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ELECTROMIGRATION RESISTANT METALLIZATION STRUCTURES
* FOR MICROCIRCUIT INTERCONNECTIONS
WITH RF-REACTIVELY SPUTTERED TITANIUM
| TUNGSTEN AND GOLD

BACKGROUND OF THE INVENTION

D Field of the Invennon.
The present mvenuon relates, in general, o meta.lhzanon

schemes for microcircuit interconnections of electronic devices and, more-

pardcularly, to PtSI/T‘W/T‘WN)IAu (Type D and PtSiIT‘WIT’W(N)/T’WlAu
(Type ID) gold interconnections of semiconductor ‘devices and assocxated

processes of metallization.

2)  Discussion of Related Art. |
In general, high performance and a higher degree of integration

of semiconductor devices require reducﬁoxi of overall dimensions, including the
dimensions of metal leaders and contact hole diameters (including via

- diameters). Thmmduc&onmdxmensxonsmusesmmmcmpopemnng_

nempemnnaandcmentdmsmthemetalsmpesandmterfacubetween
sihcon and the metal conductors in the contact holes. .
Atthesameume,adecr&semconmctholedzameter
consequently increases its aspect ratio (.., step height/diameter), and hence
waorsens the step coverage of the metals. A smaller step coverage in the contact
holes causes further increases of the current density in the contact hales,
| High power transistors, in particuiar, generate large currents and
develop heat. The high current density and high temperature operations of the

.devicesresultinratherfastde'gra'daﬁon of an aluminum alloy (commonly

mcludmgeopperandsﬂ;con)huedmmnnecnonsduemandectmmmmn
effect. The electromigration, caxmdbymomenmmu-ansferofdectmns, causes

formation of voids and an interruption in the metal conductors.
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SUPPGRTI NG MULTI PLE SERVICE CATEGORIES I N AN.ATM NETWORK, by Richard -

B. Kl ine. ‘W 95/22838 Field of the Invertion PCI/SE95/00152 The
_present invention relates general ly to packet 2 0 communi cati on networks
for“transmtting a digitally coded . packet, and nore particularly, to -
-efficient packet switching in a packet communication networKk.
Background of the Invention. 25 Packet switching is a technol ogy
- for networking systens in which data froma plurality of users is
divided into units call ed packets anZl transmtted over a conmon
transm ssion |l i ne. Packet switching differs fromcircuit switching in

that 30 packet switchi nGoldsiea geadcenductonandisanerd thaprsemer: tifmes larger in
demand across | ogical. connections, a dtothelon t.erm
al l ocati ons ofat ﬁ'gﬁ'ﬂ H’ﬁf’@s}} W‘?Bﬁeﬁ 1R OB s dre verp fefisiant
SW tching can eiCeles ﬁx?gxiﬁbrﬁ%m@{k BfevelYbecause BF W ARG balt-&ic

sharing of network resources than circuit
(~370°C), diffusion barriers are needed which should possess some essential

5 properties, such as: .
long-term high temperature stability,
good electromigration resistance with a high current density,
good adhesion to both insulating films and gold conductor, '
a good conductor,
10 | - low contact resistance to doped (n+ and p+) silicon, good step
‘coverage in contact holes, non-particulation, and :
a2 wide process latitude even for small dimensions (~ 1xm).
Gold based interconnections can usually be formed in two ways.
L First, a lift-off technique based on evaporanon of diffusion barriers and gold
15 can be used, e.g., a lift-off of Ti/Pt/Au metals. Second, a sputtering techmque o
combined with plasma etched gold or electroplated gold conductors can be used.
One of the major advantags of the Lift-off technique is that it
rather easy to form metal-pitches below 2 pm. A succecsful lift-off technique
requires an electron-_bwn_ evaporator with a large distance between metal
20 sources and wafers. For instance, for 6* diameter wafers the distance must be
larger than 145 cm in order to obtain an incident angle deviation of the
evaporaxedmetalslwsthanSdegmfrommenormaltothewafersurface
Consequently, the size of the evaporator will be huge and the waste of precious
metals will be very large. Furthermore, a requirement on the photoresist
25  profile is quite high: a thick (> 2.5pm) and reentrant profile having negatively
| sloped sidewalls (>90°) as shown in Figure lc. The technique yields very low -
stepcovemgeandconsxstenﬂyprovesvery sensitive to particles wnhrespectto
the reliability of the diffusion barriers.
The sputtering and electroplaﬁng techniques combined with

30 plasma etching is easily feasible with common eqmpment and have no dxfﬁculty
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35 SWItChI t svmtched service has the capabl lity to WO
97/ 34394 '1;90953%9 U PCT/ Uso7/. B535E9s/00152

2 . - handle any mixture of traffic types, such as voice, video, and
data, sinmultaneously. It can also provide different classes of

service, ikn ternms of delay, jitter and probability of loss, to

different connections. 5 Packet communi cation networks consists
of "nodes" whi ch are devices for creajing, accepting, or transferring
packets, and "links" that connect two nodes. In a packet comuni cati on

network, packet wihS3opege Hafetidiinteddr (> 6") in contrast to a lifioff technique.
However, a drawback with this technique is the difficulty in shrinking a metal-
pitch below 4 gm due to some serious process barriers, such as: '
- photoresist loss in an electroplating bath, |
5 - geometry dependence of plating speed and difficulty in plating
fine lines together with large size geometry, |
_ mo rough Au-conductor surfaces after a wet-etch of the sputtered
Au-film used for electmplating and protection of diffusion barriers, and
 etch undercuts at the diffusion barriers.
10 ~ Even by a plasma etch technique it is difficult to eliminate some
| undercuts beausemeplated gold layer must act as anetchmaskmsmd of a
photorwst. : '

Gold is much softer than dlffusmn bmers, and hence it is.
difficult to apply a strong physxcal sputtering effect in a plasma etch process.

15 At the same time the gold etch mask can not offer any side passivation with
organic pdlymers Iike a photoresist etch mask. Therefore it is very important
to suppress the etch undercut for the microcircuit interconnections.

In the pas: titanium-tungsten or/and nitrided ﬁtanium—mngsteh,
. herein denoted as TiW and TIW(N) (which do not stand for a stoichiometric

20" composition but for a “pseudo-alloy” of TiyW,x obtained from a cathode
composition of X = 0.30 (comresponding to Ti = 10 Wt%)), have been
utilized. The actual composition of the sputtered TIW- and 'I"W(N)-ﬁims varies
by sputtering parameters, and accordingly varies the film propem:s as a

' diffusion barrier and adhesion layers, etc.

25 : Previously, the diffusion barriers of TIW and TIW(N) have been
used in the metallization systems of SUTIW/AL or PtSUTIW/AL as IC—
interconnections or Al(bondpad)/ TiW(N)-TIW/Au (wire or bump) for packages.

- J.A. Cunningham et al., "Corrosion Resistance of Several
 Integrated-Circuit Metallization Systems,” IEEE. Transactions on Reliability,

30 Vol R-19, No. 4, November 1970, pp.182-187, discusses a metallization
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10 encoded at a source node for transm ssion over some sequence of
li nks and n®@9s/22838a desti nati on node of the network. In a  PCI/SESSM0152

transm ssion path, there generally are one or nore I nt er medi at e nodes
_or "switches" where each switch connects mul tiple source and - -

destination links. 15 FIG 1, nuneral 100, shows an abstract

representation of a switch connecting N input-links and N out put

| i nks, each of rate R The maxi mum throughput of the entire switch is

| ess - than or equal to N*R (102), -(wheke "*" denotes nultiplication).

20 For each packet that arrives on an input link, the output |ink
sel ected is depystemrof Alfmondpad)STivetAu(win),ansd R Nowieki et al., PStudies of thed

Lﬁg%ﬂ'hf’ﬂ E“héhé%@% Beefiaten en e “maﬁfﬁi'MCke?aiw&h o L5fos s
‘gpag?a%rghovrrﬁeggbph(ﬁ%%@&tyﬁﬁom e a typi ng‘ s&pu%@sw tl:ﬁm% oc

architecture aNdwicki etal. mmmcmdebebmau&tﬂhmomvmwﬂnﬁmgmﬂﬁw each
packet by 30 the switch has two, parts gress rocessi ng |n an I ngress

port X1 P) apdda at 40 °CAge 6 minutesgyh Ema ure. Jhe¥qr ess
also observed that a reactively sputtered ﬁlm of T'W(N,O) nnpmve'd the
diffusion barrier property by orders of magmtude. Nitrogen and oxygen
contents in the TIW(N,O)-film was ~42 and ~8 at. % (atomic percent),
respectively. The oxygen atoms in the TiW(N,O)-film were unintentionaily
10  involved from residual gases in the sputter chamber. The TIW(N,O)-film even
had minimal intrinsic' stress, otherwise a Tiw(QO)-film w1th O ~4 at. % had
tensx'le stress.
Two paxents to R.K. Sharma et al. disclose the use of a double-
layer diffusion barrier of TIW(N)/TiW in a metallization system “of
15 Al(bondpad)/TIW(N)(1.5-3.0kA)/TiW(0.5-1.0kA)/An(2-7 kA) for TAB (tape
automated bonding) or wire bonding applications. See U.S. Patent Nos.
4,880,708 and 4,927,505 dated Nov. 14, 1989 and May 22, 1990, respectively.
Preferable thickness intervals are given in the parentheses. The TiIW(N) film
was obtained by sputtering with a gas mixture consisting of at least 30 vol % N,
20 in Ar. There is no information about the sputter technique.
'I‘hemagorrasontomclude'l‘imtonstoxmpmvetheadhwon
pmpertytonO,—layerbenusestmngT’-Obondscouldbeexpecwdatthe
interface. The maximum solubility of Ti into W is only about 10 at. % at
600°C. Any excess Ti will be microscopically distributed in 2 *pseudo-alloy®
25  of TiW, and even located at grain boundaries and surfaces. The substantial
improvement of the diffusion barrier property could be achieved by oxidation
or/and nitridation of the Ti-atoms during sputtering of TIW-cathode (target).
The formation of stable TiO; and TiN at grain boundary particularly seems to
effectively slow down important grain boundary diffusion. However, one of

30 major drawbacks of the oxidation and nitridation of the Ti-atoms is the loss or
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port ‘(EP) (226, 228, 230, ..., 232). Packets arrive at |Ps and are

directed t‘? gs,?ﬂ sgct ed EP'fhrough a switch fabric (234) PCIRED o f Or
exanpl e, Ivering all arriving packets (rate.3 5 NR). FIG 2 shows,
for exanple, a shared-nedia swtch WD 97/ 34394
- PCT/ US97/ Q3920 fabric, though other types are possible (e.g
crossp0|nt "banyan) . 'Address filters (210, 212, 214, ..., 216) select
the packets that are addressed to a particular EP. The sel ected
packets are stored in, for exanple, firstein-first-out (FIFO 5 buffers
(218, 220, 222, ..., 224) and then sent 5to egress ports (226, 228,
230, ..., 232) reduction in the ability of formmg Ti-O bonds at the interface betwesn 5102 and

TiwW.

