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STRUCTURES AND METHODS OF ANTI-FUSE FORMATION IN SOTI
DESCRIPTION
BACKGROUND.OF THE INVENTION
Field of the Invention

The present invention generally relates to
inc¢reasing manufacturing yield of integrated circuit
devices and, more particularly, to the formation of
various anti-fuse structures in the bulk
semiconductor substrate of silicon on insulator
(SOI) wafers and siﬁilar layered substrates.

-

Description of the Prior Art

The advantages of increased functionality and
performance of integrated circuit devices and
increased economy of manufacture derived from
increased'integration density have led to
substantial advances in lithography &and other -
manufacturing processes that allow reduction of
sizes of transistors, capacitors and other

electronic circuit elements and substantial

increases in integrated circuit complexity. As

integrated circuit complexity increases, however,
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the likelihood of a malformation of some portion of

" the integrated circuit during manufacture increases

as well. Therefore, it has been a common incident
of integrated circuit design to provide for repair
of wafers; chips and packages or modules containing
the chips at virtually all stages of manufacture so
that the expense of processing is not lost.

For example, if a yield or reliability failure
is detected after significant wafer processind has
been performed, the cost of processing to that point
is not lost if performance of the chip can be
restored. As other examples currently possible or
foreseeable, electrostatic discharge (ESD)
protection may be provided during manufacture and
disconnected when modules are installed in a system,
off-chip driver (OCD) strength can be set based upon
load requirements and system failure can be repaired
without powering down a system or replacing failed
parts.

Such repairs are generally accomplished by the
provision of fuses and anti-fuses as potential -
disconnections and connections that can be made to
substitute redundant elements or circuits (e.g.
memory cells or partitions) for structures which are
defective or of sub-specification performance.
Numerous structurés and techniques for activating or

programming both fuses and anti-fuses are known. In
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general, more current or voltage must be applied to
activate anti-fuses than is required to activate
(e.g. destroy/disconnect) a fuse. This fact is
becoming more critical at increased integration
densities and reduced operating and breakdown
voltages due to the potential for damage to other
circuit elements since excessive heat voltage and/or
current alone or in combination can damage déviée.
structures that are becoming more Eritical with
improved performance. Additionally, fuses and anti-
fuses require significant chip space (including
separations to limit thermal effects) ana placement
among complex circuits of increased numbers of
elements is often difficult.

To obtain highest performance from active
devices that may be included in integrated circuits,
the use of silicon-on-insulator (SOI) wafer has been
generally adopted in recent years. SOI substrates
have a relatively thick bulk silicon or other
conductive material layer to provide mechanical
strength and facilitate handling and packaging and a
thin, wvery high quality monocrystalline silicon
active device layer isolated from the bulk silicon
by a layer of insulator, generally and oxide.

It is known (but not admitted to be prior art
as to the present invention) to allow the structure

of some elements formed in the active device igyer



to extend into the bulk silicon layer. A deep
trench capacitor is an example of such a structure.
While it is characteristic of SOI structures to be
isolated from the bulk layer, such a strucﬁure for
dynamic memory arrays is advantageous since the
capacitor dielectric maintains electrical isolation
while allowing the bulk layer to serve as a common
electrode for capacitors of the array. While some
other structures extending into the bulk silicon
layer have been proposed for various purposes
including improvement of heat transfer, the basic
principle of electrical isolation of the bulk
silicon layer.from the active device layer must be
observed. Further, since the SOIistructure is of
substantial cost relative to other structire
providing'lower active -device performance, the cost
of forming fuses and anti-fuses in terms of the cost

of their respective "footprints" is subsﬁantial.
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SUMMARY OF THE INVENTION

It is therefore an object'of the present
invention to provide an anti-fuse structure of small
footprint size that can be arbitrarily located in an
integrated circuit formed on an SOI substrate..

It is another objécf of the invention to
provide an anti-fuse structure having low
programming voltage.and current and reduced thermal
effect on surrounding elements.

It is a further object of the invention to
provide an anti-fuse structure which is electrically
and thermally isolated from the active device layer
of an SOI substrate to avoid compromise of active
devices and/or to increase the reliability of an
integrated circuit formed therein.

