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EVALUATION TEG FOR SEMICONDUCTOR
DEVICE AND METHOD OF EVALUATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1ivention relates to an evaluation TEG (test
clement group) in an element having an SOI structure, which
1s capable of extracting a capacitance of a parasitic transistor
in an edge region, which 1s produced by an LOCOS, and a
method of estimating an effective film thickness and impu-
rity density of the parasitic transistor without breakdown of
the device.

2. Description of the Related Art

In a semiconductor device using a SOI (silicon on
insulator) substrate, a parasitic transistor 1s formed 1n an
edge between a silicon layer and a LOCOS (local oxidation

of silicon) oxide film. A structure of the parasitic transistor 1s
shown 1n FIG. 10(a).

In FIG. 10(a), a BOX layer 110, which 1s an oxide layer,
an SOI layer 120, a gate oxide layer 130, and an electrode
140 are formed on a bulk layer 100 1n this order. Each ele-
ment 1s separated by a LOCOS 1350 and a parasitic transistor
1s formed 1n a birdbeak (parasitic) portion P of the LOCOS

150 surrounded by a circle.

The parasitic transistor causes hump characteristics
(increase of leakage current) 1n the basic characteristics of
MOSFET (MOS field effect transistor) of the SOI. In order
to evaluate the hump characteristics, a sectional SEM obser-
vation method, wherein a water 1s cut for monitor, and other
method, wherein a process factor 1s estimated from the pro-
cess dependency of the sub-threshold characteristics, are
used. In FIG. 11, are shown the sub-threshold characteristic
ol gates formed by various processes.

The former method, the sectional SEM observation
method using photographs, 1s to directly inspect a sectional
structure. The latter method using the sub-threshold charac-
teristic 1s to monitor the appearance of the hump by chang-
ing process conditions for causing the hump.

An example of the prior art using the evaluation TEG 1s
disclosed in Japanese Patent Application Kokai Number
7-260867, although 1t does not correspond to the SOI struc-
ture. In the evaluation TEG, the area of the gate and the
shapes of the gate and the LOCOS birdbeak portion can be
handled as independent parameters. A transistor sample for
evaluation use 1s formed with such an evaluation TEG {for
evaluating the reliability of the gate oxide film. Even an
unrealistic gate oxide film can be easily formed and evalu-
ated by the evaluation TEG. An accurate evaluation result
can be obtained quickly by a simple operation.

However, there are problems in the prior art mentioned
below.

(1) An expensive SOI wafer 1s broken down 1n the sectional

SEM observation method.

(2) A waler used for the sectional SEM observation method
and an actual waler subject to an electrical test are not
always 1dentical because a sample for the sectional SEM
observation method requires a relatively large dimension,
while a sample for the electrical test 1s small.

(3) In the latter method for evaluating the factor of the hump
characteristics from the process dependency (the impurity
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2

density and oxide film thickness) of the sub-threshold

characteristics, 1t 1s difficult to judge which 1s a real factor,

the impurity density 1s small or the gate oxide film in the

edge region 1s thick.

Also, a plurality of waters are required for changing the
process conditions.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the mvention to provide a
new and improved evaluation TEG for semiconductor device
and an evaluation method capable of easily extracting the
capacitance of a parasitic transistor and estimating the shape
ol the parasitic transistor without breakdown of a water, and
estimating the factor of the hump characteristics 1n a short
time.

According to an aspect of the present invention, there 1s
provided an evaluation test element group (TEG) for evalu-
ating a semiconductor device including an SOI structure and
a LOCOS having a birdbeak portion (parasitic portion),
wherein evaluation TEG comprises at least two first type
clectrodes having different electrode widths sufliciently
large to disregard the length of the birdbeak portion and a
second type electrode having an extremely small width sub-
stantially equal to the length of the birdbeak portion. All the
clectrode are the same length and connected to test pads,
respectively.

The LOCOS birdbeak portions (parasitic portions) are
formed only at ends of the electrode and have lengths as
small as approximately 0.1 um, which 1s constant regardless
their widths. Here, “disregard the length of the birdbeak por-
tion” regarding widths of the first type electrodes means that
the width of the birdbeak portion can be disregarded by mak-
ing the widths of the electrodes suiliciently large. It 1s pret-
crable that the widths of the electrodes are substantially
more than ten times the thickness of the SOI layer, which 1s
taken as substantially same as the length of the birdbeak
portion. Also, “substantially equal to the length of the bird-
beak portion” of the second type electrode means that the
width of the birdbeak portion cannot be disregarded by mak-
ing the width of the second type electrode suificiently small,
thus 1t 1s considered that the electrode structure 1s composed
of the center portion and edge portion. It 1s preferable that
the width of the second electrode 1s substantially same as the
thickness of the SOI layer.

The capacitance between the respective electrodes and the
substrate 1s considered to be the sum of the main region
component (in the center of the electrode) and parasitic
region component (in the edge of the electrode). That 1s, 1n
en electrode having a large width, the parasitic region com-
ponent can be disregarded and 1n an electrode having a small
width, the parasitic region component cannot be disre-
garded. Since the capacitance of the electrode having a large
width 1s variable depending upon the width, the linear rela-
tionship of the capacitance with respect to the width can be
tound. The capacitance of the parasitic portion 1s found from
the linear relationship and the capacitance of an electrode
having a small width.