For the package appﬁmdons, Cunningham et al. and Nowicld- et
al. have been successful in using TIWQN) directly on top of Al-bondpads
5.  because of good adhesion between Al and W which can form intermetallic
alloys with each other. Furthermore, one could easily apply strong sputter etch
on the Al-surface in order to eliminate Al,O; and on the passivation film. The
strong sputter etch could _rdughen_ the 'surfaces, and hence could enhance
adhesion. In any way, some lateral dimension losses of a few micrometers in
100 an etch due to weak adhesion between TIW(N) and the passivation film of Si0;
(PSG, BPSG glasses) or SisN, can not influence reliability because usually the
diffusion barrier covers nearly 10 gm over the passivation film.
However, the situation is quite different in the microcircuit
interconnections where a metal-pitch can be as szhall as 1.5 um. The adhesion
15 strength between a SiOp-layer with contact holes (< 1 pm) and a diffusion
" barrier has a decisive influence on the size of the etch undercut and reliabiity.
In this case the coverage of the diffusion barrier over the contact hole edge
(Fig. 1e) may be a few tenths of a micron where one-tenth micron is very
| important. The application of a sputter etch is very limited due to very shallow
20 ~depths of junctions for HF (high frequency) power transistors and high speed
" devices in general. i . -
 Dening etal., "Relizbility of High Temperature FL Integrated
," IEEE/Intemational Relisbility Physics Svmposium Proc., 1984,
-'pp,30-36 discusses a metallization system of PtSVTIW(250 AYTIWQ)@
25 KAYTIW(2S0 A)/Au(S kA)/TIW(500 A) for IC-interconnection. The article
" mentions a lift-off technique applied to 3" wafers. There are no details about
the lift-off technique in the paper. However, there are some serious feasibility
problems in IC-production. For instance, it is very difficult to use a photoresist
or soxﬁe polymer pattems for the Lift-off due to too large heat development

30  associated with evaporation and condeasation of the W-metal (boiling point =
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I n the out ggﬁt{ﬂueued switch, all packets arriving at IPs are -
transferre % xed amount of time to the output FIFCs. 1PET/SEsi081s52
however, that nultiple packets may be directed to the same egress. port

at the same time, as shown in FIG 3. It is *this bursty nature of
packet deliveries that creates the need - for the FIFGCs. If there are N
swtch inputs at rate Rto | Ps. (302, 304, 306, ..., 308) across a
switch fabric (334), then the 15 FIFOs (318, 320, 322, ...324) receiving
an output fromone of a plurality of "address filters (310, 312, 314,

...316) nust b 0w 1 desi Q a at..r R | ackets
are rond 8605 opreg Mokt ArRl oBBRAE! By Blar il s "Rl
swi t ches, thesgydn! fih T oRiferCtHeNGreds devil wa3r @Chigh that Ni-gbnduetns félned
menori es. A variation on this design known in the art is the

~"Knockout " swi hitlocksiansicyoigs d The higtsstreastleval alss, will ligit t9dncregse the wafemt hony
Rccepted at ariism. Aniape ot Fef dipiie, B ppopston of R Ticgnd WPRGRR AL o oo
15 SEoEHSUL Sl R, 1T s b s eSSty o
but, as a tradeolliiéns with the Ny-molecules. Most of all, it is almost impossible to
| _reproduce the film quality because during the reactive evaporation the, melted
Ti- and W-metals in the crucibles will react with the N,-gas. |
According to the present inventor’s experience as well as that
10  reported in the Dening et al. article, the adhesion strength between Si0, and
TIW(N) was not sufficiently strong to withstand the stress caused by thermal
mismafching because the deposition temperature of TIW(N) may be in a range
of 100-350°C and a difference of TCE (thermal coefficient of expansion) can
be 4-8 ppm/°C. This weak adhesion caused unacceptably large etch undercuts
15  and ofientimes left a small cavity at a sidewall of the contact holes. The
formation of thé cavity seriously caused reliability. problem because Au-
diffusion into the bulk-Si as well as Si-diffusion into the Au-layer was observed
‘after annealing at 420°C for 30 min. The mechanism seems to be surface
20 : ' K.A. Lorenzen et al., in U.S. Patent No. 5,173,449 dated Dec.
22, 1992 entitled *Metallization Process”, disclose a metallization process for
a scheme of TIW(0.2-0.8 KAYTIWQ)(2-S kANTIW(0.2-0.8 kA)/Au(5-20
_ KA)/TIW(1-4 kA, as an etch mask for Au-patterning and being etched away
later) for applications of microdevice interconnections. Major process steps are
25 based on sputtering and plasma etching wchmqua However, the process
Iatitude (feasibility) for patterning the fine line Au-conductors (1-1.25 xm width
or less) seemns to be low because the plasma etching of a thick Au-layer is based
on pure physical sputtering by argon and oxygen gases. Consequently, an
HNO,-boil is recommended after the Au-etch in order to clean the etch residues

30 of Au, Ti and W-metals. However, the nitric acid boil can easily attack the
N _ . \\“'
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FIG 4, nuneral 400 is a

nay'dahse sonme packets to be lost. 30
packet flows in a typ|BGTISE95100152

bl ock di agM™h?542838 devi ce havi ng

I nput - queued architecture as is known in the art. As in the

out put - queued case, there are IPs - (402, 404, 406,, 408), EPs (426,
428, .430,,...432), FIFOCs 35 (410, 412, 414, ..., 416) and a switch fabric
(e.g., shar ed medi a WO 97/ 34394 '
PCT/ US97/ 03920 .4 fabric 434
with rate N*R). However, in an input-queugd switch, each EP can accept

only one packet at a tine. Wen :
* TiW-layer unless the TiW-surface had almdy been oxidized.

The oxidation of the TiW-surface at the same time causes an
oxidation of the etch residues of Ti- and W-metals from the eroded etch mask.
Consequently, the cleaning procedure is ineffective and risky. The oxidation

5 step can potentiélly cause an adhesion failure between the Au- and TiW-Iayers,
apecxally with fine line Au-conductors. ' -

_ Lorenzen etal. in U.S. Patent No. 5,173,449 describe in detail

the' pa:amcter settings.of a sputter system (MRC-603, Material Research Corp.,

N.Y.), especially about N,-gas purge procedure after a reactive sputtering of

10 the TIWN)-film. However, there is no description about the applied sputter

" technique which is of decisive importance for the reactive sputtering of the

TiW@)-film. They use a N,/Ar-gas mixture of which the N,-concentration is

in the range of 14-38 vol%. The metllization scheme proposed by the

_ Lorenzen et al. patent is not opﬁmum with respect to contact resistance and

15  high temperature stabihty because bottom layer of TiW has direct contact with

the Si substrate. .

SUMMARY OF THE INVENTION
The present invention provides-a good ohmic contact and stabi]ity
by forming a thin layer of PtSi in contacts. It is well known that PtSi and PtSi,
20 reduce contact resistance. However, it was not known that the PtSi-layer could
' actas a stabilizer of a TIW based diffusion barrier. The stabilizing mechanism
was either a thermodynamic or mechanical character like a stress buffer, and
" the exact mechanism is not established yet. It is also well known that TIW-flm
is quite stress sensitive and intrinsic stress is tensile. A direct contact between
25 a.TiW-ﬁ]mhndbqu—Si(p-i—apdn-l—doped)was_notstableatahigh
temperature (420°C).
Thcpmentmvmnonpmdsaverystabledlﬂilmnbamerby
using a nitrided TIW, TIW(IN), obmnedbyanRF-mcnvespuucnngmchmque .
: Acompamnvesmdyofﬂlcdﬁmonbamctsspummdbydxﬁmmhmanm___—_
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multiple I Ps have a packet tO.dE'i’TVET—‘t“O—t—he—S-&H%—EP t he arbitration-
bl acks (41%woo%2A838422, ..., 424) %J w_onl one 5 packet tRCT/SE9d@bISRer ed;

et Has

" the rest are delayed or "bl ocked. dre used to store the

del ayed packets. This "head- of - MI,H g" behavi or causes -
significantly | ower perfornmance formance of out put - queued
swi tthes.> The FI FGCs, however, are only required to read and wite data
at rate R 10 . " Thus, there is. a need for a packet switch for

ef ficient swtching of a plurality of packets froma plurality of

I ngress ports to a plurality of egress ports. 15

Brief Descri-ptyQ8 géfdried bpV8IMS (secondary ions mmdss s’beeMnetes)nan&sSEM:t
representation of a swtch connecting N |n ut Ilnks Qu .
links, each of(mumxg?elegmn microscope). T QBIPH SbIew ce

having packet {loue o, %ﬁ)&?@%&%&%@w%&%@w%&%w e as
_ sputtered ﬁlms (Figs. 2 and 5).
5 Superiority of the RF-reactive sputtering has also unproved
adhesion strength and step eoverage as well as reduced particle generation.
Currently the DC-magnetron sputtering technique is exclusively used in IC-
| metaﬂmnon because of a higher sputter rate. | '
- The present invention provides good adhesion between SiO, and
10 TiW layeis and between the diffusion barrier and a Au-layer. The invention
| offers two kinds of interfacee ivhic’h are dependent on contents of residual gases
~ of H,0and Ozinasputtetchamber. For a high vacuum better than 107 Torr,
an interface of TIW(N)-Au (Type ) is preferable for extremely high reliability.
. However, for a moderate or rather poor vacuum condition, an interface of TIW-
15  Au(TypeIN is preferable. The latter improves slightly the adhesion property,
buthasa shorter Iifetime due to formation of an intermetailic alloy between the
Au- and Ti-metals. ' _
The adhwon strength is dependent on oxygen and nitrogen
contents in the TIW(N,0)-film. Au-peefing was mostly caused by a thin TiO,-
20 film at the interface which effectively prevenwd Au penetration through the
" oxide into the diffusion bamier. The Dening et al. article observed that the
adhesion strength between TIW(N,O) and Au was' weaker than the interface
between TIW and Au. Intheirpapei;-theteisno explanation of the reason.
However, the weaker adhesion might largely depend on a rather high oxygen
25  content (~6%, by AES, AugerElecubn'spectmscbpy) just at the interface and
uncontroiled nitrogen content (wluch nnght be too high) in the T‘W(N,o)-ﬁ]m
~ due to a lift-off technique. | -
The adhesion su'ength between SiO, and bottom glue layer of
.-W-M'hasanxmportantmﬂuenceon theetch undercut and the device
30 reliability. ‘Weak adhesion easily creates a small cavity (crevasse) in the contact



