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present i nvention relates to a technology for optim zing the operating

speed andJmmlw HMMﬂmt ion of transistors by controlling a threshold

vol tage b ying a bias voltage to a support substrateg beneath a
buri ed oxide fisdissrin a MOS type sem conductor 10 appar\a WIS VB EET Wi th an
SO substrate. BACKGROUND ART I n nodern MOS-type sem conductor appar at uses,

along with u uri zation of device dinensions, an increase in
operati ng mw ﬂWW“MHMMWd |nprov3@qge F antﬂemer consunption are being
advanced. In 44 on, a decrease In pomer source vol tage has advanced, and
the effect the threshold vol tage of a transistor has on the operating

speed of i r rent while turned off is becom ng

bi gger. SPER&‘EQWQ&rOgs h\%}m&gd vol tage increases, the |leak 20
current while turned off decreases, and power consunption is also reduced,
but the operating speed of the transistor becones slower. Conversely, as

t he ghr EERGINITARIEIKWES) eases, the operating speed of the transistor
becones fasteﬁ but the |eak curreft whi | e tu“'1 of f, increases, and power
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varying aqperating speeds anong the chips.. 30 In relation to suc

pr obl emsukstrate, bemestbcaskbumed: exyde,fdm iar aaM(ant)cpelsermce@ghmterf or med
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BACKGROUND ART
In modern MOS-type semiconductor apparatuses, along with the

miniaturization of device dimensions, an increase in operating speed

15 and improvement in low-power consumption are being advanced.

In addition, a decrease in power source voltage has advanced, and
the effect the threshold voltage of a transistor has on the operating
speed of the transistor or the leak current while turned off is becoming
bigger. In other words, as the threshold voltage increases, the leak

20 current while turned off decreases, and power consumption is also
reduced, but the operating speed of the transistor becomes slower.
Conversely, as the threshold voltage decreases, the operating speed of
the transistor becomes faster, but the leak current while turned off
increases, and power consumption increases.

25 On the other hand, the threshold voltage varies to some extent for
each chip product. As a result, for a MOS-type semiconductor
apparatus, which uses a plurality of chips, as a whole, a loss is incurred
in that the design must be adapted to the slowest of the varying
operating speeds among the chips. |

30 In relation to such a problem, for a bulk process where source

areas and drain areas are formed on the surface of a silicon wafer, a



threshol d is being studied. However, when the substrate bias effect is
utilized in a bulk process, there are problens in that because the
substrate and the source 5 areas or the drain areas have PN-junctions,

| éak currents in the reverse direction increase, and in that holes
generated via inpact ionization accunulate in the substrate, causing the
substrate potential to change. Accordingly, the present invention ains at
adj usting the threshold voltage to a predeterm ned value in a MOS-type
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substrate bias effect is used in a bulk process, _.a problem of increased
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di fference between bot'h signals, the threshold v (Slta can be opti mzed at
an ar bi t valtagealtoe a | presiatermineds valie pregenMOSitsme osepaeun
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and 30 agpesd 6 FHE ¢FRhsistne, adidElowEABipAvbY coRYERfstioand whi ch has
conductors beneath the insulation | ayer, and further has a 2

t hreshol d-val ue control circuit which conpares signals formed by an
DISCLOSURE OF THE INVENTION
The present inventors discovered that in an SOI (silicon on
15 insulator) type MOS-type semiconductor apparatus, when conductors
are provided in a support substrate beneath an insulation layer (a
so-called buried oxide film), and a bias voltage is applied to the
conductors, because the conductors and the source areas or the drain
areas are insulated via the buried oxide film, unlike a case where the
20 substrate bias effect is used in a bulk process, a problem of increased
leak currents in the opposite direction does not arise, and further that,
when an oscillator is formed in a MOS-type semiconductor apparatus,
by comparing signals generated by this oscillator to a reference signal
inputted from outside, and by setting a bias voltage based on the
25 difference between both signals, the threshold voltage can be optimized
at an arbitrary value. |
In other words, the present invention provides a semiconductor
apparatus which is a MOS-type semiconductor apparatus formed with
an SOI substrate in which a support substrate, an insulation layer and
30 a semiconductor layer are sequentially layered, and which has
conductors beneath the insulation layer, and further has a



"osci'llator in the sem conductor apparatus to a reference signal inputted
fromoutside, and applies a bias voltage to the conductors based on the
dirfference between both signals. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI GS.
1A and 1B are a schematic top surface view (FIG 1A) and a cross sectional
view thereof (FIG 1B) of one exanple of an enbodi nent of the present

