
;Z[e3eR`R]\x6<T=ASTRUCTURES AND METHODS TO MINIMIZE PLASMA CHARGING DAMAGE
IN SILICON ON INSULATOR DEVICES BACKGROUND OF THE INVENTION The present
invention relates generally to semiconductor devices and methods for the
manufacture thereof In particular) the invention relates to methods and
circuit configurataons effective for reducing plasma induced damage on
devices fabricated on silicon-on-insulator (SOI) substrates. Increasing
interest in the design and fabrication of ultra large scale integration
(ULSI) chips requires a detailed understatading of the modes of plasma
charging dar~nage during their fabrication, as well as designs effective in
minimizing such damage. A, particular concern is plasma-related damage of
gate oxides in metal oxide semiconductor (NIOS) devices during fabrication.
In bulk silicon processes, plasma charge is collected at the gate terminal
only since this is the only node with respect to the wafer bulk. The use of
protective diodes connected between the gate and the substrata can
effectively protect against these type of charging effects. However, in SOX
technology, the presence of a buried oxide layer causes both the diffusion
and gate nodes to float with respect to the bulk. During plasma processing
of S0I wafers, the gate and source/drain antenna can charge to different
voltages depending upon their antenna characteristics and may resuh ire
ttuvaeling current through the gate oxide) thoreby damaging the gate oxide.
Moreover, since boti~ the gate and sourecldrain antenna can charge during
plasma mediated pracassing, the use ofprotective diodes in SOI circuit
configurations is not a practical solution. BEEF SUMMARY OF THE INVENTION
An S01 circuit configuratron effective for minipnizing plasrm,a-induced
eharguag damage during :fabrication, the SOI configuration includes a gate
electrode, a     semiconductor body having a source diffusion region and a
drain diffusion region, and charge collectors connected to the gate
electrode and the semiconductor body, wherein each one of the charge
collectors have the same or substantially the same shape and dimensions.
Such configuration reduces the effect of plasma charting during fabrication
by rendering the circuits inherently robust against plasma damage effects.
Tn another embodiment, the inventors hereof have accordingly recognised
that the charge accumulated by a SID antanna in a device on an S 01 water
can have either positive or negative polarity, and that more damage is
observed where a positive antenna is connected on one terminal and a
negative antenna is connected to the other terminal khan where antenna of
the same polarity are connected to each terminal. Acoording to this
embodiment) the SOT configuration includes a gate electrode, a
semiconductor body having s source diffusion region and a drain diffusioxl
region, and a plurality of contacts connected to selected ones of the gate
electrode and the semiconductor body, The contacts are formed by a plasma
mediated process efectivc to impart a positive charge. A plurality of
interconnects arc in communication with the contacts, wherein the
intaceonnects are formed by a plasma mediated process e~'ective to impan a
negative chexge. Preferably, the contracts have a narrower width diunension
than the zntcrcunnecta. Tl~e SOI configuration reduces plasma induced
charging d~unage. In artulher ea~hodiment, the SUi oonfigwration includes a
substrate, a buried o,cide layer deposited on the substrate, a conductive
contact foamed in the buried oxide layer and in eomrt~unicatiownith the
substrate and a connecting structure formed between a device fabricated
ovcr the buried oxide layer and the conductive contact. 'fhe communication
between the cotanecting structure and conduetave contact is delayed anti! a
last interconnected level is formed in the deviec. A process for the
alleviation of, plasma-induced damage during SOX wafer fabrication
accordingly comprisee one or more of:: fonrmning charge collectors, wheresn
each one of the charge cot lectors has an equal or substantially equal
amount of  2   interconnects and contacts coturxected to the gate electrode
or semiconductor; providing equal or substantially equal sixes of
interconnects and contacts onnected to the gate electrode or semiconductox;
or connecting structures between a device and the back side of the
substrate situated distant from the substrate so as to delay connection
until a last interconnect level is formed in the device. ' 



The methods and SOI configurations will he more frilly understood in light
of the following detailed description of taken together with the  following
drawings, which are illustrative, rather than limiting. BRIEF DESCRIPTION
OF THE DRAWINGS FIG. 1 is a cross sectional view showing a conventional SOY
circuit configuration. FIG. 2 is a cross sectional view showing various via
sod interconnect configuration used in device fabication FIG. 3 is a top
down view showing various via and interconnect configurations used in
device fabrication. FI(3. 4 is a top down view showing an unbalanced,
amount of vies or interconnects on a semiconductor body and gate electrode.
