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This invention relates to methods of fabricatin ﬁm conduct or devi ces and
mere particularly to fabricating electrical con
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Photodetectors by Self-Aligned Diffusion,” authored by S. Tiwari et al., and
published in IEEE Photonics Technology Letters, Vol. 4, No. 4, pp. 396-398, a

15 method of fabricating contacts to the top surface of a Group III-V compound,

* semiconductor epitaxial layer was taught. The purpose of such contacts is to enable
electrical access to the top surface, typically p*-type material, of the device that is
being fabricated. The contacts to p*-type regions were fabricated by first forming an
insulating layer on the top surface of the epitaxial layer and then forming at least one

20 aperture in this insulating layer, followed by depositing, for example, by sputtering
from a zinc-doped iungsten target, a metallic zinc-doped tungsten layer on the top
surface of the structure being fabricated. Finally, some zinc is diffused from the

-zinc-doped tungsten layer into the epitaxial layer by, for example, rapid thermal
processing. ,

25 Since any physical deposition process, and in particular sputtering, is a
spatially non-selective deposition process, it is necessary somehow to pattern the
metallic zinc-doped tungsten layer, lest its portions overlying the insulating layer in
the device introduce an undesirably high parasitic capacitance (with respect to the
epitaxial layer underlying the insulating layer). However, patterning of the metallic

30 layer requires extra processing steps--such as lift-off or spatially selective etching, as
by depositing and patterning a resist layer before or after depositing the zinc-doped
tungsten metallic layer, respectively--and these extra steps tend to introduce
reliability problems. More specifically, a lift-off of the metailic layer undesirably
tends to lift off the underlying insulating layer. Moreover, any zinc-doped tungsten

35 remaining, after the selective é'_'t“chig_g, yphere.on the surface of the insulating layer
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zi nc+tdoped tungsten layer into the epitaxial |ayer by, for exanple, rapid

t her mal . processing. 25 Si nce any physical deposition process,
and in particular sputtering, is a spatially non-sel ective deposition
‘process, it is necessary sonehow to pattern the netallic zinc-doped
tungsten layer, lest its portions overlyingathe insulating |layer in the
devi ce introduce an undesirably high parasitic capacitance (Wwth respect to
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gol d, which i s netallic adriggt composed of the metal plus the impurity or with two pure targets (one
composed of the metal, the other of the impurity). In the former case (single target),
the composition of the single target is not stable owing to out-diffusion of the
impurity at the elevated temperature of the target during the sputtering
15 (bombardment of target) process, whereby the composition of the deposited layer is
~ difficult to control, especially when processing one semiconductor body after another
(as is desirable for sequential processing of many semiconductor devices). In the
latter case (two targets), complex control systems are required to maintain the
deposition rates of the two metals at the desired ratio, which can be undesirably
20 costly. . '
Summary of the Invention
The invention is defined in claim 1. Embodiments of the invention are

given in the dependent claims.
As used herein, the term "rapid-thermal-cycle" (RTC) refers to a
25 deposition process in which the temperature is pulsed from a trough (minimum)
value--typically room temperature--to a peak (maximum) value and back to the
trough value once per thermal cycle, the deposition rate being essentially zero when
the temperature is reduced to its trough value, and in which from cycle to cycle and
during each cycle the partial pressure of all relevant gases in the deposition chamber
30 is kept essentially constant. This term also includes the case of only a single cycle in
which the partial pressure of all relevant gases are established prior to the (single)
temperature pulse and remain established until after the temperature pulse has
ceased. - ‘
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used*for« netal ld zing desired electrically conductive paths for electrical
access to the device. Mreover, sputtering as a process for depositing a
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cycle and typically undergone various processing steps, in order to form a desired device
structure--such as a laser, photodetector, or heterojunction transistor--to which
electrical contact is to be made at its top surface. At the interface with the nGaAs
15 epitaxial layer 11, the substrate 10 is typically somewhat p-type, but can be semi-
intrinsic.

