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tELLIPTI CAL VORTEX WALL FOR TRANSVERSE FANS  Transverse fans are al:,&o\ KrJ,QV\/@
as cross-flow and tangentiral fans. They are used in air conditioning
~applications because of their in-line flow capabilities and their suitable

relationship with plate-fin heat exchangers since they can extend the
“entire length of a

BURIED PATTERNED CONDUCTOR PLANES FOR
SEMICONDUCTOR-ON-INSULATOR INTEGRATED CIRCUIT

FIELD OF THE INVENTION
The invention relates generally to semiconductor-on-insulator integrated
circuits and devices. More specifically, the invention relates to semiconductor-on-
insulator devices which use the buried patterned layers as electrical conductors for

discrete device functions, thermal conductors, and/or decoupling capacitors.

BACKGROUND OF THE INVENTION
Semiconductor processing has moved towards the production of smaller and
smaller devices having greater computing capability. The reduction in the size of
electronic devices.and the increase in density of transistors in a given unit area
results in increased power required and dissipated. Enfxanccd semiconductor
fabrication techniques, such as silicon-on-insulator (SOI) processing, increase metal
wiring requirements because of the increase transistor density and power

decoupling requirements.

Specific applications, such as arrays, are impacted by the amount of wiring
needed to fully enable the application. Wiring in semiconductor devices is
generally configured in multiple planes, especially when multiple devices are
configured in a dense pattern. Metal wiring in a given plane of the device reduces
the area available in that plane for other electronic functions and severely
constrains device performance. These problems undermine the overall objective to

fabricate smaller, more densely packed devices having superior performance.

Prior publications which are exemplary of SOI process technology include
Chattel]ec, U.S. Patent Nos. 4,889,832 and 4,982,266. Chatterjee discloses an



heat exchanger. in a transverse fan, the inlet and outlet are, generally,
nom nal ly, at right angles but: angles fromO to 180[err] are possible. The
inmpeller is simlar to a forward curved centrifugal fan wheel except that
it is closed at both ends. The flow is perpendicular to the inpeller axis
‘throughout the fan (two dinmensional flow), and enters the blade rowin the
radially inward direction on the upstrneam side, passing through the
interior of the inpeller, and then flowing radially outward through the

bl ading a second tinme. The flow is characterized by the formation of an
eccentric vortex that runs parallel to the rotor axis and which rotates in

the same directjon as the rator,., A stage action occurs as the flow
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producing high velocities at t charge bl ades (secon agej. The
such an integrated circuit structure by utilizing an etch stop layer formed on a

silicon surface.

Kato et al,, U.S. Patent No. 4,939,568 teaches a stacked semiconductor
integrated circuit structure and method of forming the same, in which conducting
posts extend between device surfaces. This is intended to allow large scale

integrated circuit manufacturing.

Pfiester, U.S. Patent No. 4,966,864 discloses a semiconductor device and
method in which a silicon substrate is formed with a doped region, with the doped
region being connected to an electrode by a conducting bridge. This invention is
intended to overcome pitting or etching problems encountered in previous

fabrication techniques.

McCarthy, U.S. Patent No. 5,488,012, discloses SOI wafers and improved

methods for forming buried regions therein. The invention is particularly useful in

silicon-on-glass substrates.

Iwamatsu, U.S. Patent No. 5,294,821, discloses SOI technology which is
intended to provide more uniform electrical characteristics including a reduction in
breakdown voltage. Iwamatsu proposes a device having active layers diffused into

the substrate to stabilize the electrical characteristics of the device.

Tyson et al., U.S. Patent No. 5,145,802, discloses a SOI circuit which
includes a set of b__uricd body ties that provide a local ohmic contact to the
transistor bodies disposed on an insulating layer. This is intended to provide a path
for holes generated by impact jonization and also act as a potential shield between

the substrate and the transistor sources.



flow | eaves the inpeller and contracts again as it turns and squeezes
around the vortex. The conbination of these effects results in the high
pressure coefficients attained by transverse fans. A vortex wall separates
the inlet fromthe outlet and acts to stabilize the vortex. Since there is
only re-circulating flowin the region of the vortex, no useful work is
done there. The main effect in the voytex is energy d|SS|pat|on Fan
stability is, however, highly sensitive to vortex wall clearance. This
paranmeter nmust be controlled very carefully since a trade-off has to be
made between stabl e, high performance and tone noi se generated by

I nteraction o 2 | ]
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vort ex \Nﬁ:a| and the inpeller, an elliptical surfac |1 Erogl dcia
i mpr oved A& Fet ngpllﬁﬁé@stgp of buried electrical elements in the substr te, bonding

the substrate to the silicon that is to become the SOI region. One exemplary use

for the buried elements is as capacitors in memory cells. But, in fact, Kang et al.

add to the complexity of device fabrication without resolving concems of wiring
density.