25

packets dir®Q¥M288 the same EP in the switch
FIG .4 iis a block diagramrepresentation of an input- 30 queued swtch

architecture as is known in the art.
of one enhodi nent of a device
‘packet flows in

are 35
97/ 34394

FIG 3 shows a bl.ock di agfam of a device wherein
ar chi t ect UPCI/SEISUOLS2 2.

stored in packet nenories at the |§|gress por WO

10

20

PCT/ US97/ 03920
hole due to temperamre mismatching during alloymg As the result, surface

diffusions of the Au—atoms into the Si-substrate and the Sx-atoms into the Au-

conductors will be grmtly facilitated.
The present invention also offers corrosion resistant metailization

schemes for the microdevice interconnections.

o Thus, the present invention relates to semiconductor devices,
especially to gold interconnecﬁoné of silicon based devices. The invention
relates to devices for lugh current and hxgh tempemmre ‘operations with good

reliability and a long lifetime. “The invention du'ectly relates to two types of

mulnlayer diffusion barriers between gold and silicon because of the gold-

silicon eutectic at ~370°C.
This invention relates to mulu]ayer diffusion barriers with low

. contact resistance to the silicon substrate and with good adhesion to insulating

layers of SiO, (inclusively, doped glasses of PSG and BPSG) and Si,N, and to

" the gold conductors.

This invention also relates to mulﬁlayef diffusion barriers which
cause smaller undercut in a plasma etch.

This invention further relates to a reactive sputter techmique

which is suitable to obtain most essential properties of a diffusion barrier; for
example long-term high temperature stability, good adhesion, less particulation,
better step coverage in contact holes and wide process latitude even with a

metalpxtchofl.s;xm,orsmaller __ .
Th:smvenuonaddmonallyrelammanasﬂyfmsibleandcost'

effective metallization process suitable for mass production of fine geometry

' goId conductors.

BRIEF DESCRIPTION OF DRAWINGS

mepruentmvennonwﬂlnowbedescﬁbedbyreferencetothe _

following drawings. S
P‘gs. la-1g illustrate the fabrication sequences of thenncrodewce

mul tiple

FIG 5 is a block diagram.
havi ng a packet switch architecture with
accordance wi th the present |nvent|on wher ei n packets
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FIG 6 is a block diagram of a device having an efficient packet
switch str WO9@283% accordance with the present i. "\vent i BAT/SESS/00152

FIG 7 shows a bl ock di agram of one enbodi nent of a device in
accordance with the present invention wherein the . strructure for the
operation of transferring a packet from I ngress to egress is shown in
nore detail. 10 . "FIG 8 is a block diagram showi ng the control

fl ow and packet flow aI ong an arrival pathway, a request pathway and a
packet pathway in accordance with one embd¥i nent of the "~ present

I nvention. 15 FIG 9 shows one inplenentation of a device
utilizing a - mf@fﬁ"@ﬂ@'{“@ﬂﬁq ned synchronous arbitrati.on scheme for a switch

with N IPs and N EPS wi t D) iylerss sti@™alaffls W tnd RF reactily Spéice Wi ¢

the present invention.

' Type I metamzauon scheme after annealing at 420°C for 280 hours (in N,).

. The multilayers are: PtSi(200 A)/TiW(250 A)/TiW(N)(1.8 kA)/Au(l kA).

5 " Fig. 3 shows a SIMS analysis of the DC-magnetron reactively

| sputtered diffusion barrier annealed at 420°C for 30 min. (in Np). The
multilayers are: PtSi200 A)/TIWQN)(3 KA)TIW(L kA)Au(10 kA).

Fig. 4 shows a SIMS analysis of the RF-magnetron reactively

sputtered Type II metallization scheme after annealing at 420°C for 30 min. (in

10 N,). The multilayers are: PtSi(200 A)/'rW(zso A)TIW@)(1.8 kA)/'rW(lzo

| A)/Auaz kA).
Fig. 5 shows a SIMS analysis of the RF mcuvely sputtered
Type I metallization scheme after annealing at 420°C for 90 hours (in Ny).
The multilayers are: PtSi(200 A)/Tiw(250 A)rrwm)a kA)/TiW(250

15 AYAu(l KA).

DETAILED DESCRIPTION OF THE INVENTION
_ Two metallization schemes of PtSi/TIW/TIW(N)/Au (Type I) and
PtSU/TIW/TIW(N)/TIW/Au (Type II) and associated process are described for
_ mictocircuit interconnections. Themetaﬂmnonschemmandpmwssare
20 capable of IC-interconnections with a metal-pitch as small as 1.5 gm, or even
smaller. Themetanmuonschemwarerehableforconunuoushlghwmpmmre
and lugh current operations.
, In accordance with the present invention, the dmdvantag& of
* TiW/Au, TIWN)Y/Au and TIW(N)/'TIW/Au types of metallization schemes for
25 microdevice interconnections are improved with respect to adhesion and high
provides the possx‘niiity of reducing the whole metallization system to the range
of 1 gm line width. The present inveation has no or insignificant feasibility
problems. At the same time, the present invention is one of the most cost
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FI G- 10"is a flow chart showi ng one enbodi rrenf of step's
predet er m n{b gefBgder at i on scheme that may be utilized by

i ngress/egress ports in accordance with the present invention.

FIG 11°is a flow chart showi ng one enbodi nent of steps
predetermned arbitration schene in accordance with the

for a
PCT/SE95/00152
25

for a
pr esent

FIG 12 is a flow chart show ng one enbodi nent of

i nventio
steps 30

typi cal

n.

of a mefhod in accordance with the present invention.
FIG 13 is a block diagram of -a device havlllng packet . flows in a
shared-menory switch architecture as is known in the art.

10

20

30

'E,0 and O, in the sputter chamber.

effective metallization processes. .
The present invention consists of two metallization schemes and

an associated process:

‘Type L. PtSi(0.1-0. 4kA)/T'W(0 2-0.5kA)/TIWN)(1.0-2. OkA)/Au(O 3-

1.0 kA)/Au(7-15 kA, electroplated);

Type II: PtSi(0.1-0.4 kA)/'nW(o 2-0.5 kA)Y/TiW(N)(1.0-2.0

k&)/Tiw(0.1-0.5 kA)/Au(O 3-1. O kA)/Au(7—15 kA _

electroplated).

35

The Type I is considered better for a Iugh vacuum (< 107 Torr)

: condmonmasputtercha.mber, whﬂetheTypelIlsbemerforamoderatcor
rather poor vacunm (> 107 Torx) system. For both cases the N;-content in Ar -

is 5-10 vol% for the reactive sputtering of the TIW(N)-film. For the better
ohmic contact and stability of the multilayers of adhesion and diffusion barrier,

a thin Iayer (100400 X) of PiSi is formed in the contact holes. The invention

includes a deposit a pure Pt-metal (approximately half of the PtSi thickness) by
. sputtering (prefesably in the same sputter. machine for the rest of the metals) or

evaporating at an oxide-free surface of the Si-substrate. A thin (< 20 A)

~ pative Si0,-film is sufﬁaent to make the whole silicidation process uncertain

with respect to the film thickness. The formation of the PtSi-layer is preferably
performed in an inert atmosphere of N, by annealing at 600°-620°C for 30

min. The surpius Pt-metal is preferably stripped away in a conventional
manner with a mixture of HNO, + 3HCI solution. --

Bdorethesputﬁenng oftheﬁrstgluelayetofTiW-ﬁlm a mild

sputter etch 1s pmfetably performed by an RF-sputter technique in order to

ehmmamsomemnveSzO,aswellasH,OatthesurfacuofthePtSmndeO,-
film, nspecnvdy W‘thoutthesputteretchumverydlﬁculttoehmmate
water and monniayer of OB-groups which are hydrogen bonded to the Sio,

'sur&ce. Oneofthema;ormsonsforfaﬂm‘etoadheretothe&ozsurfacels

the hydrogen bonded surface water and too high residual gas concentrations of
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‘WD 97/ 34394 PCT/ Us97/ 03920
.6 WO 9528838, 14 shovvs one enbodi nent of a device in FSTGEIHI0IS2

with the present invention, wherein packets are stored i'n a central
shared menory. 5° FIG 15 .is a flow chart show ng one enbodi nent
of steps . of a nmethod in accordance with the present invention wherein
_the tag menory is replaced by a small connecti-on table. FIG 16
is a flow chart of another enbodinent of sléeps of 10 a method in

accordance with the present invention wheréin a hi gher rate operation
may be achi eved. - FIG 17,1 ow chart _of e enbodl ment of
steps in accor dance ¢ RTRSRUfET WL Hﬁaw‘)m’& HWW moHes ein 1

S arrival inf Or(i‘%r? A'drie &%wmﬁafsﬁ%‘%‘w g%harmewauair% of H,0 ON€

tag per connect
and O, in the spum'.rchamber

A thin layer (200-500 A) of TiW-film is sputtered and used as
5  aglue layer. The purity and thickness of the TiW-film is important. A high
content of oxygen and nitrogen in the film causes a weak adhesion to the SiO,-
film. A too thick TiW-film is not preferable because there is a tendency to
form sbme silicides by taking the Si-atoms from the PtSi-layer (Figs. 3?5).
Without the PtSi-layer the stability of the TiW-film was quite poor. Rather fast

10 diffusion of the Ti- and W-atoms into the Si-substrate was observed.

