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electrodes automatically has an edge which Is later-;. ally displaced from
an edge of the nearest gate alo- _   Field of Invention
trods only by the thickness of thesidewall 9i4o tte a y Thus each metal
silicide source-drain electrode is This invention relates to semiconductor
Integrat-   6   self-aligned; that is, no extra lithographic step was re-
ed circuit wafers and more particularly to methods of   quired thus to
align an edge of each source-drain measuring the specific contact
resistivity of electro-  electrode with an edge of the gate electrode: the-
des contacting the semiconductor wafer.                 alignmentwas
automatically determined by the thick-- ness of the sidewall oxide.
Furthermore, since the. Background of the Invention
io  thickness of the sidewall oxide is small relative to the minimum
feature size, the lateral displacement of the: The design rules for minimum
line width (mini-      suicide electrode edge relative to the gate
electrode mum feature size) of semiconductor Integrated cir-     edge is
relatively small. cults are presently progressing to values below one
Also, in self-aligned suicide MOS technology, sig- micrometer. Accordingly,
technologies featuring self-  15   nificant impurities, donors or
acceptors, or both -- to aligned metal silicide contact electrodes, or
other    form the MOS transistor source-drain diffused re- self-aligned
metailization contact electrodes, serving  glons located in surface
portions of the silicon wafer as the high-current-carrying (controlled)
transistor    underlying the metal silicide sourcoe-drain electrodes
terminals (source and drain terminals in unipolartran-  - are introduced
Into and diffused In the silicon wafer sistors, emitter and collector in
bipolartransistors) be-   20   either before or after the deposition of the
metal. In come Increasingly attractive commercially, primarily   either
event, the edges of the source-drain diffused; ._-. by virtue of the
reduced series resistance of the tran-  regions are thus themselves
self-aligned with respect sistors. The self-alignment of the high-current-
to the corresponding edges of the gate electrode, but carrying contact
electrodes is in general in addition to  are laterally displaced therefrom
at slightly different -self-alignment of control electrodes, Le., the
low-cur-  25   distances from those of the source-drain electrodesi-,;
rent-carrying transistor terminals (gate terminals in  depending upon the
specific source-drain diffusion unipolar transistors, base terminals in
bipolar transis-  conditions and parameters thereof. tors).
Now, in accordance with the ordinary silicon In- An important self-aligned
electrode contact tech-   tegrated circuit (IC) fabrication procedures,
including nology, the self-aligned sillcide MOS technology, II-  30  those
used in self-aligned silcide technology, the cir- lustrates quite clearly
the problems arising from fab-  cults corresponding to a plurality of IC
chips are all si-r  . ricating testcircults for measuring specific contact
re-  multaneously fabricated on a single silicon wafer. sistivity, r,
(measured In units of ohm-m2 for exam-    When fabrication of all the
integrated circuits on the`-- pie). Forth. sake ofdefiniteness, firstthe
self-aligned  siliconwafer has been completed, the waferIs scribed-
silicide MOS technology will be discussed in detail,  35   and cut up Into
the plurality of IC chips. Similar pro- but it should be understood that
similar problems      cedures can be employed in other MOS self-aligned-..
arise in other self-aligned electrode contact technol-  metallization
technologies, as well as in MESFETs ogles such as self-aligned
metallization by means of    and in bipolar transistors made in silicon or
In gallium selective tungsten metal deposition (without forming    arsenide
semiconductor. silicide) using low pressure chemical vapor deposi-  40
Many are the causes and types of failure mech- tion techniques, which can
be used for making self-     anisms in IC chips, and failures in
self-aligned sllidde aligned metallization electrode contacts for MOS
technology, as well as in other sel-aligned metalliza- transistors, for
MESFETs (metal gate field effect tran-  tion technologies, are no
exception. Some of these sistors) or for bipolar transistors.
failure mechanisms -- both In self-aligned-sillcide In the self-aligned
silcide MOS technology, each   45  technology and in other,
non-self-aligned suicide. 'of the MOS transistor sour-drain contact
electro-      technologies -- fortunately can be detected at a rela- des Is
composed of a metal suicide layer in physical    tively early stage of
fabrication, so that upon such contact and hence in electrical contact,
with a dif-    early detection of a failure mechanism, fabrication fused
source or drain region at a top major surface of  can be terminated before
all IC fabrication steps have an underlying silicon wafer. Moreover, these
metal sil-  so   been completed or at least before the wafer is scribed
icide source-drain electrodes are formed by deposi-    and cut Into
Individual chips, depending upon when tion of the metal, followed by
sintering of the deposit-  the failure is detected. Thus economic costs of
fail- ed metal to form metal suicide wherever silicon (in-    ures can be
reduced. One technique forachleving this cluding exposed silicon of a
silicon gate, If any) un-  early detection of failures Is the utilization
of test cir- derlies the metal at a time when the sidewalls of the   S5
cults integrated in non-IC-chip areas (test circuit gate electrode are
coated with a protective insulating  areas) of the wafer -- ie., areas
located between fu- layer, typically a sidewall oxide layer, whereby each
ture chips, areas located atthe periphery of the wafer, of the resulting
metal suicide source-drain contact     as well
asanyotherareasofthewaferwhere no work- 2
.    
