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Description

Field of Invention

This invention relates te semiconductor integrat-
ed circuit wafers and more particularly to methods of
measuring the spacific contact resigtivity of electro-
des contacting the semiconductor wafer. = -

Background of the Invention

The design rules for minimum line width (mini-
mum feature size} of semiconductor integrated cir-
cuits are presently progressing tc values below one
micrometer, Accordingly, technologies featuring self-
allgned metal sillcide contact electrodes, or other
self-aligned metallization contact electrodes, serving
as the high-current-carrying (controlled) transistor
terminals (source and drain terminals in unipolar tran-
sistors, emitter and collector in bipolar transistors) be-
coma increasingly attractive commercially, primarily
by virtue of the reduced series resistance of the tran-
sistors. The self-alignment of the high-current-
cafrying contact electrodes is in general in addition to
self-alignment of control electrodes, l.e., the low-cur-
rent-carrying transistor terminals (gate terminals in
unipolar transistors, base terminals in bipolar transis-
tors).

An important setf-aligned electrode contact tech-
nology, the self-aligned silicide MOS technology, il-
lustrates quite clearly the problems arising from fab-
ricating test circuits for measuring specific contactre-
sistivity, r, (measured in units of ohm-cm?2, for exam-
ple). For the sake of definiteness, first the self-aligned
silicide MOS technology will be discussed in detail,

_but it should be understood that similar problems

arise in other self-aligned electrode contact technol-
ogies, such as self-aligned metallization by means of
selective tungsten metal deposition (without forming
sliicide) using low pressure chemical vapor deposi-
tion techniques, which can be used for making self-
aligned metallization electrode contacts for MOS
transistors, for MESFETs (metal gate field effect tran-
sistors), or for bipolar transistors.

In the self-aligned silicide MOS technology, each
of the MOS transistor source-drain contact electro-
des is composed of a metal silicide layer in physical
contact, and hence in electrical contact, with a dif-
fused source or drain region at a top major surface of
an underlying sificon wafer. Moreover, these metal sil-
icide source-drain electrodes are formed by deposi-
tion of the metal, followed by sintering of the deposit-
ed metal to form metal siilcide wherever silicon (In-
cluding exposed silicon of a sificon gate, If any) un-
derlies the metal at a time when the sidewalls of the
gate electrode are coated with a protective insulating
layer, typically a sidewall oxide layer, whereby each
of the resulting metal silicide source-drain contact
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electrodes automatically has an edge which Is later-
ally displaced from an edge of the nearest gate elec-

trode only by the thickness of the sidewall oxide layer.

Thus each metal silicide source-drain electrode is
self-aligned; that is, no extra lithographic step was re-
quired thus to align an edge of each source-drain
electrode with an edge of the gate electrode: the
alignment was automatically detenmined by the thick-
ness of the sidewall oxide. Furthermore, since the
thickness of tha sidewall oxide is small relative to the
minimum feature size, the latera! disptacement of the
silicide electrode edge relative to the gate electrode
edge is relatively small.

Also, in seif-aligned silicide MOS technology, sig-
nificant impurities, donors or acceptors, or both -- to
form the MOS transistor source-drain diffused re-
gions located in surface portions of the silicon wafer
underlying the maetal silicide source-drain electrodes
-- are introduced intc and diffused in the silicon wafer
either before or after the deposition of the metal. in
either event, the edges of the source-drain diffused
regions are thus themselves self-aligned with respect
to the corresponding edges of the gate electrode, but
are laterally displaced therefrom at slightly different
distances from those of the source-drain electrodes,
depending upon the specific source-drain diffusion
conditions and parameters theraof.

Now, in accordance with the ordinary sllicon in-
tegrated circuit (IC) fabrication procedures, including
those used in seif-aligned silicide technology, the cir-
cuits corresponding to a plurality of IC chips are alf si-
multaneously fabricated on a single silicon wafer.
When fabrication of all the integrated circuits on the
silicon wafer has heen completed, the waferis scribed
and cut up into the plurality of IC chips, Simiiar pro-
cedures can be employed in other MOS self-aligned
metallization technologies, as well as in MESFETs
and in bipolar transistors made In sllicon or in gaflium
arsenide semiconductor.

