Logic Switch and Crcuits Uilizing the Switch TECHNI CAL FI ELD

[ 00011 The present invention relates to a logic switch and to various
circuits utilizing such a switch. Mre specifically, the present
invention relates to a logic switch inplenented as a single- and

mul ti-gated diode utilizing the G DL effect and to G DL gated

di ode-containing circuits, such as inverters, voltage references,
SRAMs and neuron circuits. BACKGROUND [00021 Low power integrated
circuits ("1GCs"), suclLogicSvEteh andCircuits Eailizinb\the SWwitchant due to
the grow ng demand for battery-operated portable devices, such as

cell pho ery life requires mninmal current flow,
i deal l'y ﬂ?ﬁéﬂ?%%ﬁiyw during the tinme the MOSFETs are "off' to
mnimze or elimnate unnecessary power consunption. FETs experience

various [0qeap Of Thep@Rsdnt alvksticrOfelatesGih 16NN Switdhiah Wil Atbus WREbSHRRhS such 2
currents, punch- through currents, oxide |eakage currents, and

CUrrent s gGAMS qqogvs{;&&ﬁca%% fhie pRABGG R Yidh &lat\%sﬁgaQ%? Ev'b%%ﬁé{t%ﬁs:a

all of which result i n undesirable current I ng

times. T ] e . e ' . ff S a.retention.tine
of DRt ey g EUeElotd iflfiht B3t el aRf G, R8s ot
and its causes have. been conducted. Se r exanpl e. "Conparison of
DL i n SRS pRRRRavaT o e bes: SRt By RpcTaR ot A
| EEE El ectron Device Letters, Vol. 17, No. 6, June 1996, pages

285- 287; %@Lﬁ\fﬁcessi ng for the VLSI Era, by Wwilf, Vol. 3 ("The
Subni cr oRf .~ Lattice Press, 1995, pages 198-200; Commonly
assigned US Patent 6,144,075, issued 11/7/2000, to the present

i nvent or [dgop "' Ddwpower integrated circuits (“ICs”), such as MOSFETS, are increasingly

important due to the growing demand for battery-operated portable devices, such as cell phones.
Long battery life requires minimal current flow, ideally no current flow, during the time the
MOSFETsS are “off” to minimize or eliminate unnecessary power consumption. FETs
experience various types of undesirable “off” currents, including subthreshold currents, punch-
through currents, oxide leakage currents, and currents caused by the Gate-Induced Drain
Leakage (“GIDL”) effect, all of which result in undesirable current flow during MOSFET “off”
times. The GIDL effect also deleteriously affects data retention time of DRAM arrays made up

of MOSFETs.

[0003] Various studies of GIDL and its causes have been conducted. See, for example:
“Comparison of GIDL in p+-poly PMOS and n+-poly PMOS Devices, by Lindert, et al., in IEEE

Electron Device Letters, Vol. 17, No. 6, June 1996, pages 285-287; Silicon Processing for the

VLSI Era, by Wolf, Vol. 3 (“The Submicron MOSFET”), Lattice Press, 1995, pages 198-200;

Commonly assigned US Patent 6,144,075, issued 11/7/2000, to the present inventor (the “’075”

patent); and materials cited in the foregoing.



patent); and materials cited in the foregoing. -1 [00041 The 075
patent discloses a CMOS inverter inplenented in and on a bul k
substrate. Although past efforts have been directed towards
elimnating G DL, the 075 patent's inverter wutilizes, rather than
avoids, G DL. Although the inverter of that patent has an integrated,
MOS- |ike structure having a small |ayout, its operation is not based
on the typical "MOS action,” i.e., action involving surface

i nver si on0Wdl chZhedl75 patenediscloded 8 OMOR inpreitamimplavansel infan@bh bukk substrate.
band-to-band tunneling that occurs at the substrate surface of a

j unct i on Althsughr e offthsthaat becnuirettcd tovardslintindtmgIDIA R DUNF4tbRN-inverter
which is overlapped or overlain by a gate or a portion thereof. In a
typi cal WSS athict fBan BRSi@s, GIDID MIthotieH @6 Savetter sMMAPhRE: hAlh itksheiiMos-
associated with the drain/substrate junction. [00061 The gate of an
MOSFET i $ikégeR ; Y - el f : Ok i »
ot 6 i e b o A rh A Al Hoffon,” i,
el ectrod ' .1 on . t ' ryeni ng channel. A
sufficieﬁ?%%ﬂﬁgﬁgggB&%%%%%%&“ﬁpgpégéﬁ§£a§gn&een t he gate el ectrode

and a drain, with the sane polarity at the gate el ectrode as the

maj or ity [GIS] i er A ppimdrieaude af GIDL isHahd-$o-bandaunnedifip il beduir€dtdhe substate

a field that is across the gate oxide and is generally nornmal to the
gat e- subgticabea AMdtEAL-SuddeAuBstid RLERMAS draih/Bistalfj@dion L nE S BiRgped
at and near the conjunction of the interfaces. Band bending in the

dr ai r ' ' IhEfest, il 1A
rai N CaUPERrhlibyH B bl dpARS InefeSe | i d ggpgrmmﬁﬁ, SO0 Blorl LAHILAG rofers

val ence band to t'he conduction band. etion region torns

ayer at Lauppasoffo Ul e it AP e ARBAGE LOCTSIRE gt

oxi de. However, as mnority carriers arrive at the drain surface to
f or m t he [0006] The gate of an MOSFET is made up of a conductive gate electrode formed on a thin

gate dielectric (usually an oxide) layer, which insulates the electrode from each junction and the
intervening channel. A sufficiently large potential difference between the gate electrode and a
drain, with the same polarity at the gate electrode as the majority carriers of the drain, results in a
vertical field --i.e., a field that is across the gate oxide and is generally normal to the gate-
substrate and gate-drain interfaces-- that effects band bending at and near the conjunction of the
interfaces. Band bending in the drain causes the minority carriers in the drain to tunnel from the
valence band to the conduction band. A depletion region forms in the drain immediately
subjacent to the gate oxide, and an .inversion layer attempts to form at the surface of the drain
adjacent the gate oxide. However, as minority carriers arrive at the drain surface to form the
inversion layer, they immediately move, or are “swept,” to the substrate, which is a region of
lower potential for them. As the minority carriers flow into the substrate, the resulting flow of

excess majority carriers results in a leakage current, i.e., GIDL.



inversion |layer, they inmediately nove, or are "swept," to the
substrate, which is a region of |ower potential for them As the
mnority carriers flowinto the substrate, the resulting flow of

excess mpjority carriers results in a | eakage current, i.e., GQDL. -2

[ 0007] Voltage reference circuits utilizing MOSFETs are known, as
shown, for exarrpl e, in Analysis and Design of Anal og Integrated
Circuits, é]s and Meyer, published by John WIley and Sons

(1984), 73Wolre refergnescizauits Miljang MOSBETs iafe komiwiny as sBoa, fon éxample, in
Meyer descrl be a 5 FET t hr eshol d-vol tage-referenced (Vt-referenced),

sel f - bi agea : dtefl ICiecul@, R6Gragand der! pablished®by Nfin
that the circui t suffers fromthe fact that the threshold voltage of

nost MOSREIEy ahd Sot(1984)] papds 230- %W@G}ay@ﬂaM@)ef’?ds?éez?taahﬁ ?ehﬁ Mg @

| arge negative tenperature coefficient. As an al ative to this

circuit, q&Abe @WEWQM&EI%I@%§M_gﬁl}Qfeﬁnged W@n&ﬁ? sEﬁjb%sgﬁPe?Qer?de restlit

((jF:c]gure 12. 25b on page 7 f clrcul uses

V]
3Lt | b LaRe 1288 53%%@3%’3%%‘1%%“‘1% G SIS i, ﬁ%%%%"?ﬁ%ﬁ%a“ Sheld
enhancentEaratmpSERT: Bah e R Ian T Ot lBh Frlibg eapRt e ediree negaiive

v- MOSFETs) are kno See the fol | owi ng US Pat ents: _ 6, 407, 425 to
Babcock, fegwepfure capthigigntosys ang: lgmatiens r‘ilﬂls cigpuity Gray andMeyeasdesgie a

Rot h, et al. Also see "An Intelli gent MOS Transistor Featuring

Gat e- LevMOSRETyhY aefeasnged pireit{Biguredsel Sotanarge 732)bThe B MOSEE R vitc@hmses the
in the proceedings of the 1991 International Electron Devices

Meet i ng, diffsxgesbéd®ech Y; dftwowgivedfiorial BETS of thelgirhé polartity, hudating ddeiong.
commonl y assigned US Patent 6,133,780 to the inventor hereof shows a

di gi t al | yhahtiéladbbRn@é. k3 ehanedrRdnefide td dplaionatsdor, unimplanted enhancement-

mode and implanted enhancement mode) and different V¢'s.

[0008] Neuron-MOSFETSs (or v-MOSFETS) are known. See the following US Patents:
6,407,425 to Babcock, et al.; 5,806,054 to Bergemont, et al.; and 5,480,820 to Roth, et al. Also
see “An Intelligent MOS Transistor Featuring Gate-Level Weighted and Threshold Operations,”
by Shibata and Ohmi, in the proceedings of the 1991 International Electron Devices Meeting,
pages 36.1.1 through 36.1.4. In addition to the foregoing, commonly assigned US Patent
6,133,780 to the inventor hereof shows a digitally tunable voltage reference using a neuron-

MOSFET (the “*780 patent™).

[0009] A neuron-MOSFET includes a typical MOSFET having a source and a drain with an
intervening channel. A conventional gate is formed over the channel by overlaying a gate oxide
superjacent to the channel with a conductive electrode layer. The electrode layer extends

laterally away from the MOSFET, where it is enlarged.



MOSFET (the "' 780 patent™). [0009] A neuron- MOSFET includes a typi cal
MOSFET having a source and a drain with.an intervening channel. A
conventional gate is forned over the channel by overlaying a gate

oxi de superjacent to the channel with a conductive el ectrode | ayer.
The el ectrode | ayer extends laterally away fromthe MOSFET, where it
Is enlarged. -3 [00101 Two or nore (1, 2...11) separated,

si de-by-si de, conductive input |ayers overlle the enlarged el ectrode
| ayer ex Q8] on Ewe on nwre dp 3r. Aesgparhied ol deshy-tige, icosdiictive irput layars syerothe
that voltages (V) applied to the input |ayers are capacitively

coupl ed tnlatghd clecaiedeytr exientiomate drase@axated'ﬂi\ﬁeﬁmsm by ifsh]atide layerANo thit
each input layer may differ fromthe others, sone or all may have

t he sane vaiHss (Viippheli théifh Faff 18eré ACicapatitidely. oﬁﬁ?ﬁd ef the %ﬁﬁr el Qlét:tr&ﬁ)’l%‘er

is the area of each input ayer that is capacitively coup ed wt

the enl angegres |A:31 Foq@N lof¥&h-inpt ayb2ha di eie ofﬁfthé BfersSH s%ﬁ%%g all may have

extension is I'TUC ar ger than the area O gate e ectro

overlyin T and 88.,.9 t he e

el ectr odgqel Sgﬁggg? hgif1 ¢ F@pééggﬁ?t( é ot&%%lﬂ.r\pﬁ{ i ehrpéfhe afeﬁfgregclilquut
Acr =Acl +AC2 lin rat| Cl

Chat s, RO ppeitipg spupled p1E f‘%k.@&fér\?ﬁ)‘?&&?d By i ol e

The potentlal of the gate el ectrode is the wei ght ed sum of i nput

vol t ages “BpigRd @3611%01115@140 pecttandng arcp opthe gyte electyoge overlymghe channel of the

.VNRN. When Vg is sufficiently high, the neuron- MOSFET turns "on,
and it rrEﬁEeanslahﬁtom arse of therealirged elecireds loperMpgFRpacitivslp tounded to the mput

operates in an "if sufficient weighted sum then fire" node, a
functi onlaybmatis Asr=Aeh-dAtveldedi fficult to achieve with conventional
static logic circuits, and which is

[6011} A coupling ratio is defined as R=A¢/Acr, that is, R\=Aci/Acr,

Ry=Acy/Acr, ...Rn=Acn/Act, and Ri+Ry+...Ry=1. The potential V, of the gate electrode is the
weighted sum of input voltages applied to the input layers, i.e., V= ViR; + VoR; + ... VyRy.
When V, is sufficiently high, the neuron-MOSFET turns “on,” and it may be said to be “fired.”
A neuron—MOSFE’f , therefore, operates in an “if sufficient weighted sum, then fire” mode, a
function that is relatively difficult to achieve with conventional static logic circuits, and which is

said to mimic the “firing” of a neuron in the human brain.

[0012] The “780 patent describes a voltage reference circuit, after Gray and Meyer,
substituting a neuron-MOSFET for one of the conventional MOSFETs. If the threshold voltage
of the neuron-MOSFET and the conventional MOSFET are substantially the same, the output V,
of the circuit is equal to V,, defined immediately above, as the weighted sum of the input
voltages. V,may, therefore, be tuned to one or more selected values, and various values of V,

may be obtained from different combinations of input voltages Vi, V... V.

4-



said to mmc the "firing" of a neuron in the human brain. [00121 The
" 780 patent describes a voltage reference circuit, after Gray and
Meyer, substituting a neuron-MOSFET for one of the conventi onal
MOSFETs. If the threshold voltage of the neuron-MOSFET and the
conventi onal MOSFET are substantially the same, the output V. of the
circuit is equal to Vg, defined i medi ately above, as the weighted
sum of the input voltages. Vo may, therefore, be tuned to one or

mor e sel é¥13H valGenuentional MOSFBTS evpecially thmke fﬁbncm@bmmm $O@Hprotoosls,
di fferent conbinations of input voltages V1, V2... VN -4 [0013]
Convent i euffer fivESHmaberef pizadvahlagest THse t}feabibﬂ@@tt@ élc@thﬁbﬂﬁacf&mé& toofik substrate
protocols, suffer froma number of disadvantages. First, the

i nabi | it kaﬁ@dt@t@ﬁid‘ﬁb@ﬁﬂlg’b@m&t” ih BB MR et Gh& tralpﬁédjﬁetggﬁl the gcfﬁbe

"floating body effect,” 1n which charge becones trapped between

gate di ﬂie%ﬁfc'aﬁdﬁ%@fﬁ ‘ﬁ@éd@xﬁéf’ Qrgoifmé gtﬁ'(e)d’mg'ﬂ B3 Megfg)g OTQ and

bounding a region of a ‘sem conductor ayer to |ne strate.

T ) Ok A6 NSRS A i

"para5|t§9£&§§%€ftlon" due to the presence of f orwar d- bi ased pnp/ npn
junction © ‘asitic MOSFET channels. Third, the threshold

vol tage of MOSFETs nay exhi bit an unpredictable

t enper at [yoe4)le peRRERE; MOSFRTY fnby edSbit*gaAfit Ui ﬁ%cté{@rdrﬂu itic M:
undesi ragmg ]Ideakage currents rrgsgl occurﬂl n abl‘:%FET lv\,hen i aﬁasél ?n(I)StS

“of £ st adien” bhd doltne f)ﬁ?én'cf 8t fonPard- 1Ry glgﬁ/gﬁ{‘ﬁhcﬁ:ﬂ 2h& gh‘z‘aglﬁc? MoSteT channels.

certain procedures be [ owed, such spacer urrng source

dd f I
?inght Ir§I @gﬁ%ﬂegﬂolﬁﬁ?ﬂ eo%)?[@ eps L?Xn%xplbt@an}gggtdb“?%lﬁ e]ztB) en‘ent n%dence

Fourth, as already noted, various undesirable leakage currents may occur in a MOSFET when it
is in its “off” state. Fifth, fabricating a conventional FET requires that certain procedures be
followed, such as using spacers during source and drain formation by diffusion or ion
implantation; implementing lightty-doped drain formation steps prior to deep drain formation;
and forming gate electrodes that conform to highly accurate critical dimensions. Sixth, the
layout of a conventional MOSFET requires that a relatively large layout area be provided to

accommodate both a source and a drain, as well as an intervening gate.



and formng gate el ectrodes that conformto highly accurate critical

di mensions. Sixth, the |layout of a conventional MOSFET requires that
a relatively large | ayout area be provided to accommpdate both a
source and a drain, as well as an intervening gate. -5 SUMVARY OF THE
| NVENTI ON [ 0015] In view of the foregoing, the present invention
contenplates a logic swtch, which wutilizes, rather than avoids, the
G DL effect, which does not depend on MOS action, and which is

manuf act SUMMARGOOHI THE INVENTW@Nt i onal MOSFET processi ng protocol s,

but requires smaller |ayout area due to the absence of a source. The
pr esent iﬂﬁgrtio al so ﬁpqlemglat s utiljzation circuits that .

i ncl ude 193] ogi 11 9G¥ CE e IPser gy thePrepsnt vention ropterwlatenalogisiswiteh, which
fundanmental |1 C building_ block), SRAM cells, neuron-MOSFETs, voltage

r ef er encBlizegyfathgthrn avauts eIl ot et avhidfdoee netalspendsorBWIOSFaction, and which
DESCRI PTI ON OF THE DRAW NGS [ 0016] For a nore conpl ete understandi ng
of the pisasanfaciuedbancpuing tersdnydntioned MOSEREprocessing postocale bat Rgaiecsismaller
now nade to the foll ow ng descriptions taken in conjunction with the
acconpaniyog ateaalue ngthe absenebbfhsourd) ThE presetitimentién 166l cdiferdplBtes utilization
sinplified, sectioned views of a portion of a MOSFET illustrating

the QG DLieduite @tat troRIdS ithb lofi@ @k Sbh, Fhalidify Ardulis bfies iﬂe&e{sgaé %ﬁ,\?ﬁ%@]&ﬂd S
, I C

a schematic of a conventional MOSFET 1nverter; Figure iI's a

vavef or Myilditst1bal) SRS cdild EneuPRUIORSERY Lot AR ARFGILS bhE o RROSFET

voltage references.



MOSFET i nverter of Figure 2A; and Figure 2C, which is a sectioned
view of the inverter of Figure 2A inplenented and fabricated
according to conventional CMOS FET SO protocols. [0019] Figure 3 is
a sectioned view of one enbodi mnent of an inverter according to the
075 patent, the inverter being nore or |ess configured as one using
conventional MOSFETs, but relying for its operation on a gated di ode
functioning by the G DL effect. [0020] Figure 4 includes Figure 4A,

whi ch i s pRISPDESERASTHINEWFATIRDRAGVENGY t ch conprising an n+/ p-body
SO gated diode that functions accor d(?snmg to the G DL effect and the

electrical schematic notation therefore; and Figure 4B, which is a
sect i onefP0tbew ofora mhergicompleie widerstanding iof ﬂmg:raemﬁbmriﬁod,yanﬂﬁe gbastdges
di ode that functions according to the G DL effect and the electrical

schemat i thereof,atferencd i abefmade. to [R3NJwing desceipBonsiakands Sodfufdtion with the
which is a sectioned viewillustrating an inverter conprising the

G DL gat gétofbei@sy EBRMas, iR whidhir es 4A and 4B; Figure 5B, which is a
schemati c represent atl on of the inverter of Figure 5A indicating

the circuit notation therefore; and Figure 5C, which generally

depi cts H0ZyoutFigwes { hand ABere emplified-iseptioned Bewaafia p@tion of § MQ&HET
Figure 6 is a sectioned view of an alternative version of the

i nver t er illuptréfing thieeGEL eff@0 #A8}eiki gure 7 includes Figure 7A, which is a
schemati c represent ation of a 6 G DL gated di ode SRAM cel |, four of

the gate de hown s 4A and

t he passﬂ)g?i#g Z‘% \Qgﬁagﬁieé tl%e ggt ‘5@1 gfsoad‘%? e’B? ‘T—‘? &ﬁpgv%on%lﬁogﬁg'ar e
7B, which is sch repre klon of a 6-G DL gated di ode SRAM
cel |, folVeRn 1&@63@? &g‘ lﬁaévg“"Bff%“Rﬂ Ha%né’ftt%@euﬂ%mmﬁh@fﬁﬁmﬁlﬁ@é@e
4A and 4B and t_herpass gates of which are the gated diodes of Figure
4A. MOSEFET inverter of Figure 2A; and Figure 2C, which is a sectioned view of the inverter of

Figure 2A implemented and fabricated according to conventional CMOS FET SOI protocols.

[0019] Figure 3 is a sectioned view of one embodiment of an inverter according to the ‘075
patent, the inverter being more or less configured as one using conventional MOSFETs, but

relying for its operation on a gated diode functioning by the GIDL effect.

[06020] Figure 4 includes Figure 4A, which is a sectioned view of a logic switch comprising
an n+/p-body SOI gated diode that functions according to the GIDL effect and the electrical
schematic notation therefore; and Figure 4B, which is a sectioned view of a logic switch
comprising a p+/n-body SOI gated diode that functions according to the GIDL effect and the

electrical schematic notation therefore.

