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An alternative technique to speed up integrated circuits 1s to use alternative

semiconductors. For example, silicon-on-insulator (SOI) technology provides a 25 — 35%

15  performance increase over equivalent CMOS technologies. SOI refers to placing a thin layer
of silicon on top of an insnlator such as silicon oxide or glass. The transistors would then be
built on this thin layer of SOIL The SOl layer reduces the capacitance of the transistors so that
ﬂ;ey operate faster.

Figure 1 illustrates a typical SOI semiconductor. The transistor is formed in the
20  silicon layer 101 that is over the insulator 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 depleied channel 109. A floating body 110 1s within the
depleted region 112 and results from the partial depletion.

SOI technology, however, imposes significant technical challenges. The silicon film
25  used for SOI transistors must be perfect crystalline silicon. The insulator Jayer, 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 performance.

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 -



film This degrades the transistor performance. 30 Additionally, if the
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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 eoupled
20  to the body structure. An extractor voliage is provided such that the extractor contact is
reverse biased and minority carriers in the body structure are removed.
Further embodiments of the invention inciude 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 | shows a cross sectional view of a typical silicon-on-insulator
transistor. Figure 2 shows a top view of one enbodi nent of a
silicon-on-insulator transistor of the present invention. 2 3RS 207 wo
2005/ 038932 PCT/ US2004/ 032743 3 Figure 3 shows a cross_sectional view of a
fully dep™R&Ws8#8%%on-on-insulator inverter using one eRbBUSHEHPIZEE t he
reverse biased extractor contact nethod of the present invention. Figure 4
shows a cross sectional view of an NROMZ¥| ash nenory cell using one 5
enbodi ment of the nmethod of the present invention to fully deplete
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shows an emibediment ptihsyrathad ofiheipresand annsation tchfudlyfdgplele silégoineerethsalator con- on-
I nsul at or, tr.a‘nsi stor of the present invention. DETAILED DESCRIPTION In the
fol |l ow n&%?gﬁ ed description of the invention, reference is made to the

20 acconpanyi ng._draw ngs that .form.a par ereof, and jn ich is shown, by
way of T st dESEA SaRs e fah vew o HEAM M Reinod tilOrEiBuR on may. be
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I nventi oﬁ%‘%@?be@édi ments may be utilized and structural, |ogical, and

el ey cal ¢ harﬁg%sre 7 shows a cross sectional view of a fully depleted NROM flash memory cell

using one embodiment of the extractor contact reverse bias method of the present invention.

Figure 8 shows a cross sectional view of a fully depleted vertical NROM flash
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-

nsulator transistor of the present invention.

DETAILED 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
allustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout 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 utilized and structural, logical, and electrical changes
25  may be made without departing from the scope of the present invention. The following
detailed descniption 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.

Fagure 2 itlustrates 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



25 may be made w thout departing fromthe scope of the present invention.
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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 structure 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 suobstrate 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 transisior’s extractor 301 is reverse biased by
25  applying a voltage that is less than ground petenlia].

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 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



and substrate 306 are also illustrated. The extractors 310 and 311 are
reverse biased with respect to the substrate potential. To r?ggrgﬁmﬁl as the
extractor 302 of the PMOS transistor 321, a voltage that is gfré tE han
the drain voltage, Voo, is applied. The NMOS transistor's extractor 301 is
reverse biv@e 9% applying a voltage that is |ess t haRCHUSHRYOBenti al .

I n one enbodi nent, the additional voltages needed to bias the extractor
nodes above VDn and bel ow ground can be5generated by charge punp circuits
that are well known in the art. These punps are not illustrated. The
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sectional vi ew DitridereniROMyfrhemory@NRIOM) dlash membrygdeyices enipdali etmrge toippinige
net h of. the. present in i.on to fully deplete,silicons:onsinsul ator
tr angéjst dr §.Sﬁ‘lcﬂ8 "ﬁlﬂ%\/faﬁraéﬁi%r#rv §Fes &8 }I’é/lgfpﬁ%'ﬂm%w&hi[ge Ql\%&?p’éﬂcﬁy cel |
with virtual gr d bit lLines. 15 The, N flas ry cell is conprised of
the SO | ayer oS0 B edratty RS csployodor NN Taep oPio B4grt  JLRia1eg 3 s
n-type reqgiqiss viewldtiag NROMAEE Mhemdh)RB1 LEiRg B¢ £:@BS@Mment of the method of the

present invention to fully deplete silicon-on-insulator transistors. The NROM flash memory

cell of Figure 4 is a NOR array cell with virtual ground bit lines.