A reactively sputtered TIW(N)-film (1.0-2.0 kA) is obtained by
anRF-sputtenng technique with a gas nuxmreofN,andAr The mixing ratio
(N,-concentration in Ar = 5-10 vol%) is dependent on an RF-power density
(Wi/cm?®), pressure (10-15 -m’I‘bi_r), N,-gas flow rate and wafer temperature

15 which determine the chemical reaction rate of nitrogen with the Ti-and W-
A high RF-power density (> 1.5 W/cm?) is prefecable in order
to obtain a relatively oxygen free film of TIW(N) which is needed to get good
adhesion with the Au-layer in the Type I structure. This RF-reactively

20  sputtered film of TIW(N) functions as a real diffusion barrier. The control of
the nitrogen and oxygen (unintentionally included from the residual gases)
contents in the film is very important for balancing the properties of diffusion
barrier,” adhesion, sheet resistance and stress. The higher concentrations of

~ nitrogea and oxygen in the TIWQN)-film are, the better diffusion barriers will

25 be. However, such films have too weak adhesion to the Au-layer and have too
~ high resistivity. i’lhemsnvnyoftheT'W(N)-ﬁ]mxs typically more than three
times ofa.ratherpm'e'l‘iw-ﬁlm. As mentioned herein elsewhere, the effect of

: adh&onlossxsdmmaumnyduetotheondeformauonofﬁ@atthesurface

* of the TIW(N)-film.
30 ‘Ihechmceofanadequamsputtertechmquehasalsoanxmpormt o
This Sheet Has Be
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FI G 18 IS‘@?;} gchart of -one enbodi nent of steps in ~accordance with
t he nmet hod 38present | nvention wherein a 20 hi gh- speedPEIBRISIOALS :
operati.on is inplenented. - FIG 19 is a block diagram of one
enbodi nent of a swi t ching device in accordance with the present

I nveation. 25 FIG 20 is a block di agram of one enbodi ment of a
devi ce -for efficient switching of a plurality of received packets from

a plurality of ingress ports to a pIurallgy of egress ports in
accordance with the present invention. é FI G 21 |s a bl ock

pat vy, a1 cqtitid nR dudhey dr e MW Sl PEHE procknGedioR Bl bl |
enbodi ment of gdiential différeRGeRf the TEW(ND Ifiling oYtiiasd ByCdacRE- hﬁ@uﬂgnair&ﬁg |

prearranged - routes. 35
associated (DC-magnetron and RF-magnetron) sputter techniques. The
superiority of the RF-sputtered TINN)-film annealed at 420°C for 280 hours
5 (inNy is demonstrated in a SIMS analysis (Fig. 2). The SIMS analysis also
indicates a good adhesion between Au and TiW(N)-layers.' The SIMS analyses
of the DC-magnetron sputtered and RF-magnetron sputtered diffusion barriers |
annealed at 420°C for 30 min (in N,) are shown in Figs. 3 and 4, respectively.
Both DC-magnetron and RF—magne!ron sputtering techniques
10 . produce quite unstable diffusion barriers. These magnetron associated reactive
| sputtering techniques cause uneven chemical reactions of nitrogen against the
wafers and TiW_-tai'get (cathode) because the magnetrons generate a very intense
_plasma just undemeath the magnetrons. The serious consequence is uneven
mmdauon of the TIW(N)-film at the wafers. This mtense and ‘uneven
15 nitridation of the target causes parncles. Apparently nobody has hitherto dwly
- pointed out these kinds of negative effects of the magnetron assocxa;ed reactive
sputtering of the TIWN)-film. However, a well known negative effect of less
step coverage due to formation of cavities in the target underneath the
magnetrons can be improved by a latest technique of rotating or sdnning
20 magnetrons. However, the uneven nitridation czn not completely be avoided
~ evenby the advanced techniques. - |
The present invention reveals the mportznce of a propet
thickness of a pure TiW-layer under the Au-layet in the Type I metallization |
- scheme in case this glue layer is necessary. The instability of a relatively pure
25 TiW-ﬁlmasadiEusionbarrierbetweenSiandAuhasbqenrepo_ned(m&e
Nowicki et al. article). A new breakdown mechanism was explained by the
role of Au-Ti intermetallic alloy. The glue layer of TiW loses stability at 2
high temperature (~400°C) and starts to form the Au-Ti intermetallic alloy
after the Ti-metal’s upwards diffusion into the Au-layer (Figs. 3 and 5). The

30 - amount of the Au-Ti intermetallic alloy decides the level of tensile stress on the
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The present invention perforns packet smntchlng t hrough 5 a novel

out put - request mechani sm The invention results in packet switching -
performance conparable to out put - gueued switches, but with | ower
menory throughput requirenents, and hence | ower cost,. 10 Fl G
5, 'nuneral 500, is a block diagram of one 4 enbodi ment of a device
having a packet switch architecture %nth packet flows in accordance

with the presen&lffusr{ve ta.{'r?cr} at high temperatures. The tensile stress on the diffusion
barrier facilitates the Au-diffusion into the _bulk-Si and Si-diffusion into the Au-

layer.

.  “This is one of the major breakdown mechanisms of the Type II
5 ‘barrier. Therefore it is important to choose a thin layer of TiW (e.g., 100-500
A). After the deposition of the TIW(N)-film, it is important to eliminate
nitrogen ‘sources both from the sputter chamber and the TIW-target (cathode)

surface by performing, e.g., a careful purge in the chamber and a presputter for
. some (2-5) minutes with the TIW-target before sputtering of the glue TiW-layer
10  in the Type II scheme because the target surface is nitrided during sputtering

of the TIW(N)-film. ' | '

After depositions oftheT'W(N) fortheTypeIorthelastglue
_ layerof'l'iW-ﬁlmfortheTypeII athmlayer (0.3-1.0 kA) of Au is sputtered
in situ (without breaking the vacuum) at a high sputter rate in order to obtain
15 a pure Au-film and to enhance adhesion to the underlying layer. Before
" sputtering.of the thin Au-layer it is preferable to perform a short (0.5-1 min)
presputter with the Au-target. The thin Au-layer works as a protection film

against oxidation and chemical attack to the TIW- and TIW(N)-films. Italso |
works as a conducting and initiating film for even electroplating of the Au-

20 conductors (7-15 kA).

: As previously discussed about the breakdown mechanism of the
diffusion barriers, the Type I (Figs. 1b and 2) metallization scheme, which has
no tendency to form any Au-Ti intermetallic élloy, is more stable than the Type
II (Fig. Ic). Fig. 5 shows a SIMS analysis of the Type II diffusion barrier after

25 annealing at 420°C for 90 hours (in N;). Upward diffusion of the Ti-metal and
downward diffusion of the Ti-, W- and Pt-metals into the bulk-Si are clear.
The PtSi-layer is dissolved after competing with the Ti- and W-
atoms for Si-atoms. The mechanism of the Ti-, W- and Pt-atoms’ movements
' into the bulk-Si looks fike a formation of silicides. However, even the Type:
30 Hbarderusﬂyﬁlﬁ]lsrequirementsofhightcmpmeandhighcment
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Packets arrive at |ngress ports (I1P)(502, 504, 506, .. 508), are

pl aced in spagag( 510, 512, 51477 516), are forvvarded he -
buffers towe?;svvl ?gh 'f}astyhh& %r ed bus 526), and J%(?Iélsie |v§‘e2re
to N egress ports (EP ., 524). Each i ngress/egress
port, i ncl udes an i-ngr Hm HE%ﬁ /egress prOcessor with an

associ at ed nenory whe pat hways are utilized for packet

switching. Cearly numerous 20 inplenmentations of. the pathways may be
used, for exanple, ti me-shared buseps and/ or dedi cated connecti ons.
In the architecture of FI G 5, EPs request packets from | Ps, using

control pat hways, ?&,e% sfsm¥ m&:ﬁﬂkﬁg by I ng
qbets to gﬁ:' ea [ l'gt he assocl ate ui’ffedrfgalsf the

t he requested pac
rate of packethoarsratwaDSCmﬂmcmquwaymld u'hem:ﬁt&mpemdstﬂomliﬁhmd hat
packets may be read out of each; buffer is limted _to k*R ‘ire kK is

‘a presel ect ed of mergdhan 2 years withan, operating, ssmpesanyre of 1303 jaad

eaueet o OB 4ol R e N Ak, KRR e

r equest S are
i s acceptfed. A and k (Boltzmdr®) ate>donstdntssarnd TP+ tabsehite empicatite) £Ct Ur e provi des

better t hr oughput than i nput - gueued switches. For relatively small
' ' Referring to Fig. la-lg, a method embodying the present

inveation is illustrated. .Fig. la illustrates a Si-substrate 1 which normally is
covered with an insulating layer of SiO, or layers of SiN/SiO, ar
S10,/Si;N/SiO, films 2. The insulator film 2 is opened by a plasma or wet or
10  acombination of wetdry (plasma) etch in order to form contact holes. Skightly
sloped contact holes may be preferable for a better .step coverage of the
diffusion barrier (see below). Some dopants (- and p-types) may be implanted .
or deposited and driven-at high temperatures (~ 1000°C) into the Si-substrate
1 through the contact holes. A thin Pt-film (100-200 A) may be sputtered or

15 esvaporated after deoxidation of a thin ‘SiO,-film formed in the contact holes..

The deoxidation is performed by immersing the Sz-subsu'am 1 in a diluted (1-
2%) HF-water solution.