[0021] Figure 5 includes Figure SA, which is a sectioned view illustrating an inverter
comprising the GIDL gated diodes shown in Figures 4A and 4B; Figure 5B, which is a schematic
representation of the inverter of Figure SA, indicating the circuit notation therefore; and Figure

5C, which generally depicts a layout for the inverter of Figures SA and 5B.



[00241 Figure 8 is a schematic representation of a prior art 2- MOSFET
voltage reference inplenmented wth conventional n-MOSFETs, according
to Gray and Meyer. [00251 Figure 9 depicts an inprovenent of the

vol tage reference of Figure 8 and includes Figure 9A, which is a

vol tage reference including two G DL gated di odes of the type shown
in Figure 4A; and Figure 913, which is a voltage reference including
two G DL 8@%ﬁd di pdes of the type shown in Figure 4B. In each of

Fi gure 94 oB Figiee §atsescationsd vinteef asfaliemativewersion d&thedtiverter in Figure S.
oppositely doped polysilicon and the output reference voltage is

of f set friggaszgr ou b ¥ tivel one band-gap in
silicon, [or 12 Offé’ﬁic%d&\é%ié% Eiz}j&gﬂ Sf‘ﬁ‘&%mfgg TeRregRiatian el a QPR gated
is a grapf.Qfent I ersus..G DL .cyrrent  of the gated di ode

used in %be&gvsmmgééﬁrﬁe)ﬁlg&e %%g%cfdl%‘if&f é"lﬂ%& ar haseptgimen Fgrmes 44handiB and
a simlar raQof .gat ed di ode of the type shown in Figure 9B.
[0027] Fi'y s'galeﬁ ?fc"?’ﬂ grefnegicd diodes of RigneaiBsmod&igure T8 whiclpisaredneic
vol t age ré‘aelg‘reeﬁre%égn%t%asQ %ﬂggmﬁ%( aﬁufa sectioned view of two

G DL gat a ¢ kel ufoer of4AR; gdtdtbdiGldalof gtlichichre those
di odes having their polysilicon gate el ectrodes oppositely doped and

bei ng f ahvwiciatRighresctd ad 4B ahd tHPaspgadsaf atichadiel tHetPhted i &le8 6F FiphrRl4A,
schematic of other circuit elenments -8 connected to the G DL gated

di odes t | ete the voltage reference; and Figure 11B, which is

Gi m Far SR Gur BBy Yok Geh i crmiRG ol ol imedt HMSRIS Tayediage revrence
fabricated .in blé{,k'ﬁem conduct ar., H'EOOZS] Figure 12 is a top,

gener al | ZBAeReRied Wit conveghipral nMOSEE LS, epcording tq Gogshd Meyer.e 13 i s a
schematic representation of a 2- MOSFET vol tage reference according

to the °TRBspat efbuic MBI GRINENS In& o Bk b i

tothe & ho]\{/)m i n%Lllzr:eg u% £ Hpr Dés tR@%Itanence oft F}I]gurg 8L in2ubes
Figure 9A, which is a voltage reference including two GIDL gated diodes of the type shown in
Figure 4A; and Figure 9B, which is a voltage reference including two GIDL gated diodes of the
type shown in Figure 4B. In each of Figure 9A and 9B the gate electrodes of the two diodes are

oppositely doped polysilicon and the output reference voltage is offset from ground, positively or

negatively, by one band-gap in silicon, or 1.12 volts.

[0026] Figure 10 includes Figure 10A, which is a graph of the voltage versus GIDL current
of the gated diode used in the voltage reference of Figure 9A; and Figure 10B, which is a similar

graph of a gated diode of the type shown in Figure 9B.

[0027] Figure 11 includes Figure 11A, which shows an SOI-implemented voltage reference
as a combination of (a) a sectioned view of two GIDL gated diodes of the type shown in Figure
4B, the GIDL gated diodes having their polysilicon gate electrodes oppositely doped and being

fabricated according to SOI protocols and (b) an electrical schematic of other circuit elements



is replaced with a neuron- MOSFET of the type shown in Figure 12.
[ 0030] Figure 14 includes Figure 14A, which is a sectioned view of an
SA -i npl emented neuron- MOSFET based on the gated di ode of Figure 4B;
Figure 14B, which is a schematic representation of the neuron FET of
Figure 14A, including the notation therefore; and Figure 14C, which
generally depicts the |ayout of the neuron- MOSFET of Figure 14A.

[0031] Figure 15 i hemati ¢ representati on of a voltage reference
similar t%’“ “é"‘fds%ftﬁe é@‘ég@%&ﬁw tPHOWHiBEBr{ﬁ%H@%P refisnes aue RigsridiB, which is
MOSFETs i s raelpl gced W th the neuron- MOSFET of Figure 14. [0032]

Fi gure 16Pdardo Eigure Ll A putarhsrey theAP Lapatest dindesiatefabii¢dtetindmi¥demiconductor.

through C3 representing the energy states of various enbodi nents of

t he gat edggrgyde r i i t tines described bel ow.
9 DETA E[ED %ESCSF %&r? GIED ?ﬁeﬁ%ﬂ%%@p@@g@ﬁ%gﬁpgm&%f10033]
Referring first to Figure 1, the G DL effect is briefly discussed.
The G DL [@802%ct Kigwse ? } isstschizaaioweptesentation v£n2INOSFE VROIIEETeR2n6E adehRling
type having a source (not shown) and a drain 22, both formed as
doped r egp ties 780paierstiih ivhivh obe cofveatiorst MOSFEIUG RS ﬁémiﬁ%r?ergﬂ%wﬂﬁ%‘iﬁlre 8
gate 26. The gate 26 conprises a gate el ectrode Zg overlying the
subst r at ds 2plaeediwith BOEELAMOSRFE ¥y in'] e electrode is
i nsul at ed f%?omthe substrat2324TgﬁgEt g@gﬁﬂlnﬁzﬁgu%f}tzé thin gate
dielectric or gate oxide 30. In Figure 1, the drain 22 is an n+
regi on i A0830; ['i S léimslidesiiigure42A, whishihesagtionedatier bf adSORAnplemented
pol ysilicon.

neuron-MOSFET based on the gated diode of Figure 4B; Figure 14B, which is a schematic -

representation of the neuron FET of Figure 144, including the notation therefore; and Figure

14C, which generally depicts the layout of the neuron-MOSFET of Figure 14A.

[0031] Figure 15 is a schematic representation of a voltage reference similar to that of

Figure 8 but in which one of the conventional MOSFETs is replaced with the neuron-MOSFET

of Figure 14.

[0032] Figure 16 is a series of energy band diagrams identified as A1 through C3
representing the energy states of various embodiments of the gated-diode of the present

invention at times described below.



10034] Specifically, G DL was first observed to occur in the drain 22
at and near the conjunction 32 of (a) the boundary 34 between the

drain 22 and the substrate 24 and (b) the gate dielectric 30, that

is, where the drain 22 and the boundary 34 are overl apped by the gate
26. Figure 1A illustrates the interior condition of the n-MOSFET 20
when the potential Vg of the gate electrode 28 is slightly negative
relative to the potential Vvd of the drain 22 (Vd>O and/or Vg<O and

the subsm%u%ﬂmww@@mm@mﬁmmmw@mﬁi el d across the
e

gate dielectric 30 (1. "vertically" between the surface of the
drain 22 and the gate el ectrode 28) nust be supported by charge in
the drain 22. This charge is provided gpthe formation of a depletion
region 36 near the surface of the drain 22, having an edge 38 in the
drain 22 and contiguous with the depletion region 36 between the n+
drain 221003381 p- SRefewingdiastso Figursoh the GIDL gffech jsduiefly discossed. sTha@IDL effect
sufficiently negative relative to the drain 22, as shown in Figure
iB (vd" owaméﬁb@bswpd o) conzyentionelVOSHFRTs 3§ ef theityre havingapsourtce (nop showw) lahd a
not, format the surface of the drain 22 in the depletion region 36.
The i nvedsimoi?, beiidormtedat depaixegiondinta silives onother sendiCorfdnctor substratk Réchndn
"I ncipient inversion layer." Tunneling-assisted carrier pairs 40

(minorit yatapel Thegaes 26 Jompisass gite clbtrdite 28 vanging HRGhbaRs 244rf a portion of
produced in the depletion region 36, which assunes the configuration

shown i ngfigeuin 82| Bhe A% AbRIdeiYinbilated FBR 18 stRIhte 24 Snd thedrdih 98 b3l thill Gate
surface of the drain 22 to attenpt to formthe inversion |ayer; they

are | Medieabflobr S8 BLiab 50 Fgul 24l ot 25 % H1E- RUBSIA BLicaf p-HUGR 24,

is at a ['ower pofentia e mnority carriers

unpai red Lority carrd.ers .(el.ectrons) 44 flow through the drain 22.
The curr%"r#ﬁ%ﬁfﬁ?e %?/d\éjgslsgd&géﬁqnt of novenent of mnority carriers

40 fromthe drain 22 to the substrate 24 and novenent of
[0034] Specifically, GIDL was first observed to occur in the drain 22 at and near the
conjunction 32 of (a) the boundary 34 between the drain 22 and the substrate 24 and (b) the gate
dielectric 30, that is, where the drain 22 and the boundary 34 are overlapped by the gate 26.
Figure 1A illustrates the interior condition of the n-MOSFET 20 when the potential V, of the
gate electrode 28 is slightly negative relative to the potential V4 of the drain 22 (V>0 and/or
V<0) and the substrate 24 is grounded. The resulting electric ficld across the gate dielectric 30
(i.e., “vertically” between the surface of the drain 22 and the gate electrode 28) must be
supported by charge in the drain 22. This charge is provided by the formation of a depletion

region 36 near the surface of the drain 22, having an edge 38 in the drain 22 and contiguous with

the depletion region 36 between the n+ drain 22 the p-substrate 24.

[0035] If the electrode 28 is made sufficiently negative relative to the drain 22, as shown in
Figure 1B (V¢>>0 and/or V¢<<0), an inversion layer will attempt to, but will not, form at the

surface of the drain 22 in the depletion region 36. The inversion layer that should, but does not,
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majority carriers 44 through the drain 22 is the A DL current 46. The
G DL current 46 is highly independent of tenperature. [0036] It is

t hought that the depletion region near the surface of the drain 22
under the gate 26 results in field crowmding and an increase in the

| ocal field to enhance high field effects near that region. Wen the
depletion region 36 assunes the configuration shown in Figure 1B,
nore intense high field effects result in various trap-assisted

2

carrier- # ealled An elpsipient inyRwsion leyeen  Bnneling-assisted watrienpaies 40 (minority and
mul tiplication, band-to-band tunneling, thermal emi ssion of electrons

f r om t hemaigsibe p@ad bagrdroles aad elealpons) are piolubaliadhdgepidtontregion 86y rwisth mgumes
to the conduction band, and/or trap- assisted tunneling fromthe

val ence thawadnfiguratios showml iicFigae 1Bankk minbrityn(p ot hele)icdriers A2 gaiven® ti@hRurface of
trap-free, band-to-band tunneling occurs sinultaneously with those

t r ap- assihstdesin 2Rtordtempt gefoan did iaversive Biyer, tHe) @RAnnTdiRat sl BlveRitfRe the @8922
occurs in MOSFETs in which the drain 22 is p+ and the substrate 24

IS an n- RAHYsubbttaté M SvIAMERtat a 1dVRer hBlcBSal Pbr ﬁi@ﬁljﬁﬁ?{tﬁcﬁgeﬁ&g € now élﬂpaired

el ectron 44 are reversed, the lafter nmoving Into the substrate

and the lanjroﬁ catfRRHd Qacﬁgﬁs? g I?low(;tﬁrdg&%ﬁ%%n 24 %Erlslln%d]t Iﬂ%%t Rbyw ];1{ § 1%%1(13& of

can al so oc at the junction source an S Supstra

24. F f .Sj L Ci t di i on,herei,n focuses on_.the

G DL of rBBURRSEmlorty i€ 4 Yol e e A R PR EHE o an OO e
+ + drain, ' r ectively. i n- body qr. a_p- bod nder

2 gate. BHPER RS RhBRorER hodam 22 ih eiiDiscument 46. e A eaenedoisiebly

of digital integrated circuits. An inverter is a

_ independent of temperature. :

[0036] It is thought that the depletion region near the surface of the drain 22 under the gate
26 results in field crowding and an increase in the local field to enhance high field effects near
that region. When the depletion region 36 assumes the configuration shown in Figure 1B, more
intense high field effects result in various trap-assisted carrier-generation events. These events
include avalanche multiplication, band-to-band tunneling, thermal emission of electrons from the
valence band to a trap site followed by electron tunneling to the conduction band, and/or trap-
assisted tunneling from the valence band to the conduction band. If the field is large enough,
trap-free, band-to-band tunneling occurs simultaneously with those trap-assisted carrier-

generation events.

[0037] The GIDL effect also occurs in MOSFETSs in which the drain 22 is p+ and the
substrate 24 is an n-body. In this event, the roles of the hole 42 and the electron 44 are reversed,
the latter moving into the substrate 24 and the former moving through the drain 22. A similar
GIDL effect can also occur at the junction of a MOSFET source and its substrate 24. For

purposes of simplicity, the discussion herein focuses on the GIDL effect as it occurs in
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singl e-input, single-output digital device which has a "0" logic
state output if the input is a "I" logic state, and a "1" output if
the input is "0." Multiple inverters can be conbined to form | ogi cal
operators, such as AND, OR, NAND, and NOR operators, as well as other
| ogical function operators. [0039] Figure 2 depicts a prior art
MOSFET inverter 50 inplenented according to 50 protocols. Referring
first to the sche ic of Fijgure 2A, the inverter 50 is_ inplenmented
accor di NS ERE Brgto ey R bR s drAd eI resaeativalyyin possety goa p-
and an n- MOSFET 54. The gates 56 of the MOSFETs 52 and 54 are
connect etPdypgderacteand receive an input V;. The drains 58 of the
MOSFETs 52 and 54 are connected together to produce an output V0. The
source 60 of the transistor 54 is grounded (V,,), and the source 60
of the transistor 52 is positi?BK%iﬁmﬁé@HV%RTER-[0040] I n operation,
and referring also to Figure 2B, when Viis high (="I"), the n- MOSFET

54 is on[oessf t hﬂnﬁbﬂ&@f&lﬂrﬁaﬁ%ﬁtﬂ &éiﬁelﬁﬁr&gital\{ntegﬁtdal@lﬂcﬁﬁs JONMAvERer | 52

gr ound (Vss) and is low (="0"). Wen the |nput ; ="Q0")
P- FET i sg; fs Upny» wyn
(="1"). |00 |§§1re¢rab &l dighaPlcvics i P ok Statanap 'R?ftphg‘@&%é !

nver Zil"%% 5.3%% PP T F e o 81 Z?@“fgﬂﬁ %a*?‘%m‘}%a%f)b%"c"' Rl 45 by

vosreTs 808 ek SharBANB Ok AN GER N afora T logkeal'

i npl antation. The source 60 and drain 58 of the n- MOSFET 54 are n+

i mpl ant NEHOR OPERRINEY i n a p-body 74 of silicon or other suitable
[0039] Figure 2 depicts a prior art MOSFET inverter 50 implemented according to SOI
protocols. Referring first to the schematic of Figure 2A, the inverter 50 is implemented
according to conventional CMOS protocols and includes a p-MOSFET 52 and an n-MOSFET 54.
The gates 56 of the MOSFETs 52 and 54 are connected together and receive an input V;. The
drains 58 of the MOSFETs 52 and 54 are connected together to produce an output V,, The

source 60 of the transistor 54 is grounded (Vss), and the source 60 of the transistor 52 is

positively biased at V..

[0040] In operation, and referring also to Figure 2B, when Vjis high (="1”), the n-MOSFET
54 is on and the p-MOSFET is off; the output V, is pulled down to ground (V) and is low
(="0"). When the input V; is low (=70”), the p-FET is on and the n-FET is off; the output V, is

Vo or high (="1").

[0041] Figure 2C illustrates the implementation of the CMOS inverter 50 of Figures 2A and
2B pursuant to SOI protocols. The inverter 50 includes a silicon substrate or layer 70 on which

is a buried oxide layer or BOX 72. The sources 60 and the drains 58 of the MOSFETs 52 and 54
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sem conductor that is formed on the oxide |ayer 72. The source 60 and
the drain 58 of the p- MOSFET 52 are p+ inplantations fornmed in an
n-body 76 of silicon or other suitable sem conductor on the oxide

| ayer 72. The MOSFETs 52 and 54 are separated and isolated from each
ot her and from ot her devices fabricated on the BOX 72 by STl 78 of
silicon oxide or other insulator. Wile the sources and drains 58
and 60 are shown as extending through the entire depth of the

sem condyefeormed soireentigunliynas bycoy asplamatidre Thaseursh 60 and heirbitibfike 7.4
and 76 are relatively thin silicon |ayers), the sources and drains
58 and GMIOBFETeWtaeno omplyntatigerfoinesd inh ptivdy 74y silioo0oohthénaisigpt h of
the bodies 74 and 76 (as in the case of thicker SO |ayers). This

appl i es gemiédnduabritat i fgtiied Snaitto:edd18Yeri7h| UHE E&IeEAROME BRI 58 ofife p-
well. PRIOR ART G DL I NVERTER 075 PATENT [ 00421 The " 075 patent

di scl oS eHOBFBITSRkS BF ikPlant:fishs PO BnBodyhl GRsiliSo AL RN =

G DL effect. As di scussed above, G DL | considered to

S
L e, CORMEIL AR HOBSR R T TR NRSRM 1082 knd PLE LS00 Ly ipgiated rom

sonet hi ng tF be srppresse r avol on |
. . > . - . ETLL
dovi ce. oeh oMt SR SR oiecs RERGHER pn BR HOR 2y s S ieen pde o other

based on, sq-call e actiopn . or FET action_ involving surface

i nver si offSuHa- M%ﬁﬁg@m@ﬁéﬂ‘? fif%‘tf?%éfld oY aresheva s sxending fisenghdhe entiee

G DL effect.2£00431 As shown in Figure 3, the inverter 80 includes a
p- subst r$fpth ihggepricondyetanbedicscid and 76 (3s5p fherashwhetieithe odies\idland 6 ates
formed in the n-well 84. An n-base 88 is fornmed in a portion of the
p-wel | gElatisgly than pilicen layerskths so@rcesandairaiesiS§undithmehextendombypa B8itioAnf the
n+ structure 92 is fornmed in another portion of the p-well 86

separ at ewlay thongh He depthsifthichadies 74Gind A6 (4shie the-cabasfthBRer SOI layers). This

applies to the other figures and other illustrated embodiments, as well.

PRIOR ART GIDL INVERTER: ‘075 PATENT

[0042] The “075 patent discloses an inverter 80, the operation of which is based on the
GIDL effect. As discussed above, GIDL is considered to be deleterious to the conventional
operation of conventional MOSFET's and is something to be suppressed or avoided. In the ‘075
patent, GIDL is intentionally utilized in an inverter fabricated as a MOSFET-like device on a
bulk wafer. The operation of the inverter 80 is not based on so-called MOS action or FET action
involving surface inversion and channel current. Rather it;q operation is based on the GIDL

effect.