It 1s preferable that the TEG has a comb-shaped structure
having a plurality of fingers because a large electrode area
with many fingers makes the measurement accurate.

It 1s preferable that the TEG 1s arranged 1n positions hav-
ing no real element, such as scribe line, 1n order not to reduce
the number of real elements 1n a water.

According to another aspect of the invention, there 1s pro-
vided a method of finding the capacitance of a parasitic tran-
sistor and evaluating characteristics of a MOS of the real
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clements by finding, from the capacitance of the parasitic
transistor, any of a thickness of the oxide film 1n the parasitic
portion, a thickness of the SOI layer in the parasitic portion,
and an 1mpurity density of the SOI layer in the parasitic
portion. 5
It 1s preferable that the capacitance of the birdbeak portion
1s found by simplifying a sectional shape of the birdbeak
portion as a substantially rectangular.

The method of finding the capacitance of the birdbeak
portion comprises the steps of measuring the capacitance by
applying a predetermined voltage between the respective
clectrode pads and the substrate, finding a linear relationship
of the capacitance of the electrode having a large width from
the measured capacitance, finding a theoretical capacitance
of the electrode having a small width, and subtracting the

theoretical capacitance from the measured capacitance of the
clectrode with the small width.

The thickness of the oxide film 1n the birdbeak 1s calcu-
lated from the capacitance and area of the birdbeak portion
in the accumulated region.

The thickness of the SOI layer 1n the birdbeak portion 1s
found by subtracting a product of a growth ratio of the oxide
film on a silicon side and the thickness of the oxide film 1n

the birdbeak portion from a thickness of the SOI film in the
main region.

The electrode is made of a poly-silicon and the degree of a 2>
depletion of the electrode 1n the birdbeak portion 1s calcu-
lated from the capacitance of the birdbeak portion to evalu-
ate characteristics of a MOS.

The degree of the depletion of the electrode 1s obtained by
the steps of finding the capacitance of the birdbeak portionin 30
an accumulation region, calculating the thickness of the
oxide film in the birdbeak portion in the accumulation
region, finding the capacitance of the birdbeak portion in an
inversion region, calculating the thickness of the oxide film
in the birdbeak portion in the inversion region, and compar- 35
ing the thicknesses of the oxide films 1n the birdbeak portion
in the accumulation and 1nversion regions.

Also, there 1s provided a method of evaluating a semicon-
ductor device having electrodes made of a poly-silicon,
which includes the steps of finding the capacitance of the ,,
birdbeak portion 1n a weak mversion region (parameter 1),
finding the thickness of the oxide film 1n the birdbeak por-
tion (parameter 2), finding the thickness of the SOI layer in
the birdbeak portion (parameter 3), finding the degree of
cach depletion of the electrodes in the birdbeak portion
(parameter 4), and calculating the impurity density of the
SOI layer i the birdbeak portion by using the parameters

1-4.

Using the evaluation TEG, the capacitance of the birdbeak
portion 1s found and the thicknesses of the oxide film and
SOI layer, the degree of the depletion in the electrode and the >
impurity density of the SOI layer 1 birdbeak portion are
obtained from the capacitance, thus making it possible to
evaluate the parameters causing the hump characteristics.

When the hump characteristics are found in the wafer
inspection, the above parameters can be checked by using 33
the TEG provided 1n each wafer to investigate causes imme-
diately and feedback to the watler fabrication process.

In addition, 1t 1s not necessary to cut a waler for the SEM
observation or assuming causes irom the sub-threshold char-
acteristics of the gate which has been formed by various ©Y
process. Accordingly, the evaluation time 1s extremely
reduced and the water cost 1s reduced in mass-production.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and (b) are top and sectional views, 65
respectively, of an evaluation TEG according to the first
embodiment of the present invention.
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FIG. 2(a) 1s a sectional view of a parasitic region accord-
ing to the first embodiment of the present invention.

FIG. 2(b) 1s a diagram, showing a capacitance of the para-
sitic region of FIG. 2(a).

FIG. 3 1s a graph showing a relation between a width W of
a TEG gate and a total capacitance of a main region and the

parasitic region according to the first embodiment of the
present 1nvention.

FIG. 4(a) 1s a sectional view of an edge portion according,
to the second embodiment of the present invention.

FIG. 4(b) 1s a diagram showing a structure of FIG. 4(a).

FIG. 5 1s a sectional view of an edge portion and a dia-
gram showing a growth rate of an oxide film according to the
third embodiment of the present invention.

FIGS. 6(a) (b) (c) are diagrams showing positions of the
TEGs, wherein (a) shows a case before mass-production, (b)
shows a case upon mass-production, and (c¢) shows a case
upon mass-production, especially a case the TEGs are
arranged at a scribe line.

FIG. 7 1s a tlow chart for evaluating a water.

FIGS. 8(a) (b) (¢) and FIGS. 9(d) (e) (1) are graphs show-
ing a relation between a gate voltage and a MOS gate capaci-
tance when changing parameters, wherein 8(a) shows a T
dependency, 8(b) shows an N, dependency, 8(c) shows a
BOX thickness dependency 9(d) shows a T, dependency,
9(e) shows a Poly density dependency, and 9(1) shows an
N, .. dependency.

FIGS. 10(a) (b) are diagrams showing a structure of a
parasitic transistor, wherein (a) 1s a sectional diagram of an
edge portion and (b) 1s a diagram of a portion P in FIG.
10(a).