Conventional SOI technology reduces a large portion of the drain
capacitance and, to a lesser extent, the gate capacitance because the insulator layer
does not have many available free carriers. In operation, however, carriers flow
through the transistor and resistive heating ozcurs in the gate. Undesirable floating
body effects including transistor hysteresis and threshold shifts may occur if the
transistor body is allowed to electrically float. The electrical bias placed on the
device by the remaining carriers causes a narrowing in the depth of the transistor

body channcl which affects performance.

Decoupling capacitance, moreover, is significantly reduced on traditional
semiconductor-on-insulator structures. The structure experiences a phenomena
referred to as power-supply collapse so that the voltage swing level between a

logical one and a logical zero is reduced, e.g., a logical zero may no longer be at
ground voltage,

Semiconductor on insulator dévioes are very desirable given the desirable
electrical isolation obtained from the SOI structure. However, this structure creates
undesirable thermal insulation which, in tum, causes troublesome joule heating in
the devices. An alternative embodiment of the invention provides a low-resistance

thermal path from the transistor diffusion to a plane in the bulk substrate, providing

a thermal sink which reduces thermal effects.



sound reduction as conpared to a simlarly placed circular surface.
Basically, the smaller the clearance or gap, the nore stable and noisier

the fan. The flow increase or sound reduction depends upon the orientation
of the elliptical surface. If the major
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SUMMARY OF THE INVENTION
In accordance with one aspect of the invention there is provided
semiconductor circuit comprising a conductive substrate having a first volume
doped with first dopant and a second volume doped with a second dopant, an
insulator layer and an aclive layer doped with impurities to form a first device and
a second device. Additionally, the semiconductor circuit comprises a first
conductor electrically connecting the first device and the first volume and a second

conductor electrically connecting the second device and the second volume.

Preferably, the first and second devices are field cffcgt transistors, but can
be other active devices such as other transistors, inductors, or capacitors. The
conductors are preferably tungsten studs which can either be adjacent to or in
physical contact with the doped volumes. The invention is applicable to any circuit
structure where the substrate is separated from active devices by an electrically
insulative layer. Semiconductor-on-insulator circuit structures can be made from

any number of chemistries of Group III, 1V, end V and mixtures thereof,

Thus, in accordance with another aspect of the invention, there is provided
a circuit comprising a SOI. semiconductor device having a conductive silicon
substrate with a first volume doped with an n+ type dopant and a second volume
doped with a p+ type dopant, an insulator layer of silicon dioxide, a silicon layer
doped with impurities forming a first transistor and a second transistor having an
isolation volume between the first transistor and the second transistor. A first
conductive stud electrically connects the first transistor to the first volume. A

second conductive stud electrically connects the second transistor to the second
volume.

In accordance with a further aspect of the invention, there is provided an
integrated semiconductor circuit comprising an active layer separated from a buried

layer by an insulator layer, the buried layer comprising an equipotential net of



axis of the elliptical surface is on a line corresponding to the direction

of the vortex wall, the curved surface is narrower and fl ow performance
I ncreases wher eas |f the major axis of the elliptical surface is on a line
perpendicul ar ‘to the direction of the vortex wall, the curved surface is

wi der and there is a reduction in sound due to the coaction wth the
passi ng bl ades. Alternatively, the soynd or flow standard of a circular
curved surface can be maintained while inproving the other factor by
changi ng the cl earance between the inpeller and elliptical vortex wall.
It is an object of this invention to inprove performance in transverse

fans. | ﬁattc&eﬁn@&ﬁ%ﬁ voﬂm'n C;fndchc tcm: t T\{%@P%rggngxﬁ)g la@é‘h&%? afiPLge ratings for

a transverse fan ese ect S, econe appar ent
her ei naft elpc;trxa:rlecoandumupbmmlaadugbme contact and the equipotential net.

