulator material is then created
in the z-direction, forming a second insulator layer 54 surrounding the fourth gate 52. A
contact material 56, which can be tungsten or any known contact material, is applied on
top of the fourth gate 52 surrounded by a third insulator layer 60 created on top of the

30  second insulator layer 54. A final conductor layer 62 is applied from a metallizing process
to the top of the contact 56 and third insulator layer 60. The final conductor layer 62 is
copper or any other acceptable conducting material.

[0036] As shown in Figure 1, the source 22 and the drain 24 are generally spaced apart
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fromone another in the y-direction and are N+ doped. The substrate 36
extends primarily in the x- and y- directions. A P+ depletor electrode 28
is spaced fromthe source 22 and drain 24 in the y-direction connected to
apply a gate voltage to the first gate 30, second gate 32, third gate 34,
and fourthVW2wsB3ane5 [ 0037] Referring to Figure 4, thediAsd@psmssource 22
and drain 24 regions are di sposed on opposing sides of the N-tip channel
26. The source 22 and drain 24 are arranged in contact with the N-tip
channel 2d&ronidng anetherig éheandircatioroasl areiN-@oped GThe lsahstrie Béeetendsipeinmeiiy ce 22

and drain: i t 0038 shown in

Figure 3, t & sourcggxg%I 'd&%ral le%gfg%]%gg\géssgaﬁfgqogbtgg f gg‘asﬁfo t hr ough

a cont act dragt 24 inghe BSFeuMoncbnncand lpeapplyl cegateeblthgatmtianfrstgaasd, sondict

mat eri al g&ggz,atgjxag?ﬂ?% %%]esés shown in Figure 2, the fourth gate 52
ned ‘abov

IS positi annel 26 and the first gate 30 is
posi t i Bned03d)] t Refemingdo Bfgutd'fb ti-N+ dopet aoured 224d dedin Rerdgivas preslidpsiedat e 36

surrounds i I as a s on ate 32 and third gate

34. The flfrlgﬁp O%E'tg Sﬁteggﬁggﬁ'u cgl ecor}l%glgg%e soglfe 8“@?){8’5‘32 LPHPPETS 2t he

thl r e?:tl ouéntaCF @zﬁlh(ﬂ}e Mpfchmla!e% §Ifha\mramgeni§n@lﬂbe;s cﬂrr@gﬁb fhyw ﬁa?réenNhéi p ]

channel s irec nd,are spaced apart from one anot her

in the x- |urrc:e>(§%2| ondnﬁ"il }J(’?ga ’?%&6)213 %Pdew ce can be created with

one or rm[(kﬁ3&]—tApslnimn@hgareZﬁ,thmp&adiz agd dmmrmtohﬂhmplvoﬁagel #ppliand current
of three first tes 30,

fl ow mads 0041] Figure.2 shows a.t

f our C‘}%&ﬁﬁg{“&“ ,teréa?]géit%&fc&ﬂf’)’? ﬁelﬁcé?dgéo’%ﬁnylﬁé’f‘@ﬁ’mﬁ@tw gure 2, two

N-tip chamhlashﬁgstare Iocat ed under a fourth gate 52 while bei ng spaced

apart by u trat ti annel.s 6 and por |on

p- subst ra{d@§%]6 ‘%? "I“Blc?ﬁ -Eliﬁefg 1!3\% ?ﬁb ’rsé’f’mﬁ"a"ce 2baxy. th%(f‘tl’?#‘

r2 gf er [ i ngaﬁcnhd,:ﬁgugas 3(istposifioned t6 ftie siaglor&@eq-np c@dﬂﬁéllzedwﬁthtﬁyglauI%sﬂt@teC?Pt act
mat er i rce rain a current_to flow

t hr ough t%%es %%‘%ﬁﬁﬁ’e‘i Al %ﬂ&%?&%ﬁﬁ%ﬁﬁ%ﬁ@é@gﬂ%%um@s ty a first

gate B® agdewmmaﬁﬁrgateazmwealapa@Memue&bﬁ as a second gate 32 and

third gat . ourth e 52.1s Iso di.sposed above the N-tip channel
26 in theﬁ’ﬁ@ir Sh[’%%glltlgﬂ"@? Lerd 50‘{1"3\] fp ghangels 26 gHeMl i theegat | ve gate

vol t age i g-dirt#ion afphre phcbdimudtort bR BthBrHindRPt-8irQtior Ot shdiid bd Aoidd 9ate 30,
4, . and fourth gate 52 create a reverse bhias

second g{h tﬁz third ate(i

region wi A the foyacengap chréﬁa Fyith ongor mopg - %CI%aH%el?\IZQ dppcadigaypen the t o be