FIG. 11 1s a graph showing sub-threshold characteristics
of the gate when changing process.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be described with reference to the accompanying drawings.
Elements having substantially identical functions are given
the same reference numerals in the specification and draw-
ings and overlapped description will be omaitted.

(First Embodiment)

In FIG. 1, a structure of an evaluation TEG according to
the first embodiment 1s shown, which 1s capable of extract-
ing a capacitance of a MOS of an SOI structure using a
LOCOS element separation technology.

As shown in FIG. 1(a), the evaluation TEG comprises
first, second, and third electrodes 10, 20, and 30, which have
of a comb-shaped pattern with, for example, three fingers.
The first, second, and third electrodes 10, 20, and 30 have the
same length in the first direction S. The first and second
clectrodes 10 and 20 have relatively large widths W1 and
W2, respectively, i the second direction T. However, the
third electrode 30 has an extremely small width W3, which
1s substantially equal to a birdbeak portion of a LOCOS.

The first, second, and third electrodes 10, 20, and 30 all
together form the TEG. The fingers of the three electrodes
have the same length L. The electrodes of the evaluation
TEG according to this embodiment are made of a poly-
silicon. Also, a plurality of pads 10a, 20a, and 30a are
formed 1n the respective electrodes 10, 20, and 30,
respectively, to apply voltage between the electrodes and the
substrate for measuring capacitance in the third direction U
perpendicular to the first and second directions S and T.

It 1s preferable to increase a number n of the electrode
finger and make large the electrode length as much as the
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pattern size permits because a measurement error of the
capacitance 1s reduced when the electrode area 1s large. The
clectrode lengths of the respective electrodes are, however,
required to be the same 1n order to obtain a relation between
the capacitance and the electrode wadth.

FIG. 1(b) 1s a sectional view of the pattern of one of the

clectrodes of FIG. 1(a) (for example, W3). In FIG. 1(b), a
BOX layer 110, which 1s an oxide layer, an SOI layer 120, a

gate oxide layer 130, and an electrode 140 are formed on a
bulk layer 100 1n this order. The respective fingers and the
respective electrodes are separated by a LOCOS 150. The
structure of a birdbeak portion (parasitic region) 160 of the

LOCOS 1s shown 1n a circle of FIG. 2(a). Both edges of the
electrode 140 have this structure. The structure 1s 1dentical to

that of a parasitic transistor which 1s produced in the bird-
beak portion of the LOCOS of an actual device.

FIG. 2(b) 1s an equivalent capacity drawing of the TEG
clectrodes (MOS gate). It 1s considered as a circuit on the
BOX layer, 1n which capacities of an SOI layer (Cerop )
and a gate oxide film (C, . ) 1n a main electrode region,
and capacities of the SOI layer (Cop,4..) and the gate oxide
film (C ) 1n a parasitic region are connected 1n paral-
lel.

The capacitance of each electrode in the TEG 1s obtained
by measuring the capacity between Vg and Vsub 1n the third
direction U. That 1s, the total capacitance C, . . of the elec-
trode to be measured 1s equal to the sum of capacitances of
the main region component C_ . of the center of the elec-
trode and the parasitic region component C_, , of the
LOCOS birdbeak portion (C,,,,=C,, ., +Couer)- The main
region component C_ 1s proportional to the width W of
the electrode and the parasitic region component C S
constant regardless the width W.

The capacitance of the MOS gate pattern having a large
width W 1s almost equal to the capacitance C . of the main
region because the capacitance C_,,,, of the parasitic region
1s small enough to neglect. By contrast, in the capacitance of
the MOS gate pattern having a small width W, the capaci-
tance C,_,,, of the parasitic region component occupies main
portion and the capacitance C,_ . of the main region 1s rela-
tively small. Accordingly, 1in order to extract the capacitance
Couge 0f the parasitic region, as shown in FIG. 3, capaci-
tances C1 and C2 of the first and second electrodes having
large widths W are plotted to extract a slope of the linear
function between the capacitance and the electrode width W.
Then, a capacitance value C3' (main region component)
theoretically calculated from the slope 1s subtracted from a
capacitance C3 of the third electrode, which has an
extremely small width W, to obtain the parasitic region
capacitance C_,_.. The obtained parasitic region capacitance
Ceuge 18 more accurate when the electrode width W3 of the
third electrode 1s smaller.

Here, the values of the respective electrode widths W
(W1-W3) in the TEG are exampled below. The widths W1
and W2 are required to be large enough to disregard the
thickness of the edge region (AW). The edge region thick-
ness AW 1s assumed to be substantially same as that of the
SOI film. The thickness of a complete depletion type SOI 1s
approximately 0.02 um and the thickness of a partial deple-
tion type SOI 1s approximately 0.2 um. It 1s preferable that
the respective widths W1 and W2 of the first and second
clectrodes are at least more than ten times dimension of the
LOCOS birdbeak portion in the widthwise direction thereof.
For example, 11 the thickness of the SOI according to this
embodiment 1s 0.05 um, the AW of the birdbeak region is
assumed to be 0.05 um. In this case, it 1s preferable that the
widths W1, W2, and W3 are 10 um, 5 um, and 0.2 um,

respectively.
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Also, as described above, a relatively large area 1s impor-
tant for accurate measurement ol the capacitance.
Accordingly, it 1s preferable that the length and area of the
clectrode are more than approximately 100 um and 2,000
um?, respectively. It is necessary to increase the length of the
clectrode and the number n of electrode fingers as much as
possible to increase the area.