[0043] As shown in Figure 3, the inverter 80 includes a p-substrate 82 with a deep n-well 84
formed therein. A p-well 86 is formed in the n-well 84. An n-base 88 is formed in a portion of
the p-well 86, and a p+ structure 90 is formed within the n-base 88. An n+ structure 92 is

formed in another portion of the p-well 86 separated from the p+ structure 90 and the n- base 88.
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-13 10044] Agate 94 conprising a gate electrode |layer 96 on a gate
dielectric layer 98 is formed to overlie the free surface of the
p-well 86. One side of the gate 94 overlies the n-base and the
boundary 100 between the n-base and the p+ structure. The opposite
side of the gate 94 overlies the boundary 102 between the p-well 86
and the n+ structure 92. [0045] The processes and steps used to
fabricatg(wtge in ter 80 are conventionally used to fabricate CMOS
devi ces #d4hre @ sA'[fé‘Bth‘?’@glalgﬁte(fe"é’gP‘ii%'éﬂerlgﬁ anrpegatdislepsic dayer 98 is formed
[0046] The gate el ectrode 96 receives an input V;; an output Vo is

obt ai ned!¥9EHicthe Eensiatacs ahthe §-welb8G - axdeeet thergase P4 overtiecthe ndagOandshe
connected to ground (V,,), and the n+ structure 92 is connected to a
posi ti vebowidarygd0Vetweep @W]JaSb and fherpatstrocturentithe opposite sidegif tiar gateld4 overlies
(approximately V,,), electrons a nove fromthe p+ structure 90 into

t he n- btiedoSRiacy 02 etwism thé Plwodif ocumt theast aetuae 9Bd earlier. These

el ectrons puII down the n- base 88 and the p-well 86 to near ground

or "QO" ut put at is | ow (approxi nmatel

gr ound) \A@r"ﬁ?b ﬁtﬂ ;8 gegsses ﬁﬁ@ &eP§ tﬁ?ﬁit%g‘bﬂeat%{bﬁ FeteedGareicaryentipndly usedto
p- wel | 86 pul Li the p-well up to V. or "1," which is output at Va.
The wavefabrifae GM & devigsg ayd argrpors spacificelly deseribashin thes 07f pater] By
inverting the polarities of the conduction types and bi ases, there

may be r glzed Tﬁe‘gateret@crutoeé 0B AbeRgs HOinbAE o D{&%ttt&tﬂﬁ thg%ii ol

repl aces the p-well STRUCTURE OF GATED

Ref erring no 1%1 ﬁ{%%?ﬁ V\géA’rﬁQ? | $hionfle f9b mﬁ‘éc?eedct Ogundrﬁ’@? ‘i&fﬁ'

inventionre conpt | ment ary Ogl C SWI
Both | Oglsn’ucﬁlvt\% Bf Ps%%n%e%?edato apos1%ve vgltage Ve

[0047] In operation, when V; is high or “1” (approximately V), electrons € move from the
p+ structure 90 into the n- base 88 due to the GIDL effect, as explained earlier. These electrons
pull down the n- base 88 and the p-well 86 to neat ground or “0” which is output at V,. When
the input V; is low (approximately ground) or “0,” holes p* move from the n+ structure 92 into
the p-well 86, pulling the p-well up to V. or “1,” which is output at V,. The waveforms of V;

and V, are similar to Figure 2B.

[0048] By inverting the polarities of the conduction types and biases, there may be realized

an inverter having V, taken from the n-well that replaces the p-well 86.

STRUCTURE OF GATED GIDL DIODE

[0049] Referring now to Figures 4A and 4B, a first aspect of the present invention relates to
two complimentary logic switches 110 and 112. Both logic switches 110 and 112 are
implemented as gated diodes, the operating principle of which is the GIDL effect and the current

produced thereby. In preferred embodiments, the gated GIDL diodes 110 and 112 are fabricated
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i npl enented as gated di odes, the operating principle of which is the

G DL effect and the current produced thereby. In preferred

enbodi nents, the gated G DL diodes 110 and 112 are fabricated -14
according to SO protocols: each gated G RL diode 110, 112 is
conpletely isolated by STI oxide and BOX. Bul k protocol versions may
al so be realized by using wells for isolation of each gated QDL

di ode. [0050] In Figures 4A and 4B, the gated G LL diodes 110 and 112

i ncl ude accordmgioPdrrofoends: cadugated B Isdinde biiliGtie rompletly mbleted be STI oxide
covered with a buried oxide, or BOX, |layer 116, according to SO

pr ot ocol snd BOY4 Bulk profeicglivessidus, mashadsdiDeehlivgé by hditg melle Gordsddalioni dflBach gated
| ayer of p-silicon 118. Silicon oxide STI 120 defines a diode site
122 by i &tbBdiodg. or encl osing a volume 123 of the silicon layer 118.
The STI 120 extends fromthe free surface of the silicon layer 118 to

t he BOX 116. . Accordingly, the STl 120 el ectrically isolates

the di odbﬁ%ﬁ e Jfszl%ﬁ'EP P and 81 he sied GTI7le Biodro] 16rAnd 112 andludsin sibigomiosether
of the silicon layer 118. [0050] An n+ region 124 is fornmed within

t he di odauigblegentizondystos splsinateoid 4spvaredwith p bided oxdde, ok BO layer il tmaccording
| ayer 118 encl osed by the STI 120. N+ region formation is preferably
achi evedtodf§Ol potaeddnt i onal ion inplantation. The foregoi ng produces a
boundary or junction 126 between the uninplanted portion or p-body

ot cont B04Fhg (e wi HoREROR B IR s f e Pih Betastfopmetdy Shicon

Overlying th ndary 126 bet n the p-body 128 and the _n+ region
124 is agﬂéff SRRt desitedds by st or sicesing wYeluie 3k of thg sHicamizyer
insulated by a gate dielectric |ayer 134 o
118. The STI 120 extends from the free surface of the silicon layer 118 to the BOX layer 116.
Accordingly, the STI 120 electrically isolates the diode site 122 and the enclosed silicon volume

123 from the rest of the siticon layer 118.

[0050] An n+ region 124 is formed within the diode site 122 in a portion of the volume 123
of the silicon layer 118 enclosed by the STI 120. N+ region formation is preferably achieved by
conventional ion implantation. The foregoing produces a boundary or junction 126 between the
unimplanted portion or p-body 128 of the enclosed silicon volume 123 (the portion of the

volume not containing the n+ region 124) and the n+ region 124.

[0051] Overlying the boundary 126 between the p-body 128 and the n+ region 124 is a gate
130. The gate 130 comprises a gate electrode layer 132 insulated by a gate dielectric layer 134
from the boundary 126, and from the n+ region/p-body 124/128. The gate electrode 132

comprises p-doped polysilicon.

[0052] In Figure 4A, for convenience, V, represents the potential of the n+ region 124 of the

diode 110. V;, represents the potential of the p-body 128 of the diode 110. V, represents the
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fromthe boundary 126, and fromthe n+ region/p-body 124/128. The

gate el ectrode 132 conprises p-doped polysilicon. [0052] In Figure

4A, for convenience, V' represents the potential of the n+ region 124
of the diode 110. Vp represents the potential of the p-body 128 of
the diode 110. Vs represents the -15 potential of the gate el ectrode
132, which, depending on the magnitude of a negative voltage

(relative to, Vp_ and V.i applied thereto (as explained below): (a)
permts Pofentigf gfbe gatge eétfe‘g?n@}c‘z"hlcbiﬂep@?ﬁmgﬁn e magnitedeaiflanegativesotiage
the p-body 128 and the n+ region 124 V., or, (b) causes the diode

110 to cGrlgiivetodprand Vi) enplied theeeto (asreaplained belnw):H(@) yerinitsl thek&det 1d Ottdreonduct
n+ region 124 (as in a typical p-n junction diode) or, (c)

bi - di r ecturentbildirebtiomkly betweer tite f-baly 126 tané the réHregipn 124w, 138 (b)aacses the
region 124. Operating node (c) can occur only if the p-body 128 is

suf fi ci edibliy1 10t rordudt cdresnt lnhighitebtiodUp &dnd e p¥ady 9281d @6 h+irélidn 124 (asina
depletion therein. [00531 In Figure 4B, the ECM ayer 116 is covered
wWith a | gyRElRh julcéd di6a8) ok38) bildifctisall SRS |

di ode si?,g 1lfgﬁﬂ)y encl os?ngqg)go%%&f% %g?kfhe nf@%b&ﬁvﬂeeﬁ%éeé‘ﬁéd@?
The STI . f K : . - Sl hhgan er. 138
o the B8 Tayeoniyh: OVREenE gidaEf e baiEon (EHe prbodl 18 NGy Jpkens
t he di od ' encl.osed siljicaon volume 143 fromthe rest
N ‘%5‘%%@3&&gffﬁcég‘ﬂé??%‘?nf%%?%n 144 is formed within the
diode site 142 in a portion of the volune 143 of the silicon |ayer

13 8 encl0053d byn FigerSAB, the BOXPhyered b dncdveredmdittanlaig dfnafildorliBY. The
achi eved by conventional ion inplantation. The foregoi ng produces a

boundar ysiich oxede\S T8N 20 BefindRiaHd RN18 A4 PBY EdRRiry 2 V1088 Y47 48:h0h-stl8n layer
encl osed silicon volunme 143 (the portion of the
138. The STI 120 extends from the free surface of the n-silicon layer 138 to the BOX layer 116.
Accordingly, the STI 120 electrically isolates the diode site 142 and the enclosed silicon volume

143 from the rest of the silicon layer 138.

[0054] A p+region 144 is formed within the diode site 142 in a portion of the volume 143
of the silicon layer 138 enclosed by the STI 120. P+ region formation is preferably achieved by
conventional ion implantation. The foregoing produces a boundary 146 between the
unimplanted portion or n-body 148 of the enclosed silicon volume 143 (the portion of the

volume not containing the p-region 124) and the p+ region 144.

[00S5] Overlying the boundary 146 between the n-body 148 and the p+ region 144 is a gate
150. The gate 150 comprises a gate electrode layer 152 insulated by a gate dielectric layer 154
from the boundary 146, and from the p+ region/n-body 144/148. The gate electrode 152

comprises n-doped polysilicon.

[0056] In Figure 4B, V, represents the potential of the n-body 148, and V), represents the

potential of the p+ region 144. V, represents the potential of the gate electrode 152, which, as
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vol une not containing the p-region 124) and the p+ region 144. [00551
Overlying the boundary 146 between the n-body 148 and the p+ region
144 is a gate 150. The gate 150 conprises a gate el ectrode | ayer 152
insul ated by a gate dielectric |ayer 154 fromthe boundary 146, and
fromthe p+ region/n-body 144/ 148. The gate el ectrode 152 conprises
n- doped polysilicon. 100561 In Figure 4B, V' represents the potenti al
of the n-body 148, and V. represents the potential of the p+ region
144. Vg exprineddatow ardalepending orathe afaghihelegdt posities tolage (khfive WV ,cind Va3
-16 expl ai ned bel ow and dependi ng on the magni tude of a positive

vol t age dpplibdithitew, (1) pémisdle Wiofle 1 &P doadud: bBaRéctiondlB) bepRédH thépt Rgion 144
di ode 112 to conduct bi-directionally between the p+ region 144 .

and t he #idhmehy bddiB148( (b) pRekifs the diokie 1 2 RUBnduet clrerft ARUMEdLiGATRCRbm the p+

uni -directionally fromthe p+ region 144 to the n-body 148 (as in

typi cal Bl (Wala R ¥ol b =i ' I l40¢ :

1w betponI#hHER UPTR (o Biplcalh niuicRes §RUL of O HRcudiily Bl
node (c) | alar, t e o] - | i cabl e to.the
*hi oknosint {8 6fhegl M Birelith 1PLdICha BR° M AR R Ra s 0} e

t hi ckness_and/ o opi n f the n-body.14 00571 It, i referr

| ot < O ey BB P rr P Siadhe tirres aniiat el SEpear Saacody
110 and 2. of the present inveption, In this fashion, both

G DL-rel é’%é’élso B'?"??égﬁfltg‘c s gndjor Cg’@mg\ﬁréllﬂ?efhg"%’o]rﬁ?ent i onal CMOS
devices located el sewhere in the IC, may be fabricated on the sane

chi p. Wyghszjconverbiaaadd tkMEMDS lible tdlodd HLORBN Y B 36k dabRE e Uiodes

fabricate both gated diodes 110 and 112, certain procedures cohtrary

to conv eﬂg‘a?@ 42 Bﬁg Breséd lﬁ{\}eﬁﬁ&ﬂ Ko ?aospfcoﬁ,l 6&H\%L~r}e1?{1e§?ire¥itﬁ% @p@ggg B2, as

the G DL ect. e'reason for thnis, course, 1S
well as conventional CMOS devices located elsewhere in the IC, may be fabricated on the same

chip. While conventional CMOS protocols are preferably practiced to fabricate both gated
diodes 110 and 112, certain procedures contrary to conventional MOSFET fabrication are
followed in order to enhance the GIDL effect. The reason for this, of course, is that the diodes
110 and 112 are intentionally designed and operated to take advantage of and to utilize the GIDL

effect, rather than to suppress it.

[0058] To the foregoing end, certain contra-MOSFET procedures are preferably followed.
For purposes of the following discussion, it is noted that the implanted regions 124 and 144 of
the diodes 110 and 112 are viewed as “drains” of a MOSFET, even though the diodes 110,112

are ‘“‘sourceless,”

[0059] A first contra-MOSFET procedure comprises forming the gate dielectrics 134 and
154 to be as thin as possible. Thinner gate dielectrics in MOSFETs or MOSFET-like structures
encourage GIDL, while thicker gate dielectrics discourage GIDL. Second, doping the

polysilicon gate electrodes 132 and 152 to the same polarity as the p-body and n-body 128 and
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110 and 112 are intentionally designed and operated to take advant age
of and to utilize the ADL effect, rather than to suppress it.

[ 0058] To the foregoing end, certain contra-MOSFET procedures are
preferably followed. For purposes of the follow ng discussion, it is
noted that the inplanted regions 124 and 144 of the diodes 110 and
112 are viemed as "drains" of a MOSFET, even though the diodes

110, 112 are "sourcel ess.” 100591 A first contra- MOSFET procedure
conpri sekd¥is FoRtiy torrenyationaliMOSEET fabstcatipm. Jhg purmae 9%th!§é108§18t1ﬁt0n as
possi bl e. Thinner gate dielectrics in MOSFETs or MOSFET-I1i ke

st r uct ur @souragreGIRIabethe brilt-iph firld in HHewrtsrdigleatdcsdl 3¢ 6d as iexplaiied greaigre
G DL. Second, doping the polysilicon gate el ectrodes 132 and 152 to

t he sanedqtal ‘mléw.yThdsd,tﬂminp)lamcﬂyreginds HR4rod\ 44 Z8Iraing’) areldopd Suffisiently high to
contrary to conventional MOSFET fabrication. The purpose of this

dopi ng i énstue tha sigaificagdatd-id-bind theling oéduts dud'to hir@lhtivdiysHofteugiatiag len
dielectrics 134,154 as explained in greater detail below Third, t

I rml ant e&adie%ﬂbﬂigﬁlﬂflz Adpendaih 4D, Aiturds 26 BotdRilRed. SEiﬁén%lﬁHgﬁtlﬁri?ﬂé a&bmg

ensure that significant band-to-band tunneling occurs dué t

r el at Vel S%Ef%&s N EA L Gailce BELBD amag@&co%tahq&@] ihdti RS Drsltiida

("LDD'), strtctures are not utilizéd. Extrene rai n dopi ng

will sup he concom tant elim nation
of LDD rsgjﬁg%%é&%%gggﬁt%ﬁoﬁaubﬁbﬁ%ﬁ&- conpati bl e fabrication.
[0060] In Figure 4A, the p-doping of the gate electrode 132 of the

gat ed di [#d60]110 IefFigaed 4A ahe pidopinges therpatezldcandd 132 oftthe ghied dibdé DI'0 effects or
negative electric field in the gate oxide 134. This negative

el ectri Cinfheeh gh “afredlic” Sr LB nepeR et 140d MRhYBated&ide 134, TR nkghtive
the vicinity of the boundary

electric field, which is present even when V=V =V, acts at and in the vicinity of the boundary

126 to partially deplete or nearly invert the surface of the n+ region 124 (see Figure 16-A1) and
to effect slight accumulation at the surface of the p-body 128 (see Figure 16-B1). In Figure 4B,
the n-doping of the gate electrode 152 of the gated diode 112 effects the built-in or automatic
positive electric field in the gate oxide 154. This positive electric field, which is, again, present
when V=V;=V,, acts at and in the vicinity of the boundary 146 to partially deplete or nearly
invert the surface of the p+ region 144 and to effect slight accumnulation at the surface of the n-

body 148.

[0061] Electric schematic symbols for the gated diodes 110 and 112 are presented at the
right of Figures 4A and 4B. The indicia “-—-“ and”+++” indicate the polarity of the voltage of
the gate electrodes 132,152 relative to V,, and V,, that is applied to the respective gates 130 and

150 of the diodes 110 and 112 to effect one of the three operating modes thereof.
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126 to partially deplete or nearly invert the surface of the n+
region 124 (see Figure 16-Al) and to effect slight accunul ation at
the surface of the p-body 128 (see Figure 16-B 1). In Figure 4B, the
n- dopi ng of the gate el ectrode 152 of the gated diode 112 effects the
built-in or automatic positive electric field in the gate oxide 154.
This positive electric field, which is, again, present when Vn
Vr=Vg, acts at and in the vicinity of the boundary 146 to partially
deplete or nearly invert ORERATIONCEF GATHEIDRGIL DIQDEN 144 and to
effect slight accunul ation at the surface of the n- body 148. [0061]

El ectri t4 . t ke . i .

or osent clfVEA°T nASATIRS, i V- GR e R RE gk el BRE. AborMidhre 4n, e p-
d"+++" ,i ndi cat.e th L ari.t f t | t. f. .th t. t

B 1o RAPR O b P a8 YA 2R B 55 U S

oper at | rFRGRIIEE REFGUA 12418 CHEIIT SRRy G PSS IS DB ufice

not ed above, with Vp=wr t he 1!81?8%0 switch or diode 110 of Figure

) Vg in th
4A, the plthepbedy Bsiisén 1‘1}8'2‘6F’P°§5‘t‘1@t gwed6-Bl32 creates a negative
field in the gate oxide 134, so that the surface of the n+ region

124 is i | ety l1Y o kByik, Y €S i 5+ (Ei - i L8s i
ﬂlg?ﬂp TF‘) f e dfie!1Y0! ﬂlllérl%lﬁ, s8R itlchh gﬁﬁcéiﬁ—dﬂ&u%ﬂi& iy

surface t he ody 128 is in ght accunul ation (Flgure

0063] To_t s 120 " full " j

L9955 TG {5 B L, MR o R )
Vg i t.i t Fi 16-.B2 d V. (FEi .

19 1, TGRS RSO3 mnd TE A HL Rgon i
e Te0l On 124 undsh e 938 130 egores, SgoRlot, RPASH 202t ok HBE

as described above, causes holes (h+ in Figures 4A and 16A2) to be generated by band-to-band
tunneling and the other previously discussed phenomena, The holes, h+, tend to flow into the p-
body 128 to produce a GIDL current. Simultaneously, the surface of the p-body 128 under the
gate 130 is driven into deeper accumulation (Figure 16-B2), which reduces the resistance of the
p-body. The more negative V is relative to V, or V,, the greater is the level of accumulation

and the magnitude of the GIDL current.

[0064] In the foregoing circumstances, i.e., in operating mode (a), the diode 110 can
conduct current bi-directionally, depending on the relative voltages applied to V, and V,. With
V., positive relative to V, current will flow from the n+ region 124 to the p-body 128, that is,
from Vy, to V.. Such current flow can occur because of the occurrence of the GIDL effect and
the Jow resistance of the p-body 128. If V is made positive relative to Vy,, current will flow
from the p-body 128 to the nt region 124, that is, from V), to V.. This latter current flow occurs

because of the low resistance of the p-body 128 and the forward biasing of the pn junction,
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as descri bed above, causes holes (h+ in Figures 4A and 16A2) to be
generated by band-to-band tunneling and the other previously-

di scussed phenonena. The holes, h+, tend to flowinto the p- body 128
to produce a A DL current. Sinultaneously, the surface of the p-body
128 under the gate 130 is driven into deeper accunul ation (Figure
16-B2), which reduces the resistance of the p-body. The nore

negative V. is relative to Vp or V,,, the greater is the |evel of
accunul atdmehy thgfheundaey }?égbﬁtwméhwb@%elit& themt wgion 12d0Buthis| stangs there
foregoing circunstances, i.e., in operating node (a), the diode 110

can  condwotGIDLrougent; typicdl prejEnctomeduirgnt il theenadn ngrram of treadoetiont | ve
vol tages applied to Vp and V. Wth V" positive relative to Vp,

current fl t 4 1o the S
Fromv. (06, SOl itSe o (ol JEL ot Pulntindio B o FEP et bannitow
of the DL effect a e o ta of the b 128

’S mde BOBIN VORI Aot s e R?,V(Yy,ﬁﬁ&?ﬂ@'\f%uf Fmﬁna% f??%ﬁsomesbagﬁyf*
128 to the n+ region 124, that is, fromV,

current PIthanbresing24§¥z o ¥, Ve 1smpade manse P%‘i“éetth?ﬂzgn ("Fflg‘irﬁ é5'6\3ﬁ éﬂ“}/vi (Figure
and the forward biasing of the unction, -19 nanely the boundary

126 bet wieR3), het net smmsﬂms an ﬂllgﬂ%phte theprbody 128 Inithis cendition Stessutface of
there is no G DL current; typical pn junction current is the main

current the ne oegiercis iimmcu{rﬂ[hﬁﬁii; the GIDE oudrérs iddbeete. The sinfae bf thelpybaalfyfl28 is in
operating node (b), so that current cannot flow fromthe n+ region

124 to topldtohasty tht 2&istahice bOth¥P)bodPUulR Glincreted CThe iodyvl {0 @ill hdiRonduct
p-body 128 to the n+ region 124 (Vp to V' ), Vg is nade nore

posi ti vegrRans i ifdi-oebRn 164 A3hedbdyT28 be@iahe % juBdtion P24 is Q@}ers%%lased
positive as to fully deplete the p-body 128. In this condition,

Surface. gl DS AGITAOLeR SbDeiRe G Ao 126 RSuMoRkf UiaRE blhs%d by V,

absent . e surface o ody 12 S

being positive relative to V), current can flow from the p-body and V;, to the n+ region and V, as

in a typical forward-biased pn junction.