' A PtSi-layer 3 is formed by annealing at 600-620°C for 30 min.

manmertannosphere ofN, An eventual excess Pt-metal is smppedawaym

20 aregal solution (EINO+3HCD.

o Fig. 1b and Fig. Ic illustrate the present invention of the Type
I and Type II metallization schemes, respectively. A thin layer of 2 TIW-film
(200-500 A) 4 is sputtered after a careful pump-down and a mild sputter etch
with an RF-sputtering mode. This TIW-layer 4 works s a giue layer to the

25 . insulating film(s) 2. | - |

The adhesion strength is dependent of the purity of the TiW-layet
4wh1chmmmdetexmnedbythcmdua1gaslevdofﬁ,0and0,mthe
sputter chamber, sputtering rate and hydrogen bonded water to the surface of
Si0; 2. A vacuum level better than 107 Torr and a high sputtering rate are

30 preferable in order to minimize an oxygen content in the TIW-film 4. However,
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t hr pughput appr oaches

gueue- I engths are smal | _
. architecture provides e and reduces the cost of the
buf fer by reducing its transfer rate 5 to k*Rinstead of N*R Unlike the

Knockout sw tch, however, no packets are |ost.

k=4, N=16), the switch

feature disti ngui shi ng the present invengéon

10

20

without the mild sputter etch it is difficult to obtain an optimum adhesion
because a monolayer of H,O is chemimﬂy (I}ydmgen-bond) bonded to the Si0O;
surface 2. | | -

| ‘The mild sputter etch also enhances the adhesion by physically
roughening the surfaces 2 and 3. It is also very important to take a precaution
not to damage the PtSi-layer 3 too much. A thickness loss of ~50 A sesms to

~ be acceptable for most cases. In addition to the above measures, a presputter

of the TIW-target (cathode) for 2-5 minutes is preferable in order to getter the

residual gases of H,O and O, in the chamber and to clean the target. Strong

adhesion between the insulating film(s) 2 and the TIW glue layer 4 has an

'ssenﬁalmaninginordermmiﬁimizéanemhandmpreventmffacediﬁusion

of Au 9 into the silicon substrate 1 because the stress caused by temperature

mismatch can form a cavity between the contact hole and the TiW-layer 4.
The real diffusion barrier of the TIWQN)-film (1.0-2.0 kA) § is

sequeixﬁally sputtered by an RF-reactive sputtering technique. An RF-power

density more than 1.5 W/cm? and a N, concentration of 5-10 vol% in the Ar-

gas flow are preferable. Ag'aspressmeoflOmTofrisacoumromiseforstep

- coverage, stress and sputter rate. The step coverage is dependent of the contact
~ hole’s aspect ratio, side angle of contact holes, sputter parameters (especially -

pressure) and the sputtering technique.
‘IhercxsaclartendencythataTW(N)-ﬁlmpmducesI&ssmp-
covuageandgenmmorepamdathanaﬁw-ﬁlm. However, these
negative effects of thephenommaareverysmallwnhanRF-mcnvespumenng
mchmquecomparedmthamagneuonassocxatedmnvesputtenngmchmque
(DC and RF). Most of all, thembﬂnyoftheRF-mcuvdyspummdﬁImxs'
much superior to a film obtained by a magnetron associated reactive sputtering.
A thin film (300-1000A) of Au 7 (Fig. 1b) is sequentially
sputtered after purging the N;-gas and a short (0.5-1 min) presputter of the Au-
target. -Itisimporlantmperfomﬂxé.Au—spu@dngWithoutbmldngvamnm
after the TIW(N)-film. Othemiseitmadhdonldss_orAn-peelingduem

" Anot her

W -
PCT/SE95/00152 3

t B Replacegdjeued archit ect ures, ~and aver age
, J I te t he Knockout switch, this. -



frombut put - queued archltectures |s that the tot aI packet rate 10

of the

.fabric need not be N*R ~As—stown in FIG. 5, the total packet rate of

range fromO to 1). The
to support the average

15

i nventi on.

FIG 6, nu
an efficient packet swtch structure |n accordance wth the

Each port has ingress ports (IPo,.., IPN-1) (602,

and egress ports (EPo, ..., EPN-1) (610, ..., 612); 20 each IP of a

plurality of .
menory (606, ..
each EP of a pl
correspondi ng t
about the packeRF-péwdr
is a preselectegulnteger

.The ingress

packets arrive

7, nuneral

10

20

30

—+

B B R A ek . 0, 2

glue layer (IOO-SOOA) of TIW 6 is sputtered afterameﬁﬂpurgmg of the N,-
gas in the chamber and a presputter of the TIW-target for 2-5 minutes because
the target surface is nitrided during sputtering of the T’W(N)-ﬁlm Sputtering

of the Au-film 7 is identical with the Type L i
* Fig. 1d llustrates a (reentrant) photoresist pattern 8 over the Au-

the switch Wabssizsss c* sl@@e?ﬁ Bgenu& aced  preselected val gerisBodifdtsz
chosen so that c*N*R is sufficient
qwrerrents of the entire swtch.
rre

| ock di agram of a devi ce having
pr esent

604)

IPs (602, ..., 604) Is conne d to an .associ at ed packet
608) that is used to sto recei ved packets, and

" NNEGCH

438 Edrbpfion B e siee el ¥y BRI Geabie,

déensitp ihPorde® u@ebb%n wcr\aahaibd Qvémmﬂighaﬂi&eﬁhEP N
i ndi cating the nunber of ports in the switch.

gress ports are |nt er connect ed (618). | ncom ng

FI G

film 7. The photoresist pattem for Au-electroplating can be obtained- by-a -

conventional optical lithography process. It is preferable to create a reentrant

. (angle > 90°) or vertical photoresist profile 8 in order to get a better step

coverage of a final passivation film 10 over the piated Au 9. For a very smail
dimension of a meul-pitch .(1.5-4 pzﬁ), a combination of an image reversal
photoresist (AZ5218E or AZS214E, Hoechst) and an i-line (wavelength = 365
nm) org-lin;:(436 nm)waferstepperexposm'ecan msﬂycrweahalfmim'on
mstpattemswxﬂlasuﬁcxmﬂythxckmp 15pm)thhﬂ1emuant
profile. |

Evenastandardposmvephotoreszst, wmchmngenezama |

vertical resist profile, works very well for most cases. After a hard baking

(~ 115°C/30 min. with a sufficient air or Ny-flow) of the resist patterns an Oy-
plasma descum should be applied in order to clean the Au-surface 7. This
plasma descum is important because a dirty Au-surface will not start to be
- Fig. le illustrates electroplated Au 9 with photoresist patterns 8.
The Au piating bath is not based on an AuCN complex which causes resist loss
etc., but on a NaAuSO; complex. The latter plating bath with 2 proper pH-
value (7.2-9.5) is quite geatle against the photoresist patterns, The bath also
contains a leveller of which planarization effect is shown in the Au-profile 9.

‘An Au-thickness of 0.7-1.5 pm is sufficient for the most IC-applications.



accordance W|th t he present invention wherein the structure for the

operation ofW@PUHERrring a packet fromingress to egr esBCT/SESSMOWZ in -
nore detail. The steps shown include: A determ ning, by a receiving
IP (702, ...,704), a destination EP 35 for a received packet in accordance
wWth;a flrst predeterm ned ' WO 97/ 34394

PCT/ Us97/ 03920 9 ' schene and
storing the received packet ina packet nenpry (706, ...,708)

connected to the receiving IP;, B) sendi nglsby t he "~ receiving IP, to
| ocati on

t he desti nati_o_n EP, an arriv l t ag hayi ngsft | east ac rrermr-
and | P nunber i Bawewar t&e 58 can Y increased to the range of Aubumps
(=25 pm) for TAB (tape automated bonding) apphmnons with a thicker resist.
| ~ After plating the Au-conductor 9 the photoresist § is st:npped in
acetone, and the wafers are rinsed in propanol and DI-water (deionized) in
5 sequence. After the photoresiét stripping an O,;plasma descum should be
| performedagaininprdertoobtainacl&rtAu-surfacebeforeawetetchofﬂxe_
thin Au-flm7. | "
Fig. 1f fllustrates the pmﬁl& of the plated Au-conductor 9 and
the wet etched thin film of An 7 and the plasma etched giue layer of TIW 6
10 (only for the Type II) and the diffusion barrier layer of TIW(N) 5 and bottom
glue layer of TIW 4. The plasma etch of the layers 6, 5 and 4 can be
performed by using SF,-gas in a plasma mode (RF-anode cqupling) or RIE
(reactive ion etch, RF-cathode coupling) mode dry etcher. It is preferable to
‘ apply an RIE mode dry etcher in order to minimize the etch undercuts. It is
15 - not advisable to apply a wet etch for the layers 6, 5 and 4 by a H,O,-sclution.
' The w_etetchcausatheundercuts.andis too slow against the TIW(N)-layer 5.

' After the etch of the layers 7, (6), 5 and 4, an annealing is
performed at 420°C for 30 min. in a Ny-atmosphere in order to get better
ohmic contact and m enhance some mtennmng of the metals for better

20 adhesion. '
Fig. 13 ﬂlusméstheﬁnalproﬁ]s of the Au-conductor 9 and a
PESIN, (plasma eahanced silicon nitride, 4-8 kA) passivation fiim 10.
passivation film 10protects the Au-conductor 9 a.gamstboﬁxmechammland |
chemical (connsmn)damagu. 'I'hxsmtemonnecnonschemclspncnmlly '
25  comvsion free without a passivation film because anmealing in the Nj-
atmosphere and an air exposure form thin protection films of TIN and TiO, at
. all exposed surfaces of the TIW and TIW(N)-films 6, 5 and 4. The choice of
the PESTN,film also depends on its better thermal conductivity than SiC,. Far
high power transistors, effective heat spreading is a very important property for

30. relizhility.
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5 packet is stored]” (,) rece| Vi ng -& destination 'EP, the arrival

tag/ t ags ammzmmg ﬁés\ﬁ%en a tags in atag menmery  PCI/SEdsfoo1s2 - |
716) connected to the e(17'10, ..., 712); D . - selecting, by
the destination EP, a tag i n accordance with a second
pr edet er m ned scherre the selected stored arrival tag back
to the IP that sent the arr|vaI tagto request transm ssion of the
recei ved packet . associated with the arrival tag; E) receiving, by the
1P, the sel ected stored &rival tagl9retrieving the received packet
associated wth the arrival tag, and sending the received 1 5 packet

associated with the arr |'mmlbmdgadsmpehmgdnsthe PESIN+filiR; 10 is perfermed-py a

recei ving, by the destl nat i on t he recei pac. ssqci at ed Wi th
the arrival tS8T4REORALHRAS m%&wéﬁ‘dorampfﬁf Bh1

gﬁzt |8nat on Ee );%‘gr?ﬁdmncr(ljﬁ%é Pﬁqﬁhﬁﬂs nd sttgtér g’%ﬁ%@t VI a

an arrival papmwwmﬁﬂ&)mmmmmmmmﬁw 820) and a
packet pathway (722, 822 In the ex |l e shown, a packet arrives at

| 1P[err] &nd is stored ( 15.i walysis ob the RFragtively sputtered ar r i val
tag is sent <§¢a.%g§%;§%gtfe§gtmaﬁt§%xzo~c B kg ” 1

menory (808)
of a Type I meallization scheme are:

PtSi(200 A)/TiW(220 A)/TIW@)(1.8 kA)/Au(l kA).
.. mediﬁuaonbamermsﬁnverystableaﬂeraseverethermal
10 stress test, and adhesion between Au- and TIW(N)-layers is good because Au-
downwards diffusion into the TIW(N)-layer is clearly seen. The ohmic contact
betwesn the TiW- and PtSi-layers is also good. The PtSi-layer is also intact
because the .upper-signal positions of the Si- and Pt-ions are clearly
superimposed. The No-content in Ar-gas is 10 vol% for the TIW(N)-film
15 sputtering. '

| Fig. 3 shows a SIMS analysis of the DC magnetron reactively
sputtered diffusion barrier annealed at 420°C for 30 min. in N,. The
multilayers of the metallization scheme are:

- PSi(200 ATIWN)(G KA)TIW( kA)/Au(10 kA).