In order to accomplish these and other objects
of the invention, an integrated circuit and an anti-
fuse structure therefor are provided and formed on a
layered substrate including a first semiconductor.
layer and a second, selectively doped, semiconductor
layer insulated therefrom, the anti-fuse comprising
a first conductor extending from the first
semiconductor layér into the second semiconductor
layer and having a programmable element interposed
between the first conductor and the second |

semiconductor layer, a second conductor extending
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from a surface of the first semiconductor layer to a
surface of the second semiconductor layer, and an
insulating collar surrounding at least one of the

first conductor and said second conductor.

In accordance with another aspect of the
invention, a method of making a semiconductor device
in a layered substrate comprising first and second
semiconductor layers separated by an insulator layer
is provided comprising forming a first aperture in
the first semiconductor.layer and insulator layer to
the second insulator layer, forming a sécond
aperture in through the first semiconductor layer
and insulator layer extending into the second
insulator layer, forming a thin insulator in the
second aperture, forming a thick insulator collar in
a portion of the first aperture or second aperture,
and forming conductors in the first and second

apertures.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and
advantages will be better understood from the
following detailed description of a preferred
embodiment of the invention with reference to the
drawings, in which:

Figures 1{ 2, 3, 4 and 5 are cross-sectional
views illustrating manufacture of a first embodiment
of the invention,

Figure 3A, 3B, 3C, 3D, 3E, 3F and 3G illustrate
details of contact and isolation structure formation
between thg stages illustrated in Figures 3 and 4,

Figure 5A further illustrates contact
formation, and ’

Figure 6 is a plan view of an anti—fuse and
isolation structure in accordance with the
invenfion, and

Figures 7, 8, 9 and 10 are cross-sectional
views illustrating manufacture of a second

embodiment of the invention.



DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now té the drawings, and more
particularly to Figure 1, there is shown, in cross-
sectional view, a starting wafer for formation of an
anti-fuse in accordance with a first embodiment of
the invention. As is characteristic of silicdn—on—
insulator (SOI) wafers, a relatively thick bulk
silicon layer 10 is provided to provide mechanical
robustness and facilitate handling and to provide an
electrically condudtive ground plane. for purposes
of the practice of the invention, however, this bulk

silicon is preferably formed or treated (e;g.

. implanted) to include dopants that regulate the bulk

resistance to a desired value, as will be discussed
in greater detail below. The bulk silicon is '
covered with an insulator 12, generally an oxide
(and thus referred to as a back oﬁide or BOX), and
the insulator is éovered by a thin monocrystalline
silicon layer 14 of extremely high quality, often
referred to an active device layer. '

It should be. understood that, while the
invention will be described in terms of a SOI wafer
because application to such a wafer is preferred by
the inventors at the present time, that application

us to be regarded as exemplary. The invention is



fully applicable to other layered wafers and chips,
as will be evident to those skilled in the art.

The active device layer 14 is covered by a
deposited nitride layer 16 which is, in turn covered
by a deposited oxide layer 18. As is known, oxide
and nitride can be etched selectively to each other
and to silicon and the hardhess of nitride provides
utility as an etch stop and/or a polish stop.

As illustrated in Figure 2, the oxide 18,
nitride 16, silicon layer 14 and back oxide 12 are
opened by etching, in accordance with a resist (not
shown) that can be patterned by any suitable
process, using the bulk silicon layer 10 as an etch
stop (relative to the etchant for oxide 12) to form
an aperture 20. Oxide 18 serves as a hard mask
during the etching of SOI layer 14. Highly
conductive sidewalls 22 (é.g. P+ silicon) are then
selectively formed by isotropic deposition and
anisotropic etching. These conductive spacers serve
to connect the bulk silicon layer 10 to the active
device layef 14. It should be noted that P+
‘sidewalls are appropriaté oniy.for connecting p
regions in SOI/active layer 14 with a p type’
substrate 10 or p well therein (to avoid formation
of a junction diode, and that n+ spacers should be
used in n regions for the case of an n type SOI

region or an n type substrate or well. The aperture
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between the conductive sidewalls 22 is filled with
CVD oxide 20 and planarized.