Many are the causes and types of fallure mech-
anisms in IC chips, and fallures in self-aligned silicide
technology, as well as in other sel-aligned metalliza-
tion technologies, are no axception. Some of these
failure mechanisms -- both In self-aligned-silicide
technology and in other, non-self-afigned silicide
technologies -- fortunately can be detected at a rela-
tively early stage of fabrication, so that upon such
early detection of a failure mechanism, fabrication
can be terminated before all IC fabrication steps have
been completed or at least before the wafer is scribed
and cut into individual chips, depending upon when
the failure is detected. Thus economic costs of fail-
ures can ba reduced. One technique for achleving this
early detection of failures is the utilization of test cir-
cuits integrated in non-IC-chip areas (test circuit
areas) of the wafer — |.e., areas located between fu-
ture chips, areas located atthe periphery of the wafer,
as well as any other areas of the wafer where no work-
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able chips are to be fabricated. Specifically, these
non-IC-chip areas are utilized for the fabrication of
the test circuits by means of, for example, self-aligned
silicide processing which is performed simultaneous-
ly with the samae self-aligned silicide processing of the
chip circults integrated in IC chip areas, viz., areas
where the ultimately desired IC chips are to be locat-
od on the wafer. By virtue of this simultaneous fabri-
cation of chip circuits and test circuits, the semicon-
ductor processing parameters of test circuits and chip
circuits are automatically virtually the same {(except
for negligible processing varlations across the sur-
face of the wafer). Hence, the device parameters -
such as specific contact resistivity r, of electrode con-
tacts to diffused regions of the semiconductor wafer
and sheet (Jateral) resistivity r, of the diffused regions
-- are also automatically virtually the same for the test
circuits as for the chip circuits. Indirect testing of the
chip circuits by means of diract testing of the test cir-
cuits thus becomes feasible and meaningful at an
early stage of manufacture. The same tests can be
defeived, however, until the entire manufacturing
process is completed, especially in those cases
where failures are expected at late stages of manu-
facture,

An important failure mechanism in integrated cir-
cuits, both in self-aligned and in non-seif-aligned mat-
allization technologies, Is manifested by unduly high
specific contact resistivity r, of electrodes to under-
lying diffused regions.

A desirably compact test circuit 1000 (FIG. 1} in
the prior art for measuring this specific contact resis-
tivity in non-self-aligned metallization tachnology is
taught, for example, in "Determining Specific Contact
Resistivity From Contact End Measurements" by J.
G. J. Chern et al, published In IEEE Electron Device
Letters, vol. EDL-5, pp. 178-180 (1984).

In the test circuit 1000, lllustratively for n-channel
MOS transistors, a p-type crystal silicon semiconduc-
tor wafer 10 has an n* {ype diffused region 11 located
at a top major surface 12 of the wafer 10 where each
of three mutually spaced-apart contact electrodes 13,
14, 15 make contact with the top exposed surface of
the n* diffused region 11 at mutually spaced-apart
areas. The middle contact electrode 14 intervenes
between the other two electrodes 13 and 15. These
contact electrodes 13, 14 and 15 -- typically polycrys-
talline silicon or Ti:W alloy -- serve as barrier layers
for overlying aluminum metallization layers 13.5,
14.5, and 15.5 respectively. A field oxide layer 22 and
a phosphorus-glass laysr 23 complete the test circuit
1000.

During operation, a current source 20 is connect-
ed to defiver current | to the slectrode 13 while the
electrode 14 (in the middle) is grounded and a voltage
detector Is connected across electrodes 14 and 15.
The resulting nonuniform electrical current distribu-
tion in the diffused region 11 Is indicated in the prior-
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art circuit shown in FiG. 1 by a set of broken line ar-
rows representing the current direction and density.
Because of the relatively high electrical conductivity
of the electrodes 13, 14, and 15, the potential differ-
ence between opposite edges of each electrode is
negligible. In response to the current I, a voltage V,
is developed between electrodes 14 and 15. This vol-
tage V, is known to be a measure of the sheet resis-
tance per square r, of the diffused region 11 and of
the apecific contact resistivity r, between the middle
slectrode 14 and the diffused region 11:
Ve = Kero) YW sinh [d(r/r )2 (1)

where W is the width (perpendicular to the plane of
the paper) of the contact of the electrode 14 to the dif-
fused region 11, and d Is the length of such contact,
See, for example, the above-mentioned paper by J.
G.J. Chern etal, atp. 178, col. 2, paragraph 1. By fab-
ricating in the wafer 10 two (ormore) such test circuits
1000 with mutually different values of etectrode
length d, but with the same values of all other para-
meters, the specific contact resistivity r, can be cal-
culated by measuring the resulting voltages V, for the
different test circults and by iteratively applying eq (1)
to the two (or more) such circuits 1000 and solving for
the two upknowns r, and r,..

