1 FULLY DEPLETED SI LI CON- ON- 1 NSULATOR CMOS LOd C TECHNI CAL FI ELD OF THE

| NVENTI ON The present invention relates generally to silicon-on-insulator
devices and in 5 particular the present invention relates to fully depleted
silicon-on-insulator |ogic. BACKGROUND OF THE | NVENTI ON The i ncreased speed
and capability of computers and other electronic devices requires better
performance fromthe integrated circuits lthat nake up a device. One way to
10 make the integrated circuits faster is to reduce the size of the
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15 performance increase over equivalent CMOS technologies. SOI refers to placing a thin layer

of silicon on top of an insulator such as silicon oxide or glass. The transistors would then be
built on this thin layer of SOI The SOl layer reduces the capacitance of the transistors so that
they operate faster.

Figure 1 illustrates a typical SOI semiconductor. The transistor is formed in the
20 silicon layer 101 that is over the msulator 102. The insulator is formed on top of the substrate
103. Within the silicon layer 101, the drain/source regions 105 and 106 are formed. The gate
107 is formed above the partially depleted channel 109. A floating body 110 is within the
depleted region 112 and results from the partial depletion.

SOl technology, bowever, mposes significant technical challenges. The silicon film
25  used for SOI transistors must be perfect crystalline silicon. The insulator layer, however, is
not crystalline. It is very difficult to make perfect crystalline silicon-on-oxide or silicon with
other insulators since the insulator layer’s crystalline properties are so different from the pure
silicon. If perfect crystalline silicon is not obtained, defects will find their way onto the SOI
film. This degrades the transistor perfonnance.

30 Additionally, if the p-type body is contacted by implanted regions there will be a
very high resistance of the body region, particularly if the transistor is wide. Impact



very high resistance of the body region, particularly if the transistor is
wi.de. Inpact 2 ionization can cause a |large current through this resistance
and forward bias the body, thus resulting in transients. One alternative to
this floating body effect is the fully depleted silicon-on-sapphire (SQOS)
seém conductor. This type of sem conductor does not have a partially depleted
silicon 5 layer or floating body. HoweveR, they can still experience a
probl em where the drain current does not stay constant as the drain voltage
i ncreases when, the transistor is in the saturation .region of operation.

| nst ead, HPRZALEM @RcAsE Hlagee qyﬁr%&ao%%g}ﬁéfe%wa%f ¢ biag e pagdy) B i on
of carrie ;%%}%@H& 2. floating body or near the source is undesirable. For
t he reasoﬁ%ng. e ag%@g; and for other reasons stated bel ow which w |

becone 10 appargnt Lo those.skilled in.the art. u eadi .and ]
under st andi ng th@"% SRR Bg@f h%’é‘fg 116?1‘1,3' er}feﬁgi_’géh‘? g’?@_iﬁ’gggﬁdinﬁh‘f%’mﬁ?@ﬂlﬁ? a
vay to copgns) saanicehdiRidrl PH tyie dTeeichnle@bsddes nBehived ﬂa}a‘tia]ﬂ?tﬂ%ﬁét sifidf>.
devi ces using SO technol ogy.” SUMMARY 15 The above-nentioneéd problens with
adver $e f layar onGostingbadyi Howevarnthey ci still pxpsiiencesa problemiwheredbel diayn ¢vreent
present inventiopn and w || be.understood by readi and  studyjng the
POl T oni ng Bt ey FoRSAN ape (R G eR SRASTASFON DEh 8 ARASSIoE i fbe Shserahen
generatin JHH(;;)@:M. sBAd PR YurrSht™ %5kdP 8p hdla Righkt | i i
devi ce. Tﬂeegorreth d pr ov?%les an extractor coﬂt agtlgg‘oup gé&@%wg&%%téﬁé%od]y
st ruct ur e of darriesstaithet am a floktingpleodyorprearihd sdurse shintdesitabléae ext ract or cont act
IS reverse biased and mnority carriers in the body structure are renoved.
Further enbodi mfrdrshé@featdi® siatedeatiove andifor ottier iadone et tdl W Ravicd Wil Wcome
varying scope. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS. Fitgure 1 shows a cross
gect i Bhal appaseptde those hilled tn be arampenseading andansierstanding e presentspetifieativns hows
a top vie“g;- | R bl - lqASik sistor.of the
or esent inven]ts%(r;%eﬂgpﬁg Tra%aﬁo%bhfr&l%v@x@e hﬁﬁﬁﬂgaﬁ&iy He@iSh pEiRla]ly

depleted CMOS devices using SOI technology.