'pi nched @fpilcataﬁdn@aﬂ@ngﬂ@,{,ﬁeﬁﬁﬂgete wi th no conduction. The gates create a
negat | ve@ s region by repelling aor pushi nc}1 holes away in the N-tip

chan 944 h BB F sh St opistah of thicsdimst eaiss 49, teurdttip ehpamelyde andfver i ty
carriers folirth Bitgs STOREARB0 Fighre 20 WS N-thithatfd® MBI Olobdi¥d &Rk 4 fhsncan al so

be electrons_in an el ectron-based devjce
gate 52 while being spaced apart by the p-substrate 36. Two N-tip channels 26 and a
portion of p-substrate 36 are located between two first gates 30.
[0042] In use, referring to Figures 1 to 4, a set voltage is applied through the contact
25  material 58 to the source 22 and drain 24, causing a current to flow through the N-tip
channel 26. The N-tip channel 26 is surrounded by a first gate 30 and a p-substrate
material 36 which acts as a second gate 32 and third gate 34. The fourth gate 52 is also
disposed above the N-tip channel 26 in the z-direction.
[0043] Referring to Figure 1, when a negative gate voltage is then applied through the
30 P+ depletor 28, the first gate 30, second gate 32, third gate 34, and fourth gate 52 create a
reverse bias region within the N-tip channel 26, causing the N-tip channel 26 to be
“pinched off” and completely deplete with no conduction. The gates create a negative

bias region by repelling or pushing holes away in the N-tip channel 26, therefore stopping

5



[0044] The first gate 30 and fourth gate 52 are doped P+ in order to nore
easily make a contact through the nmaterial. Wen the gate voltage is
applied to the first gate 30, it also 5 causes the p-substrate 36 materi al
to act as a second 32 and third 34 gate. Surrounding the N-tip channel 26
with gates WPI28HR43408¢ even nore effective restriction obctiisocurssst fl ow
through the N-tip channel 26. Wen the gate voltage is renoved, the current
will resune fl ow between the source 22 and drain 24. [0045] The typi cal

met al oxi dBe Hevio€ dlaettans.oThd mejbrtyshifriecy in thiaersbatiment kastobs, an thymajitgour ce

and. drai n SRRl GI63: SRod BANAL ol ShoddHlgE, o oxide Tayer uhen o

positive gate voltage is applie P calr“NMoS devi ce has hi gher
f1icker ndP8&¥]orThe first gate 8P eurdfoucly pata 62 see dopediPrs i driler te et dagifsmalea t r apped

al ong the Sial = OX} Lhter n_f,l.owin e en.the source and
dr ai n. [OO%E%E%U%PE}E#%%EOWM V%H%\%%ﬁ%#%ﬁ gff°f3%f It28Rer noise
than tRe NMBSS e Prubsitatsdt mesenal icsach es oscooked 3vndrthiat s gate. tSuPuEdIBEHEONS,
since congyet,i . i | k rat her. than the surface of .t he
subst r at e%%ﬁ%@%ﬁ%ﬁﬁ%ﬁf Eﬂﬁs %?l Fangene ﬁﬁ%ct?%&qﬁ&'rcgo‘b‘étft § eHTPt W | or ed
buri ed i mhranghsthe N-ticthiannad 26 hWhenthe @ate vohagerietenthepd, theasuere iaaill r&umeWhi ch
requires Qﬂqjﬁew&ﬂlthe@)ﬁfﬁia%ﬁc[‘ﬂaﬂ?ﬂm acturing. Increased manufacturing