Next, as shown in Figure 3, oxide layer 18 is
removed by polishing to the nitride layer 16. This
removal of the oxide 18 provides planarization for
subsequent lithographic processes and also exposes
the conductive spacer, to be later formed as a
terminal connected to both the active silicon layer
14 and the bulk silicon 10. At this point, a non-
programmable contact to the bulk silicon layer 10
and the active silicon layer 14 of the SOI wafer has
been completed. '

It should be appreciated that an anti-fuse can
be used in several ways. The nature of the use will
affect the nature of the structure of the anti-fuse.
In accordance with the invention, the bulk silicon
is used as a more or less resistive connection
having two or more contacts. More specifically, the
nature of the anti-fuse will depend on the other
structures in the immediate environment of the anti-
fuse on the chip, the nature of the functional
rep;ir to be made and the simultaneity'of“signalsﬁﬁn
the chip. | |

If, for example, an anti-fuse in accordance
with the invention is used to repair a broken
conductor, the bulk silicon iayer resistance should

be low and isolation should be provided between the
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anti-fuse and any other anti-fuse if, in accordance
with the integrated circuit design,-signal.cén be
simultaneously present at two or more anti-fuses.
Isolation can be provided in the bulk silicon wafer
10 by any known process or by formation of discrete
impurity wells (e.g. by implantation and diffusion).
In practice, the number of anti-fuses on a chip may
be relatively small and the number of impurity'wells
may be correspondingly limited with relatively wide
tolerances for registration.

It is somewhat more common to "read" anti-fuses
by applying voltages to a common (non—prégramméble)
terminal, as described above, of a plurality of
anti-fuses and to connect the other (programmable)
terminal to the gate of a transistor that provides
the desired connection. (The reverse or these
connections may also be empldyed.) In such a case,

. specific resistance of the bulk silicon layer 10 can
be relatively high and little or no isolation of the
anti-fuses need be provided in the bulk silicon
layer, especially if voltages are applied
sequentially to conduction terminals of the
transistors to read the anti-fuses sequentially, as
is preferred.

Sequential reading of the anti-fuses is
preferred and may be easily éccomplished at power-up

of the chip so that the relatively high resistance
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does not cause voltage drops in the bulk substrate
which could be sensed as cross-talk between the
anti-fuse and cause erroneous operation. Although
the change in resistance (Gigaohms to hundreds of
Kilohms but substantially less change, say to tens
of Megohms, is possible) when the anti-fuse is
programmed, the resistance remains quite high and
the transistor functions essentially as an
amplifier. Such an amplifier, if implemented with a
field effect transistor has a very high input
impedance and sequential reading is not always

necessary and the state of the transistor may be

maintained with little likelihood of cross-talk.

However, to minimize likelihood of effects of cross-

talk between anti-fuses, it is chh preferred to

initially energize the transistors sequentially. A

latch can also be used to read the anti-fuse and
maintain the data so read.

The formation of a complementary programmable
contact to the bulk silicon layer 10 will now be
described with reference to Figures 3A - 3G. 1In
Figure 3A, a blanket borosilicate glass (BSG) layer
30 is shown, applied over the structure illustrated
in Figure 3. A photo-resist layer 32 is.applied
thereover and patterned in accordance with the
desired anti-fuse location and dimensions. The BSG

layef 30, nitride layer 16, SOI active layer 14 and’
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back oxide 12 are then étched, stopping at substrate
10 as shown in Figure 3B, The resist 32 is then
stripped and the bulk silicon 10 is etched using the
etched BSG as a hard mask. This results in a deep
trench within the bulk silicon wafer.

Then, as shown in Figure 3D, a thin dielectric
layer 34 is deposifed or grown on the interior of
the trench. This dielectric preferably is similar
to a trench capacitor dielectric as used in mémory
arrays. The trench is then filled with doped
polysilicon (indicated by dashed line 36) and
planarized to nitride layer 16, removing the BSG.
The doped polysilicon is then recessed to 36' and a
thick collar oxide 38 is formed for isolation from
the active device layer 14 of the SOI waﬁer from the
remaining interior of the trench in which a second
deposit of doped polysilicon is placed.and
planarized, as shown in Figure 3E. (Alternatively,
the etch described above in connection with Figure
3B could be stopped at the back oxide 12 and the
thick collar 38 formed before the back oxide 12 is
opened by further etching to the-substrate 10.) It
will be recognized by those skilled in the art that
this structure is substantially that of a trench
capacitor with the doped poiysilicon inside the
trench forming one capacitor plate and the bulk

silicon and the non-programmable contact of Figure 3



14

forming the second capacitor electrode.
While the anti-fuse is substantially complete

