1 FULLY DEPLETED SI LI CON- ON- 1 NSULATOR CMOS LOd C TECHNI CAL HELD 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 circuitslthat nake up a device. One way to
10 make the integrated circuits faster is to reduce the size of the
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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 insulator such as silicon oxide or glass. The transistors would then be
built on this thin layer of SOL The SOI layer reduces the capacitance of the transistors so that
ﬂ;cy 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 draihlsource 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.

SO1technology, however, imposes 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 difficuli 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



30 Additionally, if the p-type body is contacted by inplanted regions there
will be a very high resistance of the body region, particularly if the
transistor is wide. 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 (S0S) sem conductor2 This type of sem conductor does
not have a partially depleted silicon 5 layer or floating body. However,
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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 coupled
20  to the body structure. An extractor voltage is provided such that the extractor contact is

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

Further embodiments of the invention include methods and apparatus of varying
5COpe.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figuare 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.



the present invention. 3 Figure 3 shows a cross sectional view of a fully
depl eted silicon-on-insulator inverter using one enbodi nent of the reverse
bi ased extractor contact nethod of the present invention. Figure 4 shows a
cross sectional view of an NROM flash nenory cell using one 5 enbodi nent of
the nethod of the present invention to fully deplete silicon-on-insulator
transistors. Figure 5 shows a top view of the NROM fl ash nenory cell of
Figure 4. Figure 6 shows a cross sectional view of a typical prior art
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i nvention. Figure 8 shows a cross sectional view of a fully depl éted
verti cal iNe@NbB.! ash nenory cell using one enbodi nent of the extractor
contact reverse bias nmethod of the present invention. 15 Figure 9 shows an
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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-

insulator transistor of the present invention.

DETAILED DPESCRIPTION
In the following detailed description of the invention, reference is made to the
20  accompanying drawings that form a part hereof, and in whi-ch is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
hike numerals describe substantially similar components throughout the several views. These
embodiments are described 1n 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 description is, therefore, not to be taken in a limiting sense, and the scope of the

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

Fagure 2 illustrates 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



Figure 2 illustrates a top view of one enbodi nrent of a silicon-on-insul ator
(SAO) 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 cutrent does not stay constant as the
drain voltage increases when a device is operating in the saturation node.
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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 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, 1s applied. The NMOS transisior’s extractor 301 is reverse biased by
25  applying a voltage that is less than ground pbtenlia].

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 illusirated.

The extractor reverse biasing of the present invention changes the partially depleted
30  SOI structure to fully depleted without a floating body region. Charge that is generated by



25 applying a voltage that is |less than ground potential. In one enbodinent,
the additional voltages needed to bias the extractor nodes above VDD and
bel ow ground can be generated by charge punp circuits that are well known in
the art. These punps are not illustrated. The extractor reverse biasing of
the present invention changes the partially depleted 30 SO structure to
fulty depleted without a floating body r®gion. Charge that is generated by 5
floati ng body or near the source. Renpval of any excess charge generated by
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| ines 401 and 402 and the control gate 406. The extractor contacts 501 and
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 comprised 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 Figure 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 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 sectjonai 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.



502 are p-type regions over the depleted body 403. One problemw th typical
partially depleted NROM fl ash nenory cells is that the floating body causes
a problemduring an erase operation. \Wen a negative erase potential is 25
applied to the control gate in an NROM device, the partially depl eted body
term nates many of the electric field lines as illustrated in the cross
sectional view of Figure 6. In this caséd the body potential floats
negative causing the electric field 601 that is attenpting to erase the
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15 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 veriical metal oxide semiconductor field effect transistor
(MOSFET) 801 extending ovtwardly 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 Jocated in the vertical pillar between the first and the
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  Jocated 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  rich oxide (SRO), and silicon xich aluminum oxide (Al,O3). In one embodiment, the gate