It is also known In prior art that eq. 1 can be sim-
plifiad by using an L-shaped layout of the diffused re-
gion 11, as shown in a paper entitled "Analysis and
Scaling of Kelvin Resistors for Extraction of Specific
Contact Resistivity” authored by W. M. Loh et al, pub-
lished in IEEE Electron Device Letters, vol. EDL-6,
pp. 105-108 (1985). In the case of the L-shaped layer-
out, it was shown that the specific contact resistivity
r is given simply by

r.=V,Wdil (2)
where V, is the voltage measured by the voitage
measuring device 21. Thus, but a single measure-
ment of voltage enables determination of the specific
contact resistivity r, (but not the sheet resistance r,).

In the self-aligned silicide MOS process descri-
bed above, it is likewise desired to measure the spe-
cific contact resistivity r. of the metai silicide source-
drain electrodes to the underlying wafer, as well as
perhaps the sheet resistance r,. However, it is not
possible to fabricate the circult 1000 with the three
self-aligned silicide electrodes contacting the dif-
fused region 11 of the underlying sllicon wafer 10 si-
multaneously and compatibly with fabrication of the
chip circuits (L.e., with no extra lithography steps,
which can change the contact resistance), because in
the self-aligned silicide process for making, say, n-
channel transistors, there is a single metal silicide
source-drain electrode directly averlying each dif-
fused n* region of the wafer 10. In other words, in any
self-aligned metal silicide technology each diffused
n* reglon is completely covered by one continuous
layer of metal silicide having a relatively high conduc-
tivity as compared with that of the diffused region.



Thus the current flowing between contacts 13 and 14
would tend to be confined within the metal silicide lay-
er with very little current flowing from the metal sili-
cide layer into the diffused reglon - wherer, is to be
measured -- via the Interface between the metal sili-
cide layer and the diffused region where the specific
contact resistivity r. is to be measured, Only by means
of an added lithography step could the continuity of
the self-aligned metal silicide layer be broken in order
to force the current from the silicide layer into the n*
diffused reglon in order to measure r, and r, propertly.
Such added lithography, however, would changs the
processing sequence in the test circuit so that the
properties of the silicide-silicon interface, and hence
the value of r, in the test circult, would no longer be
necessarily the same as those of the integrated cir-
cuits being measured by the test circuit. Thus the
measurement of r, Dy the test circult would no longer
be meaningful.

Similar problems associated with an added li-
thography step required for test circuits arise in any
other self-aligned metallization contact electrode
technology.

Summary of the Invention

To solve the foregoing problem, a method is de-
vised which isuseful for measuring the specific con-
tact resistivity . of the Interface between self-aligned
metallization electrode contacts and diffused regions
of an underlying semiconductor wafer, as well as in
some specific embodiments for measuring the sheet
resistance r, of the diffused regions, but which does
not require an added lithography step. The method is
set out in claim 1. Preferred forms of the method are
set out in the dependent claims.

In one embodiment (FIG. 3) the layout of the test
circuit of this invention Is such that the three source-
drain slectrodes lie along a stralght-line path; in an-
other embodiment (FIG. 4), along an L-shaped path.
The straight-line path layout, however, suffers froma
disadvantage, to wit, a loss In voltage sensitivity in the
measurement of V, because of current crowding at
the front end (near end; left-hand end) of the middie
electrode 132, as indicated in FIG. 2, whereby the
current density at the rear (far; right-hand) end there-
of, where V, is measured, becomes relatively small.
On the other hand, the L-shaped layout does not suf-
fer from such a loss of voltage sensitivity despite cur-
rent crowding, if any, bacause the voltage measuring
device measures an average voltage -- viz., the vol-
tage under the middie electrode averaged over its en-
tire length d -- the measurement of which is not ad-
versely affected by any current crowding. Howaver,
the L-shaped layout does not enable measurement of
ry, the resistance of the diffused region. On the other
hand, the linear layout enables determination of both
r, and r,, provided that at|east two such linear layouts
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have different values of middle electrode length d.