COSt " an

steps result 1n 1 ncrease conplexity of the product. If a buried
gate was h¥450sdle typical metpl axide s2Ricdbductdr ifieldreffett thansigiodFakinpOm! N

i neff qgt i |. ral. hundred.volts to tyrn off, a deep channel.
10047 SA \rér‘g‘!‘rﬁe %{‘?\%ﬁ‘ %@@ﬁ RS %%ﬂaﬁéﬁt‘“‘f"ﬁa‘?ﬁ?’&g‘? ggeff”ftea 2POSIUVEBAE it uses
exi sting s’omwémpﬁmmmﬁawmﬁaﬁem? d@hsﬂﬁbl@ﬁdﬁ@éplﬁfﬂmﬁqﬁé% I ng
processes ile.r cing 1 0i s rel ying on N-tip channels wi t hout
a buried aé\?ée{.’ec vggﬁletff'ln%u s FQP@&@‘P#‘?‘%?YIW '(5‘§&6|‘m?rrff’§ﬁl“’é?%ﬁ°‘{‘”é‘§er 38 near
the N-ti pbeiwaemtht s@fige andelrdidf noise in the enbodinent in Figures 1 to 4 is
i or ocl coluuat] ¢y SRseh 8h e rEL RupasSt ek ickstmsinahag s VHES 1y 0 x.
and yidi r batauwribere & mhaivedhteie iotrifeee@dng, RBics bitRlbERO36urs HaTRLYURE and
drain 22 and 24 spaced fr.am ope anqgther in the y-direction and connected to
30 opposi ng Si &33&0?’%??%0@1??3%%&&28}@@%% ergen FElgmapgemeaniaegiiter ¢ he
channel 26arefatiyltailofed busiedinfptonne agidve thRoddreBadi! 4Gt A4 BRAAEHHER Om one

another ip the x-directian and | ocated on opposing sides of the channel 26
to allow ¥°8P“%f§§f“i 8%@%%??‘&5‘?%‘5@@“6‘3- Incgrared nraufastyeing visps tesidt igat e

porti ons, inafpdcd estiadd cahipléxity of dieProdict. A0L bieidSate VAl ddPLRE i ¥+yBRE T €rs 1N

t he Xa0 ﬂéarzeﬁ%l on to%g,guce Qurfteggt t hat. conducts between t sour ce and
the dfhi n't3: Bisdespime BB} siouldinetiegtivaly rauiratsverabhundred volis fo tam off avaf er and
JFET 20 fdueploRinnbias a p-doped | ayer on the wafer, the channel 26 being an

n- doped c el ,on,th -doped | ayer, and a p+ doped inplant next to the
channel 2@?4 h&ﬂ%ﬁﬁgﬁa&ﬂfﬂ?&l&%@f@d{l@ﬂ%}h hapisjuspg exising)+ 5 doped

i mpl ant  agighdarduenipleaitnfy tbB@l-PddoRaEkoh a -n- doped | ayer
forms a third g&?ig_34 p(i));ti on _bel ow th?ﬁ%ﬁgﬁ%%hgﬁ%?g%%% JFET 20 al so
has an el GaYsingkt noise hyelmeandy-tip phangels 26 witheus ¢ burietgatp - Espehbughyer , t he

channes e iithxidclrishiERl: dyer ARAANHE e LGS 96 5he 1enoisl HQpd] As shoul d
be evident fromthe description of Figures Ito 9, a met hod of - maki ng 10a
j unct i on Radgmept mekigures hiod is sigpificantlyasducebed. Specifically, the channel

26, the S0p48}€ B.JFET 20 of Figure 1 is thus a microelectronic product that has a substrate
36 extending primarily in x- and y-directions, a channel 26 formed on the substrate36, a
source and drain 22 and 24 spaced from one another in the y-direction and connected to

30  opposing sides of the channel 26 to provide a set voltage over the channel 26, and first
and second gate portions 30 and 32 spaced from one another in the x-direction and located
on opposing sides of the channel 26 to allow for application and removal of a gate voltage

over the gate portions, application of the gate voltage repelling majority carriers in the x-
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the drain 24, and the first and second gate portions 30 and 32 are forned
on a substrate 24 extending primarily in x- and y-directions. The source
and the drain 22 and 24 are spaced fromone another in the y-direction and
connected to opposin sides of the channel 26 to provi de a set voltage
over the cﬁ%ﬂﬁ&g The first and second gate porti onsPCIOUEPNINBA3LLS ar e
spaced from one another in the x-direction and | ocated on opposi ng sides of
t he channe such that application and renoval of a gate voltage over
the gate ﬁ@?ﬁF@ﬁ%“ﬂé%ﬁ@@FNV@ﬁﬁnmkﬁﬁ@@@mamﬂwﬁﬂ@?@%@bse@amﬁ@mmdﬂhat conduct s

bet t dent
Chat o et of e asrab it efdl Aihraa Mo e do SRR Bbabedfiefd 1o0e | <
appl i ed oWarthe wafets Bigchanngh? gt #e-énpad phapdel oo threae dapdd dayer, andepthannel 26
formed ondopa ﬁfﬂﬁﬁ%ﬁe&ﬁ%tﬁé‘dﬁﬁﬁe@ﬂ@'tﬂ@ﬁﬂs{‘s nd%?tgm)f’ig gﬁtgfy&ltﬁ %ﬂ‘@a@e aje voltage