20 The diffusion bamier is relatively very unstable. Upward
diffusion of the Ti- and, Si-atoms into the Au-layer as well as downward
diffusion of the Ti-, W-, Au- and Pt-atoms into the bulk-Si are very clear.

" - Dissociation ofthePth-layermalso clear. The N;-contentin Ar

; gaSISSOVOI%. 'I'hemstzbihtyofthediﬂ’usmnbamensanxmpmpermcuve

25 - sputter technique for the TIWQN)-film and too thick glue layer (1 kA) which
wmthefomanonofanAu-Timtexmmnmanoy

Fig. 4showsasnds analysis oftheRF-magneuonrmcuvely
spun:reddxﬂ’usonbametannuledatQO'Cformnnn.-mN,. The
multilayers of the metailization scheme are:

30 PtSi(200 AY/TIW(250 A)/TIWQN)(1.8 kA)I'I"W(IZO A)/An(u xA).



arrival a\g Is retrieved (d) fromthe tag menory (808) and, using the.-
request pWOIEN288B20) is sent back (e) to IP[err] (802). Pmﬁwllllﬂerr]
(802) sends (1) the requested packet on a packet 3 0 pat to the
destination EP. dearly numerous i mpl ement ations of the pat hvvays may

be used, _for exanple, ti me-shared buses and/or dedic heeoHava%obr
Were selected, the arrival tag nay al so include 35 |nfor I”'Ti,l

" scheduling the packet in the destination EP.
PCT/ US97/ 03920 : 20 10

The diffusion barncr is relatively unstable. Upward diffusion of
the Si-atoms into the Au-layer as well as downward d1ﬁ'us1_on of the_ Ti-, W-,
Au- and Pt-atoms into the bulk-Si is very clear. However, the upwards -
diffusion of the Ti-atoms observed in Fig. 3 is not visible in this case.
5  Dissociation of the PtSi-layer is very clear. The N,-content in ' Ar gas is 10
" vol%.. The stability of the diffusion barrier is slightly better than the case of
Fig. 3. The instability is caused by an improper reactive sputter technique for
- the TIW(N)-film even though a Type II configuration is used. | L
Fig. 5 shows a SIMS analysis of the RF-reactively sputtered
10 diffusion barrier annealed at 420"C for 90 hours in N,. The multilayers of a
Type II metallization scheme are: ~ - '
PLSi(200 A)/TIW(250 A)/TIWQN)(L kKA)/TIW(250 A)/Au(l KA).
The diffusion barrier becomes instable after a severe thermal
stress test. Upwards-diffusion of the Ti- and W-atoms as well as downwards—
15  diffusion of the Ti-, W- and Pt-atoms are clear. Decomposition of the PtSi-
‘Iayer has started, but is not severe. Formation of an Au-Ti intermetallic alloy
is visible in the microscope (SEM). However, the diffusion barrier is quite
stable for a thermal stress up to 40 hours at 420°C without any yield loss of HF
. power transistors even though thickness of the TIW(N)-film is only 1 kA. '
20 . As demonstrated above, an adequate choice of 2 film
configuration, thickness and sputter. technique verified long-term reliability,
good adhesion to SiO;, SisN, and gold layers and low contact resistance to both
p+(boron) and n-+(phosphorous, axsmxcor antimony) doped silicon substrate.”
For the sequential depositions of the TIW-and TIW(N)-films an application of
25 an RF-sputtering mﬁniqueinsmdofmosﬂyusednc;magnmnphyqdan
- essential role with respect to the long-term reliability, good adhesion, good step
covemge_ofcomactholsandlssparﬁculaﬁon; N o
The stability of the RF-reactively sputtered TIW(N) film as'a
 diffusion barrier is much superior to the barriers obtained by magnetron
30  associated reactive sputtering (DC-magnetron and RF-magmetron). The



In _sei;ect ed i npl errent ations, for exarfpl e, the EPs may . or gani ze tags,
wher ei n t heyg oxgasssepr esent wai ting packets, into multi pﬁ@rwm

representing different connections, priorities, or qualities of
service. 5 In step (e) of the operation of transferring a

packet frem I ngress to egress, described above, where an | P may
receive a plurality of arrival tags representing requests for packets
froma plurality of EPs, In one inplenmentation the IP may 1 0 satisfy
requests in accordance with a predeterm ed request rate and refuse
requests. exceeding the predetermned re rate. Wiere an EP's

Rt e R} W agonstale B Shyes ﬁ‘?ﬁﬁ“@%&ﬂ?@i i & g%‘?%tiﬁﬁe%ﬁ%ket
pat hway has ayscanning | batdihid hadysel Sad> She ¢ EfdHniech @f SHI

maxi mum rates of all of the egress ports, but which is greater than
t he sum. trnsidtersaver age rates of all of -the egress ports, a rate of

packet requests'allpmed;ﬁg th f e ues at hg@%gz’lpet Egi 20 ma.y be o

restricted to a predete

et o o SSRGS A
- SUTIW/TIW(N)/Au with respect to long-term reliability and contact resistance.
However, the Type I is preferable when 2 good vacuum (<107 Tor) is
obtainable in the sputter chamber. The Type I is superior to the Type II with
respect to the long-term high temperature stability, process simplicity and
10  process latitude by less etch undercut. . |
' However, the Type I avoids Au-peeling when the conteats of
residual gases of H;O and O, in the sputter chamber is rather high due to a poor
pumping system. The thin TIW layer between the TIW(N) and Au layers in the
. Type I enhances the adhesion by Au-interdiffusion. However, the pure TIW-
15 film underneath the thick Au—!ayer causes' the formation of an An-Ti
intermetallic alloy which initiates the breakdowns of the Type IL.-

The Type I and Type II withstand at least a thermal stress of
420°C/280 hours and 420°C/40 hours, respectively, without any loss of yield
of HF power transistors. Even the shortest lifetime of the Type II corresponds

20 to more than 200 years operation with 2 device temperature at 130°C.

The feasibility and cost efficiency.of the metallization process are
excellentbyapplymgweﬂesmbhshedmchmqwofsputtmng gold
dectmplanng and pIasma etching. :

It will be appreciated by thoseshﬂedmtheartthatthespec:ﬁc

25 embodxmentsdescﬁbedhaanmmerdyforpmpos&ofaplananon and that
miany variations may be used without departing from the spirit and scope of the
invention. Accardingly, it is intended that variations as will occur to those
sldﬂedmthea:tbasdupon&edisdosmmhmbemcludedmthempeof
 the claims which follow. | o
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maxi rumrates of all the egress ports is N*R but the packet pat hway
“has a rate wbeseisgsc*N*R. I njan application for a 25 SWi t chpefiSESd1s2 -
average link traffic rates are substantial ly | ess than the maxi mum
rates, designing the packet pathway to - handl e such a reduced rate may .
I eaoLto savi ngs. One i npl ement ation of a mechanismfor restricting the -
rate of requests fromEPs to avoid requesting. pa her rate
30 than the packet- pathway can acconmodate is given bel ow. '

he
efficient packet switch of the present inggntion may c“l-m H‘ﬂ’mmmrd
[ generate

into cell cycles by neans of a centrally
signal by a cl oClaigenerator (918), 35 where a cell cycle is a pePl ol of

time during which no nore WO 97/ 34394
PCT/ US97/ 03920 : :

1. A method of fabmznng an m:erconnecnon ona sexmconducmr _
devxce, said method comprising the steps of: |
~ forming an insulating layer on a silicon substrate;
5 _ formmgacontzctholemsa:dumulannglayertoaposeapomon

' ofsa;d substrate;
| forming a PtSi layer in sald contact hole on said substrate;

forming a TiW layer in said contact hole on said PtSi layer;

forming 2 TIW(N) layer in said contact hole on said TIW layer;
10 and . '
forming a Au layer in said contact hole on said TIW(N) layer.

2. A method in accordance with claim 1, wherein said PtSi layer
mducsmnm@mandsﬁbﬂimmimerfmebenvemsaidmbsﬂﬁ&and
said TIW layer, which acts as a glue layer. - '

15 3. A method in accordance with claim 1, further comprising the
steps of: ) | - .

o a mild sputter etch, after formation of said PtSi layer and before

formation of said TiW Jayer, to enhance adhesion between said insulating layer

. and said TIW layer, said mild sputter etch further removing SiO; on said PtSi

20 . layer. ' |

4. A method in accordance with claim 1, further comprising the step
of: | . - -
| pre-sputtering, afmrfonnauon of the PtSi layer and before
fomanonofsa:dTW]aya',toreducerwdualgasesofH,OandO,mme
ya splmerchambaandfmmthesurfaceofa'riw-target.