I nvention. 10 FIG 2 is a schematic cross sectional view of another

enbodi ment of the present invention. FIG 3 is a block configuration
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| MPLEMENGddNEa forEn tivERE hidontiactomapparatudito prederénéensgmalanpusteidscri bed
in detai] with referepce to the.drawjngs. In the draw ngs, identical

r ef er end&onD ondigideaandRppées a .v\ghqag@rt% 8 t@mrgas@fgtorbtb%nts.
FIG 1A ang F r C fLCc top surface view (FIG 1A) and a cross
sectiona@ﬁ%rg&lg’?I]—:'?ag’vaje.E)B‘(?)t?l Wg{aml e of an enbodi nent where the present
invegtion is applied to a MOS-type seni conductor apparatus of an SO type
having a _full-depletion t C 25 (conpl ry MOS) transistor. An
SO typeBBJEE:o Mlﬁﬁi&&t @%STHSEefﬁBﬁgﬁﬁ]ég apparatus fornmed with
an SO substr i | 1.CO : e : ) rising a
suppor t subst} LrS: 1A APfcP aah SRt B et e YT 147 R &

si ngl e- ceppst Becfibnal vicwdiRrebf(FIG] 2B 'ofbnedanipleof3th knsedirhent

conpl ete jsolation of each el ement becones easier, and that suppression of
sof t err@ﬁ@léantﬁsemdnyaptm-ch are particular to GMXS 3 type transistors

becqpes POSSIRI@: 9 is a schematic cross sectional view of another embodiment
of the present invention.
FIG. 3 is a block configuration diagram of a threshold value
control circuit. _
FIG. 4 is a relationship diagram for a bias voltage and a threshold
15 voltage.

BEST MODES FOR IMPLEMENTING THE INVENTION

Hereinafter, the present invention is described in detail with
reference to the drawings. In the drawings, identical reference

20 numerals express identical or equivalent component elements.

FIG. 1A and FIG. 1B are a schematic top surface view (FIG. 1A)
and a cross sectional view (FIG. 1B) of one example of an embodiment
where the present invention is applied to a MOS-type semiconductor
apparatus of an SOI type having a full-depletion type C-MOS

25  (complementary MOS) transistor.

An SOI type semiconductor apparatus is a semiconductor
apparatus formed with an SOI substrate in which semiconductor layers
(SOI layers) comprising a support substrate, an insulation layer (buried
oxide film), and single-crystal Si are sequentially layered, and it is

30 known that complete isolation of each element becomes easier, and that

suppression of soft errors and latch-up which are particular to C-MOS



"In addition, amobng SO type sem conductor apparatuses, those which have a
full-depletion type transistor in which the SO l|ayer is reduced to
approximately 100nmin thickness, and in which the entire 5 SO |ayer is
substantially depleted by controlling the inpurity density of a channel
formed in the SO layer directly beneath a gate electrode to a relatively
| ow state have superior characteristics such as reduced diffused |ayer
capaci tance and a sharp rise of drain current in the sub-threshold area,

and pr acé};p'&a#\;@%ﬁéﬂggg e%ggioe%dﬁg%saﬁgl e electronic 10 apparatuses is

expect ed apparatus 1 shown in FIGS. 1A and 1B is

a MOS-type seln qmﬁm@trprammgr Mtypmemlm@dtuklawm%l thyse C MOS
transi stor to WhICh tlﬁﬁdfo struction of the presentﬂ]tl nveg@ﬁn is applied.

By appl yWhdch £ ption tyre pransiston 3n; ya layex é%nduct or
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thus 5t §©Iduybeiglegbsamtgally depléed yp eoptroltiandihe ohpapity ddnisit o$hown in
FI GS. 1A andle differs fro}-rrn convent?’énal SA -type se% conduct orj’1L
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surface, and it "also ffers in that a reshol d-val ue control circuit is

pI’OVI dedswetheeshad twiveas eamd npractacaln @ppdraation ks pardableneleeironie om t he
PW. r the N (NW) so that the predeterm ned bias voltages
\Sﬁpl anéip meééﬁeﬁgewﬁedied bet ween them On the other hand, P-MOS
t ransi stors oA HOERypeassridaiduct6 BPpidtsal shdier 1ar FIGS. aer ghdirain
area D forned with an SO layer 30 57on the buried oxidized film2 and a