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



20 type region layered with an n-type doped region. The MOSFET 801 i ncl udes
a simlarly structured second source/drain region 806. A channel region 805
is located in the vertical pillar between the first and the second
source/drain regions, 802 and 806 respectively. As shown in the enbodi nent
of Figure 8, a gate 809 is separated fromthe channel region 805 by a gate
I nsul ator 807 as is 25 | ocated al ongsi dé of the vertical pillar opposing
t he channel region 805. In the enbodi nent shown in Figure 8, the gate
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15  processor 210 and incorporating one embodiment of an SOI memory cell of the present

invention. The processor 910 may be a IiCroprocessor, 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 SOI-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 is provided to latch address signals provided on
address input connections 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 s, the number of addresses ncreases with both increased memory cell counts

and 1increased 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



I nvention. The processor 910 may be a m croprocessor, a processor, or sone

other type of controlling circuitry. The nenory device 900 and the

processor 910 formpart of an electronic system 920. The nenory device

i ncludes an array of SO -structured nenory cells 930 as 20 described in the

vari ous enbodi ments above. In one enbodi nent, the nenory cells are

non-vol atile floating-gate nmenory cells 8nd the menory array 930 is arranged

i n banks of rows and col ums. An address buffer circuit 940 is provided to
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those skilled in the art, with the benefit of the present description, that
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i nput  andodudipgtdatautid; Kati write] and/erS8®pERDNS fIlhelednthoircuhurtdn Y¥ahaybah skt a
comuni cat i %&?over a I urality Ef dat con ctions 962 with the controller

910. Wi tHRACIIRG, A Equey QJS%‘%"?‘W t‘iﬁ’11 e data to the nenory array. 5

Control circuitr 970 decodes S|gnals prOV|ded on control connections 972
fromthe proce ashgemauydexicsiillpsiatedan Eigused bapbeeasimplifiedite fagilitata 2 ons on

t he nor, I
oper gtq? i or?\sé,lSI % e con?ﬂﬁlglolf?}Ce rfg%h ﬁgif%n&ﬁ&q’ éqgsgta%défesnac%?'ﬁ%,ﬁl%g%g én&%rgﬁlcer,
sone eirgeirytanddundiions of flash xﬂEmoHdEB&irékmhnnﬂﬂmﬁyskﬁﬂﬂﬁd ipahd dkustrated in
F| gure 9 has been sinplified to facilitate a 10 basic understandi ng of the
features of the nmenory. A nore det grdNa¢UUSIONSt anding of internal «circuitry

and functions of flash nenories are known to those skilled in the art. '

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 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 mesmnories, the floating bodies cause excess charge leakage and short retention
times that can result in data loss. Conventional flash memories 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 Hlustrated and described herein, 1t 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.



CONCLUSION In summary, floating body effects in partially depleted CMOS
devices using SO technology are undesirable in many | ogic and nenory
applications. In static CMOS | ogic and 15 SRAM nenories, the floating bodies
cause threshold voltages and switching speeds to be variable and conpl ex
functions of the switching history of a particular logic gate. In dynamc
| ogi c DRAM nenories, the floating bodrfes cause excess charge | eakage and
short retention tinmes that can result in data | oss. Conventional flash
menories and NROM nenories experience reduced erase fields and sl ower erase
times dugenoMsoati ng bodi es. The use of 20 reverse biased extractors of the
present invention, resulting in fully depleted body structures,
substantially reduces or elimnates these undesirable effects. Al though
speci fi c jenbodl n L] it will
be appre0|ate%lg§E%§%§gM§ Qgﬁﬁ?%gé?ﬁébﬁﬁgguaggﬁg%gﬁBhgﬁgﬂnﬂ%ﬁ&§$$angenent
that is camprsisg:ed to achieve the sane purpose nay be substituted for the
speci fic enbodinents t at.i ons of the invention will be
apparent to t RGEE @ﬁl%%ﬂwa&svgékﬁfﬁﬁdopﬁda pEriahand faf&fbegrla.th?gﬁlvon i s
app|icatHQQMh§ i ntended to cover any adaptatlons or variations of the
i nvention. 9 CLAI NS 1. Atransistor having a silicon-on-insulator structure
on a subst r at @ SoYrpRregicareMprising theofifisk doprd gratesiabiangl farmesyin dhe Blieadransi ng a
first doped,pgterial and formed in the silicon-on- insulator; a source
region conprlsing the first doped material and fornmed in the silicon-on-
i nsul ator; a ecoftralgagdbenddaboedamixabaamiatlly betoebathei dabih ynbstuneen t he drain
and source. regipons; and an extractor contact, in the silicon-on-insulator,
conpri si MP'PSsE%nd doped material and coupled to a depletion region
substanti al |y apetinResR chitctdmahdsiBlsh-SRINEGSor, B HpASiag fats%nﬂﬁ%&it' on region