The invention is also a method of manufacturing a semiconductor device,
comprising the steps of first defining at least one buried volume of a second
conductivity in a semiconductor substrate of a first conductivity. The
semiconductor substrate is a layered arrangement of a first insulator layer adjacent
the semiconductor substrate, an active semiconductor layer adjacent the first
insulator layer, and a second insulator layer adjacent the active semiconductor
layer. A third insulator layer, adjacent the second insulator layer, and a mask on
top of the third insulator layer areremoved. A photoresist is developed and
removed to expose a plurality of isolation volumes in the active semiconductor
layer and the exposed isolation volumes are etched down to the first insulator layer.
The isolation volumes are filled with a fourth insulator. At least one active
electronic device having a diffusion region is then formed between the isolation
volumes in the active semiconductor layer. A first dielectric is deposited on the
surface of the semiconductor device. At least one stud opening for a conductive
stud is created so that the stud extends from the surface of the first dielectric
through the diffusion region of the active semiconductor layer and through all
layers of the semiconductor device to either the substrate or to the buried volumes.
A conductive material is introduced into the stud opening to form the stud.

Electrical contacts are patterned onto the stud,

A fourth insulator layer may be added over the surface of the

semiconductor device including the surface of the studs.

With the invention, ground wires can be eliminated by connecting all
clectrically grounded transistor devices to the bulk silicon substrate using a buried
conductive stud. The conductive stud generally extends from the active silicon

layer through the insulator layer to electrically contact the thick, low resistivity



-the present invention. Basically, the inpeller and the tip of the vortex
wal | coact to define a converging- diverging clearance with the wall
defining an elliptically curved surface and the inpeller defining a
circularly curved surface. Figure 1 is a sectional view of a PRIOR ART
transverse fan show ng the fluid paths therethrough; Figure 2 is a
sectional view of the vortex wall of t®the present invention;

bulk silicon substrate below. The invention provides thermal conductance to
reduce heating effects which reduce the switching speeds of active devices, such as
transistors. The invention also provides decoupling capacitance between buried

layers having different dopants and, hence, different voltage levels.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURES 1 through 6 are cross-sectional views of the stages of the

formation of a depicted silicon-on-insulator device in accordance with one

embodiment of the invention.

FIGURE 7 illustrates how the invention herein dissipates thermal energy.
FIGURE 8 illustrates the decoupling capacitance capability of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The invention is applicable to any number of semiconductor-on-insulator
device types conducive to semiconductor processing. In accordance with one
preferred aspect of the invention, the invention may be used with SOI processing
technology in the fabrication of field effect transistors (FETs). The invention may
be used for any number of devices which have one or more active electronic
components defined in the active semiconductor layer. As shown in Figures 1-6,

the exemplary embodiment illustrates two transistors formed on silicon.

Starting with Figure 1, as a preliminary step, a semiconductor substrate 12,
preferably silicon, is used. Other compatible semiconductors as is known in the art
from, e.g., Group III and V, and Group IV, may also be used for the substrate and
the various layers of the invention. Generally, before any fabrication begins, the
substrate 12 is doped with either an n + type or p + type dopant. Once doping is
completed, the substrate 12 preferably has a resistance of less than about ten ohms

per square unit, preferably less than about two ohms per square unit, with a wafer



‘Figure 3 is a sectional view of a nodified vortex wall; and

Figure 4 is a

sectional view of a secorid nodified vortex wall. In Figure 1 the nuneral
10 generally designates a PRIOR ART transverse fan. Fan 10 includes an
impel ler or rotor 12, a vortex wall 16 and a rear wall 20. Curved inlet
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resistivity of about 0.01 to 0.1 (ohm)-(cm). After ion implantation of the silicon

substrate to dope the substrate, the resultant jon concentration is generally about

I x 10" to 3 x 10% atoms per cubic centimeter, preferably about 5 » 10" to

1 x 10% atoms per cubic centimeter.

Typically, however, the substrate 12 is a silicon wafer having an insulator

layer 14. For example, the starting SO! blanks have an insulator layer thickness of

about 0.2 to 0.7 um, preferably about 0.5 um, on an active silicon layer 16 of

thickness of about 0.1 to 4 um and preferably about 0.2 ym. Preferably, the

insulator layer comprises a silicon oxide such as silicon dioxide (Si0,). SiO, is

characterized by pronounced dielectric capabilities. The relative permittivity of

SiOz_ is about 3.9. Other insulators which may be considered include nitrides,

polymers, and intrinsic silicon. The balance of substrate 12 has a thickness of

about 625 um.

In further preparing the substrate 12 for implant patterning, an additional
oxide layer 18 of thickness of about 100 to 300A may be deposited onto active
silicon layer 16. A final silicon nitride layer 20 having a thickness of about 300 to

600A is then generally deposited onto oxide layer 18. An oxide mask 22 may then

be formed and patterned on silicon nitride layer 20. This completes the sacrificial

structure used to assist in defining the implant volumes 24A and 24B as shown in

Figure 2.