S alternately aP ed and renoved over t portions
30 and>32 depadden aP?%adWémamﬂh@-dqmdiamr 1espebtivstt 1w p-doppd lagertfonms 2of t he

gate voltggf\d 28R dorfih BPRIvPIhE kHant@Jsl €7S in the x-direction to reduce
current flowgn throuTgh t he channgl 26. 25 [0053] The WET 20 forned by the

structure W‘ﬁ"l:l &be BET] 20 adsochag amelieesrode éf the forpraf tishgatms! abaée e piepedconduct or
material . jabhd &e@&:ﬁ{el’j’dbéu% 5@@%&5@?“ 'etlec‘fr jf ains an abundance of

positive charge carriers p nega I'Ve charge carriers (n-type).
There is @Q?bﬁtééﬁh@ﬂdmt{)ee ym thealseription ofigwenl ©O, anttiidaif maR@gand 24.

The thjrd 26, .and is
dopedﬁgppgg@?{é&?ﬂéel?Eggeég’%}sﬁsé&?i%%a{l}%d Eg& lﬂ%ﬁl g’%m%ggq%o@ \%?’t h no gate
vol t age, &grdrain2d,fandibs fisstand l}ecmmisgatepamﬁmsaﬁgend 32 anpfbined ohatsummetzhe sour ce
22 and dr r a a volt

bet ween gg%tghdgnﬁgap n:s%%lrlf:ieh’{ gﬁ‘%}’ ?é%h%h’gﬁ%% g‘?d tla%fk F]géezy"’d@%é ol e i s such
that it pﬁ?@@heﬂqﬂlﬁmn}ﬂlncftdmmdyelnd/emecﬂadztogqxpesmsid@mme&lhanﬂal 2606er se bi as,
I ncreasin f o] on WO ,2008/ 007/ 078438
in the j uﬁrgﬁﬁ% a\%t%n%%% ngnﬁe g%?l-natazrlﬁ r 3?%1@1%%’: RSP ERFP ﬂ%?“@\?&ﬁ‘ creasi ng
gat e 1@l t argepacedfonuene emtthdrnmﬂm seilmecte)ntamd dtrcaned oﬂbﬁpbsmlgrsidﬁksfthé n this way,

the gate gon 26, just like in a MOSFET.
Unl i ke nost 7 %&Qﬁjﬁw&gﬁgaﬁ Iﬁgl%alge%g%ia ?’éllr’%-g Héé'dé“egﬁtec%‘gmmt hey're "on"
unl ess a tpepestivaly tedues asd mpehsice currdat hoODEYucTdietwich hapiRe PP e6eMES a smal |
current | ich is the reverse | eakage of the gate-to-channel junction.
The MOSF as the advantage of extrenely | ow gate current (neasured in

pi coanps) [0882]auls shontd dldvebei emilehtahdt agnathddde cheioMaRtuibe fHat ie daedbshannel .
20 A set voltage is applied over the source 22 and the drain 24 connected over the channel 26

formed on the substrate 24 extending in x- and y-directions. A gate voltage is alternately
applied and removed over the first and second gate portions 30 and 32 spaced from one
another in the x-direction, application of the gate voltage repelling majority carriers in the
x-direction to reduce current flowing through the channel 26.

25 [0053] The JFET 20 formed by the structure in Figures 1 to 9 consists of a long channel
26 of semiconductor material. This material is doped so that it contains an abundance of
positive charge catriers (p-type), or of negative charge carriers (n-type). There is a contact
at each end; these are the source and drain 22 and 24. The third control terminal, the gate,
surrounds the channel 26, and is doped opposite to the doping-type of the channel 26.