Brief Description of the Drawing

This invention, together with Its features, charac-
teristics, and advantages may be better understood
from the following detailed description when read In
conjunction with the drawing in which

FIG. 1 is a cross-section diagram of a prior-art

test circuit for measuring specific contact resistiv-

ity;

FIG. 2 Is a cross-section diagram of a test circuit

in accordance with an illustrative embodiment of

the invention, for measuring specific contact re-
sistivity of self-aligned metal sllicide electrodes;

FIG. 3 Is a top view layout diagram of the circuit

shown in FIG. 2; and

FIG, 4 is a top view layout dlagram of a folded (L-

shaped) layout embodiment of the circuit shown

in FIG. 2,

The broken lines 2-2 in FIG. 3 and FIG. 4 Indicate
the sections thereof depicted In FIG. 2. The hatched
lines in FIGS. 3 and 4 represent self-aligned meta sil-
icide electrodes. Only for the sake of clarity, none of .
the figures is drawn to scale.

Detalled Description

As shown in FIG. 2, in accordance with an illus-.
trative embodiment of the invention a test circult 2000
is integrated in a p-type semiconductor wafer 100 at
a major surface 115 thereof. It should be understood
that the wafer 100 alao includes integrated chip ci-
cults (not shown) to be tested and cut from the wafer
100, as well as perhaps other test circuit structures
{not shown) for measuring other parameters of the
chip circuits and one or more test circuits (not shown)
similar to the test circuit 2000 except (perhaps) for
differing lengths d of contact of the middle contact
electrode(s) 132 to underlying n* diffused region(s)
113. It should also be underatood that the wafer 100
need be p-type only in a top portion therecf, and can
be n-type in a bottom portion. For sxample, the p-ty-
pe top portion can be epitaxially grown on an n-type
bottom portion of the wafer, or the p-type top portion
can be p-tub, as known in the art. The circuit 2000 is
fabricated in accordance with a standard MOS sslf-
aligned source-drain electrode metallization technol-
ogy.

More particutarly, as shown in FIG. 2, within a
GASAD ( gate and source and drain) region are locat-
od three source-drain metallization contact slectro-
des 131, 132, and 133, as well as those portions of a
gate electrode layer 226 which overlie a gate insulat-
ing layer 225 (FIG. 2). The gate elactrode iayer 226
is Hllustratively polycrystalline sificon; the gate insu-
lating {ayer 225 is iliustratively silicon dioxide ("gate
oxide"); and the source-drain slectrodes 131, 132,



and 133 are illustratively mstal silicide, such as cobalt
silicide,

The circuit 2000 further includes three spaced-
apart n* source-drain diffused regions 110, 113, and
116 underlying the metai silicide source-drain elec-
{rodes 131, 132 and 133, respectively. An aperture in
a fleld oxide layer 220, having its sidewalls coated
with portions of a sidewall oxide layer 228, defines the
edges of the GASAD region within which are situated
the three diffused source-drain reglons 110, 113, 118,
as well as the gate oxide layers 225. This gate oxide
225 intervenes hoth between the spaced-apart metal
silicide source-drain electrodes 131 and 132 and be-
tween spaced-apart metal siliclde source-drain elec-
trodes 132 and 133. Upon the gate oxide layer 225 is
located the polycrystalline silicon (“polysilicon™) gate
electrode layer 226; and upon this polysilicon gate
electrode layer 226 is located metal silicide gate met-
allization layer 227. This metal silicide gate metalliza-
tion layer 227 can be formed simultaneously with the
metal silicide source-drain slectrodes 131, 132, and
133 in accordance with the self-aligned silicide proc-
ess, as more fully described below. The sidewalls of
the polysilicon gate electrode 226 are coated with
other portions of the sidewall oxide layer 228.

The circuit 2000 is coated with a phosphosilicate
glass (P-glass) layer 230, except for apertures there-
in for contact therethrough by barrier metallization
layers 130, 140, 150 -- such as TIW -- to the metal sil-
icide source-drain electrodes 131, 132, and 133, re-
spectively, and for contact by barrier metallization lay-
ers 250 and 260 to the metal silicide gate layer 227.
These barrier metallization layers 130, 140, 150, 250
and 260 are typically coated with aluminium metalli-
zation electrode layers 135, 145, 155, 255 and 265 re-
spactively,

The metaflization layer 135 terminates in a pad
301 (FIG. 3), to which the current source 20 is con-
nectad. This metatlization layer 135 penetrates down
through an aperture 313 (FIG. 3} in the P-glass layer
230(FIG. 2), for establishing elsctrical contact to the
metal sllicide source-drain layer 131.