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are to be fabricated. Specifically, these  art circuit shown in FIG. I by a
set of broken line ar- non-IC-chip areas are utilized for the fabrication
of  rows representing the current direction and density. _
thetestcircuitsbymeansof forexample, self-aligned      Because of the
relatively high electrical conductivity silicide processing which is
performed simultaneous-  of the electrodes 13, 14, and 15, the potential
differ- ly with the same self-aligned slicide processing of the   6   ence
between opposite edges of each electrode Is chip circuits Integrated in IC
chip areas, viz., areas  negligible. In response to the current 1, a
voltage V. where the ultimately desired IC chips are to be locat-  Is
developed between electrodes 14 and 15. This vol- ed on the wafer. By
virtue of this simultaneous fabri-  tage V. is known to be a measure of the
sheet reals- cation of chip circuits and test circuits, the semicon-  tance
per square r, of the diffused region 11 and of ductor processing parameters
of test circuits and chip  io  the specific contact resistivity r, between
the middle:.... circuits are automatically virtually the same (except
electrode 14 and the diffused region 11: for negligible processing
variations across the sur-         V. = I(rrQ)112/W sinh 1d(r.1rQ&'  (1)
face of the wafer). Hence, the device parameters -    where W is the width
(perpendicular to the plane of such as specific contact resistivity r.of
electrode con-  the paper) of the contact of the electrode 14 to the dif-
tacts to diffused regions of the semiconductor wafer  1S  fused region 11,
and d Is the length of such contact. and sheet (lateral) resistivity r, of
the diffused regions  See, for example, the above-mentioned paper by J. --
are also automaticallyvirtually the samefor the test  G. J. Chern et al, at
p. 178, col. 2, paragraph 1. Byfab- circuits as for the chip circuits.
Indirect testing of the  ricating in the wafer 10 two (ormore) such
testcircuits chip circuits by means of direct testing of the test cir-
1000 with mutually different values of electrode cults thus becomes
feasible and meaningful at an   20  length d but with the same values of
all other para- -early stage of manufacture. The same tests can be
meters, the specific contact resistivity r, can -be cal- deferred, however,
until the entire manufacturing     culated
bymeasuringtheresultingvoltagesV~forthe process Is completed, especially in
those cases       differenttestcircuitsand byitratIvelyapplyingeq (1) where
failures are expected at late stages of manu-   to the two (or more) such
circuits 1000 and solving for facture.
25  the two unknowns r, and r,. An important failure mechanism in
integrated cir-     It is also known in prior art that eq. 1 can be sim-
cults, both in self-aligned and in non-self-aligned met-  plifled by using
an L-shaped layout of the diffused re- allization technologies, is
manifested by unduly high  gion 11, as shown in a paper entitled "Analysis
and specific contact resistivity r, of electrodes to under-  Scaling of
Kelvin Resistors for Extraction of Specific tying diffused regions.
30   Contact Resistivity" authored by W. M. Loh et al pub- -   A desirably
compact test circuit 1000 (FIG. 1) in  lished in IEEE Electron Device
Letters, vol. EDL-8, the prior art for measuring this specific contact
resis-  pp. 105-108(1985). In thecaseofthe L-shaped layer- tivity in
non-self-aligned metallization technology is  out, it was shown that the
specific contact resistivity taught, for example, in "Determining Specific
Contact  r, is given simply by Resistivity From Contact End Measurements"
by J.  35                  r=V.WdIl  (2) G. J. Chern et al, published in
IEEE Electron Device  where V. is the voltage measured by the voltage
Letters, vol. EDL-5, pp. 178-180 (1984).              measuring device 21.
Thus, but a single measure- In the test circuit 1000 Illustratively for
n-channel  ment of voltage enables determination of the specific MOS
transistors, a p-type crystal silicon semiconduo-  contact resistivity r,
(but not the sheet resistance rQ). torwafer 10 has an nltype diffused
region 11 located   40  In the self-aligned suicide MOS process descri- at
a top major surface 12 of the wafer 10 where each  bed above, it is
likewise desired to measure the ape- of three mutually spaced-apart
contactelectrodes 13,  cific contact resistivity r, of the metal suliide
source- 14, 15 make contact with the top exposed surface of   drain
electrodes to the underlying wafer, as well as the no diffused region 11 at
mutually spaced-apart    perhaps the sheet resistance r,. However, It Is
not areas. The middle contact electrode 14 intervenes   45   possible to
fabricate the circuit 1000 with the three between the other two electrodes
13 and 15. These     self-aligned suicide electrodes contacting the dif-
contact electrodes 13, 14 and 15--typically polycrys-  fused region 11 of
the underlying silicon wafer 10 si- talline silicon or Ti:W alloy -- serve
as barrier layers  multaneously and compatibly with fabrication of the for
overlying aluminum metallization layers 13.5,     chip circuits (I.e., with
no extra lithography steps, 14.5, and 15.5 respectively. Afield oxide layer
22 and   5o   which can change the contact resistance), because in a
phosphorus-glass layer 23 complete the test circuit  the self-aligned
suicide process for making, say, n- 1000.