A silicon dioxide insulating layer 12 has been deposited to a uniform
thickness--typically in the approximate range of 0.5-to-1.0 um--on the InGaAs .
layer 11, typically by means of a rapid thermal chemical vapor deposition (RT-CVD)

20 process or a chemical vapor deposition (CVD) process. An aperture has been cut
through the insulating layer 12, typically by means of a conventional
photolithographic masking and etching procedure. A metallic plug 13 of zinc-doped
tungsten--W(Zn)--has been formed in the aperture, by means of a spatially selective
RTC-LP-MOCYVD process, in such a manner that the plug 13 directly physically

25 contacts the exposed portion of the top surface of the InGaAs layer 11 located in the
aperture, but nowhere on the top surface of the insulating layer 12 does any
substantial amount of W(Zn) accumulate. That is to say, the parameters of this
RTC-LP-MOCVD process are chosen such that spatially selective deposition occurs.
The plug 13 has a height in the approximate range of typically 0.03-t0-0.05 pm--in

30 any event, a height that is equal to significantly less than the thickness of the
insulating layer 12, typically less than one-half the thickness of the insulating
layer 12. '

Located in the aperture overlying the metallic plug 13 is another
metallic plug 14, made of substantially pure tungsten--i.e., tungsten that is

35 substantially free of zinc or other metallic impurity that can undesirably outdiffuse
into and contaminate an overlying patterned metallization layer 15. At least some of
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durimg each,cycle the partial pressure of all relevant gases in the

deposi ti on chanber 30 is kept essentially constant. This term al so

izncl udes the case of only a single cycle in which the partial pressure of
all relevant gases are established prior to the (single) tenperature pul se
and remai n established until after the tenpgrature pul se has ceased. -3
- Brief Description of the Drawing(s) FIG 1 is an elevational
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formed by placing the substrate 10 in a deposition chamber of a heatpulse system.

10 Typically, the system provides a load-locked, low pressure, horizontal laminar flow
reaction chamber that is heated by high power halogen-tungsten lamps--as described
in greater detail, for example, in a paper authored by A. Katz et al., entitled "Rapid
Thermal Chemical Vapor Deposition of Silicon Dioxide Films onto InP," and
published in Applied Physics Letters, Vol. 59, pp. 579-581 (1991).

15 More specifically, diethyl zinc (DEZn) and tungsten hexafiuoride
(WF), reduced by hydrogen (H) and diluted with argon (Ar), were used as the
reactive gas mixture for spatially selectively depositing the W(Zn) plug 13. For
example: the chamber pressure was held in the approximate range of 160-t0-330 Pa;
the temperature pulse height for a rapid thermal deposition process having but a

20 single temperature pulse was in the approximate range of 450°C to 500°C; and the
gas flow rates of the Ar, H,, WFg, and DEZn were in the respective approximate
ranges of 200-t0-250 SCCM, 2,000-t0-2,500 SCCM, 30-to-40 SCCM, and 20-to-
120 SCCM, where "SCCM" represents standard cubic centimeters per minute.

The substrates were loaded into the chamber immediately after being

25 deoxidized in 10:1 H,O:HF solution and after being degreased by means of a warm
solution of chloroform, acetone, and methanol. The resulting deposition rate, for a
temperature pulse height of appfokimately 500°C, was in the approximate range of
2-t0-3 nm/sec, and resulted in a thickness of deposited W(Zn) in the approximate
range of 0.04-t0-0.03 um for a single thermal cycle'(single pulse) having a time

30 duration in the approximate range of 20-t0-90 seconds. Also, as a result of this
temperature pulse (without further annealing), zinc can diffuse all the way through
the InGaAs epitaxial layer 11 into the substrate 10, depending on the thickness of the
epitaxial layer 11. For example, the diffusion depth of the zinc into the InGaAs
layer 11, as determined by the extent of a region in it having a concentration of zinc