gate el etBrisce MOSstype seneicendugter apparatuscempmsingsaifulldepletioned in a
manner sj m d E-MOS A SSREGH '@ which the construction of the present

invention is applied. By applying the construction of the present
15 invention to a semiconductor apparatus comprising a full-depletion type
transistor, it is possible to effectively control the threshold voltage by
applying a bias voltage, and thus it is quite desirable.
The MOS-type semiconductor apparatus 1 shown in FIGS. 1A
and 1B differs from conventional SOI-type semiconductor apparatuses
20 in that in order to enable application of bias voltages Vsu1 and Veube, it
comprises P-wells (PWL) and N-wells (NWL) as conductors in a support
substrate 3 beneath a buried oxide film 2, and in that terminals 4 to
which a bias voltage is applied are pulled out to the upper surface, and it
also differs in that a threshold-value control circuit is provided between
25  the terminals 4 and earth lines Lvo drawn out from the P-wells (PWL) or
the N-wells (NWL) so that the predetermined bias voltages Vsu1 and
Va2 can be applied between them.
On the other hand, P-MOS transistors or N-MOS transistors
comprising a source area S and a drain area D formed with an SOI layer
30 5 on the buried oxidized film 2 and a gate electrode 7 formed thereon via
a gate oxide film 6 is constructed in a manner similar to full-depletion

4



"typé SO -type C-MOS type semiconductor apparatuses of public know edge. An
inter-layer insulation film8 is forned on the P-MOS transistors and the
N-MOS transistors, on which power-supply wirings Lvdd and the earth lines
Lvo are provided. Note that in the figures, 5 wirings fornmed in the
inter-layer insulation film8 are omtted. Such a MOS-type sem conduct or
apparatus 1 can be obtained by, for exanple, perform ng device isolation

t hrough the trench nethod on the SO substrate based on the SI MOX
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i nsul ation fi m8 |s g,ere the various wirings and termnals 4 are
formed. In foBrichg (MO typeisemeondusher appamaias (Iscanie obtained byo
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hatto t i Bf 168 inbihribfor vid she irid) Fridler i frar TR e
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work functions around the m. d-gap of Si be ut|||ze 0_As shown_in FIGS.
1A and 1a>nven1aoml/n£et&md§trdntotberuvnondﬂ IINJMﬁleaRdWB Hs (BWibg ar e

alternatgi¥ s %Sedﬂslémprﬁleerg%%e oxide ﬁlm 6 is formed via thermal
oxidation of the surface of the SOI layer 5, the gate electrode 7 is formed

15 thereon, LDD areas, the source areas S, and the drain areas D are
formed via ion implantation with the gate electrode 7 as a mask, the
inter-layer insulation film 8 is layered, and the various wirings and
terminals 4 are formed.

In forming the P-wells (PWL) and the N-wells (NWL), it is

20 preferable that the polarity of impurities be set such that the P-wells
(PWL) and the N-wells (NWL) become accumulated layers
(accumulation) in accordance with the values of the bias voltages Veun1
and Vswe applied thereto. Further, in a case where the support
substrate 3 is earthed, it is preferable that the support substrate 3 be

25 formed with a triple-well structure, as shown in FIG. 2.

For the gate electrode 8, it is preferable that N-type or P-type
polysilicon, or a high-melting point metal such as W, Ti or a
high-melting point intermetallic compound such as TiN having work
functions around the mid-gap of Si be utilized. '

30 As shown in FIGS. 1A and 1B, in a C-MOS construction in which
the N-MOS and the P-MOS are alternately disposed, it is preferable



"5 'that bias voltages Vsubl and Vsub2 appropriate for each row of the
P-wellls (PW) and the N-wells (NW) be applied sinmultaneously. In this
case, it is preferable, ordinarily, that the bias voltage Vsubl applied to
the P-wells (PW) and the bias voltage Vsub2 applied to the Newells (NA)
5 be set such that Vsubl = -Vsub2. FIG 3 is a block configuration di agram
of a threshol d-value control circuit utilized in the MOS-type

sem conductor appar atus shown in FIGS. 1A and 1B. This threshol d- vaI ue
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signals f (SOI) from the frequency divider and reference signals f (ref) of

15 a constant frequency from outside are inputted, a charge pump (Charge
Pumping) circuit which enables the application of bias voltages at a
voltage higher than the power source voltage, and a low-pass filter.