To define the doped volumes 24A and 24B, the layered structure is
implanted with a dopant opposite to the dopant type of substrate 12 at high

energies, generally 200 KeV to 800 KeV and, preferably about 600 KeV, as shown

in Figure 2. The more energy used to form implant volumes 24A and 24B, the

less likely it will be that dopant is retained in the mask layers above substrate 12.



:3 portion 20-1 of rear wall 20 and curved tip 16-1 of vortex wall 16 coact
with inpeller 12 to defire and separate the suction side, S, fromthe

di scharge side, D, of fan 10. Vortex wall 16 and the di scharge portion of
rear wall 20 forman angle [err]. The circularly curved tip 16-1 and the
cylindrical inpeller 12 coact to define a converging-diverging flow path
bet ween the suction and di scharge sidgs. Because both tip 16-1 and inpeller
12 are circular, they present facing cylindrical surfaces in three

di mensi ons and they are symmetrical in both directions with respect to the

throat of the converging-diverging section to the extent of the m ni num
circul ar exten!the

Os];JbgtiraFt)c Jfg -islgcncrally conductive and may be used as ground and
power planes such as described in U.S. patent application 08/782,462, assigned to
assignee herein and incorporated by reference. In the context of the invention, use
of the substrate 12 as a power source means that the substrate 12 provides a
constant voltage bias from an external voltage source. Generally, the substrate may
be made conductive by either using donor dopants or acceptor dopants. Donor
dopants donate electrons and are generally found in Group VA. If the substrate is
to be n+ type, the donor dopant may preferably comprise, for example,
phosphorous, antimony, or arsenic, Acceptor dopants which contribute holes are
generally those elements in Group IIIA, Thus, if the substrate is to be p+ type, the
acceptor dopant preferably comprises boron or any other atomic species capable of
creating this ionic character in the substrate 12. Doped volumes 24A and 24B
may then be formed using the sacrificial implant structure and a p+ type dopant.
Generally the p+ type dopant results in a concentration of 1x10" to 1x10% per
cubic centimeter, prefei'ably 1x10% per cubic centimeter and a resistance in

volumes 24A and 24B of ten to twenty ohms per square unit,

After implant volumes 24A and 24B are formed, the oxide mask 22 and
silicon nitride layer 20 are removed as shown in Figure 3 in preparation for the

patterning of the active silicon layer 16 and the formation of the active devices in
active layer 16.

To form the isolation volumes 26 between each active device 25A, 25B in
the active shown in Figure 4, a photoresist is developed and removed over the
volume which is to be the isolation volume 26. The exposed active silicon in the
isolation volume is then removed by ctcﬁ-ing. The active silicon is etched down to
the silicon dioxide insulator layer 14 using, for example, carbon tetrachloride which
provides high selectivity. The opening is then fabricated into the isolation volume

26 by refilling with an insulative material such as silicon dioxide using bulk



‘Wth counterclockwi se rotation of inpeller 12, as illustrated, the flow
path of the air is shown ‘by the arrows. It will be noted that one arrow, V,
defines a closed fluid path or vortex delimted in part by vortex wall 16.
The presence ‘of vaortex V causes air discharging frominpeller 12 to be
squeezed between the vortex V and the rear wall 20, as is clearly shown in
Figure 1, maintaining a high velocity? Downstream of vortex V, the flow
expands very rapidly in the diffuser section 22 as it noves to the fan
exit. This expansion process is augnmented by vortex V since, wthout the
vortex, the flow would separate fromthe walls in the diffuser section 22.

The pr eseprocdssing méthedsraudh fab eBerhicl Udpol defoskioguwiicH proMideshconsorem$ential ly a
hal f cyl ié‘lder. .in three dinensions, to portions of an elliptical surface. In
Fi gure 2,9%Pptian gf the material.

This is thc-point where the active devices 25A, 25B such as capacitors,
diodes, inductors, resistors, and transistors are fabricated into the active layer 16.
In the preferred embodiment, the devices 25A, 25B are field effect transistors. To
form the gate 28 for each transistor, the photolithographic mask used to form
isolation volumes 26 is removed and an oxide such as silicon dioxide 18 is
reformed over the isolation volumes 26 and on the active silicon 16. One method
of forming the oxide is by steam processing at 900 degrees C to 1100 degrees C
for about twenty minutes. Generally, the thickness of the silicon dioxide ranges
from about 20A to 100A, with a typical thickness being about 40A. To complete
the transistor gates 28, a polysilicon layer is then deposited over the silicon dioxide
18 to a thickness of about 2000A. This deposition may be completed by vapor
deposition with a silane source gas at about 700 degrees C. A positive photoresist
may then be deposited and patterned to form the gate conductors 28 from the
polysilicon layer. An implant mask (not shown) is then formed. The implant
mask allows for the implanting of either n+ type or p+ type ions to rorm source 30

and drain 32 regions in the transistors.