35 that is equal to or greater than 1E18 (=1x10'%) per cm?, was in the approximate
range of 150-t0-190 nm for a gas mixture containing 80 SCCM of DEZn and




15 sepitaxial {ayer 11, the substrate 10 is typically sonmewhat p-type, but
can be. sem - intrinsic. A silicon dioxide insulating |ayer 12 has been
deposited to a uniformthickness--typically in the approxi mate range of
0.5-t0-1.0 [err]--on the InGaAs |ayer 11, typically by nmeans of a rapid
t hermal chem cal vapor deposition (RT-CVD).Ls§20 process or a chem cal vapor
deposition (CVD) process. An aperture has been cut through the insulating
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t hat can undegiroedskys parfarinietl is sity. atu,rthat mntjxs(perfoaned]mtthe samevharhberrag theat t er ned
metal | zati on wysy pihg 13%as! RpSdited DYRAE-LP-CVD and without removing the substrate
from the chamber between the (RTC-LP-MOCVD) deposition of the W(Zn) plug 13
and (LP-CVD) deposition of the W plug 14. Here again, the deposition parameters
15 are chosen so that substantiaily none of the tungsten is deposited on the top surface
of the silicon dioxide layer 12--i.e., so that the tungsten is deposited in a spatially -
selective manner. Finally, the patterned metallization layer 15 is formed, typically
of titanium-platinum-gold: first depositing a titanium layer everywhere on the top _
surface of the structure being fabricated, then a platinum layer everywhere, and then
20 a gold layer everywhere, followed by patterning these three layers in accordance
with the desired metallization (conducting-access-line) pattern.

Although the invention has been described in detail with respect to a
specific embodiment, various modifications can be made without departing from the
scope of the invention. For example, instead of or in addition to zinc, other

25 impurities (or combinations of them) can be used such as tin, sulfur, silicon,
beryllium, germanium, or magnesium (or combinations of them). Instead of p-type
InGaAs, the epitaxial layer 11 can be n-type InGaAs, or can be n-type or p-type InP,
depending upon the impurities and the desired device characteristics. Also, instead
of or in addition to tungsten other barrier metals or alloys or intermetallics can be

30 used for the metallic plugs 13 and 14--such as gold, titanium, or chromium. Finally,
the barrier metal(s) contained in the plug 14 need not be the same as the barrier
metal(s) contained in the plug 13.
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-4 i the zinc shas diffused through the InGaAs layer 11 to the InP substrate
10, to.forma diffused region 11.5 having p[err]-type conductivity. This
diffused region 11.5 thus provides a desirably | ow el ectrical resistance
path fromthe overlying netallization |ayer 15 m I‘mmum«u“i‘ l'a‘te 10 (via
the plug 14, the plug 13, and the portion-@f- t u on 11.5
that is located in the InGAs layer 11). In ordetr t% forh the Il lustrated
portion 100 of device, the InGAs layer 11 and the silicon dioxide
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[err]: and the . (d) spatially selectively depositing, by chemical vapor deposition, a

second metallic layer (14) at least everywhere on the first metallic layer in the

aperture, the second metallic layer comprising a second metal but not the impurity,

15 and the second metallic layer having the property of suppressing diffusion of the

impurity through it.

D

2. The method of claim 1 further comprising, following step (d), the step
of forming a third metallic layer (15) on at least a part of the insulating layer and on
the second metallic layer.

20 - 3. The method of claim 1 in which the first and second metals are the
same elements.

4. The method of claim 3 in which the first and second metals are
essentially tungsten and the impurity is essentially zinc.