It was described above that the edge region width AW can
be assumed substantially same as the thickness of the SOI
f1lm. Reasons therefor will be described below. In the growth
of an oxide film, 1n which oxygen (O,) and silicon (S1) are
reacted to make an oxide film (510,), oxidation usually
progresses 1n 1sotropic directions so that the oxide film 1s
developed by the same distance in depthwise (vertical)
direction and lateral (horizontal) direction. Accordingly, 1n
case that the thickness of the SOI film 1s 0.05 um, while the
oxidation 1n the depthwise direction starts from the interface
of S1/810, and arrives at the BOX layer, the oxidation
advances 1n the lateral direction by the same length (in this
case, 0.05 um) too. The shape of the edge portion 1s a
triangle, primarily, however, it 1s defined that the edge region
width AW 1s, approximately, the same as the thickness of the
SOI film.

The positioning of the TEG 1n a water will be described.
Betfore mass-production, it 1s desirable that TEGs 62 are
positioned 1n a water 60 uniformly, as shown in FIG. 6(a), to
monitor the distribution of the thickness of the oxide film 1n
the waler and the temperature of heat treatment, wherein the
distribution 1s caused by the deviation of process factors.
However, when mass-production, 1t 1s desirable that the
TEGs 62 are positioned, as shown 1n FIG. 6(b), 1n an area
except for an area where real elements 61 are formed, 1n
order to make the area for the real elements 61 as large as
possible. It 1s because the TEGs 62 1n mass-production are
used only for judging 11 the elements are abnormal. Also, 1
the evaluation TEGs 62 are disposed, as shown 1n FIG. 6(c),
in a scribe-lines area 63 for separating chips, the evaluation
TEGs 62 are 1n the vicinity of the real elements to be evalu-
ated so that more accurate evaluation becomes possible.

The evaluation flow upon mass-production 1s shown 1n
FIG. 7. Upon mass-production, several wafers are sampled
to check 1f they are good or defective. Since this sampling
test 1s to simply check off-leakage (leakage current flowing
in oif-condition of a device) and so forth, even when a
sampled water was found defective, 1t was not possible to
judge immediately what made the watfer defective. However,
i1 the evaluation TEGs are formed in part of the wafer,
immediate judgement about the normality or abnormality of
the waters becomes possible, which provides important data
for searching the reason of the abnormality.

As described above, an evaluation TEG according to the
invention evaluates a semiconductor device including a
substrate, a dielectric layer, and an SOI layer formed in this
order and further including a local oxidation of silicon
(LOCOS) having a birdbeak portion. The evaluation TEG
comprises a first electrode extending 1n a first direction and a
second direction crossing the first direction, a second elec-
trode spaced from the first electrode and extending in the
first and second directions, wherein a first length of the sec-
ond electrode 1n the first direction 1s substantially equal to a
first length of the first electrode 1n the first direction, and a
second length of the second electrode 1n the second direction
1s different from a second length of the first electrode in the
second direction; a third electrode spaced from the first and
second electrodes and extending in the first and second
directions, wherein a first length of the third electrode 1n the
first direction 1s substantially equal to the first length of the
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first electrode and a second length of the third electrode 1n
the second direction 1s substantially equal to a length of the
birdbeak portion in the second direction; and a plurality of
test pads electrically connected to the first, second, and third
clectrodes, respectively, wherein the second lengths of the
first and second electrodes are larger than the length of the
birdbeak portion to the extent that the length of the birdbeak
portion can be disregarded.

It 1s preferable that the second lengths of the first and
second electrodes are at least approximately ten times larger
than a thickness of the SOI layer.

It 1s also preferable that the first, second, and third elec-
trodes have a comb-shaped structure having a plurality of
fingers.

The second length of the third electrode, which 1s defined
by the birdbeak portion, 1s substantially equal to a thickness
of the SOI layer.

It 1s preferable that the evaluation TEG 1s arranged 1n an
area of scribe line.

By employing the above-described TEG structure and
method of extracting the capacitance of the MOS gate
clectrode, it 1s possible to extract capacitances of the main
and parasitic regions separately. Also, since the evaluation
TEGs having different widths W are formed together with
clements requiring evaluation of electrical characteristics 1n
the same waler, the I-V characteristics and capacity charac-
teristics are evaluated without considering the influence of
process deviation between different waflers. In addition,
since the evaluation of a single water 1s possible without
breakdown, the embodiment 1s especially effective for an
expensive SOI wafer.

(Second Embodiment)

In the second embodiment, 1s described a method of
assuming the eftective thickness T, ., of a gate oxide film
ol a parasitic element from the capacitance of the parasitic
clement extracted 1n the first embodiment.

FIGS. 8(a)-9(1) show the relation between the voltages of
gate electrodes and the capacitance C, . , of the MOS gate
when changing parameters. FIGS. 8(a)-9(1) are used to 1den-
tify factors of defective. When the thickness T__ of the gate
oxide film at an edge portion changes, the accumulation side
(left-hand side in the drawings or negative side of V_ 1n
nMOS) of the capacitance of the MOS gate changes. When
other parameters, such as an SOI density N,,, a SOI thick-
ness 1 ¢,,, a poly-silicon density, a BOX layer thickness, and
a bulk density H,_ .., change, the accumulation side does not
change. Accordingly, i1 the change of the capacitance in the
accumulation side 1s found 1n the TEG data of a defective
waler by an abnormal leakage current, it can be assumed
immediately that the thickness T of oxide film 1s the reason
of the defective.