In forming the source 30 and drain 32 for the transistors, the ions may
generally be diffused in the intended region to the interface between the active
silicon 16 and the silicon dioxide insulator layer 14. Alterriatively, the formed
source and drain ion diffusion volumes may penetrate only partially into the active
silicon layer 16. In operation this partial diffusion provides very definite
characteristics in conjunction with the transistors. When the diffusion areas 30, 32
of ions only partially penetrate the active silicon layer 16, the active device extends
into the area which will later be occupied by the conductive studs 34 and 35 shown
in Figures 5 and 6, Thus, in the preferred embodiment, the conductive studs 34,
35 penetrate either the source 30 or drain 32, preferably the source 30 of a.



-1 of vortex wall 116 is a half elliptical surface of an ellipse having a
maj or axis defined by foci F-1 and F-2 on the centerline of wall 116 as it
appears in Figure 2. In Figure 3, tip 216-1 of vortex wall 216 is a half

el liptical surfacé of an ellipse having a major axis defined by foci F-1
and F-2 on a line perpendlcular to the centerline of wall 216 as it appears
in Figure 3. Figure 4 is like Figure ®with respect to the surface of tip
316-1 of wall 316 which is presented to the flow. However, wall 316 is nade
of sheet metal bent into a J-shaped tip 316-1 having an eIIipticaI surface
rather than having a nore massive wall 216 as in the Figure 3 enbodinent. A

m d- poi nttrmistdnecfeajcdrto dustesasbEIAVBERSB.OCh tifs 2mBodinfen? ths coldnctienswd of the
el lipse fromvvh e major, and minor radii, of the elli pse are ‘geterm' ned.

Accor di ngt$P pioeféfcsésﬁ emmhyisaleafw Iy eaisiieckeating wawih TRY takegace Wndet i ps
216-1 andirabfitck. 1Phd tfdubthe &ld hBS Prdvides A @hRdoP he el carriers, thereby

reducing transistor floating body effects.

Once the transistor device is formed, a planarized dielectric 36 may be
deposited on the surface of devices 2SA and 25B, as shown in Figures 4 and $.
The dielectric 36 functions to stabilize the device, electrically isolating the device
and stabilizing the device for further processing. The device is then masked to
form openings for the conductive studs 34, 35 as in Figure 5. The studs 34, 35
function as a connection between the substrate 12 and the devices 25A and 25B
formed in the active silicon layer 16, Generally studs 34, 35, 39, and 40, shown in
Figure 6, may comprise any number of conductive materials such as tungsten,
aluminum, copper, or a conductive doped silicon. The opening for the stud may be
formed with a high pressure sputter etch in argon gas using a sequence of selective
or non-selective etchants. Preferably, the etchants used are non-selective and
anisotropic. The openings for the conductive studs 34, 35 extend into the substrate
12 to a level necessary to provide electrical connection between the substrate 12 or
the implanted volumes 24A, 24B to the active devices 25A and 25B, typically
about one um. Stud 34 connects source 30 of transistor 25A to V,, through the
substrate 12, Stud 35 connects source 30 of transistor 25B to ground in region

24B of Figures 5 and 6. Additional layers of dielectric 36 may then be deposited

on the device.

Once the opening for the conductive stud 34 is formed, the opening is
coated with a material which promotes adhesion to the surrounding oxide such as
titanium or titanium nitride. This material adheres to the walls of the opening. A
conductive material such as tungsten is then introduced into the opening and may
be conformally placed in the opening by chemical vapor deposition or sputtering.

Oxide layer 50 is formed over the surface of the devices including studs 34 and 35.



‘4 between the Figure 2 enbodi ment and the Figures 3 and 4 enbodi nents and
presents different elliptical *surfaces. Except in the special case where
the axis of wall 116, 216 or 316 is on a diameter of inpeller 12, surfaces
116-1, 216-1 ‘and 316-1 coact with inpeller 12 to define a
conver gi ng-di verging throat which is non-symetrical with respect to the
throat. Gven that this is the locatibh for vortex V, and that the bl ades
of inpeller 12 have their snallest clearances with tips 116-1, 216-1 and

316-1 respectively, the coactions are quite different than those of the
PRI OR ART fan 10 of

Metallization may then be formed and patterned to provide source 37 and ground

38 contacts, Figure 6.