channel transistors, there Is a single metal silicide During operation, a
current source 20is connect-  source-drain electrode directly overlying
each dif- ed to deliver current I to the electrode 13 while the  fused n+
region of the wafer 10. In other words, In any electrode 14 (in the middle)
Is grounded and a voltage   as   self-aligned metal silcide technology each
diffused detector is connected across electrodes 14 and 15.    n+ region is
completely covered by one continuous The resulting nonuniform electrical
current distribu-  layer of metal sillcide having a relatively high conduc-
tion in the diffused region 11 is indicated in the prior-  tivity as
compared with that of the diffused region. 3   
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currentflowing between contacts 13 and 14    have different values of
middle electrode length d. would tend to be confined within the metal
sulicide lay- i_  er with very little current flowing from the metal sili-
Brief Description of the Drawing aide layer into the diffused region -
where r, is to be measured - via the interface between the metal sili-   8
This invention, together with Its features, charac. :ide layer and the
diffused region where the specific  teristics, and advantages may be better
understood contact resistivity r, is to be measured. Only by means  from
the following detailed description when read In of an added lithography
step could the continuity of  conjunction with the drawing In which the
self-aligned metal silicide layer be broken in order  FIG. 1 is a
cross-section diagram of a prior-art: to force the current from the
sillcide layer into the n'  1o  test circuitformeasuring specific contact
resistiv- diffused region In orderto measure r0 and r. properly.    Ky;
Such added lithography, however, would change the         FIG. 2 Is a
cross-section diagram of a test circuit processing sequence In the test
circuit so that the      in accordance with an Illustrative embodiment of
properties of the sulicide-sIlicon interface, and hence  the invention, for
measuring specific contact re-  - : the value of r, in the test circuit,
would no longer be   *6  sistivity of self-aligned metal suicide
electrodes; necessarily the same as those of the integrated cir-      FIG.
3 Is a top view layout diagram of the circuit :s      cults being measured
by the test circuit. Thus the        shown in FIG. 2; and measurement of r,
by the test circuit would no longer     FIG. 4 is a top view layout diagram
of a folded (L- be meaningful.
shaped) layout embodiment of the circuit shown Similar problems associated
with an added ii-  20     in FIG. 2. thography step required for test
circuits arise in any    The broken lines 2-2 in FIG. 3 and FIG. 4
Indicate. -other self-aligned metallization contact electrode    the
sections thereof depicted In FIG. 2. The hatched: *::technology.
lines in FIGS. 3 and 4 represent self-aligned metal sil-. icide electrodes.
Only for the sake of cIarity, none ofl .:  ::  . . Summary of the Invention
25  the figures is drawn to scale. To solve the foregoing problem, a method
is de-    Detailed Description -     :.-vised which isuseful for measuring
the specific con- ..tact resistiity r of the interface between self-aligned
As shown In FIG. 2, in accordance with an. lllus-_ metallization electrode
contacts and diffused regions   3o  trative embodimentofthe invention
atestcircuit2000 of an underlying semiconductor wafer, as well as in   is
Integrated In a p-type semiconductor wafer 100 at *: i    :E-some specific
embodiments for measuring the sheet    a major surface 115 thereof. It
should be understood :..:. resistance r, of.the diffused regions, but which
does  that the wafer 100 also includes integrated chip cir- -  ::   not
require an added lithography step. The method is  cults (not shown) to be
tested and cut from the wafer *   .. :. set out in claim 1. Preferred forms
of the method are   35   1 00, as well as perhaps other test circuit
structures set out in the dependent claims.                      (not
shown) for measuring other parameters of the In one embodiment (FIG. 3) the
layout of the test  chip circuits and one or more test circuits (not shown)
*    circuit of this invention is such that the three source-  similar to
the test circuit 2000 except (perhaps) for drain electrodes lie along a
straight-line path; in an-  differing lengths d of contact of the middle
contact 4    other embodiment (FIG. 4), along an L-shaped path.   40
electrode(s) 132 to underlying n+ diffused region(s) The straight-line path
layout, however, suffers from a  113. It should also be understood that the
wafer 100 disadvantage, to wit, a loss in voltage sensitivity in the  need
be p-type only in a top portion thereof, and can measurement of V, because
of current crowding at      be n-type in a bottom portion. For example, the
p-ty- the front end (near end; left-hand end) of the middle  pe top portion
can be epitaxially grown on an n-type electrode 132, as indicated in FIG.
2, whereby the   45   bottom portion of the wafer, or the p-type top
portion current density at the rear (far; right-hand) end there-  can be
p-tub, as known in the art. The circuit 2000 is of, where V, is measured,
becomes relatively small.   fabricated in accordance with a standard
MOS-self- On the other hand, the L-shaped layout does not suf-  aligned
source-drain electrode metallization technol- fer from such a loss of
voltage sensitivity despite cur-  ogy. rent crowding, if any, because the
voltage measuring   5o  More particularly, as shown In FIG. 2, within a
device measures an average voltage - viz., the vol-   GASAD ( pate and
source and drain) region are locat- -   tage underthe middle electrode
averaged overits en-  ed three source-drain metallization contact electro-
tire length d -- the measurement of which is not ad-  des 131, 132, and
133, as well as those portions of a *    - !  versely affected by any
current crowding. However,    gate electrode layer 228 which overlie a gate
insulat- the L-shaped layout does not enable measurement of  5s  Ing layer
225 (FIG. 2). The gate electrode layer 228 r*, the resistance of the
diffused region. On the other  is illustratively polycrystalline silicon;
the gate insu- :hand, the linear layout enables determination of both
lating layer 225 is illustratively silicon dioxide ('gate r, and rprovided
that at leasttwo such linearlayouts  oxide"); and the source-drain
electrodes 131, 132, 4    
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and 133 are illustratively metal suicide, such as cobalt  ture 312 (FIG.3)
in the P-glass layer 230, and this silicide.