(less contact connections and other perfecting

.~ feature which will be discussed below in regard to

Figures 4, 5 and 5A) as shown in Figure 3E, the
active device layer 14 of the SOI wafer remains
connected .to the conductive doped bulk silicon layer
10 where other devices are to be formed. Therefore,
as shown in Figure 3F the nitride 16 and active
silicon layer 14 are etched to form a trench
surrounding the anti-fuse and an insulator deposited
there to form a shallow trench isolation (STI)
structure 40. An exemplary pattern for the
isolation structure is shown in Figure 6.

The nitride is then stripped to leave the SOI
structure with anti-fuse devices in placé; ready for
formation of additional circuits on the remainder of
the chip including but not limited to transistors
and memory cells int any manner appropriate to SOI
processing. Since no portion of the circuitry of

the integrated circuit other than the anti-fuse has

.been formed, there is no compromise of the heat -

budget for fabrication of these circuits by the
formation of the anti-fuses.

By the same token, the avoidance of any effect
on heat budget of the formation of the first

embodiment of the invention generally allows some
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margin for the effects of heat generated by
programming the device after other components of the
integrated ci}cuit have been formed and even
subsequent to packaging and placement of the
integrated circuit in service. The thermal
isolation provided by STI 40 also serves to minimize
thermal effects of.programmihg.' Nominal operating
conditions also provide a margin for thermal effects
without deleterious effects on the integrated
circuit. Therefore, the invention provides support
for the capability of self-repair of integrated
circuits during operation to substitute’ functional
circuitry for other circuitry which may become
marginal or non-functional.

Figure 4 is substantially the same as Figure 3G
but additionally illustrates programming of the
anti-fuse. Preferably, programming is performed by
applying a voltage sufficient to cause breakdown of
the capacitor dielectric 34 but the damé@e could be
achieved in other ways such as laser irradiation
from the back side of the chip. For a 6 nm
thickness of dielectric 34, corresponding to a 0.2
micrometer minimum feature size regime, programming
can be achieved at about 6.9 volts, depending on the
dielectric composition. For preferred dopant

levels, breakdown by use of such a voltage causes a

‘resistance change from about 300 gigaochms in the
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unprogrammed state to about 100K ohms in the
programmed state.

The thicker collar 38 in the trench at the
level of the active silicon layer 14 assures that
such a programming voltage will not cause breakdown
to SOI layer 14 during application of the |

programming voltage. Additionally, it is considered

desirable but not necessary to the practice of the

invention to use a blockout mask and etch the SOOI
active device layer 14 away surrognding the
programmable deep trench contact of Figures 3A -~ 3G
and 4 as shown in Figure 5 to further increase
resistance to breakdown. It is also preferred to
leave part (e.g. 60) of the SOI active layer 14
ﬁithin the isolation structure 40, as shown is
Figures 5 and 6. This portion of silicon
facilitates formation and adhesion of a metal
contact 50 for providing a connection to the bulk
siiicon layer 10 through Spacer 22 as shown in
Figuré 5A.

Programming current is about 100 microamps and
heating during programming is minimal and, |
especiallj since the back oxide 12 and STI 40 are
effective thermal barriers and the heat generated by
programming current is subSténtially confined to and
may be easily dissipated from the bulk silicon, no

thermal damage to nearby'integrated circuit elements
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is caused. By the same foken, the programming
current is .isolated from the active siliéon layer
by the same structures and insulators surrounding at
least one of the contacts to the anti—fuse and
substantially confined to the bulk silicon,
avoiiding not only damage to the active layer sevice
but also isolating the active layer devices from the
effects of noise due to programming current.
Therefore, anti-fuses may be programmed whilé'the
integrated circuit remains in operation. Many
methods of developing suitable voltages for
programming are known in the art and, in any event,
are not critical to the practice of the invention.
The embodiment of the invention described above
can be fabricated at small size and does not -
significantly compromise the chip area available for
integrated circuit elements, even when several
hundred anti-fuses are provided on the chip. It
should also be understood that the non-programmable
contact may be common to a large number of
programmable structures and may be omitted entirely
if a connection to the bulk silicon layer is made_on
the back side of the chip. On the other hand, the
need for STI at the active layer level requires an
amount of space surrounding the progrémmable contact
as shown in the plan view of Figure 6; preﬁenting aﬁ

optimally small configuration from being realized.
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The avoidance of effects on the heat budget of the
remainder of the integrated circuit also requires
that the locations be planned in accordance with the
remainder of the integrated circuit design.