In a further embodiment of the invention, conductive studs 34 and 35 may
contact with transistor 25A and/or 25B to provide thermal conduction to the

substrate and a discharge path to the power planes for thermal energy and carriers,

The method of the invention patterns the substrate 12 so that discrete
functions can be electrically isolated from each other and from the power and
ground signals. The selective buried implant regions 24A and 24B may distribute
signals, e.g., voltage switching nets, that are required either in geographically
distributed areas within the chip or globally across the surface of the chip. A net
is defined as a common point- electrically with other electrical features in the circuit
where the switching and the voltage are common, Examples of distributed signals
which can be buried include; functional unit powerdown signals for power saving
and other applications; power good signals indicating functional start-up is
permissible; reset functions; cache invalid signals; interrupts, etc. In fact, any
functions having DC or pseudo DC signals, traditionally distributed via metal
wiring, can take advantage of the invention and be moved into the buried
semiconductor layer. A clock grid or tree also may be patterned into the substrate
12 and used to keep the FET devices synchronized by metal studs 34 and 35 which
interconnect the grid to the surface. This latter application, however, may not be
practicable because of excessive undesirable capacitance. These signals paths are
selectively defined/isolated from the power and ground distribution in the buried
planes by the selective implantation of the invention. Note that in the preferred
embodiment the power plane is continuous under the signal net but the ground
plane is selectively replaced by the signal net “wire.”

One significant limitation of SOI has traditionally been that heat generated

within switched transistors is not removed at a satisfactory rate because of the



: Figure 1. In Figure 2, the shorter side of the ellipse produces a shorter
convergi ng-di verging section. As a result of the configuration of tip 116-1

there would be increased flow than in the case of tip 16-1 with all other
factors being the. sane. In Figure 3, the longer side of the ellipse
produces a | onger convergi ng-diverging section. As a result of the
configuration of tip 216-1 there woulld be a quieter operation and | ess
tonal content than in the case of tip 16-1 with all other factors being the
sanme. The Figure 4 enbodi nent operates in a simlar fashion.

thermal insulative properties of the electrically insulating film(s) placed on all sides

of the transistors. When conventional transistors switch frequently, more joule

energy is generated and, as a result, the response time of the transistors

significantly decreases which affects performance of the circuit. Circumstances,

however, often require two or more transistors to match in terms of their response

time. One or more transistors, because they actually have a higher switching

frequency because, for instance, the data may contain more logical ones than

zeroes, generates more heat and responds more slowly. This invention, therefore,

mitigates the thermal effects of rapid transistor switching. The invention can also

mitigate the thermal effects of the active devices such as resistors and self-heating

capacitors by providing a thermal path as shown in Figure 7. The incorporation of

the buried electrical and thermal conductive studs enhances heat dissipation similar

to that of bulk semiconductor materials. Indeed, the invention can be specifically

implemented for its thermal conductive capabilities.

Further as semiconductors are operated at continually higher operating
frequencies, the amount of wiring associated with power/ground distribution is ever
increasing. Significant transient current spikes associated with high frequency
operation typically requires that relatively significant amounts of capacitance,
typically tens of nanofarads, to the chip and/or package to minimize power supply
voltage collapse. This invention, in one preferred embodiment, adds several
nanofarads of capacitance per square millimeter of chip area. Shown in Figure 8
are several representations 60 of the decoupling capacitive aspect of’ the invention
which actually extends along the boundary of the volumes 24A, 24B and the
volume of the substrate 12, The quality of the capacitance is defined by the
abruptness of the junction between volumes 24A, 24B and substrate volume 12 and
the magnitude of the difference in the concentration of the acceptor/donor carriers
in each layer. The larger the difference in magnitude of the concentration, the
better the capacitance. The crisp decoupling capacitance provided by the invention

maintains the voltage levels more at their appropriaté levels and keeps them from



. The Figure 2 configuration can be nodified to increase the throat or gap of
t he convergi ng diverging:portion to reduce flow to provide a quieter
operation with both flow and qui et operation being better than in the case
of tip 16-1. Simlarly, the Figure 3 and 4 configurations can be nodified
by reducing the throat of the converqing di verging portion to increase flow
whil e increasing noise but with the flBow and sound being better than in the
case of tip 16-1. In redesigning the PRIOR ART circular vane tip 16-1 of
Figure 1, the range of radius of the mnor axis of the ellipse redefining
tip 16- 1, Rerr], nust be in the range of:

[err] becoming "mixed" so that the voltage of a logical zero, for example, is maintained
nearer ground than without the invention. Similarly, the voltage level of a logical
one will be held more at V,,. Buried patterned layers provide more than sufficient
decoupling capacitance between the voltage supply rails for ground and power Vg,
without adding additional gate oxide which is expensive and requires a lot of arca

and/or without adding external added capacitance.