The metallization layer 145 terminates at eppo-
site extremities thereof in pads 302 and 305, respec-
tively, to which a ground sink for the current | is con-
nected and to which one terminal of the voitage meas-
uring device 21 is connected. This metallization layer
145 penetrates down through an aperture 314 (FIG.
3) for establishing electrical contact to the metal sili-
cide source-drain electrode 132,

The metallization layer 155 terminates in a pad
304 to which another terminal of the voltage measur-
ing device 21 is connected. This metallization layer
155 penstrates down through an aperture 315 in the
phosphorus doped glass (P-glass) layer 230, for es-
tablishing electrical contact to the metal silicide
source-drain electrode 133. The gate electrode 226 is
contacted by metallization layer 255 through an aper-
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ture 312 (FIG.3) in the P-glass layer 230, and this
metallization layer 255 terminates in a pad 303 to
which the voltage V, is applied by voltage source E,.

The current source 20 thus applies a current | to
the aluminum metallization laysr 135, The voltage
source E; applies a voltage V;; to the gate metalliza-
tion 255, and this voltage is selected to be sufficlent
to create inversion layers 224 and 114 (FIG. 2) locat-
ed in the channels at the major surface 115 of the wa-
fer 100 beneath the pair of gate oxide layers 225. That
is, the applied voltage V, is greater than the threshald
voltage.

The aluminum metallization layer 145 is thus con-
nected directly to ground ~ whereby the current |
flows serially through the aluminum and barrier met-
allization layers 135 and 130, the metal silicide elec-
trode 131, the n* diffused region 110, tha inversion
layer 224, the n* diffused region 113, the metal sili-
cide electrode 132, and the metallization layers 140
and 145 to ground.

The voltage measuring device 21 is thus connect-
ed across aluminum metallization layers 145 and 155,
for measuring the voltage V, developed across the
metal siiicide source-drain electrode 132; and the
right-hand edge of the diffused region 113 - i.e., that
edge of the diffused region 113 which is closest to the
diffused reglon 116. In turn, tha voltage at the right-
hand edge of the diffused region 113 is substantially
the same as the voltage of metallization electrode
155, owing to the path of relatively low resistance (as
compared with the input resistance of the voltmeter
21) from the right-hand edge of the diffused region
113 through the inversion layer 114, the diffused re-
gion 116, the thickness of the metal silicide layer 133,
and the barrier metaliization layer 150 to the voitme-
ter 21.

It should be understoed, as more clearly appears
by inspection of FIG. 3 or FIG. 4, that external contact
to the polysilicon and metal silicide gate layers 226
and 227 are represented only symbolically in FIG. 2,
in that the apertures for contact thereto in fact are of-
ten located over field oxide and not over gate oxide.
That is, these layers 226 and 227 often run beyond
the gate-and-scurce-and-drain {GASAD) region to
areas overlying field oxide for contact thereto by the
barrier metallization layers 250 and 260 overlaid with
the aluminum metallization layers 255 and 265.

Itis clear by inspection that the circuit 2000 -- ex-
cept for the external electrical paraphernalia, i.e., ex-
cept for the current source 20, the voltage V,, and the
voltage measuring device V, -- is the squivatent of
iwo back-to-back MOS transistors sharing a common
source-drain reglon 113. The circuit 2000 can there-
fore be fabricated by the self-aligned silicide process
compatibly and simultaneously with fabrication by the
same self-aligned siliclde process of the MOS tran-
sistors in the chip circuits on the same wafer 100,
More particularly and illustratively, to fabricate the
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circuit 2000, first the field oxide layer 220 is formed
and lithographically patterned to define the gate-and-
source-and-drain (GASAD) region. Next a gate oxide
layer is thermally grown (but not necessarily yet pat-
terned) in the GASAD region, and a polysilicon gate
electrode layer is deposited thereon. The polysilicon

- gate electrode and gate oxide layers are then litho-

graphically patterned to form the polysilicon gate
electrode layer 226 and the gate oxide layer 225,
whereby the major surface of the wafer 100 is ex-
posad everywhere else in the GASAD region.