$. The method of claim 1, 2, 3, or 4 in which steps (c) and (d) are
25 performed in a single deposition chamber.
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gas“flow rates of the Ar, [err], [err], and DEZn were in the respective
approxi mate ranges of 200-to-250 SCCM 2, 000-to-2,500 SCCM 30-to-40 SCCM
.and 20-to- 120 SCCM where "SCCM' represents standard cubic centineters per
m nute. The substrates were |oaded into the chanber i mediately after being
25 deoxidi zed in 10:1 H20: HF sol ution and’after bej ng degreased by neans
of a warm sol ution of chloroform acetone, and nethanol. The resulting

deposition rate, for a CONEAEGTS'EFORSEMICONDUCYORDEVICEStely [err] was
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plug and on the sidewalls of the insulating layer. The structure being fabricated can
then be heated, in order to diffuse the impurity into the underlying semiconductor
device substrate. A metallization layer (15) such as titanium/platinum/gold can be
15 deposited on the (pure) conductive barrier metal and patterned, in order to supply a
desired access metallization for the device.
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.ded®sition anneal can be advantageous, preferably after the deposition of
the (pure) 5 tungsten plug 14 because it can provide a very accurate

. techni que, which is independent of prior processing, to control the depth
“of the junction forned as a result of ?22 Zn diffusion into the substrate
10. After the formation of the WZn) p the (substantially pure)
tungsten plug 14 is spatially selectively deposited typically by a
conventional LP- 10 CVD process involving the reduction of [err] by [err].
Advant ageously, thi-s latter process is perforned in situ; that is, it is
perfornmed in the sanme chanber as-the WZn) plug 13 was dep05|ted by

RTC- LP- CVD and without renoving the substrate fromthe chanber between the
(RTC-LP- MOCVD) deposition of the Wzn) plug 13 and (LP-CVD) deposition of
the Wplug 14. Here again, the deposition paraneters 15 are chosen so that
substantially none of the tungsten is deposited on the top surface of the
silicon dioxide layer 12--i.e., so that the tungsten is deposited in a
spatially selective manner. Finally, the patterned netallization layer 15
is formed, typically of titaniumplatinumgold: first depositing a titanium
| ayer everymhere on the top surface of the structure bei ng fabricated, then
a platinumlayer everywhere, and ﬂaeggg_ oId | ayer everywhere, folloued
by patterning these three | ayers owda e wth the desired
metal li zati on (conducti ng-access-l.ine) pattern. Al though the invention has
been described in detail with respect to a specific enbodi nent, various
modi fications can be made w thgut departing fromthe scope of the

i nvention. For exanple, .instead of or in addition to-zinc, other 25
inmpurities (or conbinations of ‘hen)1¢an be used such as tin, sulfur,
silicon, beryllium gernani A conbi nati ons of then).
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| nGaAs; the epitaxial |ayer n be n-type InGaAs, or can be n- tprB@OQOQ’?
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in the ap |)tur o a prescri bed 't hi ckness that is les$ than that of the

t hi ckness(h)f tfmmmg winaal tepst aymmonmf ther majqreslufabﬁcm insglatiognlayérsofig a

first metal and rit y _havin gnificantly greater

tendency than :1@%11“}?@%/51‘ gf?fngiﬁgsi q“?&ﬁf’ ts deposited metallic
layer intgyt hesﬁa@ﬁlwo%l&h%l bogbposiaing, ( By raﬁmaﬂxhﬂﬁdléé sel efdw-pRisvure-

depositing, by cheni cal vapor deposition, a second net aI lic layer at |east

ever ywher e on metaléngasic ohemidal mpqraipposmmtaqﬁrsapr@taﬂlm Iayer sedectivelyrig the
aperture to a prescribed thickness that is less than that of the thickness of the

_insulating layer, the first metallic layer comprising a first metal and an
impurity, the impurity haﬁing a significantly greater tendency than-the first
metal to diffuse from the thus deposited metallic layer into the semiconductor

_ body; and _ _
)] _spatially selectively depositihg, by chemical trtapor deposition, a second metallic
| layer at least everywhere on the first metallic layer in the aperture, the second
metallic layer comprising a seconds metal but not the impurity, and the second
metallic layer having the property of suppressing diffusion of the impurity
through it. | |

2. The method of claim 1 further comprising, following step (d), the step of
. forming a third metallic layer on at least a part of the insulating layer and on

the second metallic layer.