While the invention has been particularly shown and described with
reference to the preferred embodiment thereof, it will be understood by those of
skill in the art that the foregoing may be easily changed both in form and detail
without departing from the spirit and scope of the invention; the invention resides

in the claims hereinafter appended.



wher e Derr] is the diameter of inpeller 12. For a given value for Rerr],

the range of R err], the magjor radius of elliptical tip 116-1 or 216-1
must be in the range of:
5 2
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What is claimed:

1. A semiconductor circuit comprising:
(a) a conductive substrate having a first volume doped with first dopant
and a second volume doped with a second dopant;
(b) an insulator layer;
(© an active layer doped with impurities to form a first device and a
second device;

(d)  a first conductor electrically connecting said first device and said

first volume; and

(e) a second conductor electrically connecting said second device and

said second volume.

2. The circuit of claim 1, wherein the first device is a first transistor and the

first conductor is a first stud in electrical contact with the first transistor.
3. The circuit of claim 1, wherein the second device is a second transistor and
the second conductor is a second stud in electrical contact with the second

transistor.

4, The circuit of claim 1, wherein the first volume is at a first voltage level

and the second volume is at a second voltage level.

5. The circuit of claim 4, wherein the first voltage level is at V,, and the

second voltage level is at ground.

0. The circuit of claim 1, wherein the substrate comprises doped silicon.



[er‘r] For the Figure 2 -and 3 enbodi nents, the m ni num space or clearance
between the vortex wall and the inpeller, d[err] LS. tn-the-+ange—of T~

%E:H and the range of vortex wall angl es, [err] Hm“\ml“mn mﬂmof
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7. The circuit of claim 1, wherein the insulator layer comprises an oxide of
silicon.
8. The device of claim 1, wherein the active layer comprises silicon.
9. The device of claim 1, wherein the active layer comprises a semiconductor

material of Group III, IV, and V, and mixtures thereof.

10.  The circuit of ¢laim 1, additionally comprising a dielectric layer formed

over the first and second devices.

11. The circuit of claim 10, wherein the dielectric layer leaves a portion of the

first and second conductors exposed.

12. The circuit of claim 1, wherein the dopants in the active layer do not

contact the insulator layer.

13. The circuit of claim 1, wherein the first volume is doped with an n+ type
dopant, and the first device is a first transistor comprising a p+ diffusion,

and the first conductor electrically connects the first volume and the first

transistor p+ diffusion.

14, The circuit of claim 1, wherein the second volume is doped with a p+ type
dopant, and the second device is a second transistor comprising a n+

diffusion, and the second conductor electrically connects the second volume

and the second transistor n+ diffusion.



.From t he foregoi ng explanation, it should be clear that the PRI OR ART
circular tip 16-1 can be m)dlfled into tip 116-1 or 2 16-1 using—the

teachings of the present invention and that further an be
made by changing d[err] as shown above. Al so, Fig “ﬂ@“ﬂ! ﬂm esent
extreme limts of the orientation of the eIIiptic

I nternmedi ate positions are possible.

15. A silicon-on-insulator semiconductor circuit comprising:

(a) a conductive silicon substrate having a first volume doped with an
n+ type dopant at a first voltage level, and a second volume doped
with a p+ type dopant at a second voltage level,

)] an insulator layer of silicon dioxide;

(c) a silicon layer doped with impurities forming a first transistor and a
second transistor,

(d) an isolation volume between the first transistor and the second
transistor; and

(e) a first conductive stud electrically connecting the first transistor to
the first volume; and

¢3) a second conductive stud electrically connecting the second transistor

and the second volume.

16. The circuit of claim 15, wherein the first conductive stud and the second
conductive stud are made of material selected from the group consisting of

tungsten, copper, aluminum, and doped silicon.

17. The circuit of claim 15, additionally comprising a dielectric layer over the

first and second transistors.