metallization layer 255 terminates in a pad 303 to tbj2    The circuit 2000
further includes three spaced-  which the voltage Vi is applied by voltage
source E9. apart of* source-drain diffused regions 110, 113, and   The
current source 20 thus applies a current I to 116 underlying the metal
suicide source-drain elec-   s   the aluminum metallization layer 135.
The.voltage trodes 131, 132 and 133, respectively. An aperture in  source
E9 applies a voltage V. to the gate metalliza- a field oxide layer 220,
having its sidewails coated  tion 255, and this voltage Is selected to be
sufficient * with portions of a sidewall oxide layer228, defines the  to
create Inversion layers 224 and 114 (FIG. 2) locat- edges of the GASAD
region within which are situated  ed in the channels at the majorsurface
115 of the wa- the three diffused source-drain regions 110,113,116,  io
fer 100 beneath the pairof gate oxide layers 228..That as well as the gate
oxide layers 225. This gate oxide  is, the applied voltage V. Is
greaterthan the threshold 225 Intervenes both between the spaced-apart
metal   voltage. * slicide source-drain electrodes 131 and 132 and be-
The aluminum metallizatlon layer 145 Is thuscon- tween spaced-apart metal
silcide source-drain elec-  nected directly to ground - whereby the.current
I trodes 132 and 133. Upon the gate oxide layer 225 is  i5  flows serially
through the aluminum and barrier met- located the polycrystalline silicon
("polysilicon") gate  allization layers 135 and 130, the metal suicide
eleo- .electrode layer 228; and upon this polysilicon gate  trade 131, the
n+ diffused region 110, the inversion electrode layer 228 is located metal
sillcide gate met-  Iayer 224, the n+ diffused region 113, the metal sill-
allization layer227. This metal suicide gate metalliza-  dide electrode
132, and the metallization layers 140 tion layer 227 can be formed
simultaneously with the   20  and 145 to ground. metal slicide source-drain
electrodes 131, 132, and     The voltage measuring device 21 is thus
connect- 133 in accordance with the self-aligned silicide proc-  ed across
aluminum metallization layers 145 and 1565, ess, as more fully described
below. The sidewalls of  for measuring the voltage V. developed across the
- ..-the polysillcon gate electrode 226 are coated with  metal slicide
source-drain electrode 132; and the other portions of the sidewall oxide
layer 228.  25  right-hand edge of the diffused region 113 -- Le., that The
circuit 2000 Is coated with a phosphosilicate  edge of the diffused region
113 which is closeettothe glass (P-glass) layer 230, except for apertures
there-  diffused region 116. In turn, the voltage at the right- in for
contact therethrough by barrier metallization  hand edge of the diffused
region 113 is substantially : layers 130, 140, 150--such as TIW -- to the
metal sil-  the same as the voltage of metallization electrode icide
source-drain electrodes 131, 132, and 133, re-  30   155, owing to the path
of relatively low resistance (as spectively, and for contact by barrier
metallization lay-  compared with the input resistance of the voltmeter ers
250 and 260 to the metal silicide gate layer 227.  21) from the right-hand
edge of the diffused region These barrier metallization layers 130, 140,
150, 250  113 through the inversion layer 114, the diffused rwe and 260 are
typically coated with aluminium metall-  glon 116, the thickness of the
metal slilcide layer 133, *     zation electrode layers 135,145, 155,255
and 265 re-  35  and the barrier metallization layer 150 to the voltme-
spectively.                                          ter 21. The
metallization layer 135 terminates in a pad     It should be understood, as
more clearly appears 301 (FIG. 3), to which the current source 20 is con-
by inspection of FIG. 3 or FIG. 4, that external contact nected. This
metallization layer 135 penetrates down  to the polysilicon and metal
sililcide gate layers 228 4    through an aperture 313 (FIG. 3) in the
P-glass layer  40  and 227 are represented only symbolically In FIG. 2,
230(FIG. 2), for establishing electrical contact to the  in that the
apertures for contact thereto in fact are of- metal suicide source-drain
layer 131.               ten located over field oxide and not over gate
oxide. The metallization layer 145 terminates at oppo-  That is, these
layers 226 and 227 often run beyond site extremities thereof in pads 302
and 305, respec-  the gate-and-source-and-draln (GASAD) region to tively,
to which a ground sink for the current I is con-  45   areas overlying
field oxide for contact thereto by the nected and to which one terminal of
the voltage meas-  barrier metallization layers 250 and 260 overlaid with
uring device 21 is connected. This metallization layer  the aluminum
metallization layers 255 and 285. 145 penetrates down through an aperture
314 (FIG.       It is clear by inspection that the circuit 2000 - ex- 3)
for establishing electrical contact to the metal sill-  cept for the
external electrical paraphernalia, i.e., ex- cide source-drain electrode
132.                so   cept for the current source 20, the voltage V.,
and the The metallization layer 155 terminates in a pad  voltage measuring
device V, -- Is the equivalent of 304 to which another terminal of the
voltage measur-  two back-to-back MOS transistors sharing a common ing
device 21 is connected. This metallization layer  source-drain region 113.