F'IG. 5 is a top down view showing an balanced amounts of vies or
interconnects on a semiconductor body and gate electrode in accordance with
one embodiment of the invention. FXG. 6 A and B are truss-sectional and top
down views of a conventional design that exhibits plasma induced charging
damage. FrG. 7 A acrd B are cross-sectional and top down views of an
improval design ,fur art integrated circuit wherein the vies oa both the
gale electrode and semiconductor body are similarly sized in accordance
with one embodiment of the present invention. . FIQ. 8 A and $ arc
cross-sectional and top down views of a conventional design that exhibits
plasma induced charging damage. 3   FIG. 9 A and B arc cross-sectional and
top down views of an improved design Ior an intergrated circuit wherein the
vial on both the gate electrode and semiconductor body . . . .>. T. . ..
ere similarly nixed in accordance with one embodiment of the present
invention. FIG.1 U A and 8 are cross-scctioaal mid top down views of a
conventional design that is pxo~e to plasma induced charging damage. pIG.11
A and ~ are cross-sectional and top down views of an unproved design for an
intergrated circuit wherein the vial on both the gate electrode and
semiconductor body are similarly aced in accordance with one embodiment of
the present invention. r`1G. lz is a schematic diagram of an SOX transistor
connected to a substrate by a 



contact which cull through the buried oxide layer. FIG. 13 is a schematic
diagram of as SOI transistor whcrcin connecting structure with a buried
contact in the buried oxide layer is placed at an upper metal layer in
accordance with one ~embodiment of the present invention FIG. 14 is a graph
shown gate leakage current distibution for reference devices) floating
antenna SOI devices, and SOI antenna devices. )rIG.15 is a breakdown
voltage histogram of SOI antenna devices with and without connection to the
back substrate. DETAILED DESCRIPTION OF THE INVENTION The design of SOI
circuit configurations that are inherently robust to plasma damage during
fabrication first requires an understanding of the mechanisms by which such
damage arises. It is well known that devices fabricated on bulk silicon
wafers (as opposed to SOI circuit configurations) eau be damaged by the
accumulation of charge on the gate antenna,. The charge and damage arises
from plasma charging and the corresponding flow of high gate current
through the gate oxide. Diffusion terminals of all devices arc electrically
connected to the bulk silicon wafer substrate through p-n junctions, and
consequently the diffusion terminals may not deviate substantially from 4
the substrate potential. A potential difference between the local plasma
and the substrate can cause high current flow though the gate oxide. Damage
to the gate oxide is caused by a current.flux that approaches the
charge-to-breakdown (Qbd) limit. In contrast) SOI circuit configurations
include a buried oxide layer between the back substrata and the device
body, thereby preventing a direct current path $om the device to the bulk.
The use of the buried oxide layer results in a device wherein the gala,
source/drain regions and the body terminal are all isolated wit'b~ respect
to the wafer bulk) t.e., the gate and the S/D (sburceldrain) di,fueion
antenna are Floating. During plasma processing of these SOT circuit
corafiguratious, the gate and SlD antenna act as charge collectors and can
charge to different voltages depending upon the collector characteristics.
As the collected charge approaches the Qbd limit, the gate oxide may be
damaged by the resulting tunneling current through the gate oxide.
Referring now to the drawings and in particular Figure I, there is shown a
conventional SOI circuit configuration generally designated by reference
numeral 1. The SOI circuit includes a includes a silicon substrata 10 and
an oxide layer 12 deposited above substrate 14. A silicon layer 14 is
deposited above oxide layer 12, hence the txarn, "buried oxide layer".