18.  The circuit of claim 17, wherein the dielectric layer leaves a portion of the

first and second conductive studs exposed.

19.  The circuit of claim 15, wherein the impurities in the silicon layer do not

contact the insulator layer.

20.  An integrated semiconductor circuit comprising an active layer separated
from a buried layer by an insulator layer, the buried layer comprising an

equipotential net of pattemed doped volumes, and the circuit comprising a



6 CLAINS What is Cained is:
1. A transverse fan neans (10) including an inpeller having a.rotor (12)

havi ng an outer dianeter Dierr], a vortex wall (116)_havi 16- 1)
spaced fromsaid rotor by a clearance, d[err], and ﬁmmulmg | whi ch
coacts with said vortex wall to defi newa di schar ge il angl e,

characterized by said tip.

contact and an electrical conductor connecting the contact and the

equipotential net.

21, The circuit of claim 20, wherein the electrical conductor comprises an

electrical and thermal conductive stud.

22.  The circuit of claim 20, wherein the equipotential net distributes an

electrical signal.
23.  The circuit of claim 20, wherein the substrate comprises doped silicon.

24.  The circuit of claim 20, wherein the insulator layer comprises an oxide of

silicon,
25.  The circuit of claim 20, wherein the active layer comprises silicon.

26.  The device of claim 20, wherein the active layer comprises a material

selected from Group V and mixtures thereof,

27.  The circuit of claim 20, wherein the stud is made of material selected from

the group consisting of tungsten, copper, aluminum, and doped silicon.

28. A method of manufacturing a semiconductor device, comprising the steps
of:

(@) defining at least.one buried volume of a second conductivity in a
semiconductor substrate of a first conductivity, the semiconductor
substrate having a first insulator layer adjacent the semiconductor
substrate, an active semiconductor layer adjacent the first insulator

layer, a second insulator layer adjacent the active semiconductor



havi ng an elliptical surface having foci and spaced fromsaid rotor
wherein said elliptical surface has a major radius, Rlerr], and a m

radi us, R[err]
wher e

such that:

| wherein said rea'r. wglelrr]coacts with said vortex walmm IH i"ﬂﬁlmml’

and
nor

portion having an angle, [err], with: 18

29,

30.

(b)
(c)

(d)
(e)
(f)
9]

(h)

0

\)

layer, a third insulator layer adjacent the second insulator layer, and
a mask on top of the third insulator layer;

removing the third insulator layer and the mask;

developing and removing a photoresist to expose a plurality of
isolation volumes in the active semiconductor layer;

etching the exposed isolation volumes to the first insulator layer;
filling the isolation volumes with a fourth insulator,

forming at least one active device having a diffusion region between
the isolation volumes in the active semiconductor layer;

depositing a first dielectric on the surface of the semiconductor
device;

creating at least one stud opening for a conductive stud extending
from the surface of the first dielectric through the diffusion region of
the active semiconductor layer and through all layers of the
semiconductor device to either the substrate or to the buried volumes
of step (a);

introducing a conductive material into the stud opening to form a
stud; and -

patterning electrical contacts onto the stud.

The method of Claim 28, further comprising:

(k)

adding a fourth insulator layer over the surface of the semiconductor

device including the surface of the studs.

The method of Claim 28, wherein the step (a) of defining at least one

buried volume further comprises:

(al)

implanting ions of the second conductivity at energies on the order
of 200 KeV to 800 KeV.

claim
schar ge



[err] and

31

32.

33.

34,

35.

[err]

i

- N

e
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The method of Claim 28, wherein the semiconductor substrate is a
compound of Group ITIA, IVA, VA or a combination thereof, and the ions

of the second conductivity are boron.

The method of Claim 31, wherein the first and second insulator layers are
silicon dioxide, the active semiconductor layer is silicon, the third insulator

layer is silicon nitride, and the mask is an oxide mask.

The method of Claim 28, wherein the step (e} of filling the isolation
volumes with a fourth insulator further comprises chemical vapor deposition

of silicon dioxide to provide conformal deposition.

The method of Claim 28; wherein the step (h) of creating the stud opening

further comprises:

(h1)  masking the semiconductor device except where the stud is to be
located; and

(h2)  sputtering a non-selective anisotropic etchant under high pressure in

argon gas.

The method of Claim 34, wherein the step (i) of introducin{g a conductive

material into the stud opening further comprises:

(i1)  coating the opening with a titanium compound to promote adhesion;
and

(i2)  conformally introducing tungsten into the stud openings by chemical

vapor deposition of sputtering.