On the other hand, when the relationship between the bias
voltage Ve and the threshold voltage Vi, of a full-depletion type N-MOS

20 transistor is simulated, the results shown in FIG. 4 are obtained.
Conditions for this simulation are Tox/TsorTsox = 3.5/30/100nm,
threshold value judging current = 0.1 £ A/tm. Further, the dotted line
is a relationship diagram for the bias voltage V. and the threshold
voltage Vi generated by variations in physical dimensions. The area

25 marked by oblique lines is a normal operating range of the N-MOS
transistor.

As such, the threshold-value control circuit compensates for
variations in the threshold voltage Vi caused by variations in the
manufacture of chips or by the in-use environment by optimizing the

30 bias voltages Vs and Vw2 applied to the P-wells (PWL) or the N-wells
(NWL), and adjusts the threshold voltage Vi such that it is within the

6



" (NW), and adjusts the threshold voltage Vth such that it is within the 6
normal operating range of a transistor. For exanple, with respect to an
N-MOS chi p whose threshold voltage Vth is high, leak current is |ow,
operating speed is slow, and thus whose signal f (SO) is slow, when the
initial bias voltage Vsub is OV (refer to dot A shown in FIG 4), if a5

di fference between the signal f (SO) and the reference signal f (ref) is
detected by the phase detector, the bias voltage Vsub applied to the N MOS
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The present invention is not limited to the modes described above,

15 and may take various modes. For example, conductors in a support
substrate to which a bias voltage is applied are not only limited to wells
formed via ion implantation in the support substrate, but may also be
back gate electrodes formed beneath the buried oxide film.

Further, the present invention can be applied to semiconductor

20 apparatuses comprising long-channel transistors, and is not limited to
full-depletion type transistors whose thickness of the SOI layer is
roughly 100nm or below.

According to the MOS-type semiconductor apparatus of the
present invention, because the optimal threshold voltage can be set

25 depending on the required operating speed and the like regardless of
variations in manufacture among the chips or of changes in
temperature, leak current can be reduced and power consumption can
be lowered without lowering the operating speed of the transistors.
Further, because the margin of irregularity during design can thus be

30 estimated to be less, it is possible to enhance the minimum operating

speed of the chips.



" 30 estimated to be less, it is possible to enhance the m ni mum operati ng
speed.of the chips. 7 CLAIM5S 1. A sem conductor apparatus which is a
MOS-t ype sem conductor apparatus fornmed using an SO substrate fornmed with
a‘'support substrate, an insulation |ayer, and a sem conductor |ayer
sequentially 5 layered, conprising: a conductor beneath said insulation

| ayer; and a threshol d-value control circuit which conpares signals
generated by an oscillator in said sem conductor apparatus to a reference
si gnal icﬂg&I fromoutside, and applies a bias voltage to said 10
conduct or ‘based on the difference between both signals. 2. The

seni condilict orAawaiatnthlc&occnmamgatus @hichnis, av]MKDS'rbymaBelmicmmdiucﬁocw
beneat h said insul on. | ayer i ncl gﬁf a. wel | rned by ion inplantation
to said 30BPEAIUS Josmast oidine i sbhatiat Sr &flatidha e suBRRItt 0

(corp) erSiRErgte )@%he%é# At %”%&ﬁ?%ﬂﬁ SRR Sannal? g

on s&@ d ]Bepedr tomiprsdingt e, and a bias voltage is simultaneously applied to
said P-well and said NB\NeII 4. . The m copduct or apparatus according to
one of O ai m a condugtes beneath gaid élilﬁ’jél ay#&phad on type MOS-type
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reference signal inputted from outside, and applies a bias voltage to said
10  conductor based on the difference between both signals.
2.  The semiconductor apparatus according to Claim 1, wherein said
conductor beneath said insulation layer includes a well formed by ion
implantation to said support substrate.
3. The semiconductor apparatus according to Claim 1 or Claim 2,
15 wherein said semiconductor apparatus is of a C-MOS (Complementary
MOS) type' in which both a P-well and an N-well are formed on said
support substrate, and a bias voltage is simultaneously applied to said
P-well and said N-well.
4.  The semiconductor apparatus according to one of Claim 1 ~ Claim
20 3, wherein a full-depletion type MOS-type transistor is formed.
5.  The semiconductor apparatus according to one of Claim 1 ~ Claim
4, further comprising a charge pump circuit for enabling application of a

bias voltage at a voltage higher than a power source voltage.