SUMMARY
15 The above-mentioned problems with adverse floating body effects and other
problems are addressed by the present invention and will be understood by reading and
studying the following specification.

The present invention encompasses a method for generating a fully depleted body
structure in a silicon-on-insulator device. The method provides an extractor contact coupled
20 tothe body structure. An extractor voltage is provided such that the extractor contact is

reverse biased and minority carriers in the body structure are removed.

Further embodiments of the invention include methods and apparatus of varying
scope.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross sectional view of a typical silicon-on-insulator transistor.

Figure 2 shows a top view of one embodiment of a silicon-on-insulator transistor of

the present invention.



Figure 3 shows a cross sectional view of a fully depleted
si.licon-on-insulator inverter using one enbodi nent of the reverse biased

- extractor contact method of the present invention. Figure 4 shows a cross
sectional view of an NROM flash nenory cell using one 5 enbodi ment of the
met hod of the present invention to fully deplete silicon-on-insul ator
transistors. Figure 5 shows a top view of3 the NROM fl ash nmenory cel |l of
Figure 4. Figure 6 shows a cross sectional view of a typical prior art
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memory cell using one embodiment of the extractor contact reverse bias method of the

present invention.

15 Figure 9 shows an electronic system in accordance with a fully depleted silicon-on-

insulator iransistor of the present invention.

DETATLED DESCRIPTION
In the following detailed description of the invention, reference is made to the
20  accompanying drawings that form a part hereof, and in whi;:h is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
kke numerals describe substantially similar components thronghout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be ntilized and structural, logical, and electrical changes
25  may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 jllustrates a top view of one embodiment of a silicon-on-insulator (SOI)
NMOS transistor of the present invention. The present invention uses reverse biasing of the

30  body contacts, also known as extractors, to provide a fully depleted transistor. The extractors



4 renove mnority carriers fromthe body region of a partially depleted MOS
device. This elimnates the effect where the drain current does not stay
constant as the drain voltage increases when a device is operating in the
saturation node. The SO transistor illustrated in Figure 2 is conprised of
two drain/source regions 5 201 and 202. In one enbodi nent, these regions
are n+ wells formed in the silicon layer.4 The w dth of these regions 201
and 202 is indicated as W In one enbodinent, the width is one mcron or
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applying a voltage that is | ess than ground potential. In one enbodi nent,

t he additional \RiragdBusiesdaercrbss seétivhal Viewafiona@htbodiiner $f abh §0F inwéRE: and
bel ow ground can be generated by charge punp circuits that are well known in
the art.ngipgshe rﬁmb@g@ g¥dractory ofdhe present invention. The inverter 1s comprised of two

15 transistors, an NMOS device 320 and a PMOS device 321. Each transistor 320 and 321 has
an associated extractor contact 310 and 311. Each extractor 310 and 311 is coupled to the
body structore 301 and 302 of each transistor. The NMOS body structure 301 is comprised of
a p-type silicon while the PMOS body structure 302 is comprised of an n-type silicon.

Each transistor 320 and 321 has an associated control gate 307 and 308 respectively.
20  The control gate 307 is located above the drain/source regions (not shown). The insulator 305
and substrate 306 are also illustrated.

The extractors 310 and 311 are reverse biased with respect to the substrate potential.
To reverse bias the extractor 302 of the PMOS transistor 321, a voltage that is greater than
the drain voltage, Vpp, is applied. The NMOS transistor’s extractor 301 is reverse biased by
25  applying a voltage that is less than ground pbtentia].

In one embodiment, the additional voltages needed to bias the extractor nodes above
Vpp and below ground can be generated by charge pump circuits that are well known in the

art. These pumps are not illustrated.

The extractor reverse biasmng of the present invention changes the partially depleted

30 SOl structure to fully depleted without a floating body region. Charge that is generated by



The extractor reverse biasing of the present invention changes the partially
depleted 30 Sol structure to fully depleted without a floating body region.
. Charge that is generated by 5 floating body or near the source. Renoval of
any excess charge generated by | eakage currents or inpact ionization wll
be by diffusion current and not be drift along a highly resistive p- type
body- regi on. Flash nenories based on eleciron trapping are well known and
commonly used 5 el ectronic conponents. Smaller cell sizes have al ways been
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illustrates a_top view of the N flash nenmpry cell _of Figure 4. This view
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illustrated in the cross:sectional view of Figure 6. In this case, the
cell of Figure 4 1s a NOR array cell with virtual ground bit lines.