[0066] If the p-body 128 is sufficiently thin and/or sufficiently lightly doped, operating
mode “(¢)” of the diode 110 is achieved by V, being sufficiently positive relative to Vj and Vj; to
fully deplete the p-body 128 so that ne current flow from V,, to V;, can occur, even though the

pn-junction is forward biased.

[0067] As to the diode 112 of Figure 4B, with V=V =V,, the n-doped polysilicon gate
electrode 152 creates a positive field in the gate oxide 154, so that the surface of the p+ region
144 is in depletion or nearly in inversion and the surface of the n-body 148 is in slight

accumulation.

[0068] To turn the diode 112 “fully on,” so that it can conduct bi-directionally --this is
operating mode “(a)” of the diode 112-- V is made more positive than V, and V,, i.e., V2>V,

and V>V, In this condition, the surface of the p+ region 144 under the gate 150 becomes
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depletion and the resistance of the p-body 128 is increased. The

di ode 110 will not conduct current fromthe n+ region 124 to the

p- body 128 because the pnjunction 126 is reverse biased and there is
no ADL current. However, if the junction 126 is sufficiently forward
bi ased by Vp being positive relative to V,,, current can flow from
the p-body and V. to the n+ region and V. as in a typical
forward-biased pn junction. [0066] If the p-body 128 is sufficiently
t hi n anddeeplysiapibied ioeitveyed, sg titat the diIPEcifec ey dasenilopd aboue cihifsey Eleafons fre in
di ode 110 is achieved by Vg being sufficiently positive relative to
Vp and \Figin@ 4B td bd geneaplidlydahdieo-barddatyhelizBasbothérgtheficmenal T telebtranw,
fromV. to V' can occur, even though the pn-junction is forward

bi ased. {HPBHow'itd Mettiddi198es grddudefa GITHLUGRAB, SivdultBnodBsly, theMafact bethe

n- doped polysilicon gate electrode 152 creates a positive field in

the gat en-géc;ijjﬁw Ifer 1RO gét@ 250 Lheived ﬁft@&%g@xf ackiYRulRfiod, $Hi @ redddd tﬂ-eifzé-iﬁance

[Ag
depletion or nearly rninversion and t surface of the n-body 81s

S e

that it ca recti ohal (a)"
of the diode 112-- Vg is e r sitive than VP and V', i.e.,
V5>VP  affgv @W@?mFHﬂ?ﬁ?ggggﬁﬂfﬁpgﬂgﬂﬁwge@ﬁrface of the p+ region 144
under the gate 150 becones -20 deeply depleted or inverted, so that

t he G DLjgpgdject ,In@% MR6HbRAGIARMES, PadEASMOHIEEY,/tBNGiole 112 éan dohduet
4B) to be generated by band-to-band tunneling and ot her phenonena.

The el ec&frﬁﬁtsl:ri-dixre@t%aF?, cfek)&mhig”&pthte batieRBHYged 48pited tHNQUHE &, AWRNDE,

current. Simultaneously, the surface of the = n-body 148 under the

gate 150 (;sﬁivg ﬁ'élXt?v% tl) 'Vp,ocuql%ﬁp\@fll 5 W&H‘J ML jn—%'ady ‘Mﬁ foﬂhé ﬁ—g ?gg?ﬁl Pﬂ? that is, from

resi stance

Vy to V). Such current flow can occur because of the occurrence of the GIDL effect and the low
resistance of the n-body 128. If V,, is made positive relative to V,, current will flow from the p+
region 144 to the n-body 148, that is, from V,, to V,,. This latter current flow occurs because of
the low resistance of the n-body 128 and the forward biasing of the pn junction, namely the

boundary 146 between the p+ region 144 and the n-body 148.

[0070] To turn the diode 110 “partially off” so that current cannot flow from the n-body 148
to the p+ region 144 (V,, to V}), but current can flow from the p+ region 144 to the n-body 148
(Vpto V), Vi is rﬁade more negative than V,, and V,, but not so negative as to fully deplete the
n-body 148. This is operating mode (b) of the diode 112. In this condition, the surface of the p+
region 144 is in accumulation; the GIDL current is absent. The surface of the n-body 148 is in
depletion and the resistance of the n-body 148 is increased. The diode 112 will not conduct
current from the p+ region 144 to the n-body 148, because the pn junction 146 is reverse biased

and there is no GIDL current. However, if the junction 146 is sufficiently forward biased by V,,
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of the n-body. The nore positive V. is relative to VP and V,,, the
greater is the level of accunulation and the nmagnitude of the G DL
current. [0069] In the foregoing circunstances, operating node (a),
the di ode 112 can conduct current bi-directionally, depending on the
relative voltages applied to Vp and V.. Wth V' positive relative
to Vp, current will flow fromthe n-body 148 to the p+ region 144,
that is, from _ V' to Vp._Such current flow can occur because of the

occur r enkeingositiye reiptiye ta Mhetreghernifloay fromy the s regionnidd apd Vet thg iaedy 148

128. If VP is nade positive relative to V', current will flow from
the p+ andgV:dry theforwvardihiasing dfdeyprijpgstianhat is, fromV. to V. This
| atter current flow occurs because of the |ow resistance of the

n-body 1 nd t f.G r | Ao foa ' j -
boundar yIUA bedh e o 15 M At mhaaBy potBEh R, ohffig,
turn the diogde,1 " tially.oft.; t hat trent cannot flaow. fro
he e baie 48" of oo 12 dphGied iy VB penE s BiSiEnTE e SR Rese gt Y R
fromthe p+ region_ 144 to the n-body 148 (XP to Vﬂ%, Vg is nade nore
negat i vetotfalbndepletethg nhody e syt B,Curesgafloy &oms Ve 9 Yusanpcadpl et e t he
n- body 148. This is operating node (b) of the diode 112. In this
condition, the surface of the p+ region 144 is in accunul ation; the
G DL current is absent. The surfaddD INBﬁgtﬂﬂ%ody 148 is in

depletion and the resistance of the n-body 148 is increased. The

di ode 11@owe]l | rFagure Sdepicts andnsertent 60f falbrivatddbyGMOSgionpaiidld pkstoddie The
n- body 148, because the pn junction 146 is reverse biased and there

i s N0 G fberfdd cbrBpises bﬂéf\%&i diodd 11006X theHypé biwnlidFidise SMfahil 6he pitéd/diode 112

forward biased by Vp bei ng positive relative to V,, current can

flowfr Og@twﬁﬁpaho%ﬁﬁhgﬁ%%éésa&ge ¥Rt o 115 9VrathdB ted@Rnth bmrdh duBSrate

forward biasr'ng of t junction.
162 covered with a BOX layer 164, but are otherwise the same as their implementations as

shown in Figure 4 (although the gated diode 112 is depicted rotated 180° into and out of the
plane of Figure 4B). The diodes 110 and 112 are separated and isolated from each other and
from other devices by STI 120 and the BOX layer 164. Vj is low or is at 0 volts and is applied
to the p+ region 144 of the diode 112. V. is a positive voltage applied to the n+ region of the
diode 110. The input, V;, is connected to both gate electrodes 132 and 152. The output, V,, is

taken from the p-body 128 and the n-body 148 connected together.

[0073] When V; is low (=V), holes, ht, are generated at the surface of the n+ region 124
under the gate 130 by the GIDL effect, and this “hole GIDL” current flows into the p-body 128.
This results in the connection to the p-body 128, and consequently the output V,, being driven
high to V.. When V; is low, no GIDL-effected electron flow from the p+ region 144 to the n-

body 148 occurs.



[0071] If the n-body 148 is sufficiently thin and/or sufficiently

i ghtly doped, operating node "(c)" of the diode 112 is achi eved by
Vg being sufficiently negative relative to V. and Vp to fully

depl ete the n-body 148 so that no current flow fromVp to V. can
occur. G DL I NVERTER [0072] Figure 5 depicts an inverter 160
fabricated by CMOS-conpatible protocols. The inverter conprises one
gated diode 110 of the type shown in Figure 4A and one gated diode |
112 of A&t ypeVaeroViris highKrYuw.elesBonsT bo atdi gsaerated vp thgnriagooliihep+ region
fabricated on a common substrate 162 covered with a BOX | ayer 164,
but are bhexied the githé53 dwetodbe GHRL effeatpind s t'eledtromdGIR.” outrenirflaws into the
Figure 4 (although the gated diode 112 is depicted rotated 180 into
and out gbodRt8. Mhivresudfs ifritgwosnetBn tofthendiody 848 driithe ndtpitlV, beirg driven low
separated and isolated fromeach other and from other devices by STI

120 and Hhe, BEied 9V 'hi%laf}ﬂe GYBB-dffecte@hole Flowsfrdh e MOolekonand to the priddy ¢28
to the p+ region 144 of the diode 112. V,, is a positive voltage

appl i ed %Q Sgh%em region of the diode 110. The input, Vi, is
connect ed t oth gate el ectrodes 132 and 152. The output, VO, is
taken fromthe p-body 128 and the n-body 148 connected together.
[0073] VW0emsIVi i Bhusow theduyerjer 160 bEEiguts-SA, avhen Yeisdput ¥elisdrigh aed wae reree
of the n+ region 124 wunder the gate 130 by the G DL effect, and this
"hol e G The speed 6fxhé infvemersl 601i¢ dettrhrdngal- Yyably mifi8tude dhithe GIB3 wdursni (holeloe
connection to the p-body 128, and consequently the output Vo, being

driven Hb&Ronb,Qvheh, in ¥heRs dpehdent Oxthetagtdibde TV afid, @ celre, oh@thet poess
fromthe p+ region 144 to the n- body 148 occurs. -22 [0074] Wen V,

i's high ﬁazrym):ters,eéu@ﬁ b @8ping 61 the AF GndFP edrainet1 anidNa4eHa HRGRicRAest begalst

regi on
oxides 134 and 154.

[0076] Figure 5B is a schematic, notational representation of the GIDL inverter 160, using
some of the reference numerals as in Figure SA and combining the schematic representations

shown at the right of Figures 4A and 4B.

[0077] Figure 5C is a top view of a layout of the inverter 160 fabricated by CMOS-
compatible techniques. Again, some of the reference numerals of Figure 5A have been used to
denote certain elements of the inverter 160. V. and V; are connected to metal layers 166 and
168 deposited to be electrically continuous with underlying metal contacts 170 and 172
deposited on and electrically continuous with the n+ region 124 and the p+ region 144,
respectively. V,is taken from a metal layer 174 deposited to be electrically continuous with
underlying metal contacts 176 and 178 deposited on and electrically continuous with the p-body

128 and the n-body 148, respectively. The V; connection to the gates 130 and 150 is not shown.

[0078] Figure 6 depicts an inverter 180 similar to, but simplified with respect to, the inverter

160. In the inverter 180 the STI 120 between the diodes 110 and 112 has been eliminated and a
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144 under the gate 152 due to the G DL effect, and this "electron

G DL" current flows into the n-body 148. This results in the
connection to the n-body 148 and the output V. being driven low to
V,,. Wien V; is high, no G DL-effected hole flow fromthe n+ region
124 to the p-body 128 takes place. [0075] Thus, in the inverter 160
of Figure 5A, when V; is low, V. is high, and vice versa. The speed
of the inverter 160 is determ ned by the magnitude of the G DL
current Hitdhgcontact Hi2eshortotogethedthe hsboiiy 128.nd, the 8-bddyp ¢48] €Tiic ifMertdn @80 has 2
magni tude of V; and, of course, on other process paraneters, such as

dopi ng afmdikeelapout gl theHinvelteril60." TReYutdngcoklatt 280prebants Mytip&iasacabn of the
gate oxides 134 and 154. [0076] Figure 5B is a schematic, notational

repr eseniaadsittprdland Bn Sthidkurks V3L L48L 144604 1951108148 3BBeBlivdIeNG RIGS ZAoR

nunerals as in Figure 5A and conbi ning the schenati c repriesentations
Uow of GCPE e ORI PUIER 10 TR P ER Sy SRS AR b6 and
been used & Hahifep FEerRhnd: Rl 88005 heTBliR o apd 44 gy 4R iGoen
ol cct 1 olf Pyrogs RT TR RN L Ran o Apd ooy gas depushfg ndegy 149
deposited on and electrically continuous with the n+ region 124 and

the p+ rgrgn 14dgures RS BATIB Hlidt tw¥GIDS. SR ell oAb dintdatslo0laad €92 174
deposited to be electrically continuous with underlying netal

cont act ] il I i N4 e b
The pe bR St e G RASIS0 ERCe ThRFiEr e kel SIS 1Y df Bigure

nver o L B0RE i TEng Bl SIE R ot R (B IB) 0 “The” nver ter
[0080] In Figure 7A, the inverter 160-1 has its output V, connected to the input V; of the
inverter 160-2 and to the cathode 144 of a gated diode 112-1 functioning as a pass-gate. The
output V, of the inverter 160-2 is connected to the input V; of the inverter 160-1 and to the
cathode 144 of a gated diode 112-2 functioning as a pass-gate. The cathode 148 of the pass-gate
112-1 is connected to BL and its gate 150 is connected to WL. The gate 150 of the pass-gate
112-2 is connected to WL and its cathode 148 is connected to BL. The conmections in Figure 7B
are the same, the pass gate GIDL diodes 112-1 and 112-2 of Figure 7A being replaced with
diodes 110-1 and 110-2. In both SRAM cells 190 and 192 the silicon bodies 128 and 148 are
sufficiently thin and/or sufficiently lightly doped body to permit the pass gates 112-1, 112-2,
110-1 and 110-2 to be operated in the fully depleted, bi-directional blocking mode “(c),”

described above.

PRIOR ART VOLTAGE SOURCES

[0081] Figure 8 is a prior art voltage reference source 200 according to Gray and Meyer,

supra. The voltage source is implemented with two similar n--MOSFETSs 202 and 204 having
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160. In the inverter 180 the STI 120 between the di odes 110 and 112
has been elimnated and a -23 butting contact 182 shorts together
the p-body 128 and the n-body 148. The inverter 180 has a smaller

| ayout than the inverter 160. The butting contact 182 prevents any

bi pol ar action of the parasitic pip and npn structures 128-148-144
and 124-128-148, respectively. No MOS action occurs because the
gates 130 and 150 overlie only the respective boundaries or junctions

126 and diffefent tmeshbldtvolthigs &/ dosariioV slaafonedaniply, BechubethePRAVelrBRiV different
region 124 and the n-body 148 through, the p-body 126 or between the

P+ I egi Obhabfid iAplintsee bPcaOsiteit 26]ytilib it SBRIAPRAN rddRred i doping.
Figures 7A and 7B depict two DL SRAM cel | enbodi nents 190 and 152

conpri se i : i i
DL 1 oomO Yol pdRubhoe 0126 260 int ARcOlacicalt ret Slfecl s b0 EyriiEq A oprcs

of Fi gur G TB)o: oakO | ' JA the.inverter .160-1 has
its out pﬁégn hgggﬁégst'e et%&q[ %39%%%@? @FQP%@Z ’fl?éom?%%%r}rhtlgsr&ri%dg ?’n&ﬁﬁe‘ﬁ()’
t he cat hgde 144 of.. a.gated di ode -1 functjioning as ass-

The Cout i TE ppRdR6ERE ufSSe b8 s contefB tat el o FR RS 20gpand
the inverter 160-1 and to the gfat 035_144 ofzaéﬁged di ode 112-2

f unct i onfgoRdnvertngdapylis connagied tothedrain of e RMOPRET Q% - The qutput ePthe op-
is connected to BL and its gate 150 is connected to W.. The gate 150
of the p#ER2@hisconnestedjo the gaipn{dhe BYQIFEA 204rta naintaingheoddOIHIBT 284 “on”
connected to BL. The connections in Figure 7B are the sanme, the pass

gat e G Denddis alye somnepted toaroutnit-V2. dihe Bitgut €, 3N daeVing: (iepA¥ded wi t h
di odes 110-1 and 110-2. In both SRAMcells 190 and 192 the silicon

bodi 1 d | Ci I hi n. d/ or. ffiGhently |ightl
o, R, 00 PO hgs M 0L S b 1
be oper aled sl 5 ibnkda SER) Sh6Ye - rect i onal bl ocking rode

GIDL VOLTAGE SOURCE

[0083] Figures 9A and 9B depict two embodiments 220 and 222 of a GIDL voltage
reference source. Before discussing the voltage sources 220 and 222, there is discussed the

threshold voltage at which GIDL gated diodes 110 and 112 (Figures 4A and 4B) turn “on.”

[0084] Initial reference is made to Figures 4A and 10A where the géted diode 110 is
depicted. In the earlier description of the gated diode 110, it was noted that the polysilicon gate
electrode 132 is preferably doped to the same polarity, p, as that of the body 128 to create a built-
in, automatic electric field in the gate dielectric 134, which encourages the initiation of GIDL
current. A priori, doping the gate electrode oppositely from the p-body 128 inhibits the initiation
of GIDL current. That is, as shown in Figure 10A, a diode 110 having a p-doped gate electrode
132 turns “on” or begins to conduct significant GIDL current at a negative voltage designated —
Vgp (Where “gp” means the gate electrode 132 is doped with a p-type dopant). A diode 110

having an n-doped gate electrode 132 turns “on” at a more negative voltage designated —V,
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descri bed above. PRI OR ART VOLTAGE SOURCES [0081] Figure 8 is a prior
art voltage reference source 200 according to Gray and Meyer, supra.
The voltage source is inplemented wwth two simlar n-MOSFETs 202 and
204 having -24 different threshold voltages WVt 202 and Vtzo4, for
exanpl e, because they have received different channel inplants or
because their polysilicon gate el ectrodes have received different
doping. The voltage reference source 200 includes identical current
sour ces @dgrc il eckadtheiche pae sleciraleds dayfed twith an-riM9BE-Edisant)T I‘iﬂlegiaﬁf@ermé (Eg)
the n- MOSFET 202 is grounded and its drain is connected to V...

i nver ti ngetivedutV g hndAV Qs agbatfFap i didonped HPrdxomithly 1dr2avdltsofCoiﬂp@re Flgure
n- MOSFET 204 and the non-inverting input is connected to the drain

of the ndREREEuZR3 wmea%mexcm@ cap- anp 208 is connected to
the gate of the n-MOSFET 204 to nmintain the n- MOSFET 204 "on" and

S also connected to an output VO. The outpu s Vt 202- Vt 204

(i.e., A9OSS] [oo%w]ﬂartmrgfevmgttaggur@f@Beméé%s@)dwée 12Ppbaving e eepped gsted
in CIVDS VLSI and can be expediently inplenmented with p- MOSFETs. G RL
VOLTAGE SQIURAE 15083 “off’ gia pssitda valageoBsigaped Vi Ubthe diwigi 12 hasa pAOped
and 222 of a G DL voltage reference source. Before discussing the

vol t age gaielecsd2262,dnuinid2dn” sthachiigher podiiecudtage+Vhe ThiekiffsbaledE,) between
vol tage at which G DL gated di odes 110 and 112 (Figures 4A and 4B)

turn "on+y,, ah@9§4)is bt bardl gapeh eflieHE agdis, AppbRithAelyi g wits4A and | OA
where the gated iode 110 is depicted. I'n the earlier description of

the gated diode 110 It was noted that the polysilicon gate
[0086] For purposes of the following discussion, and referring to Figures 9A and 9B, the

diode 110 with a p-doped polysilicon gate electrode 132 is designated 110P; the diode 110 with
its gate electrode negatively doped is designated 110N. Both gated diodes 110P and 110N are
turned “on” by a negative voltage on the gate electrode 132. Similarly, the diode 112 having an
n-doped gate electrode 152 is designated 112N; if its gate electrode 152 is p-doped, the diode is
designated 112P. Both gated diodes 112N and 112P are turned “on” by a positive voltage on the

gate electrode 152.