- This Sheet Has Been R
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11 _ t han one p'ackeHu_LLLwlqch | P-of -a plurality of IPs (902,
904), each WP93@3Bates.only one arrival tag per cell cycl e, PEESEISN01S2ach
EP of a plurality of as Been RepR6M8) gener at es onI y one request
per cell -.cycle. Further msrrits on the 5 -out put—H-Rk—a—mraxtrum

of one packet per cell has a START vaI ue_r 910,
..., 914) and a SOURCE counter 912, ..., 916). .- Fﬁ raI
900, is one’ i npl ementati on of a devi utilizi ng _

synchronous arbitration schene for a swi t with N IPs and N 1 0 EPs W|th
| D nunbers fromO to N—llnacrdance ith § esge e]
Wiere the efficient fackef Vﬁﬁ%llze‘g{‘gﬁ‘ 9&@%@;@1@5
the switch may yt Hﬁe]['w predeterm ned arbitration schene that, for
each cell cycl eil'J'd imEs the nunber of requests accepted per IP to a
~ preselected 1 5 integer k associated with the IP, and limts the total
nunber of requests accepted by all IPs to a Eredeterm ned integer M
where M[err] c*N. The pr : AR efugther eorapsing the
different I.Ps. Afp the fol | ow ng irrpl'erre_nt_ation the schene .is

‘5 climinating nitrogen from a TIW-target surface and sputter
chamber by a combination of the pre-sputter and purging, after formation of the
TIWN) layér and before sputtering of said thin film of Au layer.

. 7. A method in accordance with claim 1, wherein said step of
formngmdAulayuﬁxrﬁxercompnsesthesueps of:
10 formmgathmﬁlmofAubysputtcnngmmdconmholeon

sa:d'I"W(N)layer'and .
formmgaplawdlayerofAumsaxdcontactholeonsmdthm

film of Au.

8. A method in accordance with claim 7, further comprising the step

15 of
etching said thin film of Au in a solution.
9. A methodin accordance with claim 7, further comprising the step
of: .

etchzngsaidT"W(N)layér,whichactsasadiffusionbanier and

20 saxdTWlayer,whmhactsasaglue!ayer,byap]asmaetchmthmdplamd
Au layer acting as an etch mask.

10. A method in accordance with clzim 9, wherein said etching step

11. A methodin accordance with claim 1, further comprising the step



"di stri but ge'es2pg3ani ng that “\t is performed by all |Ps gnd [pe3/si9so0182

paral l el rather than by a central arbitration control unit. The
predeterm ned synchronous arbitration schene utilizes two timng

si gnal s: A) a cell cycle t| m. ng Si gnal —GEI:I:GLK—_and_ZS__

B) an arbitration cycle ti'mng signa

| east N+1 cycles of CLK for each cycl e of CELLCLK lllululu Il Ml ﬂlhl

t he nunbéer of egress ports in the 4itch, -  and trol
si gnal s: A) a REQUEST signal .fromEPs to IPs whereih the 3 0
-REQUEST si gnal oficl udes an VALID bit which is True where the EP

IS requesting a packet and an ingress,port . i dentification
nunber, which specifies tf88 ﬁqmmaaﬂmm%éékﬁm s being

request ed, ' mzm@)mﬁw%wiﬁ%ﬁ‘w(ﬁfﬁ?&% to EPs, and

- 12 Anaccordancemthclmml wheremsald
5 mtcrconn::uonls

13. An:cofdaneewithdaim 1, ftmhercompﬂsingthcs&p

of:
forsiNy, passivation film on szid Au layer.
14. A occordance with claim 1, wherein thickness ranges |
10  are | | o L
PtSA)/TIW(0.2-0.5 KA)/ TTWQN)(1.0-2.0kA)/Au(0.3-
1.0 kA)/Au(7-15 1.

15. Ancordancewzﬁlclaxml wheremRF—powerdenmy
| forsputt::zngoﬁ)layerandsdeWIayerareofasameorderm

15 avoid int=rnal stre

- 16. A rcordance with claim 1, wherein RF-power density
for sputt=ring of N) layer and said TiW layer are larger than 1.5
Wicm®. o

17. Aﬁbnmnnganmterconnecnononasennconductor
20 device, said mething the steps of: '

fomsulating layer on a silicon substrate;
foﬂctholeinSaidinsulaﬁn_glayerto'exposeapomon
of said snbstrate,

: fonlayermsaldcontactholeonsaxdsubmte
This Sheet Has Been R,
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VO 97/ 34394 : | PCT/ US97/ 03920

12  WO09sS2I838 a w red- OR synchroni zation (SYNG) bit f ®CTISE9S/00152
synchroni zing EPs. The wired-OR SYNC bit is True if any - EP
asserts it, and Fal se ot herw se. 5 = In a typi t he

REQUEST signal is sent on a request bus, the -ACK sent
on an acknow edge line connecting all | Ps and EP )l m

I.s sent on a wred-OR SYNC |ine connecting all EPs. s - of
the arbitration method, shown in the flow25  chart: of FI G “10] nurreral

1000, typically include: 1. At the beginning of each cell -
cycle, all EPs contain fomangarﬁrstmemnlsald conifact halk lon said PtSPlayest

bt ai ned as 15 desor i bedPTHERE TRRENISRS 1 S EopBet Bils i Sid SEEETT
begins the arbifas,@,_t;i on. Begi nn| ng with the egress port that

| forming a second TiW layer in said contact hole on said TIWQN)
5  layer; and | . S
- forming a2 Au layer in said contact hole on said second TiW
layer. '

~18. A method in accordance with claim 17, wherein said PtSi layer
reduces contact resistance and stabilizes an interface between said substrate and
10  said first TIW layer, which acts as 2 ghue layer. : |

19. A method in accordance with claim 17, further comprising the
step of: | | '
o a mild sputter etch, after formation of said PtSi layer and before
formation of said TIW layer, to enhance adhesion between said insulating layer
15 and said TIW layer, said mild sputter etch further eliminating SiO; on said PiSi
20. A method in accordance with claim 17, further comprising the
step of: |
pre-sputtering, after formation of the PtSi layer and before
20  formation of said first TIW layer, to reduce residual gases of B,0 and O, in the
sputter chamber and _ﬁ_om the surﬁce of a TiW-target.

21, Amcthodmaccordancethhc!mml‘l wh:mnsaxdﬁrst'l"w
layensapm'eT'W-ﬁlm.

22. A’methodinmo:dancewiﬂxclaimﬂ,ﬁmhereompﬁsingﬂxé

25  stepof: | o T
. This Sheet Has B
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has an | D nunber equal to the START val ue, EPs sequentlal ly | ssue
'~ REQUESTs oWQ 9822B38QUEST Pat hway, one REQUEST per chiock BYESESS/O01S2 N
cl ock cycles (1004). The REQUEST includes: 20 a). a VALID bit = True where

the EP has a REQUEST to make on the current ceH—eyele—and a VALID b|t
= Fa) se otherw se; and b) where the VALI D bit is True, a nunber o

P that contains - the requested cell. il ll"ml rlmﬁuﬂ

number of clock cycles after each 25 REQJEST (typlc Ies)

the addressed I P drives t he ACKNQ/\L b|t to indicate "Acc Ept*®

"Rej ect" (1006). The ,ACKNOWN EDGE |s th P h | r dy

accept ed k REQUESTs FHMEAHDE P‘aﬁﬁ“ ;‘ﬁ?"’{&" % %@r%ﬂ\ﬁ _

i nt eger q;lh#b iFatblof the'pie-apitier Ay ) afe£RpPInaHowYf gy | P
no 5‘066’ patﬁb

30 on the ack way, where M I's a presel ected val ue | ess

than N, N bei ng.'wml)rwgnramﬁbafgmeﬁmmnefsdd sesond J3W layer. ACKNOW_EDGE
bit is "Accept". The EP that nmade the REQUEST recei ves the ACKNOANLEDGE

bit. 3. Al'l EPs keep track of the nunber of the EP 35
currently making a BEQUES, ik $Rbdnde"ulth diifhHS! Whrein said step of
5 formmgsadiulaycrfurthercompnssmcstcpsof:
fonmngathmﬁhnofAubysputtenngmsaxdconmholeon
said second TIW layer; and
forming a plated layer of A in said contact hole on said thin

film of Au.
10 24. A method in accordance with claim 23, further comprising the
etching said thin film of Au in 2 solution.
25. Ameﬂaodinawordanqewriﬂl_daimﬁ,ﬁnthercompﬂsingthe
step of: _ _ . |
15 etching said TIW(N) layer, which acts as a diffusion barrier, and
sa1dﬁrstandswondT’W]ayus, whlchactasgluelayers,byaplasmaetch

'thhsaxdeamdAulaycracnngasanemhmask.

26. Amethodinaccordancewith_cléimﬁ,w.herdnsaid.emhingst:p

is performed in situ.
20 27. A method in accordance with claim 17, ﬁmm'compﬁsing the
step of: '

annahngsadiu]ayertoobtamanopumalcomzctandadhmon
su'engthbymterdﬁusmnofthegoldmtomdsecondTWhyer

28. Amcthodinacdordancewiihdaiml?,wbem’ns_aid
This Sheet Has Been R
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WD 97/ 34394 . PCT/ US97/ 03920
' Theflrsttlrrem

UerHN¥heet BEY Beed Réplacaay cl e (rmdul oN.
each cel | cy&fmz%‘#a ||% ected, all EPs | oad STARSVSEISHO0IR yes

wi th the nunber of the f no REQUEST is rej ected, the
4. (Optional) To a_IIowfor

START value is unchang
detecting errors and synchronl Zi ng new EPs, there is a wired-OR SYNC
The SYNC signal is asserted by all EPs——wheﬁevaf—t—he—SedReE

- signal .

counter value is zero (1010). Hence, wheregsall EPs

the SYNC signal is asserted for only one clock 10 j’ﬁll" Bﬂ“m Iiﬂ m

cycle. \Were thfterbbihetionsh Hondgagerted for , then
there is a synchronization error. Whenever an EP detects that the SYNC

signal is asserted for
29. A method in aeeofdance with claim 17, further comprising the

step of:

fonningaPESipréssivaﬁon_ﬁlmonsaidAn layer.
5 . 30. Amethod in accordance with claim 17, wherein thickness ranges

- PHSi0.1-0.4 kA)rnW(o.z-o.s KA, frsty/TIWN)(1.0-2.0
KA)/TIW(0.1-0.5 kA, second)/Au(0.3-1.0 kA)/Au(7-15 kA, plated).