The circuit 2000 can there- 155 penetrates down through an aperture 315 in
the   fore be fabricated by the self-aligned salicide process phosphorus
doped glass (P-glass) layer 230, for es-  so   compatibly and
simultaneouslywith fabrication bythe tablishing electrical contact to the
metal silicide  same self-aligned suicide process of the MOS tran-
source-drain electrode 133. The gate electrode 226 is  sistors in the chip
circuits on the same wafer 100. contacted by metallization layer 255
through an aper-  More particularly and illustratively, to fabricate the _
. .....    
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the field oxide layer 220 is formed  sistivity r,. and lithographically
patterned to define the gate-and-  FIG. 4 shows the layout 4000 of a folded
L-shap- source-and-drain (GASAD) region. Next a gate oxide  ed embodiment
of the circuit 2000 (FIG. 2). Here -in. layer Is thermally grown (but not
necessariiy yet pat-  FIG. 4 the GASAD region - including the source-
terned) In the GASAD region, and a polysilicon gate   5   drain electrodes
131, 132, and 133, and the localized electrode layer is deposited thereon.
The polysilicon  areas of the major surface of the wafer 100 (FIG. 2) gate
electrode and gate oxide layers are then litho-  underlying the gate
electrode 226 (In regions of gate"- graphically patterned to form the
polysilicon gate  oxide) -- has the configuration of an uLO-shape; as
electrode layer 226 and the gate oxide layer 225,  does the gate electrode
226, 227. Pads 401, 402, whereby the major surface of the wafer 100 is ex-
10  403, 404, and 405 serve similar functions in the lay- posed everywhere
else in the GASAD region.         out 4000 (FIG. 4) as do pads 301, 303,
302,305, and Next the sidewall oxide layer 228 is deposited or  304,
respectively, In the layout 3000 (FIG. 3); and Is thermally grown,
particularly on the sidewalls of the  apertures 412, 413, 414, and 415
(FIG. 4)serve. the polysilicon gate electrode layer 226. A sidewall oxide
same function as do apertures 312, 313, 314, and layer may also appear on
the sidewalls of the field ox-  is  315 in the layout 3000 (FIG.3),
respectively. In this Ide layer 220 In case the sidewall oxide Is deposited
way, the voltage measuring device 21 Indicates V. In- rather than grown.
Then a metal, such as cobalt is de-  stead of V,, with V, given by eq. 2
above. posited and sintered to form metal sicide in regions  Thus, as noted
above, according to eq. 2.the lay- : overlying silicon and polysilicon, and
the remaining  out 4000 enables measurement of specific contact re-
(non-silicided) metal on the field oxide and sidewall  20  sistivity
through eq. 2 by means of but a single meas- oxide layers 220 and 228
itself is removed typically by  urement It should be noed that V, (FIG. 3)
In eq. 1 a liquid etch that removes the metal but not the metal  is the
same as the voltage at the rear end of the ni dif- silicide, whereby metal
sulicide remains overlying the  fused region 113, i.e., the edge of the
reglon.113 most  .. . exposed portion of the majorsurface of the wafer 100,
remote from the source drain region 110, whereas, V, in the GASAD region,
as well as overlying the polysi-  25  (FIG. 4) in eq. 2 is the average
voltage (from left to. -licon gate electrode layer 226. (The
simultaneousfor-  right) taken at the side edge of the nt diffused reglon-
mation of suicide on the gate electrode can be sup-  113. It is believed
that the reason forthese properties;. pressed, if desired, by an oxide
layer on the top of the  of V, and V., respectively, is that the voltage on
the gate electrode.) Thus metal silcide source-drain   metal-silicide
source-drain electrode 133 is equal to electrodes 131, 132 and 133, as well
as metal suicIde   30  the voltage at the rear (right-hand) edge of region
113 gate layer 227, are automatically formed in a self-  in the layout 3000
of FIG. 3, but Is equal to the aver-;  - - alignedfashion, Le., without
further lithographic pat-  age voltage at the bottom edge of the region 113
-- terning. Diffused regions 110, 113, and 116 can be  (averaged from left
to right) In the layout4000 of FIG. formed by Introducing suitable
impurities just before  4, because there is substantially no current flow
In orafterformation of the metal silcide electrodes 131,  3S  either case
between the metal-sulicide electrode 133 132,133. Then
thephosphosilicateglass layer230is   and the region 113 and hence
substantially novoltage deposited everywhere and apertures formed therein
difference therebetween. by lithographic patterning. Next the barrier
metalliza-  The circuit 2000 has been actually tested In the' tion layers
130, 140, 150, 250 and 260, and the alu-  layouts 3000 and 4000 shown in
FIGS. 3 and 4, and minum metallization layer 135,145,155,255 and 265   40
it has been found to operate properly. are deposited and lithographically