[0087] Figure 9A depicts the GIDL voltage reference source 220 that has a configuration
similar to Figure 8, but with the MOSFETs 202 and 204 of Figure 8 replaced with gated diodes
110P and 110N. The gated diodes 110P and 110N are each connected in series with a current
source 224, the current sources 224 producing the same magnitude current, and between V.
and -V, the latter being connected to the anodes of the diodes 110P and 110N. The gate of the
diode 110N is grounded. The gate of the diode 110P is connected to the output of an op-amp
226, which is the output V,. The inverting input of the op-amp 226 is connected between the
current source 224 and the cathode of the diode 110P. The non-inverting input of the op-amp

226 is connected between the current source 224 and the cathode of the gated diode 110N. The
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el ectrode 132 is preferably doped to the sane polarity, p, as that of
the body 128 to create a built- in, automatic electric field in the
gate dielectric 134, which encourages the initiation of QDL

current. A priori, doping the gate el ectrode oppositely fromthe

p- body 128 inhibits the initiation of GDL current. That is, as
shown in Figure 1 OA a diode 110 having a p-doped gate el ectrode
132 turns "on" or begins to conduct significant G DL current at a

negat i veonipiticige refesingn22®id one biand-gaptie kRicogpr appaxidatelyer I9BS lts. If the
el ectrode 132 is doped with a p-type dopant). A diode 110 having an

n- doped &ﬁgﬁ@g\}ﬁh@ﬁy bOME gAB2doHbdS 1391 reRdrsell, BRI Ere18HRL b e BPlahRAD6 are

designated -V,, -25 (where "gn" neans that the gate electrode’is

doped W&%gﬁéﬂ,%édﬁ%t%@%ﬁp}oxﬁ%l lif feygace (Es) between Vgp and Vs

is one band-gap in silicon, or approximately 1.12 volts. Conpare
Figure 16-Al through A3 with Figure 16-C through C3. [00851

Si mi | ar | P088lef erSimilarly.dn Eigyre W theaOMOSFE T4 B02 and20sichd’ Figize R ad neplaced with
n-doped gate electrode 152 turns "on" at a positive voltage

desi gnat gated\@jodes 1121 laed di 2R THelgatddakodes 1 2Baeidl 1208dre eathaohticat il Seties with
it turns "on" at a higher positive voltage +Vg,. The difference (EQ)

bet ween a direntstiirce\P238, the cormént BaeesPaB prdiuSing iHENameai@inftude current, and
approximately 1.12 volts. [00861 For purposes of the follow ng

di scussi gwedangl, kef eV ithfdRelD &%n&%@tﬂ%@ﬁth&d@@taﬂi% }agggs_lﬂgggnahlm

p- doped polysilicon gate el ectrode 132 is designate

di ode 118 Matdbr ihd dio@2t £0P1GFSAEL | | 8 cORR

o Bot hrgred B SaBg! PIEEFARIT TR Uy (RIgEr R o0 8 oyt

vol t age t he t. fLmdarl.y, - th pode 112.havin

n- doped %2 & péafrg’(a:%@oﬁél %&é&’g@ ggy '%@el gﬁgﬁnpﬁoﬁb% 0’53?13 %“g pésc‘fopg%fge%

o 15 2PoPRS s W R L FPAL S e A ISRl
op-amp 230 is connected between the cutrent source 228 and the anode of the gated diode 112N.
The output of the reference 222 is one band-gap in silicon or approximately +1.12 volts. If the

doping polarity of the gate electrodes 152 is reversed, or if the inputs of the op-amp 230 are

swapped, the output V, is approximately —1.12 volts.

[0089] Figures 11A and 11B depict, respectively, an SOI implementétion 222A and a bulk
implementation 222B of the voltage reference source 222 shown in Figure 9B. In Figure 114, 2
grounded p-substrate 240 carries a BOX layer 242 on which are formed two p+ regions 244 and
246 and an intervening n-body 248, creating two boundaries or junctions 250 and 252. STI 254
isolates the p+ regions 244 and 246. At the surface of the n-body 248 the boundaries 250 and
252 lie beneath respective gates 150, each having a gate electrode 152. The left-hand gate
electrode 152 is n-doped polysilicon, and the right-hand gate electrode 152 is p-doped
polysilicon. Thus, the combination of the n-doped polysilicon gate 152 overlying the boundary

250, the p+ region 244, and the n-body 248 corresponds to the gated diode 112N in Figure 9B.
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gate el ectrode 152. [0087] Figure 9A depicts the G DL voltage
reference source 220 that has a configuration simlar to Figure 8,
but with the MOSFETs 202 and 204 of Figure 8 replaced with gated

di odes 110P and 11 ON. The gated diodes | IOP and 110N are each
connected in series with a current source 224, the current sources
224 producing the sane magni tude current, and between V,, and -V%
the latter being connected to the anodes of the diodes 110P and 110N.
The gat eSisfilariyethe gidoged gate 1ENoveslyipgdhmblendarFiR62,gh¢ p+ odgidrA 6 amtithe h OBy
is connected to the output of an op-anp 226, which is the output Vo.
The i nve248 agstitnfeihe gited diedo pt2Pqf Figiic DB. Thoreedinlér bEtheReNadeteference 222A
current source 224 and the cathode of the diode 110P. The

non- i nvesd iBggated@iédesl 121 end P 20 Figdeh 1158, £AMRESHRHicA MBS ark Berwise the
current source 224 and the cathode of the gated diode 11 ON. The -26
out put Ofanid¥d ih Bfgafegme 220 is one band-gap in silicon or
approximately +1.12 volts. If the doping polarity of the gate

el ectrodes 132 is reversed, or if the inputs of the op-anp 226 are
swapped, [008# outlpgere\VIBiisa hylsriplementsdyersion222Baif the SQhidgdimented reference
Simlarly, in Figure 9B, the MOSFETs 202 and 204 of Figure 8 are

r epl acedshewnhin Fignretl Adi Soesfetabl22?7R inkhiies a Foandalt tedk plsalskerate 26D avhidh is
112N are each connected in series with a current source 228, the
current fomedasn-dl 262 eohimicrd té Mg, JavrEpNigivnt D6Lal Xdeeié foried in the n-well
between V., and -V55, the forner being connected to the cathodes of

the di odgs, dkdfthge bbhdddries ShRn6RAR 268 aﬁ&@?(ﬁil&@ﬁeéﬂ@?%ﬂﬁf QHAEH.
The gate of the diode 112P i s connected to the out pu of an op-anp

230, whi @Hct' ohs DB A RU TR et BRI %a@é’fﬂ'd i% gggiﬁ%d%mgggesgga@ﬁg pggglr'g&,

connect € etween the current source 2 e an

112P. Thﬁxupg&ﬁﬂlgﬁ/negtﬁé Qﬁe& BR4L 1 HN.t 'Pl?e right-hand gate is connected to the output of the op-

amp 230 and comprises p-doped polysilicon. The remaining circuitry and operation of the

reference 222B is otherwise the same as that of Figure 11A.

PRIOR ART NEURON-FET VOLTAGE REFERENCE

[0091] Figures 12 and 13 are, respectively, a simplified top view depiction of the layout of a
neuron-MOSFET 300 and a schematic representation of a neuron-MOSFET-implemented

voltage reference source 302 after Shibata and Ohmi and the ‘780 patent.

[0092] The neuron-MOSFET 300 is, except for a modiﬁed.and extended portion 304 of its
gate structure 306, conventional. The MOSFET includes a channel 308 defined between a
source 310 and a drain 312. A gate electrode 314 overlies the channel 308 and effects or
prevents conduction between the source/drain 310/312 depending on the voltage applied thereto.
The gate electrode 314 is insulated from the channel 308 by'a gate dielectric (not shown in

Figure 12). To the side of the gate 314, the gate structure 306 comprises an extended and
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op-anp 230 is connected between the current source 228 and the anode
of the gated diode 112N. The output of the reference 222 is one
band-gap in silicon or approximately +1.12 volts. |If the doping
polarity of the gate electrodes 152 is reversed, or if the inputs of
the op-anp 230 are swapped, the output V. is approximtely-1.12
volts. [0089] Figures 11A and 11B depict, respectively, an SO

i npl enentation 222A and a bulk inplenmentation 222B of the voltage

r ef er encenlargert cmd@@Repogion 304 efecyically @RtinhousFviguthe gite 3. The gatoaMlad the
p-substrate 240 carries a BOX | ayer 242 on which are fornmed two p+

regi ons &ddrgarnéht 324 thag be f@et i £5iME18IABELsHIONGELD phidhantGt EMOB Prdt¥&dls.
boundari es gr juncti o%s 250 and 25%1. gl'glpl ZSE%i sol ates the g)+ regi ons
244 and éﬁg At the surface of the n- b0d¥rﬁ248 t he boundari es 250 and
252 |ie WSat h Yl psslogape and ppulated Bmhe priaragmeni; 304 ereva e eore
152. The left-hand gape .electrode 152 is n-doped polysilicon, and

t he ri ghtheredhrgelyadebeside inpgtidectmdey k1693 Hp 36 eaghdpiming p pavalleMiats capakitor
conbi nati on of the n-doped polysilicon gate 152 overlying the

boundar ywitR 8@, enlangenyeat 3@gi Respadids voltages e Vi Nothay 24 8ppliedrte dpadaterotes 316,
the gated diode 112N in Figure 9B. -27 Simlarly, the p-doped gate
152 over3ag, A20.t he boundary 252, the p+ region 246, and the n-body

248 constitute the gated di ode 112P of Figure 9B, The remai nder of

the volt reference 222 i ated, diodes. 11 2N.and 1 i 2P in
Hgur e 00T qnal EEBRtRalonoonh Fudh Sopat e Figtulhirech Rerea cawlfig
Figure 9B. [0090] Figure 11B is a bul k-inpl enented versi on 222B of
the SO -3 rfienfie Phpwh srassrhgichadip Figure1 3ithpl isssupgirositiprel ly opineisdgriovith a
222B includes a grounded bul k p-substrate 260 in which is forned an
n-wel | 2@hguenirren efdhe enlaygement\if4.pFhe fotpl ares AR®4 thereilapgeneat 304 batied i n
the n-well
capacitively coupled to the input electrodes equals A;+A>+As. Coupling ratios Ry, Ry, R are
respectively defined as Ai/At, Ay/Art, As/At, and Ri+Ro+R3=1, assuming that stray capacitances
associated with the gate 306 and its extension area 304 are negligible compared to the

capacitances realized by the coupling areas A1, A2 and A3.

[0095) Thus, at any given time, the total potential V,, of the enlargement 304 and, therefore,
of the gate electrode 314 is VR +V2Ry+V3iR3, the weighted sum of the voltages applied to the
input electrodes 316, 318, 320. When V; has a sufficient magnitude, conduction occurs between
the source 310 and the drain 312 through the channel 308, and the neuron-MOSFET 300 is

turned “on” or is “fired.”

[0096] A neuron-MOSFET, therefore operates in a “if sufficient weighted sum, then fire”

mode, which is said to mimic the “firing” of a neuron of the human brain.

[0097] The coupling areas A, A; and A; and the coupling ratios R;, Ry and R3 may all be

different, as shown in Figure 12. Some or all of them may also be equal.
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262, creating two boundaries or junctions 268 and 270, Respective
gates 150 overlie the junctions 268 and 270. The |left-hand gate 150
is grounded and conprises n-doped polysilicon, thus conpleting the
gated di ode 112N. The right-hand gate is connected to the output of
the op- anp 230 and conprises p-doped polysilicon. The remaining
circuitry and operation of the reference 222B is otherw se the sane
as that of Figure 11A. PRI OR ART NEURON- FET VOLTAGE REFERENCE [ 0091]

Fi gures [0998hd 1Hzued3 shewpereltage referencesionyse BP2.ovhiclois simibwtol theivoltagen

of the layout of a neuron-MOSFET 300 and a schematic representation
of a neurebreivESRETe 20hshommrin Figura/d lekeapbas follewenEieststhe MESFEDR 26 6fHfigure 8
Shi bata and Chm and the 780 patent. [0092] The neuron- MOSFET 300

i's, excelus teen replanathyf 4 Beb-mpdt watAMOSFRITB00N wAdh ekch itput valtded V; and V,
structure 306, conventional. The MOSFET includes a channel 30

defined Reppadnoa respedtive®nd bPtheMpueldéttddds 312 334 @RIy, BlPCIRR BP0 Brbtts may
overlies the channel 308 and effects or prevents conduction between

the sourpehdieat. 53 %&mmlgﬁsgﬁamwﬁggﬁgﬁ ﬁgﬁgg}g@@%&gbgg fiad 330

The gate electrode 314 is insulated from the

di el ectr i 00t <5h0) 'tgrgrsrgélg Ybagt ), of %%hggﬁcéb@far%ﬁgﬁ?g@géee?”]'éking the

the gate structure rrses-an exten and -

conductive porti.on, 30 | ect.rically continuous wmith ate 3 The
ot e 914 R kS B R be BREEROV s OB IS 3 e 375 e o
step pursuant to CMOS pr.otqcol s 0093] Overlying, overl apping and

i nsul at SFAEHYALY e ?—H‘ﬁ"&r\g’ v @?eé‘l@ﬁég%f‘s gndy Q’h%r'@?zt%ﬁ}-g‘é)vt of the
si de- by-si de ingut el ect rodes, 316, 318, 32Q each form ng a parallel
plate calQSFESF 204and330mae aofithe spuieepnd thein Vi Ryt Xatben, walgb@gwl, by

V2, V3 n%y be applied to the el ectrodes 316,
(ViR +VaR) £ X

GATED GIDL NEURON-DIODE
[0099] Figure 14A shows a schematic of a 2-input gated GIDL neuron-diode 340
comprising a gated GIDL diode of the type shown in Figure 4B with its gate electrode 152 being
modified along the lines of Figure 12. V| and V, may be respectively applied to input electrodes
342 and 344, which added to the gate electrode 152 of Figure 4B. The diode 340 will operate
according to the GIDL effect if the weighted sum VR;+V,R; is sufficienily high to initiate
band-to-band tunneling of electrons followed by the consequent movement of the electrons from

the p+ region 150 to the n-body 148. R; and R; are defined in the previous section hereof.

[0100] Figure 14B is a schematic of the two-input gated GIDL neuron-diode 340 that is
similar to the schematic of Figure 4B, the latter representing the single-input logic switch 112,
Figure 14C is a layout of the diode 340 in which the coupling areas and the coupling ratios R;

and Ry of the input electrodes 342 and 344 with the entargement 304 are, for purposes of
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318, 320. [0094] The el ectrodes 316, 318, 320 (shown as hatched in
Figure 12) each have a coupling area A, A2, A3 (shown cross-hatched
in Figure 12) that is superpositionally coincident with a congruent
area of the enlargenent 304. The total area AT of the enl argenent 304
that is capacitively coupled to the input el ectrodes equals

A +A2+A3. Coupling ratios Rl, R2, R3 are respectively defined as

Al [ AT, [ AT, A3/ AT, and R1+R2+R3=1, assum ng that stray capacitances
associ at BRsttion, sqvel. JFipw thoerrhsrdliscpssion, !téh%lilg ke gleartha@ignorgthan two inputs may
negligible conpared to the capacitances realized by the coupling
areas Al beppsaah@ndin theggosppaticass, thetcouplinggitiasR tandR,; nebdndtdeabual.
potential Vg of the enlargenent 304 and, therefore, of the gate

el ectrode 314 is V 1R1+V2R2+V3R3, the wei ghted sum of the voltages
applied to the iHPUHTACFRBEFERENCEIGSING SATRIDGINGNEVURONDIGDE
sufficient magnitude, conduction occurs between the source 310 and

t he drai 2 thg . el ~ 30 and the neuron- MOSFET 300 i S..
turned " [)b A 6iJlor rﬁsl&&? rlrs é%g sC%F%E@%#f %Voﬁteaﬁ? Bage-rmﬁ%qr?e ?ﬂ% 'nyvgfcg tgep%ﬂteftsdé%de
ina"if fl.cien i ghted su then fire" ode ich is said to
o b ot R RS B R bt ot feran ARk 32 s olspllison gote 152 of
coupling _rﬁas A , A2_and A3 and the coupling ratios RI, R2 and R3
may al | Whichis doped it Thegatedidipde | P Pnfdiguwe 9B 1s B samens theizated diode ABrvwiih
al so be equal. -29 [0098] Figure 13 shows a voltage reference source
302, whi i gpts 187 pemprisingp-pplysilietn. abfe remeinderafdles witageefdateshmon35tis
Figure 8, except as follows. First, the MOSFET 202 of Figure 8 has

been r epbthemiselie sanmens-thamltagesferemesBeET2BM(Eigira 9®hi ch each i nput
voltage V, and V2

[0102] The 2-input neuron diode 352 may be extended to a 3-input neuron diode (not shown
in Figure 15), by substituting the layout of Figure 12 for the layout of Figure 14C. In this event,
the diode 352 has three inputs V), V5, and V3, and the output V=V ;R;+V,Ry+V3R;3. The added

third input V3 may be used as a fine tuning control to shift V, by an amount V3Ra.

[0103] In Figure 14C, the input electrodes 342 and 344 are shown as having the same
coupling area to the enlargement 304 (and, accordingly the same R), and the levels of V,in
Figure 15 are uniformly spaced in descending or ascending order. If the input electrodes 342 and
344 have unequal areas, or if the layout of Figure 12 replaces the layout of Figure 14C as the
electrode structure of the voltage reference 350, R; and Ry, in the first case, and Ry, R; and R3, in
the second case, are all different, and the output levels of V, (in Figure 15) are non-uniformly

spaced in ascending or descending order.

[0104] Numerical examples of the foregoing are presented in TABLE 1, below. The values
for Vy, V3 and V, at the upper left of the TABLE relate to the voltage reference source 350

containing the 2-input neuron-diode 352, where, as in Figure 14, the coupling areas of the input
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is applied to a respective one of the input electrodes 332, 334.
Clearly, nore than two inputs may be present. Second, the channel

i npl ants and the doping of the gates of the FETs 204 and 330 are
simlar, so that the threshold voltage Vt of each device 204 and 330
is the sane. Taking the coupling ratio (R, as defined above) of the

i nput el ectrodes 332 and 334 to be R and R2, respectively, the

output V. of the voltage reference 302 is given by (V,R +V2R2). If W
of the wEEPETs3420d3dd apdbe saree, and RiFRe=04nd reating themelyes Wh=0,8%8Y y abthe
X, then V. will be given by (V1IR1+V2R2) X. GATED G DL NEURON- DI ODE

[ 0099] Fequinatent iV sH)as V(s b essatries thefevenl spacpdivalgat afd, SVDI2 and £V, At the
neur on-di ode 340 conprising a gated A DL di ode of the type shown in

Fi gure 4Bwei Jeft df tis DABEE &l Baipudtiterdhe? ubsiRig2/3mdiR,=ed, #iRVY abdithird tRES
of Figure 12. V 1 and V2 nay be respectively applied to input

el ect r odegues 3HawianAt Bé fightdTitk TABUE b O-ihi\R sBadtBrereTdut O BLis 1R, Qhd v,=0.2,
Figure 4B. The diode 340 will operate according to the G DL effect

i f the wel-gh g wamsy 1RI+VZR2 is sufficiently high to initiate
band-t o- band tunneling of electrons foll owed by the consequent
novenent_of the electrons from the p+ region 150 to the _n-body 148.
Rl and R2_are defined in the previous section hereof. [0100] Figure
14B is g schematic of..ibg two-input gat =ch
is sim|lar to the schematic of Figure 413, the |%t¥r=2ep¥esenting

t he si ng|_e inp‘:‘d Ingi & cumiteh %12 Ei léure ¥4C i s Q |ay0m of the

di ode 340 in wWeich t coupl i, areas and tfe coupling rglios R_ and
R2 of the input el ectgpdes 34Z5and 344 vvith\;’t he erﬂ«argengat 304svar e,
for purposes OE -30 i 19 ustratibn, equal. Frgmn the garliergdi scifsion,

; z (Y =V
it shoul|d be cb®ear that nore tdjan t wo anutsg may ¢ Ve 05V
-V, -V, -V e “? Vo
= 6= 2% = 13 * ":}a g g o.z:,‘
. L T
v v R a0 o . osvi
1} 0“ 0 -Vw "vee 0 '-D.SV'C‘c

-V, - -]
o v ] v e ans
_vw :v:: -_vucf -vcl: "vee Ve -vu
TABLE 1
CONCLUSION

[0105] The foregoing Detailed Description relates to GIDL gated diodes 110 and 112; GIDL
gated diode inverters 160 and 180; GIDL gated diode SRAMSs 190 and 192; GIDL gated diode
voltage references 220 and 222; a GIDL gated neuron-diode 340; and a GIDL gated neuron-
diode voltage reference 350. When compared to their conventional FET-based counterparts,
these circuits 160, 180, 190, 192, 220, 222, 340 and 350, all of which utilize GIDL gated diodes
110 and 112, and such gated diodes 110 and 112 themselves possess, inter alia, the following

advantages:

-32-



be present, and, in the two-input case, the coupling ratios Rl and R2
need not be equal. VOLTAGE REFERENCE USI NG GATED G DL NEURON- DI ODE
[01011 Figure 15 is a schematic of a voltage reference source 350, in
whi ch the gated diode 112N of Figure 9B has been replaced by a

2-i nput neuron-di ode 352, the polysilicon gate 152 of which is doped
p+. The gated diode 112P of Figure 9B is the same as the gated di ode
4B with the gate 152 conprising p-polysilicon. The remai nder of the
vol tage [MD&) encla) Shutputeardnibre stabletahd less Seisy, becab s BIBIS gitb® dioatd ROt suffer
reference source 222 in Figure 9B. [0102] The 2-input neuron diode

352 may hemeNé dedivanthgesaestitingtm HRUTAANEDAHR HBOERROWE. ih B cifbiiWaSed on
15), by substituting the |layout of Figure 12 for the layout of Figure

14C. I'n GhbE ga¥€Blodes ik B6nidbRde 352 has three inputs V1, V2 and V3,
and the outpit Vp VIRLI+V2R2+V3R3. The added third input V3 nay be

used as a fine tuning control to shift Vo by an anmount V3R3. 101031

| n Fi gur W19ZIC, t(ee Thepperaboret GHYegatgidiodgbased direuits islesnmpsratwaersangitive.
the sane coupling area to the enlargenment 304 (and, accordingly the
sane R), Bambtothasd heweling, ofprivtary mechahigowref GIPLaiseniynstightlylif atsflasesditiveito
descendi ng or ascending order. If the input electrodes 342 and 344
have unegupkragrgas, or if the layout of Figure 12 replaces the |ayout
of Figure 14C as the electrode structure of the voltage reference
350, R1 and R2, jn the first case, .and RE,. R2 and R3, in _the second
case, ar lﬁﬂl di dc} é{i’@H’FS, uw%@a%ﬁwﬂpwg pursgant e theiGIDE; ¢ffeetearg more
are non-uniformy spaced in ascending or descending order. [0104]
Nuner i caPovesthiaiens Q&Lt@tqd&le%idﬁgwh@@lhﬁnaé@m%lap@lﬁraPABnEr [O%edtion.
The values for V1, V2 and V. at the upper left of the TABLE relate
to t he vidcausgdIDEfgatedriiedes possess reBler thotorwardibiayirtghd pRp ionppnt structures nor
neur on-di ode 352, where, as in Figure 14, the coupling areas of the

i nput parasitic MOS channels. Leakage current is essentially non-existent because MOS “off” current

is not present and GIDL current totally ceases to flow after diode “turn-off;”

[0109] (d) The IC fabrication of the disclosed circuits is simplified because fewer
fabrication requirements and steps are involved. For example, spacer formation and LDD
implantation are not required, and the polysilicon gate electrodes are not critical dimension-

sensitive; and

[0110] (e) The layout dimensions are relatively smaller because there are fewer constituent
elements. No source (or source diffusion) is necessary because there is present only one junction

or boundary, between a “drain” and a body in which the drain is formed.