Next the sldewall oxide layer 228 Is deposited or
is thermally grown, particulariy on the sidewalls of the
polysilicon gate electrode layer 226. A sidewall oxide
layer may also appear on the sidewalls of the field ox-
Ide tayer 220 in case the sidewasil oxide is deposited
rather than grown, Then a metal, such as cobalt is de-
posited and sintered to form metal silicide in regions
overlying silicon and polysilicon, and the remaining
{non-silicided) metal on the field oxide and sidewall
oxide layars 220 and 228 itself is removed typically by
a liquid etch that removes the metal but not the metal
sllicide, whereby metal silicide remains overlying the
exposed portion of the major surface of the wafer 100,
in the GASAD region, as well as overlying the polysi-

licon gate electrode layer 226. (The simuitaneous for-

mation of silicide on the gate electrode can be sup-
pressed, if desired, by an oxide layer on the top of the
gate electrode.) Thus metal silicide source-drain
electrodes 131, 132 and 133, as wsll as metal silicide
gate layer 227, are automatically formed in a self-
aligned fashion, i.e., without further lithographic pat-
terning. Diffused regions 110, 113, and 116 can be
formed by Introducing suitable Impurities just before
or after formation of the metal silicids electrodes 131,
132, 133. Then the phosphosilicate glass layer 230 is
deposited everywhere and apertures formed therein
by lithographic patterning. Next the barrier metalliza-
tion layers 130, 140, 150, 250 and 260, and the alu-
minum metallization layer 135, 145, 155, 255 and 265
are deposited and lithographically patterned, to com-
plete the circuit 2000, except for attachment of the ex-
ternal electrical paraphernalia -- i.e., the cument
source 20, the applied gate voltage V,, and the vol-
tage measuring device 21.

The transistors (not shown) of the integrated cir-
cuits located on chip areas of the wafer 100 -- j.e., the
trnsistors to be tested — are advantageously fabricat-
ed simultaneously with the fabrication of the clrcuit
2000, as are thelr respactive metallizations.

During operation, the voltage V, measured by the
device 21 satisfies eq. 1 above, with d being the
length of the middle source-drain electrode 132.
Since there are two unknowns, r., and r,, in eq. 1, at
Isast two measurements of V, for a give current | but
different values of d are needed to calculate r; and r,.
Thus, at least two test structures 2000 having differ-
ing d are needed to measure the specific contact re-
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sistivity r,.

FIG. 4 shows the layout 4000 of a folded L-shap-
ed embodiment of the circult 2000 (FIG. 2). Here in
FiG. 4 the GASAD region ~ including the sourge-
drain electrodes 131, 132, and 133, and the localized
areas of the major surface of the wafer 100 (FIG. 2)
underlying the gate electrode 226 (in regicns of gate
oxide) -- has the configuration of an "L" shape; as
does the gate electrode 226, 227. Pads 401, 402,
403, 404, and 405 serve similar functions in the lay-
out 4000 (FIG. 4} as do pads 301, 303, 302, 305, and
304, respectively, in the layout 3000 (FIG. 3); and
apertures 412, 413, 414, and 415 (FIG. 4) serva the
same function as do apertures 312, 313, 314, and
315 in the layout 3000 (FIG.3), respactively. In this
way, the voltage measuring device 21 indicates V, in-
stead of V,, with V, given by eq. 2 above.

Thus, as noted above, according to eq. 2 the lay-
out 4000 enables measurement of specific contact re-
sistivity through eq. 2 by means of but a single meas-
urement. it should be noted that V, (FIG. 3) in eq. 1
is the same as the voltage at the rear end of the n* dif-
fused region 113, i.e., the edge of the region 113 most
remote from the source drain region 110, whereas, V,
(FIG. 4) In eq. 2 is the average voltage (from left to

right) taken at the side edge of the n* diffused reglon. ... ... .

113. itis believed that the reason for these properties .
of V, and V,, respectively, is that the voitage on the
metal-silicide source-drain electrode 133 is equal to
the voitage at the rear (right-hand) edge of region 113

in the layout 3000 of FIG, 3, but is equal to the aver-
age voitage at the bottom edge of the region 113

(averaged from left to right) in the layout 4000 of FIG.. .

4, because there is substantially no current flow In

either case between the metal-silicide electrode 133~~~

and the region 113 and hence substantially no voltage
differance therebetween.

The circuit 2000 has been actually tested in the
layouts 3000 and 4000 shown in FIGS. 3 and 4, and
it has been found to operate properly.

Aithough the invention has been described in de-
tail with reference to terms of specific embodiments,
various modifications can be made without departing
from the scope of the invention. For example, Instead
of n* diffused regions for the source-drain reglons in
p-type bodies, diffused regions that have p* conduc-
tivity can be used in conjunction with n-type wafers
or n-type epltaxial layers or n-tubs. Instead of cobalt
silicide for the metal silicide source-drain electrodes,
other silicides can be used such as silicides of titani-
um, tantatum, tungsten and piatinum.