patterned, to com-  Although the invention has been described In de- plte
the circuit2000, except for attachment ofthe ox-  tail with reference to
terms of specific embodiments, ternal electrical paraphernalia -- i.e., the
current  various modifications can be made without departing source 20, the
applied gate voltage V., and the vol-  from the scope of the Invention. For
example, Instead tage measuring device 21.                      45  of n+
diffused regions for the source-drain regions In. The transistors (not
shown) of the integrated cir-  p-type bodies, diffused regions that have p+
conduc- cuits located on chip areas of the wafer 100-- i.e., the  tivity
can be used In conjunction with n-type wafers trnsistors to be tested - are
advantageously fabricat-  or n-type epitaxial layers or n-tubs. Instead of
cobalt ad simultaneously with the fabrication of the circuit  silicide for
the metal suiciode source-drain electrodes, 2000, as are their respective
metallizations.  50  other silicides can be used such as silicides of
titani- During operation, the voltage V. measured by the  um, tantalum,
tungsten and platinum. device 21 satisfies eq. 1 above, with d being the
The width by length (W by d) dimension of each length of the middle
source-drain electrode 132.    of the metal suicide source-drain contact
electrodes Since there are two unknowns, r0, and r,, in eq. 1, at  131,
132, and 133, as well as that of the gate oxide least two measurements of
V. for a give current I but  55   225, is typically about 3x5, or 3x3, or
5x3 micrometers different values of d are needed to calculate r0 and r  in
the circuit 4000, and about 10x2.5 or 10x4 micro- Thus, at least two test
structures 2000 having differ-  meters in the circuit 3000. The current
source Is typ- ing d are needed to measure the specific contact re-  Ically
In the range of about 10-2 to 10-? amperes, and 6    
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voltages V. and V, are in the range of    226) overlying first and second
channel regions about 10-2to 10-7 volt. In orderto measure such small
(224,114), respectively, of the majorsurface, the voltages in the presence
of unavoidable noise, espe-    first channel region situated in the space
be- dally those voltages of the order of I 0- volt or less,  tween the
first and second spaced-apart areas, an A.C. current I is used typically
having a frequency   5  and the second channel region situated In the of
about 100 Hz in conjunction with a voltage meas-     space between the
second and third spaced- uring device comprising a lock-in differential
amplifi-  apart areas; er to measure the signal.
CHARACTERIZED BY: Although the gate electrodes 226, overlying the
applying a voltage source (E.) to the first two channels 114 and 224, are
shown in FIGS. 2, 3,  10  and second control electrodes, thereby causing
and 4 as being directly connected to each other and     first and second
Inversion layers, respectively, to to a voltage source E., these gate
electrodes could be  form at the major surface of the wafer In the first
separately connected to different voltage sources       and second channel
regions, respectively; each of which is above threshold voltage. Moreover
applying a current source (20) to the first instead of self-aligned metal
suicide source-drain  15  or the second contact electrode, thereby causing
contact electrodes, other suitable self-aligned metal-  a flow of current
through the first diffused region lization contact electrodes could be
used, such as      (110), the first inversion layer (224), and the sec-
contact electrodes of tungsten or molybdenum that       ond diffused region
(113); have been selectively deposited by low pressure
detecting and measuring the voltage de- 9   chemical vapor deposition, or
contact electrodes of  20  veloped across the second and third contact
elec- copper, nickel, or gold that have been selectively de-  trodes (132,
133) in response to the flow of cur- posited by electroplating, or contact
electrodes of pla-  rent; and tinum, copper, nickel, or gold that have been
selec-          deriving therefrom a measurement of the tively deposited by
electroless plating. The wafer 100  specific contact resistance (r) of the
contact could be single crystal or polycrystalline silicon, or  25
electrodes. other Group IV or III-V semiconductor, in conjunction with
other types of transistors such as MESFETs and  2. The method of claim 1 in
which the first, second, bipolar transistors. The gate electrode layer 228
and third diffused regions together with the first could also be any
suitable metal or conducting metal    and second channel regions have an L
shaped compound, and the gate oxide layer could also be any   30
configuration. suitable dielectric material. The current source 20 al-
ternatively can be attached to metallization layer 145  3. The method of
claim I or claim 2 In which the while metallization layer 135 is grounded.