A further embodiment of the invention which
provides'a size advantage and improvement in contact
area of an anti-fuse in accordance with the

invention will now be explained in regard to Figures

7 - 10. This embodiment has minimal effect on heat

‘budget of the integrated circuit during manufacture

which can generally be accommodated but provides a
contact that can be selectively pléced at any
location after the integrated circuit elements are
formed and at minimum lithographic feature size. It
should be noted that a thick insulating collar
surrounding trench polysilicon 72' is not necessary
in this embodiment since electrical access to the
anti-fuse is through strap 74 and contact between
polysilicon'72 in the trench and the SOI layer is
desirable. Breakdown is avoided by spacers 90 which
form an insulating collar around conductor iOO,'as
will be described below. Additionally, as alluded
to above, it may be more desirable for soﬁe
applications of this embodiment to provide-separate
conductive regions (e.g. strips) in the bulk
material than in the embodiment of the invention

described above.
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Figure 7 shows, in cross-section, an exemplary
storage cell of a DRAM array with associated
selection transistors and a storage capacitor 72 in-
place. However, it should be understood that this
ehbodiment of the invention is equally applicable to
any type of integrated circuit (e.g. processors,
gate arrays, ASICs and the like) and that the
invention is not limited to memory arrays and does
not rely on the presence of the storage capacitor
shown. The gate connections GC are word lines of
the array while bit line stud connections are formed
between the transistoré.in region 70 to bit lines
which run parallel to or in the plane of the page.
The wordllines may be considered as extending in a
direction perpendicular to the plane of the page,
with bit lines running orthogonal to the word lines,
although even this configuration should be regarded
as exemplary. It should also be understood that a
word line/control gate GC may be a dummy structure
to provide the desired anti-fuse structure and may
not serve any electrical purpose.

A diffusion 74 is provided as a contact to the
storage node 72' of the capacitor 72 and a trench
" top oxide (TTO) is preferably provided where word
line connections to transistors in front of and
behind the plane of the page cross above the

capacitor 72 in order to reduce noise coupling. The
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gate connections are preferably capped with nitride
(NIT) and passivation layers (e.g.TEOS) pro%ided.
None of these preferred features are important
to the practice of.the invention or an understanding
of it. It is, .however, important to an appreciation
of the meritorious effects of this embodiment of the
invention to recognize that the transistors are
formed with a spacing which may be the minimum '
lithographic feature size under the design rules of
the integrated circuit. Thus, the method of
fabrication of a connection in accordance with the

invention can be placed wherever desired among

‘maximally dense structures. It should also be noted

that the absence of a metal bit line connection in
region 70 of a DRAM cell would be represeritative of
a break in the bit line which can be repaired by use
of the invention as well as a redundant partition of
the memory which was not originally connected to bit
lines. It should alsoc be appreciated that the
source diffusion S is optional but is preferred at
least because avoidance of it may require an extra
masking step, even if it has no function. .(Trench
polysilicon 72' is contacted through diffusion D
overlying‘strap diffusion 74 whereas the contact is
landed directly on the inner electrode of the anti-
fuse of the first embodiment.) It may also serve to

connect to a bit line segment in front of 6r behind
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the plane of the page in Figure 7.