15 The NROM flash memory cell is comprised of the SOI layer 410 on the insvlator
411. The bit lines 401 and 402 are n-type regions in this emnbodiment. When the extractor
contacts (shown in Fignre 5) are reverse biased, the body region 403 between the bit lines is
folly depleted. The oxide-nitride-oxide (ONO) region 405 is between the control gate 406 and
the silicon layer 410: )

20 Figure 5 illustrates a top view of the NROM flash memory cell of Figure 4. This
view shows the bit lines 401 and 402 and the control gate 406. The extractor contacts 501 and
502 are p-type regions over the depleted body 403.

One problem with typical partially depleted NROM flash memory cells is that the
floating body causes a problem during an erase operation. When a negative erase potential is
25  applied to the control gate in an NROM device, the partially depleted body terminates many
of the electric field lines as illustrated in the cross sectionai view of Figure 6. In this case, the
body potential floats negative causing the electric field 601 that is attempting to erase the
charge 603, stored in the ONO composite gate insulator 605, to become smaller and the erase

speed slower.



body potential floats negative causing the electric field 601 that is
attenpting to erase the charge 603, stored in the ONO conposite gate
“insulator 605, to beconme smaller and the erase speed slower. 6 The
extractor reverse biasing nethod of the present invention can be applied to
ah NROM fl ash nenory cell to increase erase speed. Additionally, the erase
speed will not drift and change with ti fe due to floating body effects as
occurs in partially depleted devices. Figure 7 illustrates a cross
sectional view ghe BfRMc(drSSBialBEBiethdibt!thé PRt Sivention 8 BERAKHCIRH bn Of
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regi gg 805. Figure 8 illustrates a vertical NROM 301 that can use the reverse biased extractors

of the present invention to produce a fully depleted body structure. As shown in Figure 8, the
vertical NROM 801 includes a vertical metal oxide semiconductor field effect transistor
(MOSFET) 801 extending outwardly from a substrate 800. The MOSFET 801 has a first
source/drain region 802 that, in this n-channel embodiment, includes a heavily doped (n+) n-

20  type region layered with an n-type doped region. The MOSFET 801 includes a similarly
structured second sovrce/drain region 806.

A channel region 805 is located in the vertical pillar between the first and the
second sonrce/drain regions, 802 and 806 respectively. As shown in the embodiment of
Figure 8, a gate 809 is separated from the channel region 805 by a gate insulator 807 as is

25  located alongside of the vertical pillar opposing the channel region 805.

In the embodiment shown in Figure 8, the gate insvlator 807 includes a gate
insulator formed of an oxide-nitride-oxide (ONO) composition 807. In alternative
embodiments, discussed below, the gate insulator 807 includes a gate insulator selected from
the group of silicon dioxide (Si0-) formed by wet oxidation, silicon oxynitride (SON), silicon

30  rch oxide (SRO), and silicon rich alominum oxide (Al,O3). In one embodiment, the gate

insulator 807 has a thickness of approximately 10 nanometers (nm).



In the enbodi nent shown in Figure 8, the gate insulator 807 includes a gate
I nsul ator fornmed of an oxide-nitride-oxide (ONO conposition 807. In
alternative enbodinents, discussed below, the gate insulator 807 includes a
gate insul ator selected from the group of silicon dioxide (SiO fornmed by
wet oxidation, silicon oxynitride (SON), silicon 30 rich oxide (SRO, and
silicon rich alum nhum oxide (AbQ3). In orfe enbodi nent, the gate insulator
807 has a thickness of approximtely 10 nanonmeters (nm _ 7 1n other
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15  processor 910 and incorporating one embodiment of an SOI memory cell of the present

invention. The processor 910 may be a microprocessor, a processor, or some other type of
controlling circuitry. The memory device 900 and the processor 910 form part of an
electronic system 920.

The memory device includes an array of SOl-structured memory cells 930 as
20  described in the various embodiments above. In one embodiment, the memory cells are
non-volatile floating-gate memory cells and the memory array 930 is arranged in banks of

rows and columns.

An address buffer circuit 940 1s provided to latch address signals provided on
address inpwt conpections AO-Ax 942. Address signals are received and decoded by a row
25  decoder 944 and a column decoder 946 to access the memory array 930. It will be
appreciated by those skilled in the art, with the benefit of the present description, that the
number of address input connections depends on the density and architecture of the memory
array 930. That is, the number of addresses increases with both increased memory cell counts

and increased bank and block counts.