The width by length (W by d) dimension of each
of the metal silicide source-drain contact electrodes
131, 132, and 133, as well as that of the gate oxide
225, is typically about 3x5, or 3x3, or 5x3 micrometers
in the circuit 4000, and about 10x2.5 or 10x4 micro-
meters in the circuit 3000. The current source is typ-
lcally in the range of about 10-2to 10-7 amperes, and
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the resulting voitages V, and V, are in the range of
about 10-2 to 10-7 volt. In order to measure such small

voltages in the presence of unavoidable noise, espe-
cially those voltages of the order of 10-% volt or less,
an A.C. current | is used typiceally having a frequency
of about 100 Hz in conjunction with a voltage meas-
uring device comprising a lock-in differential amplifi-
er to measure the signal.

Although the gate electrades 228, overlying the
two channels 114 and 224, are shown in FIGS. 2, 3,
and 4 as being directly connected to each other and
to avoltage source E,, these gate electrodes could be
separately connected to different voltage sources
each of which is above threshold voltage. Moreover
instead of self-aligned metal silicide source-drain
contact electrodes, other suitabie self-aligned metal-
lization contact electrodes could ba used, such as
contact electrodes of tungsten or molybdenum that
have been selactively deposited by low pressure
chemical vapor deposition, or contact electrodas of
copper, nickel, or gold that have been selectively de-
posited by electroplating, or contact electrodes of pla-
tinum, copper, nickel, or gold that have been selec-
tively deposited by electioless plating. The wafer 100
could be single crystal or polycrystaiiine silicon, or
other Group IV or lll-V semiconductor, in conjunction
with other types of transistors such as MESFETs and
bipolar transistors. The gate electrode layer 226
could also be any suitable metal or conducting metal
compound, and the gate oxide layer could also be any
suitable dielectric material. The current source 20 al-
ternatively can be attached to metallization layer 145
while metaliization layer 135 is grounded.

Finally, it should be understood that the current

source 20 need not have Infinite impedance but that

~ “any convenient finite impadance source of current

“can be used, such as a battery of suitable electromo-
-~ tive potential, typlcally about 5 volts, with or without

a seorles resistance to control the current.

Claims

1. A method of testing a semiconductor integrated
clreuit wafer, including chip circuits and a test cir-
cult, the test circuit having

first, second, and third contact electrodes
(131, 132, 133) contacting the major surface of
the wafer at first, second, and third mutually
spaced-apart areas thereof;

first, second, and third mutually spaced-
apart diffused regions (110, 113, 116) located in
a substrate region {100) of the wafer and contact-
ed by the first, second, and third contact electro-
des, respactively, all of the diffused regions hav-
ing a single conductivity type which is opposite
that of the substrate region; and

first and second control electrodes (228,
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226) overlying first and second channel regions
(224, 114), respectively, of the major surface, the
first channel region situated in the space be-
tween the first and second spaced-apart areas,
and the second channel region situated in the
space between the second and third spaced-
apart areas;

CHARACTERIZED BY:

applying a voltage source (E) to the first
and second control electrodes, thereby causing
first and second inversion layers, respectively, to
form at the major surface of the wafer in the first
and second channel regions, respectively;

applying a current source (20) to the first
or the second contact electrode, thereby causing
a flow of current through the first diffused region
(110), the first inversion layer (224}, and the sec-
ond diffused region (113);

detecting and measuring the voltage de-
veloped across the second and third contact elec-
trodes (132, 133) in response to the flow of cur-
rent; and

deriving therefrom a measurement of the
specific contact resistance (r;) of the contact
slectirodes.

2. The method of claim 1 in which the first, second,
and third diffused regions together with the first
and second channel regions have an L shaped
configuration.

3. The method of claim 1 or daim 2 in which the
semiconductor is essentially silicon.

4. The method of claim 3 in which the first, second
and third contact electrodes are essentlal!y:_matal
silicide.

Patentanspriiche

1. Verfahren zum Prilfen einer Haiblelterachelbe ei-
ner integrierten Schaltung mit Bausteingchaltun-
gen und einer Priffschaltung, wobei die Prif-
schaltung erste, zwsite und dritte Kontaktelektro-
den (131, 132, 133), die die Hauptfliche der
Schelbe an ersten, zwelten und dritten
beabstandeten Bereichen kontaktieren;

erste, zwelte und dritte beabstandets dif-
fundierte Gebiete (110, 113, 118), dle sich in ei-
nem Substratgebiet (100) der Scheibe befinden
und von den ersten, zweiten bzw. dritten Kontakt-
elaktroden kontaktiert werden, wobei alle diffun-
dierten Gebiete einen einzigen Leitfihigkeitstyp
aufweisen, der dem des Substratgebietes entge-
gengesetzt ist; und

erste und zweite Steuerelektroden (228,
226), die Uber den ersten bzw. zweiten Kanalge-
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bleten {224, 114) der Hauptfliche liegen, wobei
sich das erste Kansaigebiet im Raum zwischen
den ersten und zweiten beabstandeten Berei-
chen befindet und sich das zwsite Kanalgebietim
Raum zwischen den zweilten und dritten
beabstandeten Bereichen befindet, aufweist;