15 The NROM flash memory cell is corprised of the SOI layer 410 on the insulator
411. The bit lines 401 and 402 are n-type regions in this embodiment. When the extractor
contacts (shown in Figare 5) are reverse biased, the body region 403 between the bit lines is
fully 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 1s that the
floating body causes a problem durning 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 ilJustrated in the cross sectionai view of Figure 6. In this case, the
body potential floats negative causing the electnc field 601 that 1s attempting to erase the
charge 603, stored in the ONO composite gate insulator 605, to become smaller and the erase

speed slower.



contacts (shown in Figure 5) are reverse biased, the body region 403 between
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depleted SOI transistor bodies of the pfesent invention eliminate this effect.

15 Figure 8 illustrates a vertical NROM 301 that can use the reverse biased extractors
of the presemt invention to produce a fuily 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 source/drain region 806.

A channel region 805 is located in the vertical pillar between the first and ibe
second source/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 insulator 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).
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Figure 9 illustrates a functional block diagram of a memory device 900 coupled to a

15  processor 910 and incorporating one embodiment of an SOI memory cell of the present
invention. The processor 910 may be a IMICYOProcessor, a processor, or some other type of
controlling circuilry. 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 celis 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 coluomns.

An address buffer circuit 940 is provided to latch address signals provided on
address input conpections AQ-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



be thicker in order to preclude tunneling to and fromthe control gate to
the nitride storage 10 |layer. Alternate enbodi nents use other high
dielectric constant insulators as the top layer. In still oty nents,
the gate insulator 807 includes a gate insulator 807 that includes a
conposi t e Waeas/o3gms2a non- st oi chionetric single |ayer of PEWYSH04/ABTE
materials selected fromthe group of silicon (Si), titanium (Ti), and
tantalum (Ta). Figure 9-illustrates a fuctional block diagramof a nenory
device 900 coupled to a 15 processor 910 and incorporating one enbodi nent
of an SO _nepory cell of_the preseg‘i I nvention. The processor 910 may be a
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In summary, floating body effects in partially depleted CMOS devices using SOI

technology are undesirable in many logic and memory applications. In static CMOS logic and
15  SRAM memories, the floating bodies caunse threshold voltages and switching speeds to be
variable and coruplex functions of the switching history of a particular logic gate. In dynamic
logic DRAM memories, the floating bodies cavse excess charge leakage and short retention
times that can resuli in data Joss. Conventional flash memones and NROM memories
experience reduced erase fields and slower erase times due to floating bodies. The use of
20  reverse biased extractors of the present invention, resulting in fully depleted body structures,

substantially reduces or eliminates these undesirable effects.

Although specific embodiments have been illustrated 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 inveniion 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.



circuitry 955 is proVided to wite data to the nenory array. 5 Control
circuitry 970 decodes signals provided on control connections g%érfqﬂﬁ@bf he
processor 910. These signals are used to control the operations

menory array 930, including data read, data wite, and erase operations.
The control circuitry 970 may be a state nachine, a sequencer, or sone
other type of controller. The flash nmefory device illustrated in Figure 9

has been sinplified to facilitate a 10 basic understanding of the features
of the nenory. A nore detail ed understanding of internal circuitry and
functi onsVeatig¢laigkdiEnori es are known to those skilled in the art.
CONCLUSION  In summary, floating body effects in partially depleted CMOS
devices using SO technology are undesirable in nany |ogic and nmenory
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fully depinehestsidatdy structure in a silicon-on-insulator device having a
substrate, the nethod conprising: providing an extractor contact coupled to
the body structure in the silicon-on-

4, The method of claim 1 wherein the extractor contact is coupled to an n-type silicon

on the insulator.