0

being fully depleted in response to a reverse bias
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. A vertical multiple bit memory cell having a silicon-on-insulator structure on a
substrate, the memory cell comprising:

a vertical metal oxide semiconductor field effect transistor (MOSFET) extending
horizontally outward from a substrate, the MOSFET having a drain region, a source
region, a channel region between the source and drain regions, and a gate separated from
the channel region by a high dielectric constant gate insulator that can store a first charge

in a first storage region and a second charge in a second storage region;



extractor contact. 2. The transistor of claim1 wherein the first doped
material is conprised of n-type silicon and the second doped material is
conprised of p-type silicon. 3. The transistor of claiml| wherein the first
doped material is conprised of p-type silicon and the second doped materi al
is conprised of n-type silicon. 4. The transistor of claim1l wherein the
extractor contact is coupled to a p-t!ﬁbe silicon on the insulator or an
n-type silicon on the insulator. 5. A vertical nmultiple bit nmenory cell
having a silicon-on-insulator structure on a substrate, the nenory cell
conpri sing: aaYiedtllafisthissTBA Bhe UbRE 16 2RI ARIOr fiel d effect transistor
(MOSFET) extending horizontally outward froma substrate, the MOSFET havi ng
a drain regi of sec@nd angrissioreliienioupled éhda sedrcs egiovhaskt ween the source and
drain regions, I hi gh
dielectric const a%c?or%?ﬁtﬁg?\:?ﬁ@%f%ﬁﬂ? Eﬁat%mﬂ r%é]Gn &P@Qg? ot Sgn&ﬁg?éfgﬁch na first
st orage tlegbsosvemadia vsba:gmmh thhaxtgaetdrno:ﬂac&é@l@ndiepmt@rth@ehameglreglon 10 a first
transm ssion line coupled to the drain region; a second transm ssion |ine
coupled to the source region; and an extractor contact coupled to the
channel 1gegi ohé Bell Hclsil 3 Gvﬁél*efmhé RSbis@bias v&h&%@ is ér@ﬁér Bal £YRISRIALAS Vol t age
on the extractor contact fully depletes the channel region. 6. The cell of
cl ai m 5 wpplieditptherisain cagionstor belhepeyionage is greater than a drain voltage
applied to the drain region for cell operation. 7. The cell of claimb5
wherein the reverse bias voltage is less than a voltage applied to

substrat @. f or Thekéll efxdaiat 3 @hercid. thd legersebias 0bltagt & I3sthahevaliage biydiesubst r at e
voltage is oung:d @entl al. 9. The cell of claim5 wherein a positive

vol t age |t%51§’5ﬁ5<’f‘? OP‘H@“%te in order to erase a charge stored in the
cell. 10. The cell of claim5 wherein the extractor contact is conprised of
p-type silicon. 11. The cell of claim5 wherein the high dielectric

const ant 8gat e Thesel| eft daimcbwhereimghe substrate voltage is ground potential.

9. The cell of claim 5 wherein a positive voltage is applied to the gate in order to

erase a charge stored in the cell.
10.  The cell of claim 5 wherein the extractor contact is comprised of p-type silicon.

11.  The cell of claim 5 wherein the high dielectric constant gate insulator comprises

an oxide-nitride-oxide layer.

12.  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 drain region comprising a first doped material and formed in the silicon-
on-insulator;
a source region comprising the first doped material and formed in the

silicon-on-insulator;



an oxide-nitride-oxide layer. 12. An electronic system conprising: a
processor; and a nenory device coupled to the processor, wherein the nenory
device includes a nenory array having a plurality of nenory cells with a
silicon-on-insulator structure, each nenory cell conprising: a drain region
conprising a first doped material and fornmed in the silicon- on-insulator; a
source region conprising the first doded material and forned in the
silicon-on-insulator; 11 a control gate formed above and substantially
between the drain and source regions; and an extractor contact conprising a