Silicon layer 1~4 included ax least one shallow trench 34 extending through
silicon layer 14 to electrically separate active regions within silicon
layer 1~4 from axle another. These active regions typically include
transistors or the like Formed in silicon layer 14. benches 34 are
typically filled with an insulative oxide material. A gate 18 is deposited
above silicon layer 14. A passivation layer 26 is deposited 



above silicon layer 14 and around gate 1 S. A barrier material 20 is
deposited above passivation layer 26. Barrier material 20 is typically a
dielectric material such as phosplaosilicate glass (PSG), ~PSG) nitride, or
other similar material. Gate metal contact 30 is deposited above gate 18,
as illustrated) in FIG. 1) such that gate metal contact 30 extends from the
top of SOI chip.l through barrier material 20 and passivation layer 26 to
form an electrical contact with gate 1$. Second and third metal contacts
A.0 are the 5   deposited above silicon layer 14, as illustrated in FIG. 1)
such that metal contacts 40 extend $om the top of SOI chip 1 through
barrier material 20 and passivation layer 26 to Form electrical contacts
with selected areas of silicon lever 14. Figures 2 and 3 show
cross-sectional and corresponding lop down views illustrating various
contacts (or vial) and interconnect configurations commonly practiced in
device fabrication. As shown, the contacts or interconnects can have
various widths and heights depending on the circuit design. The inventors
have discovered that the design and configurations of the contacts or
interconnects in SOI circuit oonfigurations arc important for minimizing
plasma induced charging damage. It has been found that plasma induced
charging damage can occur in SOI circuit configurations wherein unequal
amounts of contacts or interconnects are formed on the semiconductor body
and gate electrode. For example, as shown in Figure 4, an SOI circuit
configuration wherein the contacts or interconnects 50 are in unequal
amounts in the manner shown, plasma induced charging damage of the gate
oxide was observed. In this particular design, the total amount o C
contacts or interconnects on the gate electrode 34 are greater than the
total amount of contacts or interconnects formed on the semiconductor body
52 (four contacts or interconnects formed on the gate electrode 54 versus
two contacts or interconnects formed on the semiconductor body 52).
Moreover) since the "extra" contacts oz' interconnects formed on the gate
electrode (the Iowa contacts ox interconnects as shown in Figure 4) are not
matched with or aligned with an additional contact or interconnect on the
semiconductor body, results in charging damage during plasma mediated
processing. Tn contrast, in a SOI circuit configuration that had equal
amounts of contacts or interconnects 50 in the manner shown in Figure 3, no
plasma induced charging damage was observed That is, the
charge-to-breakdown (Qbd) limit was not reached during processing steps
such as plasma-mediated dielectric and metal etching, sputtering)
dielectric deposition, and the like. Thus, charge imbalances (and thus
current conduction through the gate oxide) are alleviated or avoided in SUt
6   circuit configurations that have equal amounts of contacts or
interconnects formed au the semiconductor body and the sate electrode. '
Figures 6A and 13 show cross-sectional and top down views of a circuit
configuration on an SOZ wafer that exhibits plasma induced charging damage.