5. The method of claim 1 wherein the silicon-on-insulator device has a drain region

and the method further comprises applying a drain voltage to the drain region.

6. The method of claim 5 wherein the extractor voltage is greater than the drain

voltage.

7. The method of claim 2 wherein the extractor voltage is less than the substrate

potential.

8. A method for generating a fully depleted body structure in a PMOS silicon-on-
insulator device having a substrate, a control gate, a drain region, and a source region, the
method comprising:

applying an extractor voltage to an extractor contact coupled to the body structure

in the silicon-on-insulator layer; and



i nsul ator layer; and providing an extractor voltage such that the extractor
contact is reverse biased and mnority carriers in the body stég$gﬁrﬁ are
renoved. 2. The nethod of claim 1l wherein the substrate is at gfbu 2007
potential. 3. The nethod of claim1 wherein the extractor contact is coupled
to a p-type silicon on the insulator. 4. The nethod of claiml wherein the
extractor contact is coupled to an n-ﬂype silicon on the insulator. 5. The
met hod of claim 1 wherein the silicon-on-insulator device has a drain region

and the netho i i rigl 3 in
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t han t he thangheisubgiwhte agkage7. The net hod of claim 2 wherein the extractor
voltage is less than the substrate potential. 8. A nethod for generating a
fully depleted body structure in a PMOS silicon-on- insulator device having
a substra@t e, dheawticdofghiil,8 wheltiaihe subgiatiwolapéisaramdrppeentielyi on, t he

nmet hod conpri sing: applying an extractor voltage to an extractor contact
coupled to the body structure in the silicon-on-insulator layer; and 2 3
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extractor voltage is greater than the substrate voltage. 9. "The net hod of

cl ai m 8 whghesubsttdte substrate voltage is ground potential. 10. The nethod of
claim8 wherein the extractor contact is coupled to an n-type silicon on
the substrate. 11. The method of claim8 and further including applying a

posi tive Mol t aye methddhe clad st and fugat encludigy ®pByidg £ povithe wiltegew thar t he

device. 12. A nethod for, generat i_n% fully depleted body structure in an
NVOS si | iseptselgate to erase a charge stored in the device.

12. A method for generating a fully depleted body structure in an NMOS silicon-on-
insulator device having a substrate, a control gate, a drain region, and a source region, the
method comprising:

applying an extractor voltage to an extractor contact coupled to the body structure
in the silicon-on-insulator layer; and

applying a substrate voltage to the substrate such that the extractor voltage is less

than the substrate voltage.

13, The method of claim 12 wherein the extractor contact is coupled to a p-type silicon

on the substrate.

14.  The method of claim 12 and further including applying a negative voltage to the

control gate to erase a charge stored in the device.

15. A method for generating a fully depleted body region in an NROM flash memory
device using a silicon-on-insulator structure, the device having a substrate, a control gate, a
drain region, and a source region, the method comprising:

applying an extractor voltage to an extractor contact coupled to the body structure

in the silicon-on-insulator layer; and



i nsul ator device having a substrate, a control gate, a drain region, and a
source region, the nethod conprising: applying an extractor voltage to an
extractor contact coupled to the body structure in the silicon-dm Fhistiihat or
| ayer; and applying a substrate voltage to the substrate such that the
extractor voltage is less than the substrate voltage. 13. The nethod of
claim 12 wherein the extractor contact lils coupled to a p-type silicon on
the substrate. 14. The nmethod of claim 12 and further including applying a

negative voltage,t.o th cont r ol [as e stor
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flash memptian thelQibsiee usliapg. a sil i con-on- |nsulator structure, the devi ce
having a substrate, a control gate, a drain region, and a source region,

t he net hod conprising: applying an extractor voltage to an extractor contact
coupl ed_t qgt he o tRkKElalth §5 vrh@ret[hﬁae%ura&mo%cﬂ@é&hﬁ&é@a ok 8yaype and 2 3
FEB 2007 11 applying a substrate voltage to the substrate such %hat t he
extractor sdisbn.age is less than the substrate voltage. 16. The net hod of
claim 15 wherein the extractor contact is conprised of a p-type silicon.