30 [0054] Withno gate voltage, current flows easily when a voltage is applied between the
source 22 and drain 24. The current flow is modulated by applying a voltage between gate
and source terminals. The polarity of the gate voltage is such that it puts the p-n junction

between the gate and channel in reverse bias, increasing the width of the depletion region
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[ ' [ transi stor the
However, conpared to the base current of a bipolar junction
VEET gate cu;nr)ent is much |ower, and the WET has hi gher transconductance
than the MOSFET. 10 Therefore JFETs are used to advantage in sone

: : . . ) . : i t chi ng
| ow noi se, -inmpedance op-anps and sonetines used in swit _
applicati on?f&%ﬁ%i&@rrent in N-VET due to a small volRCIGH209m878438 gi ven

: i -=(201-1,7Q.D0p ----- L where 2a = channel thi cknes; ;5V\# wi dt h
L et ( o oop = 1.6 x 1019 C = electron nobility [0057]

[ _sat ur at FEE PGB AS sG-Sy e e shmok B ening s geon,
| (2a) VI TQAEDrdnt friin source to drain also shrinks. In this way, the gate controls the conductance of
the channel 26, just like in a MOSFET. Unlike most MOSFETs, JFETs are always
depletion-mode devices — they're "on" unless a gate voltage is applied.
5 [0055] The JFET gate presents a small current load which is the reverse leakage of the
gate-to-channel junction. The MOSFET has the advantage of extremely low gate current
{(measured in picoamps) because of the insulating ‘oxide between the gate and channel.
However, compared to the base current of a bipolar junction transistor the JFET gate
current is much lower, and the JFET has higher transconductance than the MOSFET.
10 Therefore JFETs are used to advantage in some low-noise, high input-impedance op-amps
and sometimes used in switching applications.
[0056] Current in N-JFET due to a small voltage Vpg is given by:
Ins = (20)WQDpu 25
L where
2a = channel thickness
15 W = width
L =length
Q = electronic charge=1.6 x 10 C
= electron mobility
[0057] In saturation region,

a

‘as]”
Ips = Ipss [ - “‘-—]

20 Vp

[0058] In linear region,

QOWQNpup [ (Vasy ¥F]
Iy = 48 1_ ( MJ Vs
L Ve

[0059] A second embodiment shown in Figures 10 to 12 illustrates another alternate

embodiment having a source 64, a drain 66, a n-well channel 72, and first gate 68 and

25  second gate 70. As shown in Figure 10, the source 64 and drain 66 are spaced in the y-
direction, while the first gate 68 and second gate 70 are generally spaced in the x-direction
from one another within a p-substrate 74. The n-well channel 72 connects the source 64
and drain 66 to allow current to flow between them when a voltage is applied through
contact material 78.

30  [0860) As shown in Figure 12, the first gate 68 and second gate 70 can have a voltage
§



Of - L1:1 Vos [0059] A second enbodi ment shown in Figures 10 to 12
iIlustrates another alternate enbodi ment having a source 64, a drain 66, a
n-wel | channel 72, and first gate 68 and 25 second gate 70. As shown in
Figure 10, the source 64 and drain 66 are spaced in the y-direction, while
the first gXPI'BH3482Y second gate 70 are general | y spacBET/UsR00MET8438
x-direction fromone another within a p-substrate 74. The n-well channel 72
connects the source 64 and drain 66 to allow current to fl ow between them

when a vol3PREg todhenihrqueh sats confads metamieb8Q. Awmshewndn Figre 130th 8060 As shown

i n Figure chdanel MBhdsia'sdhrcd BAEL7 2% RGr3EGRNBp0at € 70 can have a vol tage
applied to themthrough gate contact material 80. As shown in Figure 11,

the n-wel |00l {sthirdzate 76 extendnin primerily x72nd mditectiods aidis kmater_?ﬁdntop[oﬂi?Gé] A
third gat ' L BRI - - dikegl | nd i ocat ed on
top of o1 ra et e g and. Beconant tefrudlthalafl RCT BRSBTS e
third gat €hossidiom sy kgown gfeqtive ﬁ@@@ﬂ&oﬂeﬁmataiﬂemhwgoiymhitmt or 1(2)r ?ﬁt e
terial b s [ ] ) | Lgures a e
et ol susty ssunsht it {0803 5 M LU R0 0
connect t K8 28@ sgcerd gate Zhie cgnrgichthe soureRef4eandidrajn 66 Kefguring td Pigsedai f i cal | y,

the first galiG.p R0FrsBEAOHF IR G NE YaRH aft é.h%ﬂgcfj'mittrl]e A pfa%g%bdwe%]een-above
the n-well” channe| 72.
well channel 72.