3. Thg method of claim 2 in which the first and second metals are the same
clements.
4. = The method of claim 3 in which the first and second metals are essentially

tungsten and the impurity is essentially zinc.

5. The method of claim 4 in which steps (c) and (d) are performed ion a single

~ deposition chamber. REPLACEMENT QHFET
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metal lic | ayer conprising a seconds nmetal but not _the impurity, and the
second metal lic layer having the property of suppressing diffusion of the
|rrpur|ty through it. 2. . The nethod of claimlm “”"I

following step (d), the step of formng a third II ““Em ﬂ“ at Ieast
a part of the insulating |ayer and on-the second rret &l It c "M ayer * 3.

nmethod of claim2 in which the first and second netals are the sane

el enents. 4. The nethod of -:claim3 in which the first and second netal s
are essengi al | X‘h&kﬁ&ﬁé Of &afth Bffﬁrtl(éf%dﬁiéxdgth‘é%%f lﬁa{xﬁ%gi@ﬁrst metallic The

met hod of .claim4 1n |ch st eps are lon a single
deposi ti on chaldyer to a pré&cribed lﬁnmelmumofbrafprdmibnd 3nfamnt bf timeowheneby ag t he

step of heatin heflr netallic crlb erature for a
prescri bed arm t Spme ﬂWhEPE‘WYa‘h‘ %‘ Stt Hﬁtﬁ%ﬁgy yinke f‘g‘ases
fromthe firstqBicahdictor! rinto the sem conductor body. 7. The met hod

of claim2 further conprising the step of heating the first netallic |ayer
to a prescribed terrperature for a prescribed amount of time whereby at

!sg?n'Stc oflgu t 8]; gyllet o ottgl Effﬂﬁﬁesr Jorngprpxs}n%ethfelsge%tofrﬁeagl L i }irs}lmetal fo the
layer to a prescribed temperature for a prescribed amount of time whereby at
least some of the impurity diffuses from the first metallic layer into the

“semiconductor body.

8. The method of claim 1 in which the' first and second metals are essentially |

tungsten and the impurity is essentially zinc.

9. The method of claim 8 further in which steps (c) and (d) are performed in-situ
in a single deposition chamber without removing the body from the chamber

between performing steps () and (d).

10.  The method of claim 8 further comprising the step of heating the first metallic
layer to a prescribed temperature for a prescribed amount of time whereby at
least some of the 'impurity diffuses from the first metallic layer into the

semiconductor body.

11.  The method of claim 1 in which the first and second metals are essentially

tungsten.

12.  The method of clair_h 11 further comprising, following step (d), the step of

forming a third metallic layer on at least a part of the insulating layer and on

the second metallic layer.
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8. "The nmethod of claim1 in which the fi | econd netals are

essenti al | y-tungsten and the inpurity is essentially zinc. 9. The met hod
of claim8 further in which steps (c) and (d“mm pN-situ in a

si ngl e deposition chanber w thout renoving t Mm Emﬁﬁ! chanber

bet ween performing steps (c) and (d).- 80. The fretthod ofs Ckai m 8 further

conprising the step of heating the first netallic |ayer to a prescribed
tenperature for a prescribed anpunt of tinme whereby at |east some of the
Cinpurity i ff UPRSmbMBMJ RBxithi 125furthBY nkprisidgathe 'stdp Ufhehtiy SR TrSORStANIOr
body. 11. ~ The method of claim1l in whichthe first and second netals are
essential | y t ulaperntiora prescribed Tiempesature fona pe¢satihed ampuntt efetime ovherehyi al,

follow ng ste ), the.step of forping a.third tallje.layer .0 t | east
a part of thep]iegjﬁoﬁﬁ 2% '}'3y‘8}p“5 %ﬁ%ﬁeﬁg@cg}?d%ﬁgtw*aﬁg? vert™o B oct
1997 13, sEificomiubief vollycl ai m 12 further conprising the step of heating
the first netallic layer to a prescribed tenperature for a prescribed :

anount of. tine whereby at |east sone of the inpurity diffuses fromthe
t.he. seni.c The met hod of claim