As further shown in Figure 7, the passivation
layers have been opened at the location where the
connection is to be formed. As shown in Figure 8,
using the passivation layers (e.g. a nitride top
layer 80) and nitride sidewall spacers 76 formed on
the sides of the transistor gates as hard mask, the
silicon active device layer 14 is etched to the back
oxide 12. Then, as shown in Figure 9 further
nitride or composite (e.g. nitride over grown oxide)
sidewalls/collar 90 are developed over the existing
nitride sidewall spacers ana within the 'via through
the active device silicon layer 14. A via can then
be etched though the back oxide (BOX) 12 to the bulk
silicon layer 10. ‘The via now extends from the '
surface of the passivation layers to the bulk
silicon layer and can be filled with doped
polysilicon to complete the connection as shown at
100 of Figure 10. :

It is much preferred to provide spacers/collar
90 of a thickness which will resist breakdown at
operating voltageé or at voltages which may be used
to program the capacitor structure 72, should the
facility for such programming be desirable, .
consistent with adequate conductivity of the doped
polysilicon fill 100. That is, increased thickness

of sidewalls/collar 90 will reduce the cross-section
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of connection 100 and increased resistance due to
decreased cross-section may not necessarily be -
compensated by increase of dopant compensation
unless sidewall thickness is suitably limited. 1In
this way breakdown of the capacitor dielectric can
be achieved without causing breakdown elsewhere in
the structure.’

(It should be noted, in this regard, that while
the conductors of Figures 2 - 5 were identified as
"programmable” and "non-programmable”, conductor 100
is non-programmable once formed but programmable in
the sense that its location and formation may be
selectiveiy chosen. The capacitor structure 72 is
also (separately) programmable, if desired, in the
same manner as the programmable conductor. 42 (Figure
57A), which, if not programmed by intentional damage
to the dielectric, can also be used as a capacitor.)

| This structure may be used in several ways. If
suitable isolation is provided, the capacitor 70 can
be read as a two terminal device. The connection
can also be used to répair, for example, bit lines
or to connect redundant devices to replace marginal
or iqoperative devices. Further, since both
electrodes of the capacitor are available, the
capacitor dielectric can be damaged by an
oﬁervoltage to program the anti-fuse. Other uses

and ancillary structure to accommodate them will be
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evident to those skilled in the art in view of the
present disclosure. In any event, the connection in
accordance with this seéond embodiment of the
invention is potentially of a size which can be
placed at any location in an integrated circuit
including features spaced at minimum lithographic
feature size and can be formed at any stage of
manufacture of the integrated circuit that includes
the devices or structures between which it is to be

placed.

Therefore, the second embodiment of the
invention is fully complementary to the first
embodiment of the invention and the two embodiments
provide for repair of any portion of an integrated
circuit at any stage of wafer proceésing and chip
nanufacture. The processes of the first embodiment
have no effect on the heat budget of the remainder
of the integrated circuit and the effects of the
second embodiment on heat budget may be minimized by
suitable choice of low temperature processes.

In view of the foregoing, it is seen that the
invention provides an anti-fuse structure of small
footprint size potentially smaller than the minimum
lithographic feature size of the integrated circuit
design which can be formed in a self-aligned manner

interstitially between .other closely spaced
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structures. The anti-fuse in accordance with the
invention can be programmed with a low voltage and
current and may be thermally isolated from other
structures such that the heat incident to
programning does not affect other structures of the
integrated circuit. The complementarity of the
embodiments disclosed above allow the provision of
anti-fuse and engineering change structures-to-be
~developed to repair circuits at any stage of
manufacture including periods after the integrated
circuit is placed in service.

While the invention has been described in terms
of a single preferred embodiment, those skilled in
the art will recognize that the invention can be
practiced with modification within the spirit and

scope of the appended claims.
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CLAIMS

Having thus described my invention, what I
claim as new and desire to secure by Letters Patent

is as follows:

1. An anti-fuse structure formed on a layered
substrate including a first semiconductor layer and
a second, selectively doped, semiconductor layer,
said first semiconductor layer being isolated from
said secorid semiconductor laYer by an iqsulator,
said anti-fuse structure comprising,

a first conductor extending from said first
semiconductor layer into. said second semiconductor
layer and having a programmable means intérposed
between said first conductor and said second
semiconductor layer, and

a second conductor extending from a surface of
said first semiconductor layer to a surface of said
second semiconductor layer, and

an insulating collar surrounding at least one

of said first conductor and said second conductor.