10 [0063] Referring specifically to Figure 11, the source end 72a of the n-well channel 72
is in full contact with the source 64 N+ region; however, the drain end 72b of the n-well
channel 72 is only slightly touching the drain 66 N+ region. Moreover, referring to Figure
10, the first gate 68 and second gate 70 are offset slightly in the y-direction toward the
drain 66,

15 [0064] The n-well channel can have an impurity concentration of about
1x10"® cm™, and source and drain concentrations can be about 1x10%° em™,

[0065] The first gate 68 and second gate 70 and the source 64 and drain 66 can be
manufactured to a depth of about .3 pm from the top of the p-substrate 36. The n-well 72
can be manufactured to a depth of about 1.7 pm.

20 J0066] Inuse, a st voltage is applied between the source 64 and drain 66 through
contact material 78 in order to allow a current to flow between the source 64 and drain 66
via the n-well channel 72. However, when a negative gate voltage is applied through gate
contact material 80 to the first gate 68 and second gate 70, a reverse bias region is created
by pushing holes away in the n-well channel 72 and the n-well channel ends 72a and 72b.

25  Asshown in Figure 12, the reverse bias region will pinch off the n-well channel 72 in the
z-direction. Also shown in Figure 12, a negative voltage on the third gate 76 will invert
the n-well channel 72, thereby causing further depletion. Typically, pinching the current
flow in the z-direction alone may still be ineffective in preventing bultk current leakage
that occurs at the bottom of the n-well channel 72.

30 [0067] However, referring to Figure 11, the n-well channel 72 is only slightly touching
the drain 66 N+ region at the drain end 72b. Moreover, the first gate 68 and second gate
70 are laterally disposed on either side of the n-well channel drain end 72b, and offset in

the y-direction toward the drain 66. When a gate voltage is applied to all the gates 68, 70,
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10 [0063] Referring specifically to Figure 11, the source end 72a of the
n-well channel 72 is in full contact with the source 64 N+ region; however,
the drain end 72b of the n-well channel 72 is only slightly touching the
drain 66 N+_reaion. Moreover, referring to Figure 10, the first gate 68 and
second gate“@ﬁgﬂwgaﬁffset slightly in the y-direction tBGEUS200H&s48ai n 66.
15 [0064] The n-well channel can have an inpurity concentration of about 1
X le cm3, qg source and drain concentrations can be about 1 x102 [0065]
The first ﬁéﬁ ’%gmﬁﬁﬁﬂgéBgﬁﬂb@%%@w$@¢5hédﬁﬁﬁﬂgb@ﬁ@@Iﬁﬁwahdmﬂyain 66 can be

manuf act ur ditkctionsas dent flfh@%in&ﬁﬁ)g'&t thedn-REN bR tdREn g@ﬁ&@fciﬁi%gg{% cﬁ% %% &at e 36.

The n-wel Ib7.2 lca be manufactured to a depth of 066] In
use, a set R}B‘??tagét‘dicé’aséﬁblllF‘gEFnbﬂ?‘ﬁeen the source 64 and drain 66 through

contact no0068]al Thé@omBin@hiHst phevidihs QWndl GH R Mbnth sl QWHREL RRRN e sour ce
channel 72. However, when a negative gate

64 and raéﬂa 86 via the n-well

vol t age i SEpP prasretifigaliyiplagimedingtpateSandsecend gdte Fbneavthemewdl] drein egdt e 68
and second72patlty R drain [BUEHS CTRFSre! Giflk Rkd { | hg ol es away
in the n-well ghannel 72 and_the@l{eﬁg%%dﬁr%f)@%ntg%b%gp%%%ﬁh 25 As
shown in \ll—\*iﬁa%ﬂe 72115 not f,eonperp.cyings thl diain 66 é5 rawched pff fionmtbh swirée 64ndn rhisve! |
channel 7Ziriafgdnitft, 3 18b¢ SR&UNPHE volth SO Bﬂi@@? ' ] egdatiye vol t age
on the third g{;ate 76 %vill_ inv_e‘;t ?ﬁgﬁn-we e{d%ﬁigﬁ%ﬁeﬁt@% ngﬁg?%ﬁ 7é'ausi ng
further dehedrvelchanmshie wsuificiastly hin snthatitcapbe pinghed dfowith just bfewz - di r ect i on
al one 1gay witsl | be ineffective in preventing bul k current | eakage that

occurs at the bottomof the n-well channel 72. 30 [0067] However, referring
to Fi gur e [4869] ¢ 14 mentianad befosg ABVIOS arringemehty havei adtighey 14f aviséibsgudelo dr ai n 66