Similarly, when the poly-silicon density changes, only an
inversion side (positive side of V) changes so that the rea-
son can be identified. However, the SOI thickness T, and
the SOI density N, have similar capacity characteristics
around the interface between the accumulation and inversion
sides so that another 1dentification work 1s necessary. When
the BOX layer thickness and the bulk density N, .. change,
the capacitance hardly changes so that 1t 1s assumed that they
can be disregard as process deviation 1s concerned.

As found from FIGS. 8(a)-9(1), in the capacity character-
istics of the MOS gate in the SOI structure, only the gate
oxide film thickness T__ 1s sensitive to the capacitance of the
accumulation side. Therefore, the capacitance of the accu-
mulation side 1s extracted by the method according to the
first embodiment. In the accumulation side, electrical
charges are accumulated on both sides of the gate oxide film
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so that the capacitance of the gate oxide film becomes large
enough to disregard the other capacitance components
Csor.edges Coors a0d Cp, . That 1s, 1n the accumulation side,
it can be taken as that the edge capacity 1s almost equal to the
gate oxide film capacitance C,_ ;... In order to obtain the
eftective thickness ot the gate oxide tilm T, _,.., the
extracted capacitance C_,,, of the accumulation side, a
dielectric constant €, and an edge portion area S_,  (the
length Lxthe edge portion width AW) are substituted 1n the
following formula for obtaining the capacitance; C_, =ex

Sedge! Lox edge:

Here, 1n order to consider a structure to be evaluated, it
should be replaced with a structure of a rectangle shown 1n
FIG. 4(b) The actual shape of the structure to be evaluated 1s
considered to have a more complicated shape. However, the
purpose of the evaluation 1s not to obtain an accurate capaci-
tance of the parasitic transistor but to check 1f the capaci-
tance of the parasitic transistor 1s too large to disregard in
comparison with the capacitance of transistors in the main
region. Accordingly, approximation of the rectangle may be
accepted for a simple calculation. If time and labor for the
calculation permit, 1t 1s possible to obtain more accurate
capacitance by assuming any other shape, such as a triangle
and a trapezoid, for simulation.

Although 1t 1s possible to use the value calculated from
process simulation or any other measured value for the width
AW, 11 the LOCOS 1s connected to the BOX layer, AW=
T sor.mai, may be used as described above.

The reality 1s that a lift from the BOX layer 1s produced
and the oxidation advances 1n a direction of the BOX layer
by over-oxidation even after the LOCOS arrives at the BOX
layer. However, since the triangle has a small area so that 1t 1s
oxidized immediately and 1t 1s assumed that the width AW 1s
smaller than the T, ..., Whether or not the LOCOS 1s
connected to the BOX layer 1s easily judged by examining
the thickness of the oxide film through a color of the surface
ol a monitored water in oxidation process.

As described above, since the effective thickness of the
gate oxide film 1n the SOI parasitic region 1s easily assumed
by using the evaluation TEG, 1t 1s easily judged whether the
thickness of the gate oxide film in the parasitic region 1s
abnormal or not, thus identiiying the reasons or factors for
the hump characteristics. It 1s also of a great help for charac-
teristics control upon mass-production, 1f controlling the
parameters by replacing a complicated shape with a simpli-
fied shape. In addition, it 1s possible to monitor a contingent
change of the film thickness caused by process deviation by
controlling the film thickness with the TEG formed in waters
upon mass-production.

Third Embodiment

In the third embodiment, 1s described a method of assum-
ing an ettective thickness T, 4. 01 the SOI film by using
the first and second embodiments.

FIG. 5 shows a simplified sectional view of the edge por-
tion and a developmental proportion of the oxide film. It 1s
well known that when S1 1s oxidized to form S10,, the oxi-
dation 1s developed with a proportion of S1=0.44 and S10,=
0.56. Accordingly, T, ;.. 1s obtained from the below-
mentioned formula using T, _,.. which 1s extracted
according to the second embodiment.

Actually, there 1s some lift from the BOX layer, however,
since the lift by the over-oxidation and the reduction of the
width AW oflset the influence on the capacitance, 1t can be
neglected. More specifically, mn the formula Cg; ;. =€X
Sedee! L sor.edqes Which 1s the formula to obtain a capacitance
Csor.edger 11 the width AW 1s reduced, S, and Tgo; 4., are
also reduced so that the two reductions offset each other,
causing little influence on Cgp; -

edge
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Thus, since the etfective thickness of the SOI layer in the
SOI parasitic region 1s easily assumed by using the evalua-
tion TEG, it 1s easily judged weather the thickness of the SOI
layer 1n the parasitic region 1s abnormal or not, thus 1dentify-
ing the reasons or factors for the hump characteristics. Since
it 1s well known that when the thickness of the SOI layer
becomes small, the threshold voltage reduces and the leak-
age current increases, the process condition should be con-
trolled such that the thickness of the edge portion 1s not
smaller than the thickness T__. the SOI layer of the transistor
in the main region.

(Fourth Embodiment)

In the fourth embodiment, 1s described a method of
assuming the degree of depletion 1n the gate electrode 1n the
parasitic region, for example, 1 poly-silicon (Poly), by
using the first and second embodiments.