Exposing the SOI configuration to a plasma 60 results in charging induced
damage. Zt has been found that the different sues of contact or
interconnect make the fabricafion of the device prone to plasma induced
charging damage. In this particular example) the contacts or interconnects
62 on the semiconductor body 52 are shown with a wider dimension than the
contact or'interconncct G4 an the gate electrode SA.. zt has been found
that plasma induced charging damage has a greater propensity to occur
compared to devices where the contacts or interconnects have equal or
substantially equal sizes. Likewise) it is expected that if the contacts or
interconnects on the semiconductor body are smatter in width than the width
of the contacts ox interconnects on the gate electrode, conditions for
charge imbalance exist and as such, plasma induced charging damage rosy
occur during plasma mediated processing. In accordance with one embodiment
of the invention) Figures 7 A and B show cross-sectional and top down views
of a circuit configuration on an SOI wafer that minimizes or eliminates
plasma induced charging damage. .As shown, the size of the contacts or
interconnects 72 on the semiconductor body 52 and the gate electrode 54 are
the same. To improve the resistance to plasma induced charging damage, it
is preferred that in addition to the same or substantially tire same sizes
of contacts ox interconnects, the total amounts of contacts or
interconnects on the semiconductor body equal the total amount of contacts
or interconnects on the gate electrode. ' 



Figures 8 A and B show cross-sectional and top down views of a circuit
configuration on an SOI wafer that have a propensity to incur plasma
induced charging damage during plasma mediated processing steps. As shown,
the height dimension II for the contact or interconnect 82 on the gate
electrode 54 is different from the height 7   dimension ~`" for the
contacts or interconnects 80 formed on the semiconductor body 52. Ia
contrast. as shown in Figure 9 A and B, an S01 circuit configuration
wherein the height dimension FI for all of the contacts ar interconnects
90, 92 formed on the semiconductor body 52 and gate electrode 54 are equal
to or substantially equal, no plasma induced charging is observed. ~rnixig
now to Figures 10 and 11) there is shown circuit configurations on SOr
wafers that demonstrate the et~ect caused by the dimensional differences in
interconnect. In figures 10A and H, the interconnects 1 OA can the
semiconductor body 52 are narrower that the interconnects 102 formed over
the gate electrode 54 have different sues whereas the contacts or vies race
the same size on the gate electrode and the semiconductor body. As
illustrated, the interconnects 100 formed aver the semiconductor body have
the same width as the underlying contacts 101. A charge imbalance may occur
during plasma atediated processing under these conditions. In contrast, as
shown in Figures 11 A and B, plasma induced charging damage is not observed
where the dimensions of the contacts 110 and interconnects l 1Z on both the
gate electrode 54 and semiconductor body 52 are equal or substantially
equal to each other respective contact or interconnect. Although the
contacts and interconnects are shown in combination as an inverted T shape,
it is expected that similar results will be obtained for other shapes)
e.g.) an inverted L shape, as long as each respective contact or
interconnect has equal or substantially equal dimensions. plasma .induced
charging damage on SOI wafers is minimized or eliminated by employing some
or all of the above noted design configurations. Preferably, the amounts
and size dimensions o the contacts or interconnects formed on the
semiconductor body and gate electrode are the same or substantially the
same. However) it is not necessary that the interconnects relative to the
contacts be of the setae or substantially the same dimension and vice visa,
Preferably, each of the interconnects formed are of the same or
substantially the same dimension and likewise, a11 of the contacts formed
should be the 8   same or substantially the same dimension, regardless of
their node connection, i, e., the semiconductor body or rata electrode. 1n
accordance with another aspect of improved SOI design, the S01 circuit
configuration is, designed so as to ensure that the charge collectors have
the same polarity. The inventors hereof have further recognised that the
charge accumulated by antenna in a device on an SOX wafer can have either
positive or negative polarity depending upon the dimension of the structure
etched in the plasma process. A plasma etch of a structure having large
dimensions generally causes accumulation of a negative charge in the
collection areas, whereas an etch of a structure baying very small
dimensions generally accumulates a positive charge on the antenna. Greater
plasma induced charging damage is observed where a positive antenna is
connected on one terminal and a negative antenna is connected to the other
terminal, than where antenna of the same polarity are connected to each
terminal. In accordance wish one aspect of an improved SOT design) SOI
circuit configurations are designed so as to provide equal-sized contacts
(or vies) or interconnects connected nn both the gate electrode and
semiconductor, for example as previously shown in Figures 7 and 9. Such
design results in bout the gale and semiconductor body being equally
positively charged, alleviating or preventing a voltage difference and thus
current flow that can damage the circuit. Accordingly, it is preferred to
have narrow contacts or vial and a wide interconnect in communication with