N+ regi on gad AW er dERbhs A8k shadyide Nt hg,fi ate 68 ang second gate
70 are laterally di spos_egﬁon%ﬁeﬁgﬁgﬁéﬁaﬁ' ‘tﬁﬁg’ J;P%\t;\re FIREEARSTGF n end
72b, and &priedkgdty may fequije sveraldindued voltsto deplbte adea chafifel. \Wien a gate vol t age

' i and, 76, tg Vol t. o
prnches 1 e oo Afk b (ot o el 6 A el 8P oS el 1 e
pi nchilAg 4 climigaip angel/f nejbranaswitingdian A exide-Siltondatsfac, white diugting of6 t 0 be

sial | arac Bo oo eyt TR b e By 78RR bl 19

smal|l drain 66 cont act area wt r
speci f i caFushesmersi thg ubiqnslocymnef 88 fastdas s orcongahe 7DParmiarwell Bemfeive! | drai n

end 72b r i Lo A \aon....ITherefore, bulk | eakage through the
bot t om of ?%E%J-b%_s V\lt%lc%{dgh%ndn%f&%&?gc%ao SLEEEHICEE B ogiartfeﬂe‘fgi’ée’ fn 66 is
pi nched oflso gliminetingudiolgakage Gt might odeistharuph g &oReh of the haw@Ecammynt  of
vol t agg igyﬁ%‘i‘ﬁ?@gﬁﬁi& pinch off the n-well channel 72. The n-well

7 I

channel IS S ciently thin so that it can be pinched off with just a
few 10 vol0031] [ Bhdeteriin exemblagnanbddahi@nchaviivid dasd-BEUERLST iasme a hi gher

1/f noi se 0 . fl.ow.of electrons alo an oxi de-silicon

i nt erface?&% go,§ e %1? Sahtglsetﬁebﬁt“ggwtf’?f{)@?t SHab?qu?‘@Hn?j’éﬁ%"e MSIELY equire several
hundr ed vidhsteative autixpit edstrictiveleRihe ahannakentibO QA8 khal s iMnBoR VARt age of the
enmbodi me nltesﬁ]::teg h}qtﬂcra (sapsecr‘]ﬁ%-c%%sn!ugti(}ng %ﬁd gr?a%ggr?le\r/ﬂté: seho{vrsl agctl) ligscribed since

25  modifications may occur to those ordinarily skilled in the art.
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15 to elimnate any 1/f noise resulting froman oxide-silicon interface,
whil e shutting off current flow wi thout the use of a buried gate and

wi t hout the use of several hundred volts. Furthernore, the unique |ocation
of the first gate 68, second gate 70, and n-well channel 72 enabl es the
device to deplete a deep channel w thout the use of a buried gate, while

al so elim gatdmgsbul k | eakage that m ght occur through the bottom of the
n-wel | channel 20 by isolating the drain 66. [0071] Wiile certain exenplary
enbodi nents have been descri bed and shown in the acconpanyi ng draw ngs, it
is to be U%%Fﬁ;t (i)‘,ggwhhat such enbodi nents are nerely illustrative and not
restrictive of the current inventi on, and that this invention is not
restricted to the specific constructions and arrangenents shown and

descri bed since 25 %fi.cati ons may, pccur to those ordinarily skilled in
the art. Aﬁ\gl‘i}iﬂg‘g’c Q¢ Prodiel FOMPEISIE: i ¢ oel ectroni ¢ product comprising:
a substrate extsabstadgeNendiBeg plidalily inx- aRd yWidifi&et | ons; a channel formed on
t he substrate; a_source and drain spaced fromone another in the
y-direction afdhedishEumed ondhemhsrisy si des of the channel to provide a set
vol t age over i [ 4 di.qal: I on aced
from one anot rﬁgﬁuﬁg%? Egllril?gp%ggtfimﬁ oggénﬁg%ax?ggQggdL%%%%%?%%E%n étseag? t he
channel t PRRRPiBg/STdgs ofihsichennel trpramide rerbvaliagebver thatkannel; aadge over the
gate portions lyi i f.th ate voltage repell.ing majority carriers
inthe x-dir egltr?%% dtsggédéig E(‘:tg P 8%}}0%3%? a?ﬁﬁla]?m@o u%qoghaﬁéf‘\ﬁg%ﬁ"ilﬁét‘%%ﬁge and