First, the depletion of the Poly will be described. The
impurity density in the gate Poly made by leading process 1s
usually determined by impurity 1on implantation and heat
treatment. When the energy of the 1on implantation 1s high,
the volume of dose 1s large, or the temperature of heat treat-
ment 1s high, impurity penetrates into the SOI layer region
under the gate. Accordingly, the implantation energy and the
dose volume are generally controlled to be stall.

At this point, sometimes the Poly on an SOI layer side 1s
not filled up by impurity and therefore, the depletion 1s pro-
duced. The depletion of the Poly has characteristics appar-
ently similar to the characteristics produced under the condi-
tion that T _ becomes thick when positive voltage, 1n case of
nMOS, 1s applied to the gate. When the depletion 1s larger,
that 1s, when the impurity density of the lower Poly
(heremaftter “Poly density”) 1s smaller, the capacitance of the
inversion side (positive voltage 1s applied on the gate)
becomes smaller or oscillates unstably.

In FIG. 9(e), when the Poly density is 120 cm™, the
accumulation side and the 1inversion side have an equal value
ol capacitance. However, when the Poly density 1s reduced,
he capacitance of the inversion side becomes smaller than
nat of the accumulation side, which shows the presence of
ne depletion in the Poly. The parameter which is sensitive to
he capacitance of the inversion side 1s only Poly density so
hat the degree of the depletion 1n the Poly in the parasitic
clement portion 1s evaluated as follows.

(1) Extract the capacitance of the accumulation side
cdee-ac DY USING the first embodiment.

(2) Calculate the film thickness of the accumulation side
ox.edae-in DY UsINg the first embodiment.

(3) Extract the capacitance of the accumulation side
cdee-in DY UsIng the first embodiment.

(4) Calculate the film thickness of the accumulation side
om.edaein DY UsING the second embodiment.

(5) Evaluate the degree of the depletion 1n the Poly when
DI,EdgE—I'H{TGI,EdgE—EE'

Technical words used hereinatter, an accumulation region,
an mversion region, and a weak accumulation/weak inver-
s1on region, have the following definitions.

The accumulation region 1s a region where holes are accu-
mulated in the channel 1n case of an n-channel MOS or
clectrons are accumulated 1n the channel 1n case of a
p-channel MOS when negative voltage 1s applied to the gate
of the n-channel MOS or positive voltage 1s applied to the
gate of the p-channel MOS, respectively. In the accumula-
tion region, suiliciently large positive or negative voltage 1s
applied to the gate until the holes or electrons are accumu-
lated suificiently to make the MOS capacitance substantially

constant with the thickness and sectional area of the gate
oxide film regardless of the SOI film thickness and SOI den-

S1ty.
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The 1nversion region 1s a region where electrons are accu-
mulated in the channel 1n case of an n-channel MOS or holes
are accumulated in the channel 1n case of a p-channel MOS
when positive voltage 1s applied to the gate of the n-channel
MOS and negative voltage 1s applied to the gate of the
p-channel MOS, respectively, so that the polarity 1s mverted
to the opposite of the polarity of the substrate (p-type 1n case
of the former and n-type 1n case of the latter). In the mnver-
s10n region, sulliciently large positive or negative voltage 1s
applied to the gate until the polarity 1s inverted sufficiently to
make the MOS capacitance substantially constant with the
thickness of the gate oxide film and the degree of the deple-
tion of the Poly electrode regardless of the SOI film thick-
ness and SOI density.

The weak accumulation/inversion region 1s a region
extending from the area where the accumulation 1s a little
weaker than the above-described suiliciently accumulated
region (the area where the capacitance thereof 1s approxi-
mately 10% less than that of the sufficiently accumulated
area) to the area where the iversion 1s a little weaker than
the above-described suificiently mverted region (the area
where the capacitance thereof 1s a little less than that of the
suificiently inverted region). The capacitance of the weak
accumulation/inversion region depends upon the SOI film
thickness and SOI density. When 10% of the gate electrode
1s made depletion, the capacitance of the inversion side fluc-
tuates so that 1t becomes difficult to define the area of which
capacitance 1s 10% less than that of the suificiently inverted
region. Accordingly, the weak accumulation/inversion
region 1s defined as a region of which gate voltage turns from
that of the accumulation region to that of the inversion
region.

As shown 1n FIG. 10(b), the capacitance of the suificiently
accumulated region (gate voltage) generally monitors the
gate oxide film thickness at the edge portion. Accordingly,
the film thickness 1, _;.. .. 18 €xtracted from the value of
the capacitance thereol. By contrast, the capacitance of the
sulliciently inverted region (gate voltage) includes the
capacitance of a depletion area R of the gate electrode so that
the film thickness T, ..., which includes both the thick-
nesses of the sufficiently accumulated region'l ;... and
the depletion area R 1s decided by the value of the capaci-
tance thereof. Accordingly, the degree of the film thickness
of the depletion area R can be assumed by subtracting the
thickness T, _;z0oc from the thickness T, ...