semiconductor is essentially silicon. Finally, it should be understood that
the current source 20 need not have infinite impedance but that  35  4. The
method of claim 3 in which the first, second any convenient finite
impedance source of current       and third contact electrodes are
essentially metal can be used, such as a battery of suitable electromo-
silicide. tive potential, typically about 5 volts, with or without a series
resistance to control the current. 40 PatentansprOche Claims
1. Verfahren zum PrOfen einer Halbleiterschelbe el- ner integrierten
Schaltung mit Bausteinschaltun- 1. A method of testing a semiconductor
integrated       gen und einer Prfifschaltung, wobei die Prif- circuit
wafer, including chip circuits and a test cir-  45  schaltung erste, zweite
und dritte Kontaktelektro- cuit, the test circuit having
den (131, 132, 133), die die Hauptfliche der first, second, and third
contact electrodes    Scheibe  an  ersten, zweiten  und  dritten (131, 132,
133) contacting the major surface of     beabstandeten Berelchen
kontaktieren; the wafer at first, second, and third mutually
erste, zwelte und dritte beabstandete dif- spaced-apart areas thereof;
50      fundierte Gebiete (110, 113, 116), die sich in ei- first, second,
and third mutually spaced-      nem Substratgebiet (100) der Scheibe
befinden apart diffused regions (110, 113, 116) located in   und von den
ersten, zweiten bzw. dritten Kontakt- a substrate region (100) of the wafer
and contact-  elektroden kontaktiert warden, wobei allo diffun- ed by the
first, second, and third contact electro-  dierten Gebiete einen einzigen
Leitfahigkeitstyp des, respectively, all of the diffused regions hay-  56
aufweisen, der dem des Substratgebletes entge- Ing a single conductivity
type which is opposite    gengesetzt ist; und that of the substrate region;
and                         erste und zweite Steuerelektroden (226, first
and second control electrodes (226,      226), die Ober den ersten bzw.
zweiten Kanalge- 7    11                  EP 0 352 940 B1
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the resulting voltages V. and V. are in the range of    228) overlying
first and second channel regions'       . about 10-2 to 10-7 volt. In
orderto measure such small  (224, 114), respectively, of the majorsurface,
the >..- voltages in the presence of unavoidable noise, espe-    first
channel region situated In the spae'be-' 'darly those voltages of the order
of 10" volt or less,  tween the first and second spaced-apart areas, an
A.C. current I Is used typically having a frequency   5  and the second
channel region situated In the of about 100 Hz in conjunction with a
voltage meas-     space between the second and third spaced- uring device
comprising a lock-in differential ampilfi-  apart areas; er to measure the
signal.                                     CHARACTERIZED BY: Although the
gate electrodes 226, overlying the           applying a voltage source (E.)
to the first two channels 114 and 224, are shown In FIGS. 2, 3,  10  and
second control electrodes, thereby causing and 4 as being directly
connected to each other and     first and second inversion layers,
respectively, to to a voltage source Eg, these gate electrodes could be
form at the major surface of the wafer in the first separately connected to
different voltage sources       and second channel regions, respectively;
each of which is above threshold voltage. Moreover            applying a
current source (20) to the first instead of self-aligned metal sillcide
source-drain   15  or the second contact electrode, therebycausing contact
electrodes, other suitable self-aligned metal-  a flow of current through
the first diffused region; lization contact electrodes could be used, such
as      (110), the first inversion layer (224), and the sec- contact
electrodes of tungsten or molybdenum that       ond diffused region (113);
have been selectively deposited by low pressure               detecting and
measuring the voltage de- chemical vapor deposition, or contact electrodes
of  20  veloped across the second and third contact elec- - copper, nickel,
or gold that have been selectively de-  trodes (132, 133) In response to
the flow of cur- ':posited by electroplating, or contact electrodes of pla-
rent and tinum, copper, nickel, or gold that have been selec-
deriving therefrom a measurement of the tively deposited by electroless
plating. The wafer 100  specific contact resistance (rig of the contact.
could be single crystal or polycrystalline silicon, or  25  electrodes.
other Group IV or III-V semiconductor, in conjunction with other types of
transistors such as MESFETs and  2. The method of claim 1 in which the
first, second, bipolar transistors. The gate electrode layer 226       and
third diffused regions together with the first  -- could also be any
suitable metal or conducting metal    and second channel regions have an L
shaped:... .':compound, and the gate oxide layercould also be any   30
configuration. suitable dielectric material. The current source 20 al- te-
~ - {brnatively can be attached to metallization layer 145  3. The method
of claim 1 or claim 2 In which the ; -while metallization layer 135 is
grounded.             semiconductor Is essentially silicon. .. - -    ':
Finally, It should be understood that the current source 20 need not have
Infinite impedance but that  35   4. The method of claim 3 in which the
first, second any convenient finite Impedance source of current
andthirdcontactelectrodesareessentiallymetal can be used, such as a battery
of suitable electromo-   silicide. -; ' -I -tive potential, typically about
5 volts, with or without a series resistance to control the current.