2. An anti-fuse as recited in claim 1, wherein
sald programmable means is a thin dielectric layer
having a thickness less than a thickness of said

collar.
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3. An anti-fuse as recited in claim 2, wherein
said second semiconductor layer, said thin
dielectric layer and said first conductor forﬁ a
capacitor structure.
4. An anti-fuse as recited in claim 1, wherein
said second conductor is formed between' sidewall
spacers formed on sides of-structures formed on said
first semiconductor layer.

- 5. An anti-fuse as recited in claim 1, further
including means for isolating a region of said first
semiconductor layer surrounding said anti-fuse from

another region of said first semiconductor layer.

6. An anti-fuse as recited in claim 5, wherein
said first semiconductor layer within said isolation

means is recessed from said first conductor.

7. Am anti-fuse as recited in claim 6, further
including

a contact pad separated in location from said
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second conductor, and
means for connecting said second conductor to

said contact pad.

8. An integrated circuit including an anti-fuse
structure formed on a layered substrate including a
first semiconductor layer and a second, selectively
doped, semiconductor layer, said first semiconductor
layer being isolated from said second semiconductor
layer by an insulator, said anti-fuse structure
comprising,
> a first conductor extending from said first
semiconductor layer into said second sémiconductor
layer and having a programmable means interposed
between said first conductor and said second
semiconductor layer, and

a second conductor extending from a surface of
said first semiconductor layer to a'gurface of said

second semiconductor layer, and
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an insulating collar surrounding at least one

of said first conductor and said second conductor.

9. An integrated circuit as recited in élaim 8,
wherein said programmable means is a thin dielectric
layer having a thickness less than a thickness of

said collar.

10. An integrated circuit as recited in claim 9,
wherein said second semiconductor layer, said thin
dielectric layer and said first conductor form a

capacitor structure.

11. An integrated circuit as recited in claim 8,
wherein said second conductor is formed between
sidewall spacers formed on sides of structures

formed on said first semiconductor layer.

-12. An integrated circuit as recited in claim 8,

further including means for isolating'a region of
said first semiconductor layer surrounding said
anti-fuse from another region of said first

semiconductor layer.
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13. An integrated circuit as recited in claim 12,
wherein said first semiconductor layer within said
" isolation means is recesged from said first

conductor.

14. Am integrated circuit as recited in qlaim 13)
further including ' N

a contact pad separated in location from said
second conductor, and '

means for connecting said second conductor to .

said contact pad.

15. A method of making a semiconductor- device in a
layered substrate comprising'first_and second
semicohductor layers separated by an insﬁlatof

layer, said method comprising
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forming a first apeérture in said first
semiconductor layer and said insulator layer to said
second insulator layer, ]

forming a second-aperture in said first
semiconductor layer and said insulator layer and
extending into said second insulator layer,

forming a thin insulator in said second
éperture, and

forming a thick insulator collar in a 5bf£ion
of one of said first aperture and said second
aperture,

forming conductors in said first gnd second

apertures.

16. A method as recited in claim 15, including the

"

further step of
connecting said first and second semiconductor
layers with conductive sidewalls in said second

aperture.

17. A method as recited in claiﬁ 15, wherein séid
second aperture is formed in a éelf—aligned manner

between sidewall spacers.

18. A method as recited in claim 15 including the

further step of damaging said thin insulator;
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19. Apparatus comprising:'
a substrate having a bulk layer, a dielectric layer on the bulk

layer, and a device layer on the dielectric layer;

a trench formed through the device layer and the dielectric '

layer into -the bulk layer, the trench including:

a bottom and sidewalls in the bulk layer covered by an
insulator having a first thickness; T
sidewall portions formed by the dielectric and device

layers; and

an insulator having a sécénd thickness greatér than the
first thickness covering at least the sidéwall portion
formed by the device layer;

the trench also having a conductive material disposed therein

at least on the insulator having the first thickness; and

a first electrical contact to the conductive material and a

second electrical contact to the bulk layer.

'29. The apparatus according to claim 19 further comprisiné
voltage tgrminais coupled to the first and second contacts for

providing'a voltage between the conductive material and the -
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Bulk layer sufficient to short them together through the
insulator having the first-thickness. _

21. The apparatus according to claim 20 wherein the bulk
1ayef and a region of the device layer near the trench are
‘electrically isolated from each other by the dielectric layer

and by the insulator having the second thickness.