30 The memory device 900 reads data in the memory array 930 by sensing voltage or

current changes in the memory array columns using sense/latch circuitry 950. The sense/latch



An address buffer circuit 940 is provided to | atch address signals provided
on address input connections AO-Ax 942. Address signals are received and
decoded by a row 25 decoder 944 and a col um decoder 946 to access the
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erase fields and slower erase tines due to floating bodies. The use o

technology are undesirable in many logic and memory applications. In static CMOS logic and

15  SRAM memories, the floating bodies cause threshold voltages and switching speeds to be
variable and complex functions of the switching history of a particular logic gate. In dynamic
logic DRAM memories, the floating bodies cause excess charge leakage and short retention
times that can result in data loss. Conventional flash memories and NROM memeories
experience reduced erase fields and slower erase times due to floating bodies. The use of

20  reverse biased exivactors of the present invention, resviting in fully depleted body structures,

,. substantially reduces or eliminates these undesirable effects.

Although specific embodiments have been illusirated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many

25  adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

this application is intended to cover any adaptations or variations of the invention.



20 reverse biased extractors of the present invention, resulting in fully
depl eted body structures, substantially reduces or elimnates these

.undesirable effects. Al though specific enbodi nrents have been illustrated and

described herein, it will. be appreciated by those of ordinary skill in the
art that any arrangenent that is calculated to achieve the same purpose may

"be substituted for the specific enmbodi n@nts shown. Many 25 adaptations of

the invention will be apparent to those of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or
variationsgghggﬁg invention. 9 CLAIM5S 1. A transistor having a

silicon-on tor structure on a substrate, the transistor conprising: a
drain region conprising a first doped naterial and fornmed in the silicon-on-
insul ator; a source region conprising the first doped material and fornmed in
t he silicoh- on-AijtiBsistar hﬁvpl%ggmnd@-m‘elmpdawmen payhstrateothgdangster t he
silicon-onéé k tor between the drain and source regions; a control gate
formed over e Oxide-nitride-oxide |layer; and an extractor contact, in the
si | i con- on-i nsui &b region @pmpAsing a firss dopaidnatefia dnd fmined imthe dilidogonpl ed to a
depletion region substantially between the drain and source regions, the
depl etion PEYAOK being fully depleted in response to a reverse bias of the

extract or cont aglouds cediB cbihBfhe R i@ dopdAMeriaie 6ihibatifl heldiicdh-ofloped
material is conp#ise e%? ﬁ-t pe géﬁlrcoﬁﬁéﬁﬁ tﬁ% sgcon hopgé ﬁgtggial IS
conpri sed oisulptor;ype silicon. 3. The transistor of claim| wherein the first

doped material is c ri.sed .of p-type . siljcon and the second doped materi al
is conprised of mh%@%ﬁ'“&‘?ﬂ"?’&@%@%.fggw Otvlﬁﬁérli’g isﬁ'tCS?'OBTmS(':‘iag(?r GE”W glpeei n the
extractor gRi adiso®e 6Qidtised to a p-type silicon on the insulator or an
n-type silicon on the insulator. 5. An electronic system conprising:
a control gate formed over the oxide-nitride-oxide layer; and
an extractor contact, in the silicon-on-insulator, comprising a second doped
material and coupled to a depletion region substantially between the drain and source

regions, the depletion region being fully depleted in response to a reverse bias of the

extractor contact.

2. The transistor of claim 1 wherein the first doped material is comprised of n-type

silicon and the second doped material is comprised of p-type silicon.

3. The transistor of claim 1 wherein the first doped material is comprised of p-type

silicon and the second doped material is comprised of n-type silicon.

4. The transistor of claim 1 wherein the extractor contact is coupled to a p-type

silicon on the insulator or an n-type silicon on the insulator.

5. An electronic system, comprising:

a processor; and

a memory device coupled to the processor, wherein the memory device includes a
memory array having a plurality of memory cells with a silicon-on-insulator structure,

each memory cell comprising:



a processor; and a nenory device coupled to the processor, wherein the
menory device includes a nenory array having a plurality of nmenory cells
with a silicon-on-insulator structure, each nmenory cell conprising: 10 a
drain region conprising a first doped nmaterial and forned in the silicon-
»on-insulator; a source region conprising the first doped material and forned
inthe silicon-on-insulator; an oxidel@itride-oxide |ayer forned over the
silicon-on-insulator between the drain and source regions; a control gate
formed on the oxide-nitride-oxide |ayer; and an extractor contact conprising
a second doped materigl; @gggo@diﬁ;}x% Ofifdt do‘},%{i:'nﬁk ANaAEBERG 10nd Bfcon-
silicon-on-insul ator substantiralTy Between the draln an source regions,