t he drai n.loca?ed dn wipposieg eiits ofitte: ghaadelch ARwefadi dpplcdtidpnCdrd f@nbvaf &f 4 her
conpri si n%a? Bsi oged It%%er on the suhstrate, the channel being an n-doped
channel orfthe pdSey ey portions. appiicatian of thergate, veltage repalling majostannel |
the first cantersecoed-gidéctionds FddR0s cR@emGhdtN@ndictsdPRE e IR @0kceald tRe POr ti on
of the p- gﬁfed | ayer respectively. 3. A mcroelectronic prodcuct as cl ai ned
in claimZ™fyrther conprising an el ectrode above the p-doped | ayer, the
channel being a tip inplant below the electrode. 4. A mcroelectronic
product as clained in claim2, wherein the p-doped |ayer forns a third gate
portion bé ow thaniemetneepnic product as claimed in claim 1, further comprising a p-

doped layer on the substrate, the channel being an n-doped channel on the p-doped
layer, and a p+ doped implant next to the channel, the first and second gate portions

being the p+ doped implant and a portion of the p-doped layer respectively.

3. A microelectronic product as claimed in claim 2, further comprising an

electrode above the p-doped layer, the channel being a tip implant below the

electrode.

4, A microelectronic product as claimed in claim 2, wherein the p-doped layer

forms a third gate portion below the channel.

5. A microelectronic product as claimed in claim 1, further comprising an n-well,
the channel being an upper portion of the n-well, wherein current leakage below the
channel between the source and the drain is prevented due to the first and second gate

portions repelling majority carriers in the n-well below the channel.

6. A microelectronic product as claimed in claim 5, further comprising a third
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5. A mcroelectronic product as clained in claim1, further conprising an
n-well, the channel being an upper portion of the n-well, wherein current

| eakage bel ow t he channel between the source and the drain is prevented due
to the first and second gate portions repelling majority carriers in the
n-wel | bel ow the channel. 6. A mcroelectronic product as clained in claim
5, further aﬁtﬁmltmwoaeﬂtucrhdnﬂﬂanga&pellmg&nigbﬂﬂr@h%&@lﬁ51%dﬁ*&é{'&?l and
repelling majority carriers in a z-direction. 7. A microelectronic product
as claimed in claim1l, wherein the source and the draln are n+ reglons 8.

A microel eétr onlﬂc npicwelectrons peddictes clainéd #l Mhim I‘A%E:x%hf‘thte% &Q\%ﬂﬁ
cl al n1g er ?n t he

i i-doped. d9 croel ectroni c product as clai med 1 n
first and se%BﬁEPlb al%®%r e p+ regions. 10. A nethod of controlling current
flow, conprising: applying a set voltage over a source and a drain

connect ed ver a channel fornmed on a substrate extending in x- and
y-directio any microelegireric paediicy asghimedidn alimrvowireig the QhkheY & hage
over first daﬁgi_second gate portions spaced fromone another in the
x-direction, application of the gate voltage repelling majority carriers in
the x-direction to reduce current rovvi ng through the channel. 11. The

met hod of gontr S5 fl ow as i.med in claim210, further

conpri si nggappl 3‘.%&?‘?@&55’%" P r\?g}l?tzfﬁé: al“ﬂi‘e “b‘é\lﬁgnﬁo?’VPF’ES’FF thetfinetcandiseeond
substrat e gafds sriep+alegionel to repel majority carriers in a z-direction. 12.
The nethod of controlling current flow as clainmed in claim211, further
conprising applying the gate voltage to a gate portion on a side of the

channel oppasi ng ﬁn&ﬁoéUb&éﬂtﬁﬂlﬁlé&ﬁeﬁpﬁbwmﬂ?ﬁﬁﬁﬁg:car riers in a z-direction.
applying a set voltage over a source and a drain connected over a channel
formed on a substrate extending in x- and y-directions; and
alternately applying and removing a gate voltage over first and second gate
portions spaced from one another in the x-direction, application of the gate voltage

repelling majority cartiers in the x-direction to reduce current flowing through the
channel.

11. The method of controlling current flow as claimed in clajm 10, further

comprising applying the gate voltage to a gate portion between the substrate and the

channel to repel majority carriers in a z-direction.

12 The method of controlling current flow as claimed in claim 11, further
comprising applying the gate voltage to a gate portion on a side of the channel

opposing the substrate to repel majority carriers in a z-direction.
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