GEKENNZEICHNET DURCH:

Anliegen einer Spannungsquelle (E;) an
die ersten und zweitan Steuerelektroden und da-
mit Bewirken des Bildens von ersten bzw. zwel-
ten inversionaachichten an der Hauptflache der
Schelbe in den ersten bzw. zwelten Kanalgeble-
ten;

Anlegen elner Stromquelle (20) an die er-
ste oder die zweite Kontaktelektrode und damit
Bewirken eines Stromflusses durch das erste
diffundierte Gebiet {110), die erste inversions-
schicht (224) und das zweite diffundierte Gebiet
(113);

Erkennen und Messen der als Reaktion
auf den Stromfluf entwickelten Spannung an
den zweiten und dritten Kontaktelektroden (132,
133); und

Ableiten von dieser einer Messung des
spezifischen Kontaktwiderstandes (rp) der Kon-
taktelektroden.

2. Verfahren nach Anspruch 1, wobei die ersten,
zweiten und dritten diffundierten Geblete zusam-
men mit den ersten und zweiten Kanalgebieten
einen L-fdrmigen Aufbau aufweisen.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wo-
bet der Halbleiter im wesentlichen Silizium ist.

- 4, Verfahren nach Anspruch 3, wobel die ersten,
zweiten und dritten Kontaktelektroden im we-
sentlichen Metallsilizid sind.

Revendications

1. Méthode de test d’'une plaquette de circult intégré

& semiconducteur comportant des circuits puces
ot un circuit de test, le circuit de test ayant

des premiére, deuxiéme et troisidme lec-
trodes de contact (131, 132, 133) contactant la
surface principale de la plaquette & des premier,
deuxidme et troisléme androits mutuetiement es-
pacés de celle-ci;

des premiére, deuxiéme et troisiéme zo-
nes diffusées mutusllement espacées (110, 113,
116) situdes dans une zone de substrat (100) de
la plaquette et contactées par ies premidre,
deuxidme et troisidéme édlectrodes de contact, res-
pectivement, toutes les zones diffusées ayant un
seul type de conductivité qui est opposé A celui
de la zone de substrat; et
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des premiére et seconde électrodes de

commande (226, 226) recouvrant des premiére et

seconde zones de canal (224, 114), respective-
ment, de ia surface principale, [a premiére zone
de canal étant située dans I'espace entre les pre-
mier ot deuxiéme endroits espacés, et la seconde
zone de canal étant située dans I'espace entre
las deuxiéme et troisidme endroits espacés;

CARACTERISEE PAR:

I'application d’une source de tension (E,)
aux premiére et seconde électrodea de comman-
de, forgant ainsi la formation de premiére et se-
conde couches d'inversion, respectivement, au
niveau de la surface principale de la plaquette
dans les premlére et seconde zones de canal,
respectivement;

P'application d'une source de courant (20)
a la premiére ou & ila deuxidme électrode de
contact, forgant ainsi le passage d'un courant &
travers la premiére zone diffusée (110), la pre-
midre couche d'inversion (224) et la deuxiéme
zone diffusée (113);

la détection et la mesure de la tension déQ S

veloppée aux bornes des deuxidéme et troisidme

électrodes de contact (132, 133) en réponse au

passage du courant; et

la dérivation & partir de cela d"une mesure
de la résistance spécifique de contact (r,) des
électrodes de contact.

Méthode selon la revendication 1, dans taquelle
les premidre, deuxiéme et troisidme zones diffu-

sdos avec les premidre et seconde zones de ca-

nal ont une configuration en forme de L.

Méthode salon la revendication 1 ou la revendi-
cation 2, dans laqualle le semiconducteur est es-
sentieliement du silicium,

Méthode selon ia revendication 3, dans laquelle
{as premidre, deuxiéme et troisidme électrodes
de contact sont essentiellement du siliciure mé-
tallique.
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