t he depl eti on roaginglatbei ng fully depleted in response to a reverse bias of
the extractor contact. 6. The electronjc.systemof claim5 erein the
nemory cell is a vertSPE&EF r‘?ﬂé?fb?‘imprtsg}gltl?‘e §?5¥$?F§Té‘F3éﬁail Bﬁh’@ﬁm@% of claim5b
wherein the men@idndRVih&fatbs @ flash menory device. 8. The el ectronic
systemof claim7 wherein the flash nenory device is a NAND flash nenory
device. 9. A silicomnoniderniridgtazideilanee farmed owverphé silieay-ominPasr between st or
formed in an nﬁ\%ﬂl i n an insul ator structure on a substrate, the

t ransi st or conpp? aHUF‘éowFﬁfﬁy?Egion conprising a first p+ doped region in
the n+ well; a sourgeohfigl gife foPEd biStheGxRleSRGIALGxIdE I5epaddr egion in the n+
wel | ; an oxide-nitride-oxide |ayer forned over the silicon-on-insul ator

bet ween the drain a’lﬁ@xB’@Qj@]@@ﬂf?@b@WSlng a second doped material and coupled to a

depletion region in the silicon-on-insulator substantially between the drain and
source regions, the depletion region being fully depleted in response to a reverse

bias of the extractor contact.

6. The electronic system of claim 5 wherein the memory cell is a vertical memory
cell.

7. The electronic system of claim 5 wherein the memory device is a flash memory
device.

8. The electronic system of claim 7 wherein the flash memory device is a NAND
flash memory device.

9. A silicon-on-insulator inverter comprising:

a PMOS transistor formed in an nt+ well in an insulator structure on a substrate,
the transistor comprising:
a drain region comprising a first p+ doped region in the n+ well;
a source region comprising a second p+ doped region in the n+ well;
an oxide-nitride-oxide layer formed over the silicon-on-insulator between

the drain and source regions;

a control gate formed on the oxide-nitride-oxide layer; and



a control gate formed on the oxide-nitride-oxide |ayer; and 11 an extractor
contact coupled to a depletion region in the n+t well substantially between

the drain and source regions, the depletion region being fully depleted in
response to a reverse bias of the extractor contact; and an NMOS transi stor

.coupled to the PMOS transistor and fornmed in a p+ well in the insulator
structure on the substrate, the transisitlor conprising: a drain region
conprising a first n+ doped region in the p+ well, the drain region coupled

to the NMOS source region; a source region conprising a second n+ doped

region in the p+ We':lnex@ﬂact@i(b&ﬂac@bédﬂldﬁo@@eﬁl@tn&rﬁﬁé@fmﬁﬂ)[mﬂ- wyer the
silicon-on-insulator between the drain and source regions; a control gate

formed on the osubg@ntmlkymea@eenawwntm spworegions.ith¢ depletion regiopbeitg t o t he
NMOS cont rol %ﬁg ng Pmﬁ%ér%%h?ﬁ gﬂégﬁgofﬁggmﬁgt 2oftalERLEL I ON Tegion in

the p+ well ween e drar i anRd sour ce regrons, the

depl eti on regi OmNM@&traﬂswtdry:odﬁlel &itﬂdPMOS&aﬂﬁﬂﬁanﬂﬁorﬁleﬂex\/ep$®vdﬂhﬁs of the
extractor contact. 10. The inverter gf claim9 wherein a bias voltage of VDD
i s coupl edthednuftorsimesurenngthe syhstiatsthe fansister coMPESI8EL r act or contact i s

bi d at |t !
ased el volage puan SR B B H IR IR AR |5,

bi ased at a voltage less than gr e inverter
wherein the NN[EgmwoupledegﬂleNM@S(saummgimo ground potential. 12. The
inverter of claim9 wherein the reverse tractlor cont act

is a voltage greate? STRETFED IR PHR?2 F"é?\% E’QHB?EQ§C%‘HH frh M ext r act or
contact is a voltagg :888nf@No800149& BRERNYveAthe silicon-on-insulator between

the drain and source regions;

a control gate formed on the oxide-nitride layer, the PMOS control gate
coupled to the NMOS control gate; and

an extractor contact coupled to a depletion region in the p+ well
substantially between the drain and source regions, the depletion region being

fully depleted in response to a reverse bias of the extractor contact.

10.  The inverter of claim 9 wherein a bias voltage of Vpp is coupled to the PMOS
drain region and the PMOS extractor contact is biased at a voltage greater than Vpp and

the NMOS extractor contact is biased at a voltage less than ground potential.

11.  The inverter of claim 9 wherein the NMOS source region is coupled to ground

potential.

12. The inverter of claim 9 wherein the reverse bias on the PMOS extractor contact is
a voltage greater than Vpp and the reverse bias on the NMOS extractor contact is a

voltage less than ground potential.