: - 7.. 4P.   . . . 40   Patentansprilche Claims
1. Verfahren zum PrOfen einer Halbleiterachelbe el- nor integrierten
Schaltung mit Bausteinschaltun- 1. A method of testing a semiconductor
Integrated       gen und einer PrOfschaltung, wobei die PrOfm- circuit
wafer, including chip circuits and a test cir-  45  schaltung erste, zweite
und dritte Kontaktelektro- cult, the test circuit having
den (131, 132, 133), die die Hauptflache der: first, second, and third
contact electrodes    Scheibe  an  ersten, zwelten  und  dritten (131, 132,
133) contacting the major surface of      beabstandeten Bereichen
kontaktleren; the wafer at first, second, and third mutually
erste, zweite und dritte beabstandete dif- spaced-apart areas thereof;
so       fundierte Gebiete (110, 113, 116), die sich in el- first, second,
and third mutually spaced-      nem Substratgebiet (100) der Scheibe
befinden apart diffused regions (110, 113, 11 6) located In   und von den
ersten, zwelten bzw. drittn Kontald- a substrate region (100) of the wafer
and contact-   elektroden kontaktiert werden, wobel alle diffun- ed by the
first, second, and third contact electro-  dierten Gebiete einen einzigen
Leitfahlgkeltstyp des, respectively, all of the diffused regions hay-  a5
aufwelsen, der dem des Substratgebletes entge- Ing a single conductivity
type which Is opposite     gengesetzt Ist; und that of the substrate
region; and                         erste und zweite Stduerelektroden (226,
first and second control electrodes (226,      226), die a]ber den ersten
bzw. zweiten Kanalge- 7 I 111111 111111 11111 IIIM  I I  :    :13
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bieten (224, 114) der Hauptflache liegen, wobel         des premiere et
seconds electrodes de sich das erste Kanalgebiet im Raum zwischen
commande (226,226) recouvrant des premlbre at Y .;l    2    den ersten und
zweitn beabstandeten Biere-  seconds zones de canal (224, 114), respective-
- :-...,    ::chen befindet und sich das zwelte Kanalgeblet im  ment, de la
surface principals, la premlere. zone Raum  zwischen den zweiten und
drittbn   5         de canal etant situe dans l'espace entre les pro.-
beabstandeton Bereichen befindet, aufweist;        mier et deuxieme
endroits espac6s, et la seconds: GEKENNZEICHNET DURCH;
zone de canal 6tant situ6e dans I'sspace entre Anlegen miner
Spannungsquelle (E.) an                  les d euxibme at trolsibms
endroits spac6e; die ersten und zweiten Stbuerelektroden und da-
CARACTERISEE PAR:.. mit Bewirken des Bildens von ersten bzw. zwei-  10
I'application d'une source de tension (Eg) .. ; ton Inversionsschichtbn an
der HauptfIlcho dor     aux promeire et seconds 6lectrodes do comman-
Scheibe in don erstan bzw. zwelten Kanalgebie-     de, forgant ainal la
formatlon de premlere st se- ten;
conde couches d'lnverslon, respectivement, au Anlegen elner Stromquelle
(20) an die er-    niveau de la surface principals de la. plaquettd ste
odor die zweite Kontakteloktrode und damit  15.  dans les premlire et
seconds zones do canal, Bewirken sines.Stromflusses durch des erste
respectivemont; diffundierto Gobiet (110), die orate Inversions-
I'application d'une source de courant (20) schicht (224) und das zwoite
diffundlerte Goblet   A la premiere ou A la deuxieme electrode do:   :
(113);                                             contact, forgant asini
le passage d'un courant A. Erkennen und Messen der als Reaition   20
travers la premiere zone dIffus6e (110), la pro-: auf den Stromflul3
entwickelton Spannung an        mibre couche d'inversion (224) et la
deuxilme don zwelton und dritten Kontaiteledtroden (132,    zone diffus6e
(113); -:.::::133); und                                             Ia
ditection et la mesure de la tension d6-. Ablelten von dieser elner Messung
des        veloppee aux bornes des deuxibme et trolmslbme i spezifischen
Kontactwiderstandes (rQ) der Kon-  25  electrodes de contact (132, 133) en
reponseau.:: taitloldtroden.                                    passage du
courant; et Ia d6rivation a partir de cela d'une mesure 2  Verfahren nach
Anspruch 1, wobel die orsten,       de la resistance specifique de contact
(r.) des zweiten und dritten diffundlerten Geblete zusam-   6lectrodes de
contact. men mit dsn ersten und zweiten Kanalgobleten   30 o-nen L-formigen
Aufbau aufwoisen.             2. M6thode selon la revendication 1, dens
laquolle lea premiere, deuxilme et trolsilme zones dlffu-: 3  Verfahren
nach Anspruch 1 odorAnspruch 2, wo-      sees avec les premibre et seconds
zones de ca- bel der Halblefter Im wesentlichen Silium lat.     nal ont une
configuration en forme de L' 35 4. Verfahren nach Anspruch 3, wobel die
ersten,    3. Methode solon la revendication I ou la revendi   . : zwelten
und dritten Kontaktelektroden im we-       cation 2, dans laquelle le
semiconducteurestes-. ......       ....sentlichen Metallelizid sind.
sentiellement du sillcium.          . 40  4. M6thode selon la revendication
3, dans laquelle. RevendIcatlons                                        les
premlire, deuxieme et trolsibme electrodes.: de contact sont
essentiellement du sillclure me- 1. Methode de test d'une plaquette de
circuit integre  tallique.                             w . A semiconducteur
comportant des circuits puces et un circuit de test, le circuit de test
ayant  45 des premilbre, deuxibme et troisibme 6lec- trodes de contact
(131, 132, 133) contactant la surface principal. de la plaquette A des
premier, deuxibme et trolsibme endrolts mutudlerment es- pac~s de celle-cl;
so des premibre, deuxibme et troisibme zo- nes diffusees mutuellement
espac6es (110, 113, 116) situ6es dans une zone de substrat (100) de la
plaquette et contactges par lee premiere, deuwdeme et trolsieme electrodes
de contact, res-  &s pectivement, toutes lee zones diffus6es ayant un soul
type de conductivite qui est oppose A celui de la zone de substrat; et aOL
DDIIIII   . : . 111;;1    