[0111] Although the GIDL gated diode of the present invention and its advantages, both per
se and in circuits utilizing the gated diode, have been described in detail, it should be understood
that various changes, substitutions and alterations can be made therein without departing from

the spirit and scope of the invention as defined by the appended claims. Moreover, the scope of
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-31 el ectrodes 342 and 344 are the same, and RI=R2=0.5. Treating the
val ues V1=0, V2=V,, as the equivalent of Vi=V00,V2=0 VO assunes the
evenly spaced values of 0, *V,0/2 and V,,. At the lower left of the
TABLE, a 2-input reference uses R1=2/3 and R2=113, with VO assuni ng
the values shown. At the right of the TABLE, the 3-input structure
of Figure 12 is used, and V1=0.2, V2=0.3 and V3=0.5. r.- 0.2: r, -
0.3: r, - 0.5 WV-Vpi1l0 W WYV, Va V. V. vaV. 0Vp VcV. V.. D
~p 3, ~r theypresgnt docgyent f5 npt (nigndes/to e gitedtodByparticular enbodimentsofithe §IDD
-v -vm~ 00 V. 0.5vQ -v -Vs V' 0OV. 00.3v~ i-2t3; r,-1/3 a 00
0,2V, 0 gut@ dodeand\girchlts codtaifingit-282&0Gbeddn the-spaMfication. -Adon@ of ORfNmary skill

in the art will readily appreciate from the disclosure of the present invention, GIDL gated diodes
and circuits utilizing same that presently exist or are later developed, and that perform
substantially fhe same function or achieve substantially the same result as the corresponding
embodiments described herein, may be utilized according to and are covered by the present

invention, and are intended to be included within the scope of the appended claims.
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OV. Vjf 2000 -V' -0.5v~ 000 -v. v. 0-0.5vV,x -V0-20-V.<O
-V_-OW V. 0 -v~ V. -0.8va 0 V. -V./'" -Va v. V_V -V. VW

-V. - w TABLE 1 CONCLUSI ON [01051 The foregoing Detail ed
Description relates to G DL gated diodes 110 and 112; G DL gated

di ode inverters 160 and 180; G DL gated di ode SRAMs 190 and 192; G DL
gated di ode voltage references 220 and 222; a G DL gated

neur on-di ode 340; and a G DL gated neuron- diode voltage reference
350. WeWHARFREEAIMEDR I5ei r conventional FET-based counterparts,
these circuits 160, 180, 190, 192, 220, 222, 340 and 350, all of

whi chy uti I|zeﬁ§h§hﬁg@£ﬁqmgigg E 110 and 112, and such gated di odes

110 and 112 t ves ’‘possess; inter alia, the follow ng

advanj ages 0106 mpr & stabl e and | ess noi sy,
becaﬂ%e (J[l.@é?&ﬁmaﬂgggq%ﬁ H%ff§J$ﬂé?n‘PP5ﬁ¥9P% di sadvant ages
resultlng fromthe fIQatln% body effect. Every node in_a circuit

base Gl Dt SegeRdbpmirgagos gegwar?ﬁéé%@a cqmwts(we Figcenpierths fish of
[?ated d| ode-based circuits is | ess tenperature-sensitive.
Band o- fsarernduetpreteRieg so shas p praingtine istdefinerhbaswvead the regians pandy
slightly, if at all, sensitive to
5 a gate overlying the pn junction and the immediate junction-adjacent surfaces of the

6 regions, the gate including

7 a thin oxide layer on the surface of the regions, and

8 a conductive gate electrode on the thin oxide layer, the electrode being

9 sufficiently doped with a dopant of the first conductivity type to place the surface of said second
10 region under the gate in majority carrier depletion and the surface of said first region under the
11 gate in majority carrier accumulation, such conditions being, at thermal equilibrium and with
12 there being no potential difference between the gate electrode and the regions, conducive to the

13 flow of gate-induced drain leakage (GIDL) current between the regions.

1 2. The logic switch of Claim 1, wherein application of a first potential difference of a first
2 polarity between the gate electrode and the regions is capable of effecting (i) a deepening of
3 majority carrier depletion, (ii) an increase in majority carrier accumulation, and (iii) a resultant

4  flow of GIDL current between the regions.

1 3 The logic switch of Claim 2, wherein application of a second potential difference of a
2 second polarity between the gate electrode and the regions is capable of (i) effecting majority

3 carrier accumulation at the surface of the second region and majority carrier depletion at the
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tenperature; [01081 (c) G rcuits using gated di odes functioning
pursuant to the G DL effect are nore power-efficient. G DL: gated

di odes do not exhibit parasitic bipolar action or MOS action because
G DL gat ed di odes possess neither the forward-biasing of pnp or npn
structures nor parasitic MOS channels. Leakage current is
essentially non-existent because MOS "off' current is not present
and G DL current totally ceases to flow after diode "turn-off;

[01094 ( airfapeef the firsi pegiomioi tamingte GRBL ¢hernt flowsn and € dorverd biasingrhieijdriction
because fewer fabrication requirenents and steps are invol ved. For
exanpd e, ssthatcmurehiomandlomofiorawde tdgivn tothpd gthérat i on are not required, and
the polysilicon gate el ectrodes are not critical dinension-

sensi ti ve; and [01101 (e) The layout dinensions are relatively

smal | gr peca r 2 [ elepent.s

sour ce d| ffuglﬁge ]§> i s%}ltg%ggégﬁg 3&;@%&@ a&)# cea?lgn Pga gf@ ﬁ?nu8ln‘?§urgﬂ%e e
j unctjon bet and a.bod

dr ai ni i ssefsg?dr%oganqygi%'ffn ueé‘??trf’ﬁ the TegIns i ‘fﬁp%‘els OB‘F qqt}gg bﬂb@@ﬁfﬂy
invention and its adv &1 r .,se and in circuits utilizing
t he g%t cEPTHFTSgRCtip B athon et Beitren regicne theraby rendesing eyrgenp incapable of
understood that vari ous changes, substitutions and alterations can
be netle ﬂ%‘éméﬂ?ﬁt“(ﬂ?{iﬁ@aﬁglﬁ%artl ng from the spirit and scope of the
invention as defined by the appended cl ai ns. Mreover, the scope of
-33 the present docunent is not intended to be Iim'ted to the

par ticul gr enmﬂib%sg%ﬁcmfeﬁﬁn@ﬂmhmlﬁgc&h gs:and circuits

containing it as scribed in the specification. As one of ordinary

ski | I in the BOK Mﬂé BEa%@?Hg}{%@o?%sﬁﬁéﬁie fromthe disclosure of the

pr esent i nven%

3 a semiconductor layer on the BOX layer; and

4 a diode site defined in an enclosed volume of the semiconductor layer between a free
5  surface thereof and the BOX layer, the enclosed volume being electrically isolated from the
6 remainder of the semiconductor layer, wherein

7 the second semiconductor region is formed in a portion of the enclosed volume, the

8  remainder of which is the first semiconductor region.

1 6 The logic switch of Claim 1, wherein:

2 the semiconductor layer and the first semiconductor region are p-type; and
3 the second semiconductor region and the gate electrode dopant are n-type.
1 7. The logic switch of Claim 1, wherein:

2 the semiconductor layer and the first semiconductor region are n-type; and
3 the second semiconductor region and the gate electrode dopant are p-type.
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and circuits utilizing sane that presently exist or are |ater

devel oped, and that perform substantially the sane function or

achi eve substantially the sane result as the correspondi ng

enbodi ments described herein, may be utilized according to and are
covered by the present invention, and are intended to be included

wi thin the scope of the appended clains. -34 WHAT IS CLAWED IS: 1 1.
A logic switch, conprising: 2 a first sem conductor region of a first
co ndglct i §i ty A pwerter compgsna e fuatlegie puiicit ofiClaisy] bavieg a Arst gao sléctrode and
conductivity type adjacent to the first 4 sem conductor region so

t hat 2a pwhgreindhg Gt semictoidpetoviregioned the firbidogie gviselsis patyple, 3nd thgateond
overlying the pn junction and the i medi ate junction-adj acent

sur f d@cesseoficantiactoitregiog iand the gateesl@abde dopahtafithgfirdt bgichwitchxtedetypayal a
on the surface of the regions, and 8 a conductive gate el ectrode on

t he ti nseporiddsgit awitch of Okirel daihe decddai Baie Slestibdd MidSitidren dRTasSt Wi th a
dopant of the first conductivity type to place the surface of said

second  sL@hidoREhB BB bf HRQeMAH Fodi® sWRIHAS hltypecﬁﬁd ih€ %&%%ﬁ&h&ﬁt&%on
the surface of said first region under the 1 gate in majorit

and g ¢ R P RRac e SPHE ool o} @?ﬁ&%%pb& e ey %M&
I d d t d.

i ai 1 1 eakagd™ s B RO Paish WSErRR e PRcH agrea et sBooddorisgipe &8
switch of dajm mhereln application of a first potential

di ff&erf&%“td’Plt%lgef irst 2 polari ty bet ween the gate el ectrode and the

regions is capable of effecting (i) a deepenin
9 separate electrical connectlons to the respective firs semlconductor regions of the first

10 and second logic switches for receiving biasing voltages; and
11 an electrical connection between the respective first semiconductor regions of the first
12 and second logic switches for producing an output voltage V, in response to application of an

13 input voltage.

1 9 The logic switch of Claim 5, wherein:
2 the semiconductor layer and the first region are p-type; and

3 the second region and the gate electrode dopant are n-type.

1 10.  The logic switch of Claim 5, wherein:
2 the semiconductor layer and the first region are n-type; and

3 the second region and the gate electrode dopant are p-type.

1 11,  Aninverter comprising a first logic switch of Claim 5, wherein the semiconductor layer
2 and the first semiconductor region of the first logic switch is p-type, and the second

3  semiconductor region and the gate electrode dopant of the first logic switch are n-type, and a
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3 majority carrier depletion, (ii) an increase in majority carrier
accurul ation, and (iii) a resultant 4 flow of G DL current between
the regions. 1 3. The logic switch of Claim2, wherein application of
a second potential difference of a 2 second polarity between the
gate electrode and the regions is capable of (i) effecting majority

3 carrier accunul ation at the surface of the second region and
mejority carrier depletion at the -35 4 surface of the first region
to tetm srgend iggioiswitoh peGlaith Sowhergindhg san)icdndnetar byéi aad itrpfisshenjiemddtan
5 so that current can flow fromone region to the other. 1 4. The

| 0gi 5 swiegioh of theGeerindh1Bgic wivdehearn netpy, Radhthi eecond sa@nicbndudtop dégior dndl the gate
difference of the 2 second polarity between the gate el ectrode and
the réegi easrods dopunabl the eécoall 1@sd swigchfard p-tyie) Which Yurther athiprisRs:

depletion at the surface of the second region, thereby rendering
current incapadi@uial borfreiUn kRGBSR I Bvd ga% aeamdés &f thd Bt hdPicGond

swtch of Caiml1, which further conprises: BOX | ayer on a

sent GoNdMEk QAN & caphio SGEIAARCHELAG: | ?t){g% on the BCX |ayer;

and 4 a e Site deflne In an encf ose of the sem conduct or

| ayerg bet wee A BOX | ayer

encl osed vol :}ﬁéa E%l%gec n%?cgg) %&eﬁhgoﬁ% %g hsofﬁ T8 O?élerﬁg ﬁa%“#’n% ogic
the m ca Wher |n 7 t he second sem conductor region is

f or |W‘£\’gf’) ff%ﬁw ?fé“ge‘f? ety oI urme, the 8 renmai nder of which

|sthef|rst sem conduct or gion. 1 The tglc switch of daim]l,
wherHi n an electrica connectlon ctween the respectlve ﬁrs regions of the first and second logic

12 switches which is capable of producing an output voltage in response to application of an input

13 voltage.

1 12.  The inverter of Claim 11, wherein the semiconductor layer of the first logic switch and
2 the second logic switch are formed on the BOX layer and the respective diode sites of the first

3  and second logic switches are separated by an insulator.

1 13,  Theinverter of Claim 11, wherein the semiconductor layers of the first logic switch and
2 the second logic switch are formed on the BOX layer and the respective second regions of the

3 first and second logic switches are electrically shorted by a butting contact.
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2 the sem conductor |ayer and the first sem conductor region are
p-type; and 3 the second sem conductor region and the gate el ectrode
dopant are n-type. 1 7. The logic swtch of Caiml1, wherein: 2 the
sem conductor |ayer and the first sem conductor region are n-type;
and 3 the second sem conductor region and the gate el ectrode dopant
are p-type. -36 1 8. An inverter conprising a first logic switch of
Claiml having a first gate electrode and 2 wherein the first

seni cbndikt or An gyyieder avinprisimgf i rst | ogic switch is p-type, and the
second 3 sem conductor region and the gate el ectrode dopant of the
first2| ogi c safitsclogrsevitchtinghediand a 4 second logic switch of Caiml
havi ng a second gate el ectrode and wherein the first 5 sem conduct or

regi o of the secan@rst @giiComambtbeRydrofafrstREnduddit Rpef i St
sem conductor region 6 and the gate el ectrode dopant of the second

| ogi g switch are prfipR oﬂmfﬁ@eéouab&ﬁucﬁﬁwémed&mc %f;h%f‘{he first

connection between the Tirst and second gaté el ectrodes ce|V|ng

an 8 i npiiti MAliLi80RyeY; 4 fi t gﬁéﬁﬁn 4 bft@cjeerf he g?é\tta&g@écoﬁg rd ho%s

respective II‘S'[ sem con regl ns o COﬂ

| ogi c. swi tches for V|n vol t ages;. and 1

connekt i on bet veery é%gga egl g&ﬁ ﬁ%};gxpctéo ?(% atf’gljﬁ? 18’? ‘?ﬁ@m
f| rst 12 0, wi t.cheg f pradyci.ng an out put voltage

V. in re%’g é&e}B’é} ’1% fePPus, e fp??ﬁ"‘??ﬁﬁ‘f“ B8tage. 1 9. The logic
switch of Caimb, V\/ner el n 2 the sem conductor |ayer and the first
regi dh are p-type; and a first thin oxide layer on the surface of thé first and second regions, and

9 a first gate electrode on the first thin oxide layer, the first gate electrode
10  being sufficiently doped with a dopant of the first conductivity type to place the surface of the
11  first region under the first gate in majority carrier depletion and the surface of the second region
12 under the first gate in majority carrier accumulation, such conditions being conducive, at thermal
13 equilibrium and with there being no potential difference between the first gate electrode and the

14  first and second regions, to GIDL current flow between the regions;

15 a second logic switch including
16 a second semiconductor layer of the second conductivity type;
17 a third region of the first conductivity type formed in a fourth region of the second

18  layer, a second boundary being defined between the third and fourth regions; and
19 a second gate overlying the second boundary and the immediate second-junction-

20  adjacent surfaces of the third and fourth regions, the second gate including

21 a second thin oxide layer on the surface of the third and fourth regions,
22  and
23 a second gate electrode on the second thin oxide layer, the second gate
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3 the second region and the gate el ectrode dopant are n-type. 1 10.
The logic swwtch of Caimb5, wherein: 2 the sem conductor |ayer and
the first region are n-type; and 3 the second region and the gate

el ectrode dopant are p-type. 1 11. An inverter conprising a first

l ogic switch of aimb5, wherein the sem conductor |layer 2 and the
first sem conductor region of the first logic swwtch is p-type, and
the second 3 sem conductor region and the gate el ectrode dopant of

t he 24 r sele¢tnge bewgisuiicieatly dopadywidh a domntiof théFecdandemdnctivitygine to pidoe the

of Claimb5, wherein the sem conductor |ayer and the first

semn 2bndsiofaoe obthe oidoegioh uhde thesoomd ganginengovity chrriar @epletionpad flaWirfhdicof
second sem conductor region and the gate 6 el ectrode dopant of the
secordl | pgifsurthivefioh uade the ¢ PR gatdiinGhajbiity lch@ier SRIRIIa%6A, suéh Bbhditions being
el ectrical connection between the respective gate el ectrodes of the
firsp7 angbni6iod) dt thermhA S GilBMWIhGRE Svitth&B bhifg 8 BaRhEG] A rdr &8 bkivwiEn Al

i nput voltage; 9 separate electrical connec%l ons to the respective
firségreg [ oTaTe P Mel¢]] j .
rec e?gvi n%c@?g%a?%%&%dtfegélgg&gﬁﬁ %gcg an é?%%{sf choca ﬁﬁ&%&e}@p ng%regyé?e\rf\leﬂéenregmns’
thei spective first regions of the first and second logic 12

swi tChes which is capabl e of producing an output voltage in response
to application of an.input. 13 volt .1 12. The inverter_of Caim
11, wherein ti}ﬁlee?%?ﬁ%?fﬁ’ﬁﬁff%%lbqﬂw@rtﬁgﬁmf fnd sepondgafeiecirodes for Feegining ap

the second logic swwtch are forned on the BOX | ayer and the

resp%]cti%‘“d‘i ¥ites of the first 3 and second | ogic switches are
separated by an insul ator. .
32 separate electrical connections to the first and third regions, respectively, for receiving

33  biasing voltages; and
34 an electrical connection between the first and third regions for producing an output

35  voltage V, in response to application of an input voltage.