second doped nat erj ghntRMNdate BoHleBAbSR Ad sHERInBhIPPetWeEH @R didin hlte _
silicon-on-insulator substantially between the drain and source regions,

t he depl et i onsqueesitegionssiang ful |y depleted in response to a reverse bias of

the extractor contac T yeely]! iml12 rein the
menory cell is a v%}%?@%%rﬁgﬂ%%§$£§%%ﬁgé%%Sxﬁﬁﬁﬁgﬁ%%ﬁ%@ﬁﬁ%aglE@Z%?of claim
12 and f urt hedeplaiivinuelgiog irathe oiticoieomtinsulathe sabstaieially bateeerdt dedmaidre contr ol

gate and the silicon-on-in u‘ator._lS._Th el ectronic systemof claim 12
wherei n the mEAHEareggns. dhe deglegion Fégiq {Jy ARG 0 reaRONSerioe VISR 1 oni o
system of cl apiy dbmRekr&kdt bh@ef | ash nenory device is a NAND flash nenory
device. 17. A silicon-on-insulator inverter conprising: a PMOS transistor
formed in an n+ well in an insulator structure on a substrate, the

transistqg cogplllidic system of claim 12 wherein the memory cell is a vertical memory

cell.

14.  The electronic system of claim 12 and further including an oxide-nitride-oxide

layer between the control gate and the silicon-on-insulator.

[5.  The electronic system of claim 12 wherein the memory device is a flash memory

device.

16.  The electronic system of claim 15 wherein the flash memory device is a NAND

flash memory device.

17. A silicon-on-insulator inverter comprising:
a PMOS transistor formed in an n+ 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 control gate formed above and substantially between the drain and
source regions; and
an extractor contact coupled to a depletion region in the nt+ 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 transistor coupled to the PMOS transistor and formed in a p+ well in

the insulator structure on the substrate, the transistor comprising:



a drain region conprising a first p+ doped region in the nt well; a source
regi on conprising a second p+ doped region in the nt well; an control gate
formed above and substantially between the drain and source regions; and an
extractor contact coupled to a depletion region in the n+t well

substantially between the drain and squrce regions, the depletion region
being fully depleted in response told reverse bias of the extractor

contact; and an NMOS transistor coupled to the PMOS transistor and formed in
a pt+ well in the insulator structure on the substrate, the transistor
conprising: 12  a fddintesioncORpGRRPE fitsk BY dopddirtSibn Rithe pPekil 8@idesini N the p+
well, the drain region coupled to the N source region; a source region
conprising a @é’@&ﬁﬁulﬂqd@db%g'M(é%ﬁQﬂﬁcqfﬁglPﬁ'e p+ well; a control gate forned
above and subst ant,] : b j n ce. redi .t he PMOS
control gate couplde%h%%:r?ﬁé%%ﬁeg{)ﬁhgﬁg?peggéglgﬁlnéﬁgbg&% g? cont act
coupl ed to a depl et ¢amtrot gag¢ fmmied abvdve apd swhstahtial sulieswvesnt thatitayn et ween t he

drain and source regions, depl etion region, bei fully depleted in
Feaponse 1o auBrerauD VPSRBT erPachirt Bone SO0 sattrobkaer ReEr er of
claim 17 wherein anix@sctyPédnalecsipledtbaidepleidegdntivtHepe YOS drain region
and the PMOS extractor contact is biased at a voltage greater than Vol) and

the NMOS ext rubstantiadlybetwsenithe dipinged seurcercgions.dgeddpiasiontregion bgisgind
potential . 19muggaﬂg%¥§%#%grgéE%%é#ﬂ%éEM¥@ﬁ#§%ﬁ”%H§°NNQ§ source region is

coupled to grou e 1 nver of cllaim 17 wherein the
reverse bias on the PMOS extractor contact 1is a voltage greater than VDD

and the verse bias on the NES xtractqr copntact is a, vol e. less than
gr ound pi)fent ]éq inverter 0 clalfl]n IJI\lw ereﬁl a bias vcﬂtage of Vpp 1ts coupled to the i’%S
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.

19.  The inverter of claim 17 wherein the NMOS source region is coupled to ground

potential.

20. The inverter of claim 17 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.