];Li Ir f]t errle"[: lt ihgTI!P'a ehoifigéf? Jaim 1 éﬂt‘?’lgf%? uegl_'n?éu.ntﬁg qy éss%rdft'ially zin€.

15.  The method of claim 14 further comprising, following step (d), the step of
forming a third metallic layer on at least a part of the insulating layer and on

- the second metallic layer.

16.  The method of claim 15 in which steps () and (d) are performed in a single

_ deposition chamber.

17.  The method of claim 15 further comprising the step of heating the first metallic
layer to a prescribed temperature for a prescribed amount of time whereby at
least some of the impurity diffuses from the first metallic layer into the

" semiconductor body.

18.  The method of claim 1 in which steps (¢) and (d) are performed in a single

deposition chamber.

19.  The method of claim 18 further comprising.the step of heating the first metallic
o layer to a prescribed temperature for a prescribed amount of time whereby at
least some of the impurity diffuses from the first metallic layer into the

. semiconductor body.

20. *  The method of claim 1 further comprising the step of heating the first metallic
layer to a prescribed temperature for a prescribed amount of time whereby at

~ least some of the impurity diffuses from the first metallic layer into the

| semiconductor body. REPLACEMENT SHEET
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er conprising, follow ng step (d), tife]
ayer. .on at- | east a par BERAGEMENTSHERT | ng
‘ayer. 16. The method of claim15 in
med in a single deposition chanber. 17.
rising the step of heating the first
eratur®-for a prescribed amount of tinme
ity diffuses fromthe first nmetallic

| ayer : C R ROEVECESM 1 i n which
steps (c) and (d) are pertormed 1 n a single deposition chanber. 19. The
met hod of cl ABStI&L{ urt her conprising the step of heating the first

metal lic layer to a ppSgmiddi@ciordPREAiubsRatt Q10,3 1PhaSEmajurdurfaceior whicht i me
Fayer Tnto t HblosaimaBemiane 151 Dptuch as kORGP, BAvine s RPL RS her
conpri si ngst hrnetrigahrongh it A0the ayfdowai tonké miajorsutfaceerAn impurityetoped bed
oo £y i f R OBy SRR ohOTERFE Aopul ik A i pptaiy s dep2SaY B hnd
body. REPLapeiiMeNd athiEkfiess suchQiiat the digight of the plug is significantly less than the
height of the aperture in the insulating layer, by means of a rapid-thermal-cycle
low-pressure-metalorganic-chemical vapor deposition (RTC-LP-MOCVD) process.
10 Then another plug (14), composed of (pure) electrically conductive barrier metal
such as tungsten, is deposited on at least the entire top surface of the impurity-doped
— plug and on the sidewalls of the insulating layer. The structure being fabricated can
then be heated, in order to diffuse the impurity into the underlying semiconductor
device substrate. A metallization layer (15) such as titanium/platinum/gold can be
15 deposited on the (pure) conductive barrier metal and patterned, in order to supply a
desired access metallization for the device.

15. [ ThRBREACEMENT SHEETS 108G ur
st ep |oB! Desariptign 4 Raged - 1eP2FE it
T ayer| Bn@laim(s)he :spagethd- Pt ic
whi cil 61 epawiogls) armged tor Bagsdgo
The' mephoahs@hctc| ai pagdd . tr paged Co
netalffc |ayer to a prescr,ibed te

wher eby ghrke3s reameTol IR opu