Since the gate capacitance of the accumulated region 1s
decided only by the gate oxide film thickness, 1t 1s assumed
that the gate capacitance of the inversion region, ol which
gate voltage 1s similarly made large to the positive side, 1s
also decided by the gate oxide film thickness. Accordingly,
When the depletion 1 the Poly can be disregarded, the
capacitances of the accumulation side and inversion side are
considered substantially equal. When, however, the deple-
tion in the Poly 1s too large to disregard, since it gives the
same effect that the gate oxade film thickness becomes large
(the capacitance becomes small), the capacitance of the
inversion side becomes smaller than that of the accumulation
side. The depletion 1s assumed by the degree thereotf. For
example, the thicknesses of accumulation and inversion
sides are calculated and the difference between the two 1s
assumed equal to the thickness produced by the depletion
developed from the upper surface of the gate oxide film to
the Poly. The depletion 1n the Poly 1s a phenomenon recog-
nized 1n the iversion side only and utilized for the above
purpose.

Thus, the depletion of 1n the Poly 1s easily assumed by
using the evaluation TEG so that 1t 1s helpful to find any
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abnormally and investigate the factors of the hump charac-
teristics. That 1s, when the depletion 1s found 1n the Poly, the
gate oxide film thickness apparently becomes large and the
leakage current increases so that an impurity implantation
process condition 1s set, which prevents the production of the
depletion.
(Fifth Embodiment)

In the fifth embodiment, 1s described a method of assum-
ing an effective density N, 1n the SOI layer 1n the parasitic
region by using the first to fourth embodiments.

As shown 1n FIGS. 8(b) and 9(d), the capacitance of the
weak accumulation/inversion region 1s especially sensitive
to the SOI layer thickness T.,; and the SOI density N,
Accordingly, it 1s difficult to determine which of the SOI
layer thickness T.,; and the SOI density N, caused the
change in the capacitance of the weak inversion region.
Theretore, the SOI layer density at the edge portion 1is
extracted as follows.

(1) Extract the capacitance C,_,,,
region by using the first embodiment.

(2) Calculate the film thickness T, ..
side by using the second embodiment.

(3) Extract 1oy o4 0F using the third embodiment. It the
value thereot 1s not normal, 1t 1s considered that not N, but
Tsor.0aqe 21Ves 1nfluences.

(4) Judge the degree of the depletion 1n the Poly using the
fourth embodiment.

(5) Estimate the N, from the one-dimensional simula-
tion by using the above parameters. Whereby, it 1s presumed
that the 1nfluences of the BOX film thickness T, . and the
substrate density N, .. on the weak inversion region 1s small
enough to disregard.

Thus, the impurity density in the SOI layer 1in the SOI
parasitic region 1s easily assumed by using the evaluation
TEG so that 1t 1s helpful to find any abnormality and 1nvest-
gate the factors of the hump characteristics. Also, 1t 1s help-
ful to estimate the impurity density to be added for the
improvement of the hump. That 1s, when the change 1n the
capacitance 1n the weak mversion region 1s found, since it 1s
easily determined which of the T, and N, caused 1t, the
process condition 1s established immediately.

The present invention 1s not limited to the above-
described embodiments. It 1s obvious that various modifica-
tions and changes are possible within the technical concept
recited 1n claims. Therefore, 1t should be understood that
such modifications and changes belong to the technical con-
cept of the present invention.

As fully described above, according to the ivention, the
capacitance of the gate parasitic region of a semiconductor
device having the SOI structure 1s assumed by using the
evaluation TEG so that 1t 1s possible to assume the param-
cters causing the hump characteristics through the capaci-
tance. In addition, the above parameters can be checked by
the evaluation TEG formed in each water without breaking
down the water so that the cause of the hump characteristics
1s immediately located and time required for the evaluation
and the water cost are reduced to large extent.

What 1s claimed 1s:

1. A method of evaluating a semiconductor device includ-
ing a substrate, a dielectric layer, and an SOI layer formed 1n
this order and further including a local oxidation of silicon
(LOCOS) having a birdbeak portion, by using an evaluation
test element group (TEG), wherein said evaluation TEG
COmMprises:

a first electrode extending 1n a first direction and a second
direction crossing said first direction;

a second electrode spaced from the first electrode and
extending 1n said first and second directions, wherein a

of the weak 1nversion
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first length of said second electrode 1n said first direc-
tion 1s substantially equal to a first length of said first
clectrode 1n said first direction and a second length of
said second electrode 1n said second direction 1s differ-
ent from a second length of said first electrode 1n said
second direction;

a third electrode spaced from said first and second elec-
trodes and extending in said first and second directions,
wherein a first length of said third electrode 1n said first
direction 1s substantially equal to said first length of
said first electrode and a second length of said third
clectrode 1n said second direction 1s substantially equal
to a length of said birdbeak portion in said second
direction; and

a plurality of test pads electrically connected to said first,
second, and third electrodes, respectively, wherein said
second lengths of said first and second electrodes are
larger than said length of said birdbeak portion to the
extent that said length of said birdbeak portion can be
disregarded, said method comprising:

disposing said TEG on said SOI layer via an oxide film;
and

finding a capacitance of said birdbeak portion 1n a third
direction perpendicular to said first and second direc-
tions by applying a voltage between said test pads and
said substrate.

2. The method according to claim 1, which further com-
prises the step of evaluating characteristics of a MOS con-
structing said semiconductor device by calculating, from
said capacitance of said birdbeak portion, at least one of a
thickness of [an] said oxide film in said birdbeak portion, a
thickness of said SOI layer 1n said birdbeak portion, and an
impurity density of said SOI layer 1n said birdbeak portion.