1 15. The inverter of Claim 14 further comprising:

2 a buried oxide (BOX) layer on a semiconductor substraté, the first and semiconductor

3 layers being formed on the BOX layer;

4 a first diode site defined in a first enclosed volume of the first semiconductor layer

5  between a free surface thereof and the BOX layer, the first enclosed volume being electrically

6 isolated from the remainder of the first semiconductor layer, wherein

7 the first region is formed in a portion of the enclosed volume, the remainder of

8  which is the second region;

9 a second diode site defined in a second enclosed volume of the second semiconductor
10  layer between a free surface thereof and the BOX layer, the second enclosed volume being

11 electrically isolated from the remainder of the semiconductor layer, and wherein
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1 13. The inverter of Claim 11, wherein the sem conductor |ayers of
the first logic switch and 2 the second logic switch are fornmed on
the BOX | ayer and the respective second regions of the 3 first and
second logic switches are electrically shorted by a butting contact.
-38 1 14. An inverter conprising: 2 a first logic switch including 3
a first sem conductor layer of a first conductivity type; 4 a first
region of a second conductjvity type forned in a second region of the
first2 5 seni condufe 8Hrd 1ggien is fgned ira goutinn 9fghe ssepmbernslospdeeluinet theen
the first and second regions; and 6 a first gate overlying the first
junci3 onrmdbhefwlﬁnbéﬁtg@ toutthregion.unct i on- adj acent 7 surfaces of the
first and second regions, the first gate including 8 a first thin

oxi de layer on the surface of the first and second regions, and 9 a
firstygate el . ] i i 0 5:0%] I r...the first. gate
elect¥odg§ 1dﬂ%%5ﬂgﬁgﬁf?kgﬁé§tﬁﬁgﬁ%gkgdﬁﬁéﬂﬁﬁa 5%%%?ngYPﬂgEPPg§t
conductivity type to place the surface of the 11 first region under
the first gate in majority carrier depletion and the surface of the
second r &gi onThelinverter of Claimg 16 whercipabesacondweiddburtly regioms aeerelectrically shorted
accurul ati on, such conditions being conducive, at thermal 13

equi |12 br bpabattide weritdet.t here bei ng no potential difference between the
first gate electrode and the 14 first and second regions, to G DL
current flow between the regions; 15 a second logic swtch including

16 a second m.conduc .l ayer, of. the.second canductivity .type; 17 a
t hi rdISr egé“'on © IP}%%{ P% Q{al%gryqﬁﬁé?rﬂ?it ?/ﬁlisg FESE uq%/;d?)%/eﬁs T8 §yrarRte
of the secon(% .

areas of a common semiconductor layer.

1 19. AnSRAM cell that includes a word line (WL) conductor, a bit line (BL) conductor, an

2 inverse BL conductor, a first inverter as in Claim 8 and a second inverter as in Claim 8, which

3 further comprises:

4 an electrical connection from an output node of the first inverter to an input node of the

5  second inverter;

6 an electrical connection from an output node of the second inverter to an input node of

7  the first inverter;

g an electrical connection for applying biasing voltages to the respective first regions of the

9  respective first logic switches of the first and second inverters;
10 a first logic switch as in Claim 7 having its first region connected to the output node of
11  the first inverter, its gate electrode connected to WL and its second region connected to BL; and
12 a second logic switch as in Claim 7 having its first region connected to the output node of
13 the second inverter, its gate electrode connected to WL, and its second region connected to

14 inverse BL.
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18 layer, a second boundary bei ng defined between the third and
fourth regions; and 19 a second gate overlying the second boundary
and the i mmedi ate second-junction- 20 adjacent surfaces of the third
and fourth regions, the second gate including 21 a second thin oxide

| ayer on the surface of the third and fourth regions, 22 and 23 a
second gate el ectrode on the second thin oxide |ayer, the second gate
-39 24 e ectrode being sufficiently doped with a dopant of the second
condukt i %} @e@nflﬁée%wgt@rlrre@larsmrch@tor A bitilipe@ g sondugter, an
t he second gate in najorlty carrier depletion and the surface of 26
t he fouriperseBLsandnstpsya firsbinyerterad imyGlatm Bna speped inverteras in elaim 8, and which
accunul ati on, such conditions being 27 conducive, at thernal
equil3brﬁmmﬂaNMHM$@m t here being no potential difference between the
28 second gate electrode and the third and fourth regions, to G DL
curreht fl ow dnetlevtréml tdmectizgy foors an oRiPuiHddaof Sledliitihvorler HAUMIBHItNGHe of the
between the first and second gate el ectrodes for receiving an 31

I nputs vodck@gkinVrier;32 separate el ectrical connections to the first and
third regions, respectively, for receiving 33 biasing voltages; and
34 argelectri i Qﬁﬁﬁgﬁ

pr OdLIS Ci ng an délﬁétlet? E?apgdgﬁl\k/%hnage : B}lthﬂt%é)fg% (E)’?t{shee %?‘%ng hMeﬁg{a 2‘[‘]@? Bg(gte of
|nput vo IB%&%5 The inverter of Claim14 further conprising: 2 a
burled oxr e | ayer on a sem conductor substrate, the first and

sem P nduct O'an electrical connection for applying biasing voltages to the respective first regions of the

9 respective logic switches of the first and second inverters;
10 a first logic switch as in Claim 6 having its second region connected to the output node of
11  the first inverter, its gate electrode connected to WL and its first region connected to BL; and
12 a second logic switch as in Claim 6 having its second region connected to the output node
13 of the second inverter, its gate electrode connected to WL, and its first region connected to

14  inverse BL.
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3 layers being forned on the BOX | ayer; 4 a first diode site defined
in a first enclosed volunme of the first sem conductor |ayer 5 between
a free surface thereof and the BOX | ayer, the first encl osed vol une
being electrically 6 isolated fromthe renainder of the first

sem conductor | ayer, wherein 7 the first regionis formed in a
portion of the enclosed volunme, the remainder of 8 which is the
second region; 9 a second diode site defined in a second encl osed
vol urte d?l.t heA seltagadeferente oodpating: 10 | ayer between a free surface
t hereof and the BOX | ayer, the second enclosed volunme being | 1

el ectxi cal | y d i cflegic §winchek,ack RuRidinger of the sem conductor |ayer,
and wherein. -40 12 the third region is forned in a portion of the

second encl osed valfiriBemid@dudiér SR NS BFst 8dndtBiAly dpe, t he fourth

region. 1 16. The inverter of Oarm 15, wherein the diode sites are

separated by an i Q%Uclzcﬂitd%@nﬁ&nﬂctor-qggoﬁ By, fgetzﬁdy %nﬁ%tﬁ}é{g]@;%; %ééﬁfn%{-ign being

the second and fourth regions are efectrica

buttisng &egggégéweéhﬁgﬁgg e inverter of daim17, wherein the first
uc

and sSecond sem con ayers are separate 2 areas of a common
seni%pnductor | ayer. 1 1ﬁ” A%LSRAM cel l at. includes a word |ine

(W) Sconduct or, a2t TPHEDE B19PrIyRdee g thedpmesiaiq junetiqn-gejacent sutfaces of
conductor, a.first inverter as in Claim8 and a second inverter as in
O ai rh 8, thFRStons: tae gale Ieldingonpri ses: 4 an el ectrical connection from

an output node of the first inverter to an input node of the
8 a thin oxide layer on the surface of the regions, and

9 a conductive gate electrode on the thin oxide layer, the gate electrode of a
10 first of the logic switches being doped with a dopant of the first conductivity type and the gate
11  electrode of the second of the logic switches being doped with a dopant of the second

12 conductivity type;

13 an operational amplifier having

14 its output V, connected to the gate electrode of the first logic switch,

15 its inverting input connected to the first region of the first logic switch, and

16 its non-inverting input connected to the first region of the second logic switch;
17 a ground connection to the gate electrode of the second logic switch; and

18 facilities for reverse biasing the logic switches.

1 22.  The voltage reference of Claim 21, wherein:
2 the semiconductor layer in the logic switches is the same material; and

3 V, equals 1-band gap in the material.
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5 second inverter; 6 an electrical connection from an output node of
the second inverter to an input node of 7 the first inverter; 8 an
el ectrical connection for applying biasing voltages to the respective
first regions of the 9 respective first logic switches of the first
and second inverters; 10 a first logic switch as in Caim?7 having
its first region connected to the output node of 11 the first
inverter, its gate electrode connected to W. and its second region
connett e@3.t o Big voltage ref@eesd Clainh 220 ghereinthé alatesial ¢ampTisad siliconaad iiygs
its first region connected to the output node of 13 the second

i nver2 er equal ® apaiitel .k waltsr ode connected to W, and its second region
connected to 14 inverse BL. -41 1 20. An SRAM cell that includes a
word line (W) conductor, a bit line (BL) conductor, an 2 inverse BL

conductog, a first inverter i.n Claim8, a second inverter as in
cl ai #IICB, 5%{nd —éﬁﬁv tag%ref?ﬂ?rlcﬁé’?%&adﬁ?&% g’h??‘% an el ectrical connection
from an out pu gode of the first inverter to an input node of the 5

secormd i nver tBf firsseopdustiadt ype s hnecti on from an out put node of
the second inverter to an input node of 7 the first inverter; 8 an
el ect¥ical cohneesenderndvetivipplps w@tbi asi ng vol tages to the respective
first regions of the 9 respective |logic switches of the first and
second inverters; 10 a first logic switch as in Claim6 having its

second regi oNiRARNESS fRfkrifle LR BRI hALHGhOfate electrode comprises polysiticon.

1 26.  The voltage reference of Claim 25, wherein:
2 the first conductivity type is n; and

3 the second conductivity type is p+.
1 27.  The voltage reference of Claim 26, wherein the gate electrode comprises polysilicon.

1 28.  The voltage reference of Claim 21 implemented pursuant to semiconductor-on-insulator
2 (“SOI”) protocols, which further comprises:

3 a substrate of the second conductivity type covered with a BOX layer, the first region

4  being defined in a semiconductor layer on the BOX layer; and wherein

5 both second regions are formed in the semiconductor layer so that both logic switches

6  have the same first region.

1 29. The voltage reference of Claim 21 implemented pursuant to bulk protocols, which further
2 comprises:
3 a substrate of the second conductivity type;

4 a well of the first conductivity type formed in the substrate and constituting a common
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11 the first inverter, its gate el ectrode connected to W. and its
first region connected to BL; and 12 a second logic switch as in
Claim®6 having its second region connected to the output node 13 of
the second inverter, its gate electrode connected to W,, and its
first region connected to 14 inverse BL. -42 1 21. A voltage
reference, conprising: 2 a pair of logic swtches, each including 3 a
first_sem conductor region of a first conductivity type, 4 a second
sem cdndiitst Bgionsdithsrsvatches; sed wheretronduct i vity type, a pn junction
being 5 defined between the regions, 6 a gate overlying the pn
junct® on and bdtle sécondthigitne ajeuioohédin-thelveitent surfaces of 7 the
regions, the gate including 8 a thin oxide |ayer on the surface of
the regions, and 9 a conductive gate el ectrode on the thin oxide

| ayer, the gate electrode of a 10 first of the |logic swtches being
doped with a dopant of the first conductivity type and the gate 11
el ectrode of the second of the logic switches being doped with a
dopant of the second 12 conductivity type; 13 an operational
anplifier having 14 its output Vo connected to the gate el ectrode of
the first logic switch, 15 its inverting input connected to the first
region of the first logic swtch, and 16 its non-inverting input
connected to the first region of the second | ogic switch;
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17 a ground connection to the gate electrode of the second |ogic
switch; and 18 facilities for reverse biasing the logic switches. 1
22. The voltage reference of Caim2l1l, wherein: 2 the sem conductor
|l ayer in the logic switches is the sane material; and 3 V. equals

i -band gap in the material. -43 1 23. The voltage reference of Caim
22, wherein the material conprises silicon and V. is 2 equal to
about 1.12 volts. 1 24. The voltage reference of C aim 22, wherein:

2 thel fid&t cHdlemicswidhy gompmsing:s n; and 3 the second conduct i vi ty
type is p+. 1 25. The voltage ref erence of Claim 24, wherein the gate
el ect? ode conpfiistegiopaif udirsticonductivity @pe ardwen adjdcentgrcosliregion 6La sdcond
Claim25, wherein: 2 the first conductivity type is n; and 3 the

secortd cemdueivityitype, thy pezitr® defining adh.juddiien WRkdbaarechef erence of Caim
26, wherein the gate el ectrode conprises polysilicon. 1 28. The

vol t age ref er@@ﬁ@el@émﬁa@béﬂﬁﬂg th@%o‘i‘ﬂg%ﬂbﬁgn@&ié %Hﬁ‘l@&mfe?unctmn—ne%ghbonng areas

sem conduct or - on-i nsul at or prot ocol s

conpry Seéfthg’reghozlb‘ ]Etlﬁ(% %ﬁé aﬁ@%&gg&%@g@ﬁg@%ﬁ#&xﬁ&y ParCiRY rﬁ% it

a BOX | ayer region a se con
| ayerg on, fshe BOX | ayer; and wherein 5 both second regions are formed
I n the sem conductor |ayer so that both |logic swtches

7 a connection to each region adapted to permit the application of selected input voltages to
8 the gate electrode;
9 the regions, the gate electrode, and the insulating medium being so constituted that
10 a first input voltage is capable of initiating GIDL current flow between the
11 regions and current can flow bi-directionally between the connections,
12 a second voltage terminates GIDL current flow but forward biases the pn juhction
13 so that current may flow uni-directionally between the connections, and

14 a third voltage bi-directionally prevents current flow between the connections.

1 31.  Thelogic switch of Claim 30, wherein the gate electrode is sufficiently doped and the

2  insulating medium is sufficiently thin to put the gate-subjacent surface of one of the regions into
3 majority carrier depletion and the gate-subjacent surface of the other region into majority carrier
4  accumulation, so that, at thermal equilibrium and with no potential difference between the gate
5 electrode and the regions, conditions are conducive to the flow of gate-induced drain (GIDL)

6 current between the regions.
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6 have the sanme first region. 1 29. The voltage reference of Caim?2l1
I mpl ement ed pursuant to bul k protocols, which further 2 conprises: 3
a substrate of the second conductivity type; 4 a well of the first
conductivity type forned in the substrate and constituting a common
-44 5 first region of the switches; and wherein 6 both second regions
are formed in the well. -451 30. Alogic switch, conprising: 2 a

first

regi dn

region of a first conductivity type and an adj acent second

2.a shaenen logicwrittheedmprising: ype, the regi ons defining a pn

junction therebetween; 4 a gate electrode overlying the pnjunction
and tzhe i nredi sstécondwaton layerné a fidscondugtivityegse; 5 of the regions, the
gate el ectrode being separated fromthe pn junction by an insul ating

medi Bm

6 andfirét ragion phiesédond comiuendty thpgfoaReditaniceshd regipg biike t he

application of selected input voltages to 8 the gate electrode; 9
t he regiRfAsconditBordajes; €l ectrode, and the insulating nmedi um being so
constituted that 10 a first input voltage is capable of initiating

A DL scurrent fdsan4 B¥iﬁ§ﬂeﬁﬁh‘abeﬂv§eeﬁ%1‘8§§ns}gﬂd current can flow

bi -directionally between the connection

a second vol tage

termgates G a%atecd{ireﬁ%ﬂé tiid %ané{& aL&) {h%egfaﬁe%fasdj :gcrégt sl%l?fa.&e% %(%ttlilec%'ggions, the

7

8

9

10

11

12

13

14

15

16

17

18

19

20

gate including

a thin oxide layer on the surface of the regions;

a conductive gate elecirode on the thin oxide layer, the electrode being
sufficiently doped with a dopant of the first conductivity type to place the surface of first region
under the gate in majority carrier depletion and the surface of the second region under the gate in
majority carrier accumulation, such conditions being conducive, at thermal equilibrium and with
there being no potential difference between gate electrode and the regions, to GIDL current flow
between the regions;

a conductive member that is electrically continuous with the gate electrode and
remote from the boundary; and

two or more input electrodes for receiving input voltages, the input electrodes
overlying the conductive member, each input electrode having an area capacitively coupled to a
congruent area of the conductive member so that the voltage on the gate electrode is the

weighted sum of voltages applied to the input electrodes.

33. A voltage reference, comprising the first logic switch of Claim 32, and further
comprising:

a second logic switch that includes
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13 so that current may flow uni-directionally between the
connections, and 14 a third voltage bi-directionally prevents current
fl ow between the connections. 1 31. The logic switch of O aim 30,
wherein the gate electrode is sufficiently doped and the 2 insulating
mediumis sufficiently thin to put the gate-subjacent surface of one
of the regions into 3 mpjority carrier depletion and the

gat e- subj acent surface of the other region into mpjority carrier 4
accurful ation, so tasmicondugtprlayerof adiusticpductivitiate.wi t h no potenti a

di fference between the gate 5 electrode and the regions, conditions
are conduci ve to tathird regrerodf theisesondichndadtivily aype fordhdl i adogmi regivh of the
between the regions. -46 1 32. A neuron logic switch, conprising: 2 a
sem dondseotiamdhctyelayef a secbid boundanydeiizidefited Heypesn tBe thirliahd fourtgegibng hind
a second conductivity type formed in a second region of the 4

sen conduct or | ay &secdndizabosirelging thedebghdiRuhfed aREheeRmaiREly KFARAS;
and 6 a gate overlying the boundary and the i nmedi ately adj acent

sur f aresgpfacdse tHeaBHP R fouhf regloda it sb&ﬁh?ﬁb@&hﬁiﬁg thin oxide |ayer
on the surface of the regions; 9 a conductive gate el ectrode on the

thin pxi de |layer, the el ! sufflcie 1
dopangt) of the first co%&ggﬁd\c}& ?yJ%?Cngg)’e%gn E}#asggg‘%%%{dé%h g%gggc}’ﬂr@!}?@?ns,
regiﬁp aln% under the gate in majority carrier depletion and the
surface O the second region under the gate in 12 nmpjority carrier

accupul ati on, such conditions bging conduci ve, at therpmal equilibrium
and Mith a second conductive gate electrode on the second thin oxide layer, the

12 second gate electrode being doped with a dopant of the first conductivity;

13 an operational amplifier having

14 its output V, connected to the gate electrode of the second logic switch,

15 its inverting input connected to the third region of the second logic switch,
16 its non-inverting input connected to the first region of the first logic switch;
17 and

18 facilities for reverse biasing the logic switches, V,, being equal to the weighted

19  sum of the voltages applied to the inputs.
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13 there being no potential difference between gate el ectrode and the
regions, to GDL current flow 14 between the regions; 15 a
conductive nenber that is electrically continuous with the gate

el ectrode and 16 renote fromthe boundary; and 17 two or nore input
el ectrodes for receiving input voltages, the input electrodes 18
overlying the conductive nenber, each input electrode having an area
capacitively coupled to a 19 congruent area of the conductive nenber
so thht Bhe von e logimswiteh, eepristdgect rode is the 20 wei ghted sum of
vol tages applied to the input electrodes. 1 33. A voltage reference,
conpr si ng t hefifst pxitle layer an ssswbstrdie;of C ai m 32, and further 2
conprising: 3 a second logic switch that includes -47 4 a

semi cbnduct ora laggterf adirstachducsivitg ope verhicynduytor ¥ the dxide Thydry d regi on of
t he second conductivity type forned in a fourth region of the 6

sem cpnduct ora digiesite RARECRN ARSI IuREbNEe ShLARMCRE1BERIASR a free
third and fourth regions, and 7 a second gate overlying'the second

boundar ygande kot MEHE &£ bYide UyRE ?ﬁeéllﬁlo%a J&Iﬁﬁébaﬁ% El{gﬁ:ln%]m Xi?(ﬂgtg{i] gglenrthe

fourth regions, the second gate’in ng 9 a secon

on th@ ?ﬁ%&ﬁﬁﬁ&&#qéé&h& }ﬁ&mgpﬂﬂéourth regions, 10 and 11 a second

conductive ‘gate el ectrode on e’second thin oxide |layer, the 12
seco ate el gctrode hein ope ith a dopant of f.he first
con dﬂgt igvi ty.aErSE region otEa sec%ng c ncguc%Itty type flon%egl {n a portion o t'he enclosed volume,

8  the remainder of which is a second adjacent region of the first conductivity type; and

9 | a gate overlying the boundary between the regions, the gate including
10 a second, thin oxide layer on the semiconductor layer, and
11 a conductive gate electrode on the second, thin oxide layer, the electrode being

12 doped with a dopant of the first conductivity type.

1 35,  Thelogic switch of Claim 34, wherein at thermal equilibrium and with there being no
2  potential difference between the gate electrode and the regions, the doped gate electrode effects
3 carrier depletion at the surface of the first region under the gate and carrier accumulation at the

4  surface of the second region under the gate.

1 36. The logic switch of Claim 35, wherein the carrier depletion at the surface of the first
2  region under the gate is high and slightly less than an inversion and the carrier accumulation at

3 the surface of the second region under the gate is low.