the contacts or vies. Charging damage may also anise where devices arc not
isolated from the buried substrate. As shown schematically in Figures 1Z
and 13, an SOI transistor is commonly connected to the substrate by a
contact which cuts through the buried oxide layer. Connection thus provides
an additional charge path through the gate electrode) the gale oxide, and
into substrate. As shown in Figure 12, where the device is connected to the
substrate by forming; the contact in the lower metal levels, for example
forming a buried contact 120 to the substrate 122 in lower metal level 124)
charging damage occurs at a11 9   metal levels 126) and 128 at and above
metal level 126, The inventors hereof have adduoed direct experimental
evidence that MOS (metal oxide semiconductor) devices on SOI wafers
electrically connected to the back side of the substrate during fabrication
are morn prone to plasma- related damage. In order to simulate bulk silicon
charging conditions on SOI wafers, structures were fabricated with the gate
and the diffusion terminals selectively connected to the back side silicon
substrate. These connections were created by etching through the buried
oxide and filling it with highly doped polysilicon before all metal and via
processes. I~, device with large antennas to both the gate arid the
diffusion terminals that showed no charging damage when floating in contact
was heavily damaged when either the SID diffusion node ox gate node was
connected. to the back of the substrate (FICrS. 12 and 14). As showing in
Figure 13) a strategy to alleviate or prevent plasma-related damage during
fabrication therefore comprises delaying making any electrical connections
of devices through buried oxide to the back side of the substrate until as
late as possible in proccssing, and preferably as the last step of
processing. For example, as shown schematically in F1G. 13, by making the
buried contact 120 to substrate 122 to the device al an upper metal layer
(for example, moral layer 128)) charging damage of the lower metal layers
124 and t26 is minimized because the device is not connected until metal
layer 128, and no current can flow during upper metal layer processing.
Formation of interlevel contacts 120 until as late as possible in
processing thus ensures that no electron pathways are formed which can
result in damage during application of plasma mediated processes. The
invention is Further illustrated by the following non-limiting examples. 



ALES 10   Example 1. Bulk silicon wafers were processed together with SOI
wafers in the stone lot using the setae mask set. A11 the antenna
structures were full flow with polysilicon, local interconnect) seven metal
and all the via stack finger type structures with minimum allowed pitch and
are connected by via antenna arrays of minimum allowed via dimensions to
evaluate the worst case charge damage. The teat structures were both PMOS
gad N-MOS transistors of 03 micron x 20 micron and O.I 8 micron x 20 micron
dimensions with gate oxide thickness in the range from 2.0 to 2,S
manometers. Measurement of Gate leakage currrent arid the time-dependent
dielectric breakdown (TDbB) are effective means for showing plasma charging
damage in Z.0 to 2.5 nm gate oxides. FI(~. x 5 illustrates the differences
in gate leakage current distribution between bulk silicon and SOI devices
with large classical antenna configurations (bate antenna only). This plot
clearly shows that the SOI devices are substantially more robust against
plasma charging damage compared to those on the bulk silicon wafer, even
those wafers with protective diodes. Example 2. fn order to simulate bulls
silicon charging conditions on SOI wafers, structures were fabricated with
the date and the diffusion terminals selectively connected to the back side
silicon substrate. These connections were created by etching through the
buried oxide and filling it with highly doped polysilicon before all metal
and via processes. .A. device with large antennas to both the gate and the
diffusion terminals showing no charging damage when floating was heavily
damaged when either the S/D diffusion node or gate node was connected to
the back of the substrate (~'XCrS. 12 and 14). 11   Example 3. Vie,
antennas and via bar antennas were connected to the gate and diffusion
terminal of the transistors. It was found that via antennas charge more
positively than via bat antennas and results in damage to the gate oxide.
Example d. Antennas with vies of identical size but leading to interconnect
wires of different sizes can charge to different potentials. Antennas of
the same antenna ratio and via size but connecting to different wire widths
were attached to the gate and diffusion of transistors. The antenna device
showed significant oxide damage during plasma processing. Example 5. 



The antennas with vial of the same size and leading to interconnects of the
same size can charge to different potential depending on the positioning of
the vies under the interconnect (center vs, edge). The antenna with
centered vies charged to a lass positive potential than the antenna with
vias at the edge of the interconnect resulting in gate oxide damage during
plasma processing. While preferred embodiments have been shown and
described, various modifications sad substitutions tray be made thereto
without departing from the spirit and scope of the invention. ,Accordingly,
it is understood that the present invention has been described by way of
illustrations and rot limitation 12 .A.Af.AayL.AS.Af.AS.AF.AFf.A ,9.A
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