3. The method according to claim 1, wherein said capaci-
tance of said birdbeak portion 1s found by simplifying a
sectional shape of said birdbeak portion 1n said third direc-
tion as substantially rectangular.

4. The method according to claim 2, wherein said capaci-
tance of said birdbeak portion 1s found by simplifying a
sectional shape of said birdbeak portion 1n said third direc-
tion as substantially rectangular.

5. The method according to claim 1, wherein said step of
finding said capacitance of said birdbeak portion comprises:

measuring capacitances of said first, second, and third
clectrodes 1n said third direction by applying a prede-
termined voltage between said test pads and said sub-
strate;

finding a linear relationship between said capacitances of
said first and second electrodes and said [lenghts]
lengths of said first and second electrodes 1n said sec-
ond direction from measured values of said capaci-
tances of said first and second electrodes:

finding a theoretical capacitance of said third electrode 1n
said second direction from said linear relationship; and

subtracting said theoretical capacitance from a measured
value of said capacitance of said third electrode.

6. The method according to claim 2, wherein said step of

finding said capacitance of said birdbeak portion comprises:

measuring each capacitance of said first, second, and third
clectrodes 1n said third direction by applying a prede-
termined voltage between said test pads and said sub-
strate;

finding a linear relationship between said capacitances of
said first and second electrodes and said [lenghts]
lengths of said first and second electrodes 1n said sec-
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ond direction from measured values of said capaci-
tances of said first and second electrodes;

finding a theoretical capacitance of said third electrode in
said second direction from said linear relationship; and

subtracting said theoretical capacitance from a measured

value of said capacitance of said third electrode.

7. The method according to claim 2, wherein said step of
finding said thickness of said oxide film 1n said birdbeak
portion includes finding said capacitance of said birdbeak
portion 1n an accumulation region to find said thickness of
said oxide film from said capacitance of said birdbeak por-
tion 1n said accumulation region and an area of said birdbeak
portion, which 1s defined by said first and second directions.

8. The method according to claim 2, wherein said thick-
ness of said SOI layer 1n said birdbeak portion 1s found by
subtracting a product of a growth ratio of said oxide film on a
silicon side and said thickness of said oxide film 1n said
birdbeak portion from a thickness of said SOI layer.

9. The method according to claim 1, wherein said first,
second, and third electrodes are made of a poly-silicon and
said method further comprises calculating a degree of each
depletion of said electrodes 1n said birdbeak portion from
said capacitance of said birdbeak portion to evaluate charac-
teristics ol a MOS constructing said semiconductor device.

10. The method according to claim 9, wherein said step of
calculating said degree of said depletion of said electrodes
includes:

finding said capacitance of said birdbeak portion 1n an
accumulation region;

calculating a thickness of said oxide film 1n said birdbeak
portion 1n said accumulation region;

finding a capacitance of said birdbeak portion 1n an inver-
5101 region;

calculating a thickness of said oxide film 1n said birdbeak
portion 1n said inversion region; and

comparing said thicknesses of said oxide films 1n said
birdbeak portion 1 said accumulation and inversion
regions.

11. The method according to claim 9, wherein said elec-

trodes are made of a poly-silicon and said method further
COmMprises:

finding said capacitance of said birdbeak portion 1n a
weak inversion region (parameter 1);

finding a thickness of said oxide film 1n said birdbeak
portion (parameter 2);

finding a thickness of said SOI layer 1n said birdbeak por-
tion (parameter 3);

14

finding a degree of each depletion of said electrodes 1n
said birdbeak portion (parameter 4); and

calculating an impurity density of said SOI layer 1n said
birdbeak portion by using said parameters 1-4.

12. An evaluation TEG for evaluating a semiconductor

device having a substrate; a dielectric layer; an SOI layer

Jormed in this ovder and further including a local oxidation
of silicon (LOCOS) having a birdbeak portion, comprising:

5

a first electrode extending in a first direction and a second

v divection crossing the first divection, said first electrode
having a first length along the first divection and a sec-
ond length along the second direction larger than a
length of the birdbeak portion along the second divec-
5 tion;

a second electrode spaced from the first electrode and
extending in the first and second divections, said second
electrode having a thivd length along the first divection
substantially equal to the first length, and a fourth

0 length along the second divection different from the sec-
ond length and larger than the length of the bivdbeak

portion along the second divection;

a third electrode spaced from the first and second elec-
trodes and extending in the first and second divections,
25 said thivd electrode having a fifth length along the first
divection substantially equal to the first length, and a
sixth length along the second divection substantially
equal to the length of the birdbeak portion along the

second direction; and

30 a plurality of test pads electrically connected to the first,

second, and third electrodes, vespectively.

13. The evaluation TEG according to claim 12, wherein
the first electrode has the second length at least approxi-
mately ten times lavger than a thickness of the SOI layer.

35 14. The evaluation TEG according to claim 12, wherein
the second electrode has the forth length at least approxi-
mately ten times larger than a thickness of the SOI laver.

15. The evaluation TEG according to claim 12, wherein
said first, second, and thivd electrodes have a comb-shaped

0 structure having a plurality of fingers.

16. The evaluation TEG according to claim 12, wherein
said third electrode has the sixth length substantially equal
to a thickness of the SOI layer.

17. The evaluation TEG according to claim 12, wherein

45 said first, second, and thivd electrodes, and the test pads are
arranged in an scribe line area.
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