1 37.  The logic switch of Claim 36, wherein:
2 a potential difference of a first polarity between the gate electrode and the regions effects

3 adeepening of carrier depletion of the first region under the gate and carrier accumulation of the'
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13 an operational anplifier having 14 its output Vo connected to the
gate el ectrode of the second logic switch, 15 its inverting input
connected to the third region of the second logic swtch, 16 its
non-inverting input connected to the first region of the first |ogic
swtch; 17 and 18 facilities for reverse biasing the |ogic swtches,
V. being equal to the weighted 19 sumof the voltages applied to the
I nputs. -48 1 34. An SOT logic swtch, conprising: 2 a first oxide

| ayer4 onsesord ssgionander the gate, Aberebyotenderig cyrrens caphblet o fflawing eiween the regions;
sem conductor on the oxide layer; 4 a diode site defined in an

encl osedandol ume of the semiconductor |ayer between a free 5 surface
thereof and the first oxide |ayer, the enclosed vol une being

el ectfical |y apatmtabdifferamoe bhesecond potmityded obf sdlét@ed&ﬁé@mﬁtﬁﬂ&'b'&{v@én the gate
| ayer; 7 a first region of a second conductivity type torned in a

portion ekctidde afd the@&Hens\ePlebidRarrieB adRulGBRbNEE "ﬁrﬁfre%é‘ﬂaﬁﬁhg%' ?e%a&%ﬁ@ nd

adj acent region of the first conductivity type; and

over lg/i nghrtifieicpRHASH the Q&Bﬂ@?t%l%d@xetﬂk Ae, thérgﬁy &ﬂ&&dg&&hﬁ iggapal;ig oft

second, thin oxide |ayer on e sem con uctor ayer
condugt i gmg ’ thin OX|de | ayer, the
el ect rodg be n{a(%%%gtﬁ)&%gﬁaﬂ? #?nﬁeggl(ég%gl %t the first conductivi ty
type. 1 35. The |l ogic switch of Caim 34, wherein at thermnal
equilibriumand with there being no

1 38.  Thelogic switch of Claim 37, wherein a potential difference of the second polarity

2 sufficiently greater than the selected magnitude effects full depletion of the second region under

3 the gate, thereby rendering cutrent incapable of flowing between the regions.

1 39.  Thelogic switch of Claim 38, wherein a potential difference of a first polarity on the gate
2 electrode relative to the regions (a) drives the surface of the first region under the gate into deep
3 depletion or inversion, so that a GIDL, comprising minority carriers produced by band-to-band

4  tunneling, flows from the first region into the second region, and (b) drives the surface of the

5  second region under the gate into deeper accumulation so that the electrical resistance of the

6  second region is reduced, thereby permitting a potential difference imposed between the regions
7  to effect current flow (i) from the first region to the second region due to GIDL and the lowered
8  resistance of the second region, or (ii) from the second region to the first region due to the

9  lowered resistance of the second region and the forward biasing of the boundary between the

10 regions.

1 40.  Thelogic swiich of Claim 39, wherein a potential difference of a second polarity and of a
2 selected magnitude on the gate electrode relative to the regions (a) drives the surface of the first

3 region under the gate into accumulation thereby terminating GIDL, and (b) drives the surface of
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2 potential difference between the gate el ectrode and the regions,
the doped gate electrode effects 3 carrier depletion at the surface
of the first region under the gate and carrier accunulation at the 4
surface of the second region under the gate. 1 36. The logic switch
of Claim35, wherein the carrier depletion at the surface of the
first 2 region under the gate is high and slightly | ess than an
inversion and the carrier accunulation at 3 the surface of the
secorfd ribgseondiregion under thagate iigo parial depBFion Teeehlydgireasing the tesisfanc afithe
36, wherein: 2 a potential difference of a first polarity between the
gat e S| estvomidegiandhdrbisy i pueemsing b herhdal diffaeteeppoicd Getfees telregibns from
depletion of the first region under the gate and carrier accumul ation
of the' effe%ﬂn?cﬁ&ﬁﬂﬂ&v gl B8 fd degion faah@cend febRhohM (ii'i-‘g@iﬂﬁtitiﬁ a potential
current capable of flow ng between the regions; 5 and a potenti al

di f f er engifreRhceAinmpBER AR ahd felichth GfecfoitRh AW GofPBB LA rdEINB B frst
the gate 7 electrode and the regions effects carrier accunulation of

the fd r%gi%ﬁ%ﬁ&e&ﬂ' E%?ﬁciérﬁ‘?omtrc?bi ﬂ 8¢ {8 bbinfdarydeP! €tion of the second
regi on under the gate, theéereby ren %rlng current incapable of 9
flowing fromone of the regions to the other region. 1 38. The logic
swtch of Claim37, wherein a potential difference of the second
polarity 2 sufficiently greater than the sel ected magnitude effects
full depletion of the second region under 3 the gate, thereby
rendering current incapable of flow ng between the regions. 1 39. The
|l ogic switch of Caim38, wherein a potential difference of a first
polarity on the gate 2 electrode relative to the regions (a) drives
the surface of the first region under the gate into deep
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3 depletion or inversion, so that a G DL, conprising mnority
carriers produced by band-to-band 4 tunneling, flows fromthe first
region into the second region, and (b) drives the surface of the 5
second region under the gate into deeper accunul ation so that the

el ectrical resistance of the 6 second region is reduced, thereby
permtting a potential difference inposed between the regions 7 to
effect current flow (i) fromthe first region to the second region
due tb GFtbBL afeSOhlbogiomeichgcorgprising: st ance of the second region, or
(ii) fromthe second region to the first region due to the 9 | owered
resi st ance ofa fitstoxide layier aregiubstraeid t he forward bi asing of the
boundary between the 10 regions. 1 40. The Logic switch of C aim 39,
wher € n a pot®layéralf ndiyfpd endamductbr on theogidd Ifetarity and of a 2

sel ected magnitude on the gate electrode relative to the regions (a)

drives the suidisgesifidetined inl anSnclosed WURNOMAE BIMibHRIGRE Brybi¥eBween a free
accunul ation thereby termnating G DL, and (b) drives thé surface of

50 4 t hqresmBilof & 198 okiad ]?Jye% A& QeloSed WnPBG O%gk%tﬂg%g%a??g EBRMRPY

increasing the resistance of 'the 5 second regqi

pr e"efp.tiﬁ&a&d@&ﬁﬂ%%e@ﬁ@c@dﬁﬁtﬁﬁg&e i nposed between the regions from 6

ef fecting current rom-t first region to the second region,
and (i) pernmittin otential.7 difference inposed between.the .
regi o’ns to ef¥ %Jrcfegg’ﬂar?%ﬁd%? PP Fhis e Cg’é?;‘gm%% %anb“\ﬁﬁ%f‘f’ iflyis ang
region if .there is sufficient forward biasing of the boundary. -51 1
41. An KIFYGIESR t ch, conprising: 2 a first oxide layer on a
substrate; 3 a layer of n-type sem conductor on the oxide |ayer;

9 a secornd, thin oxide layer on the semiconductor layer, the thin oxide layer overlying the

10 boundary between the regions; and

11 an n-doped conductive gate electrode on the thin oxide layer.

1 42.  Thelogic switch of Claim 41, wherein at thermal equilibrivm and with there being no
2 potential difference between the gate electrode and the regions, the doped gate electrode effects
3 carrier depletion at the surface of the first region under the gate and carrier accumulation at the

4  surface of the second region under the gate.

1 43,  The logic switch of Claim 42, wherein the carrier depletion at the surface of the first
2 region under the gate is high and slightly less than an inversion and the carrier accumulation at

3 the surface of the second region under the gate is low.

1 44,  Thelogic switch of Claim 43, wherein:
2 a potential difference of a first polarity between the gate electrode and the regions effects
3 adeepening of carrier depletion of the first region under the gate and carrier accumulation of the

4 second region under the gate, thereby rendering current capable of flowing between the regions;
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4 a diode site defined in an encl osed vol une of the sem conductor

| ayer between a free 5 surface thereof and the oxide |ayer, the

encl osed volune being electrically isolated fromthe 6 renainder of
the sem conductor layer; 7 a p+ region formed in a portion of the
encl osed vol une, the renmainder of which is an 8 adjacent n-region; 9
a second, thin oxide |ayer on the sem conductor |ayer, the thin oxide
| ayer overlying the 10 boundary between the regions; and 11 an

n- doped @shductive gate el ectrode on the thin oxide layer. 1 42. The
|l ogic switch of Caim4l, wherein at thernmal equilibriumand wth

t her & bei ng nepderpisl differeakce of 4 fespmhpaarity b efn ehetglahenihdcberade thogate
the regions, the doped gate el ectrode effects 3 carrier depletion at

t he surfeledrodt atdithetrégiats effegis oarrisns@imuletog af e fifd reéhaéd bRfer the gate and
accunul ation at the 4 surface of the second region under the gate. 1

43. The ¢RGdrdeplolibiLdf tBE sdebd Pogfih undBEhe 'gﬁe,ttﬂﬁ'e&afeflélé?ﬁlg%ﬁleﬁtiﬁ&PalﬁE of

the surface of the first 2 region under the gate is high and slightly

| ess ¢ haflowdae HIUES JTheR .Ohﬁﬁ’ tﬁ@thEFfegiiBﬁ.CunUl ation at 3 the surface
of the secon% region under the gate is"low. 1 44. The logic switch of

Claim43, wherein: 2 a potential difference of a first polarity
between the gate el ectrode and the regions effects 3 a deepening of
carriler Hepl ethedagieswiteleok Claip 49.awfhesein a patential idiffeyence of the seeondi poftarity
accurnul ati on of the 4 second region under the gate, thereby

rendeX i ngpfliaientiyrgreatea eyl the sdfledi¢domagnitule effeenfull ldepledoy ofithe secob@regionartder

3 the gate, thereby rendering current incapable of flowing between the regions.

1 46.  Thelogic switch of Claim 45, wherein a potential difference of a first polarity on the gate
2 electrode relative to the regions (a) drives the surface of the first region under the gate into deep
3 depletion or inversion, so that a GIDL, comprising minoﬁty carriers produced by band-to-band

4 tunneling, flows from the first region into the second region, and (b) drives the surface of the

5  second region under the gate into deeper accumulation so that the electrical resistance of the

6 second region is reduced, thereby permitting a potential difference imposed between the regions
7  to effect current flow (i) from the first region to the second region due to GIDL and the lowered
8 resistance of the second region, or (ii) from the second region to the first region due to the

9  lowered resistance of the second region and the forward biasing of the boundary between the

10 regions.

1 47. Thelogic switch of Claim 46, wherein a potential difference of a second polarity and of a
2 selected magnitude on the gate electrode relative to the regions (a) drives the surface of the first
3 region under the gate into accumulation thereby terminating GIDL, and (b) drives the surface of

4  the second region under the gate into partial depletion thereby increasing the resistance of the

-53-



6 a potential difference of a second polarity and of a sel ected

magni tude between the gate 7 electrode and the regions effects
carrier accunul ation of the first region under the gate and 8 carrier
depl etion of the second region under the gate, thereby rendering
current incapable of 9 flowing fromone of the regions to the other
region. 1 45. The logic switch of Caim49, wherein a potenti al
difference of the second polarity 2 sufficiently greater than the

sel ect ecsenmginegivnahathe@) srevanting d @pleatial diff@énce itipswed betveer gheaBgibitiesm
3 the gate, thereby rendering current incapable of flow ng between

t he reegi ¢fistinglovtfent e floaihs fissirédidh ©fth&deabid Bion\Whe (i) perdithed £ftéidal
difference of a first polarity on the gate 2 electrode relative to

the regi Qftsreh@® infposedtnr i RdbRAS t(péfferch&lﬁfe%l{ ﬁ&vé o BB seHBHE Fegidtio WA st

into deep 3 depletion or inversion, so that a DL, conprising

m norg t Al kg : nd- nneling, flows from
the'ﬁ r??&?égﬁgﬁﬁf%ﬁ%ﬂ#ﬁgqgg%gggﬁggé?%@?B%ﬁl b) drivgs the surface
of the 5 second region under the gate into deeper accumul ation so
that the electrical resistance of the 6 second region is reduced,
thereby permtting a potential difference inposed between the regions
7 to effect current flow (i) fromthe first region to the second
region due to GIDL and the lowered S resistance of the second
region, or (ii) fromthe second region to the first region due to the
9 I owered resistance of the second region and the forward biasing of
t he boundary between the 10 regions. 1 47. The logic switch of Claim
46, wherein a potential difference of a second polarity and of a 2
sel ected magnitude on the gate electrode relative to the regions (a)
drives the surface of the first 3 region under the gate into

accunul ation thereby termnating G DL, and (b) drives the surface of
4 the second region under the gate into partial depletion thereby

i ncreasing the resistance of the
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-53 5 second region, thereby (i) preventing a potential difference

i nposed between the regions from 6 effecting current flow fromthe
first region to the second region and (ii) permtting a potential 7
di fference i nposed between the regions to effect current flow from
the second region to the first & region if there is sufficient
forward biasing of the boundary. -54 1 48. An SO |ogic swtch,
conprising: 2 a first oxide |layer on a substrate; 3 a |ayer of
p-typde sHni cohnl§Ol egicowitchecopxirsingt ayer; 4 a diode site defined in an
encl osed vol une of the sem conductor |ayer between a free 5 surface
t her @of and tafirsoodidiclajeryam, subdteate@ncl osed vol une being electrically
isolated fromthe 6 remainder of the sem conductor |ayer; 7 a n+

regi gn for ned laferaf peyde semicohdidier @Gt 6586145 une, the remai nder of
which is an 8 adjacent p-region; 9 a second, thin oxide |ayer on the

sem gonduct or, digysite dbfiged ifian RNbER %ﬁ%ﬁof‘?ﬂ@areh}{éd?ﬁu&gga érqgeRPdéééH gg‘{ex

bet ween the regions; and 11 a p-doped conductive gate ctro

th hi i . i j f i 8.: i t
(1, R o T O Al A S B
bet t he. gat | ect. th i , the d d t | ectrod
DLV UG G SR SO enS, e, e gare el et rode

the gate and carri.er acchJI ation %t the 4 surface of the second
regi dn under atlaﬁl-ereélg{l éqnne m a portion of the enclosed volume, the remainder of which is an

8  adjacent p-region;
9 a second, thin oxide layer on the semiconductor layer, the thin oxide layer overlying the
10 boundary between the regions; and

11 a p-doped conductive gate electrode on the thin oxide layer.

1 49.  The logic switch of Claim 48, wherein at thermal equilibrium and with there being no
2  potential difference between the gate electrode and the regions, the doped gate electrode effects
3 carrier depletion at the surface of the first region under the gate and carrier accumulation at the

4  surface of the second region under the gate.

1 50. The logic switch of Claim 49, wherein the carrier depletion at the surface of the first
2  region under the gate is high and slightly less than an inversion and the carrier accumulation at

3 the surface of the second region under the gate is low.

1 51.  Thelogic switch of Claim 50, wherein:
2 a potential difference of a first polarity between the gate electrode and the regions effects
3 adeepening of carrier depletion of the first region under the gate and carrier accumulation of the

4 second region under the gate, thereby rendering current capable of flowing between the regions;
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1 50. The logic switch of Claima49, wherein the carrier depletion at
the surface of the first 2 region under the gate is high and slightly
| ess than an inversion and the carrier accunulation at 3 the surface
of the second region under the gate is low. 1 51. The logic switch of
Claim 50, wherein: 2 a potential difference of a first polarity
between the gate el ectrode and the regions effects 3 a deepening of
carrier depletion of the first region under the gate and carrier
accurtul aandon of the 4 second region under the gate, thereby
rendering current capable of flow ng between the regions; -55 5 and
6 a [fot enti ala mhténtiel differenoé oftn weawiyblarity and sfja ehdtedimanitedeitdeekn the gate
magni t ude between the gate 7 electrode and the regions effects
carrier et il the Regidnstefifect cirfitr 402 Gin@MRtbMEEhe FiR® rapadrturehe oalahd €
depl etion of the second region under the gate, thereby rendering

current daRGeRR Et%rﬁﬁfth@chbﬁH‘fe%ﬂ;nfﬁﬁéFt_Hé‘Eat@,fthérE’c%r kﬁ(ﬁrﬁ’i@%uﬁ&ttiﬁ@apglg'gf

region. 1 52. The logic switch of daim51, whérein a potentia

diffey egﬁ&vig ﬁ{’gﬁ”‘%%??‘{ebg‘f@%ﬁ’:*f‘é"“%F‘s‘%%ﬁ’L-ci ently greater than the

sel ect ed nmaghi tude e depletton of the second regi on under

3 the gate, thereby rendering current incapable of flow ng between
the regions. 1 53. The logic switch of daimb52, wherein a potenti al

di ff drene ofThg legie switghodfrlriny 5 hrwhersin g aventia? differarice of thersetandipotarityo
the regions (a) drives the surface of the first region under the gate
i nt 0 2deepffiGentlypieater tdrandhe sabactadshagnitudoeffdeatfull d&p1Bon efahesdcendi@gion under
mnority carriers produced by band-to-band 4 tunneling, flows from

the f3i r she p@ig)ithetetiytenddring caremtitbapstge eNflowing béieetlthetesiondie surface
of the 5 second region under the gate into deeper accumul ation so
that the electrical resistance of the

1 53, The logic switch of Claim 52, wherein a potential difference of a first polarity on the gate
2 electrode relative to the regions (a) drives the surface of the first region under the gate into deep
3 depletion or inversion, so that a GIDL, comprising minority carriers produced by band-to-band

4  tunneling, flows from the first region into the second region, and (b) drives the surface of the

5 second region under the gate into deeper accumulation so that the electrical resistance of the

6 second region is reduced, thereby permitting a potential difference imposed between the regions
7 to effect current flow (i) from the first region to the second region due to GIDL and the lowered
8 resistance of the second region, or (ii) from the second region to the first region due to the

9 lowered resistance of the second region and the forward biasing of the boundary between the

- 10 regions.

1 54. Thelogic switch of Claim 53, wherein a potential difference of a second polarity and of a
2 selected magnitude on the gate electrode relative to the regions (a) drives the surface of the first
3  region under the gate into accumulation thereby terminating GIDL, and (b) drives the surface of

4  the second region under the gate into partial depletion thereby increasing the resistance of the

- -56-



6 second region is reduced, thereby permtting a potential difference
i nposed between the regions 7 to effect current flow (i) fromthe
first region to the second region due to G DL and the |lowered 8

resi stance of the second region, or (ii) fromthe second region to
the first region due to the 9 | owered resistance of the second region
and the forward biasing of the boundary between the 10 regions. 1
54. The logic switch of Caimb53, wherein a potential difference of a
secorfd pwtend regionstbieroby Q) prevensing e petentizlghiferente imposed betyaten thed regibnofiem
relative to the regions (a) drives the surface of the first 3 region
underé t heffegtitecurrenoflae domitha firgnegditretocthy sdeendiepmhiand (Gl gokmittngla pddgntial
drives the surface of 4 the second region under the gate into

partizal diffpleptd iaipokdiciepbeni thefegidab RPeffRBourRat 8o fider OF séddad regdéh 10 the first
second region, thereby (i) preventing a potential difference 1 nposed

bet ween fehign ifaféeissufiQtit Srvkd Biakihpof Mdbb&daryd | ow from the first
region to the second region and (ii) permtting a potential 7

di fference i nposed between the regions to effect current flow from
the second region to the first S region if there is sufficient
forward biasing of the boundary. -57 1 55. A logic swtch,

conprising: 2 a substrate of a first conductivity type; 3 a well of a
second conductivity type formed in the substrate; 4 a region of the
first conductivity type formed within a portion of the well to create
a 5 boundary wth the well, the boundary and the adjacent areas of
the well and the region being a 6 diode site; and



7 a gate overlying the boundary, the gate including 8 a thin oxide
| ayer, and 9 a conductive gate el ectrode on the oxide |layer, the

el ectrode being doped with a 10 dopant of the first conductivity
type. 1 56. The logic switch of C aimb55, wherein at thermal
equilibriumand with no potential 2 difference between the gate

el ectrode and the well or the region, the doped gate el ectrode
effects 3 carrier depletion at the surface of the regi on under the
gat e landSxar rAdegiaswitehuberprisingat t he 4 surface of the well under the
gate. 1 57. The logic switch of Claimb56, wherein the carrier

depl eéxion at 4 dubstsate bfacBrsotordoetiviggymsy 2 under the gate is high and
nearly an inversion, and the carrier accunulation at the surface of

the 3B well ungell of Hecdl condictlitydiie forrhd in the substrate;
4 a region of the first conductivity type formed within a portion of the well to create a
5  boundary with the well, the boundary and the adjacent areas of the well and the region being a

6 diode site; and

7 a gate overlying the boundary, the gate including
8 a thin oxide layer, and
9 a conductive gate electrode on the oxide layer, the electrode being doped with a

10 dopant of the first conductivity type.

1 56. The logic switch of Claim 55, wherein at thermal equilibrium and with no potential
2  difference between the gate electrode and the well or the region, the doped gate electrode effects
3 carrier depletion at the surface of the region under the gate and carrier accumulation at the

4  surface of the well under the gate.

1 57.  The logic switch of Claim 56, wherein the carrier depletion at the surface of the region
2 under the gate is high and nearly an inversion, and the carrier accumulation at the surface of the

3 well under the gate is slight.
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