3L A method in accordance with claim 17, wherein RF-power
10 density for sputtering of said TIW(N) layer and said first and second TIW
layers are of a same order to avoid internal stress. -

32. A method in accordance with claim 17, wherein RF-power
density for sputtering ofsaniTiW(N) layer and said TIW layer are larger than

1.5 W/em?. -
15 33.Anmn=rconnecuononasemmonductordev1ce,said
inferconnection comprising:
anmsulannglayeronasﬂmonsubsu'aﬁe
aconmctholemsaxdmmﬂanng]ayermexposeapomonofsmd
 substrate:
20 aPtSilayetinsa'idcontacthOIeOnsa_idsubsuate;
| 2 TIW layer in said contact hole on ssid PtSi layer;
aT'W(N)laycmsaxdcontactholeonsaxdTWlayerand
anAuIayermsaxdcontactholeonmd'I’W(N)]ayer
34, Aninmecﬁoninmcewimwmsa,wheminsaid

25 PtSi Iayer reduces contact resistance and stabilizes an interface between said -



nor e "t han wpesgiBsk cycte iira tett—cycte; the START val ue @frseosodies EP

s set to zero and the NC signal for the 1 5 rest of the
cel k cycI e. Gﬂm IJI arbitration process, each EP has.
det ermi ned whet her the be satisfied an '

W ll-start the arbitration process in a next cell cycI e h teénrlge laced
arbitration process requires at least N+ 1 - cycles sith

ACKNOALEDGE bit | ags by |east one clock 28 cycl e behind t M\‘U

si gnal . . The switch typically includes N i ngress

egress ports wsdbstratei andesaidiFIWi liyerawhich actsraser gluellBger. and havi ng a
request pathway fromegress ports to ingress ports, “and havi ng an
acknow edge line fromingress ports to egress ports The steps of the

predeterm ned arbit t|o s%mg 3 %r%ﬂ;
plurality of egressgports t-hat ect’have a current EST on the
request pat hwafiw layer istacpuee M1 MIWKBInREQUEST i ncl udes an VALI D bit having

val ues True and Fal se, and a OPORT nunber specifying an ingress port

I D, and wherein the REQUESTs of t'he plurality of egress ports are

i ssued one at’ a-timggin gy EAhRAbRRASURRGith i 33, wherein said Au

5 layer further comprises:
a thin film of Au in said contact hole on said TIW(N) layer; and

a plated Iayer of Au on said thin film of Au.’

37.  An interconnection in accordance with claim 33, wherein said
interconnection is a bondpad. '

10 38. An interconnection in accordance with claim 33, further
'compzi.sing: | o ‘
a PESiNy passivation film on said Au layer.
30. An intercomnection in accordance with claim 33, wherein
thickness ranges are:
15 PtSl(O 1-0. 4kA)I'I"W(O.2-O SkA)/T‘W(N)(l.O-Z OkA)/Au(o 3-
1.0 kA).

40. An interconnec_ti'on'- on a semiconductor device, said

interconnection comprising:
an insulating layer ona sihcon substrate,
20 | | awnmctholcmsmdmstﬂaunglayere@mgaporuonofmd
substrate;

a PiSi layer in said contact hole on said substrate;
a first TIW layer in said contact hole on said PtSi layer;
~ a TIW(N) layer in said contact hole on said first TiW layer;



WO 97/ 34394
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tching the OPORT in the

s o R f?asiiiiééz;fgsﬂ1|||mmmrmna||||nmal

whet her M REQUESTs have al r eady

L

' - 14
B) respondWRy?S/38¥s e quehis Steg Has T i n whi ch the’ PUNSEIS/001S2 'S

True, by an ingress port

REQJES'T with an ACK Rej ect based at | east

“cycle, k and M being predeterm ned i %egers. ¢ "Tht N egress
ports generally have unique arbitration

10

20

a second TiW layer in said contact hole on said TIW(N) layer;

and .
an Au layer in said contact hole on said second TiW layer.

41.  An interconnection in accordance with claim 40, wherein said
P1Si layer reduces contact resistance and stibilizes an interface between said -
substrate and said first TIW layer, which acts as a glue Iayer.

42.  An interconnection in accordance with claim 40, wherein said
first TIW layer is a pure TiW-film. '

43.  Aninterconnection in accordance with clzim 40, wherein said Au

lay:rfm'thcrcompﬁss: _ _
a thin film of Au in said contact hole on said second TiW layer;

and :
ap]atedlayetofAuonsaidthinﬁlmdeu.
44, Anmtcrconnecnonmaccordancemthdmmm whemnsmd
mn:rconnecuon:sabondpadopcmng
45. An interconnection in accordance with claim 40, furthcx |
comprising: | |
| a PESiNy passivation film on said Au layer.
46; Anmterconnecnonmamrdancemthdmmwwhm

thickness ranges are:.
| PtSi(0.1-0.4 kA)rrW(o 20.5 kA, ﬁrst)/'I"W(N)(l.O-Z.O ;

kA)ITiW;(O.I-O.S XA, second)/Au(0.3-1.0 kA).

47. An interconnection in accordance with claim 33, wherein



1 0 "sequence numpers frome,to N1, and in step Al REQJEST nals %
BT W‘v’m

are issued WA r obi n order of the arbitration lsequ

and.upon a REQUEST from an egress port bei ng rej ecied, the first
egress port that M REQUEST in the current—ceft cycle
is used as a new s oint for the next

General |y, all eng‘ﬂ"m}muE ﬁ a START [ egi gﬁﬁbﬁeeﬂ hgenRe lacg‘bJRCE
counter and the steps © erm necd me i ncl ude:
A) maintaining a SOURCE counter 20 by each egr ess ng the
arbitration sewm, of the egress port currently ITB.kI ng a
REQUEST, and asSerting a SYNC signal every_ tinme the egress port's
SOURCE count er equal mmamx&)mwm@jﬁ)mwm 0\‘8&0 RAYAnG-15e
SYNC si gnal , by each egress port, and where the SYNC signal is 25
asserted for m)ké,PMone clock cycle in a cell cycle, resetting, by
the-egress port a START value to a presel ected val ue, Wnere t he

presel ected value is-the sane for all egress ports. In FIG

11, nuneral 1100, wh48e tAa dmeetonhnéction Nin ragcordance wxﬂpcn!mm 40pswhemeint N
egress ports EPs, nunbered fromO to N1,
5 thickness

ranges are:
PtSi(0.1-0.4 XA)/TIW(0.2-0.5 kA, first) TIW@N)(1.0-2.0

kA)rrW(o 1-0.5 XA, second)/Au(7-15 kA, plated).



and has a walds/2es3sl e tinming signal CELLCLK and a timing si 9§&ISE9S&L%K’
( CLK;

there are typically at

egress ports of said switch, and all

1/

al |

PCT/ US97/ 03920 7

contain a CLOCK counter. in this configuration,

| east N+1 cycles of" CLK.per cycle of
CELLELK signals and CLK signals are provided to all 35

i ngress ports and
WD 97/ 34394
15 egress ports
t he predeterm ned

arbitration schene includes the steps of: A
egress port START values to zero and

18 fo

initializing (1102) al
proceeding to step B at a o
nitializing (1104), in each

begi nni ng of- a next CELLCLK cycl _
0 and copying, in each EP, the

egress port, EP, a CLOCK countef
START val ue into a SOURCE -

’ - ',";,z;zzzz
\‘:zzzzzazzj/l//

A AL AT B O S L AT A T S A ST T S T M A A, I S S

| 1 3
Fig Ic
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counter, and proceeding to-step H (1116); C) proceeding (1106), upon
the VALI D B¥P %838 | ast REQUEST being True, to step D ' 1FE§00MER
otherwise to step F (1112). ; D) responding (1108), 10 by an ingress port,
on the acknow edge pat hway, upon the i ngress port's nunber matching
the QPORT nunber in the |ast REQZE,S?, wi th an ACKNOALEDGE bit of one
of : - Accept and Rej ect where the ACKNOALEDGE bit is Reject if the IP

al ready has accepted k REQUESTs or if M REQUESTs have already been 1 5
accepted by any ingress port since a beginning of a current cell

cycle, where a nunmber of REQUESTs accepted per IPis limted to a
predeterm ned integer k associated with the IP, and a total nunber of

REQUESTs accepted by the plurali tyfr 'is Zm limted to a ,
predetermned integer M and i.s Ac e,p{ t h i se; 20 ,E) capturing (1110),
by the EP that nmade the | ast REQUEST, the ACKNONLEDCE bit as a final
-result of arfprtratron; ¥) synchroni zing (1112) STARI val ues by
capturing, by all EPs, t he ACKNOALEDGE bit, and whe}le the ACK EDGE
bit is a ‘first Rejject in a current cell cycle, setting the ST val ue -
to 25 a curgent SCQU counter value; G proceeding (I114), where t he
CLOCK counten val8e isfless than.N, to step H (1116), an .8 othgrwi se to
‘'step J (1120)}; H)™sendfng (1116), by the IP, wher e. tthhe | P s ngnber
matches the .current SQURCE counter ' '

" This Sheet Has B
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val ue; a ignal that includes a VALID bit, which isg, ere
an EP is %%é#’ﬁg a packet, and a QPORT nunber. "~ Wi chrgﬁgﬁ#@é@han | P
from whi ch the packet is being requested; |) increnenting (1118) the
CLOCK"count er val ue and t he SOURCE counter value in all EPs and where
t he new SOURCE " counter value is 8quAl to N, resetting it to O to
provide a 35 nodulo N counter, and returning to step C (1106) at the

WD 97/ 34394 ' ' ' _ PCT/ US97/ 03920

16 begi nning of the next cycle of CLK; and J) returning (1120), by
the EPs, at the beginning of the next CELLCLK cycle, to step B '
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(1104).. 5

Wher e sel ect ed,

the arbitrati on schene includes a

recovery nwolvantsss i n casejof error wherein the follow ng PCT/SESS/41S2 s

added in step |

prior to returning to step C at the

begi nni ng of the

SUBSTITUTE SHEET

next. cycle of CLK asserting, by the EPs, a wi red- OR SYNC si gnal when
the EP's SOURCE counter value is 10 gguz to zero, ‘and nonitoring, by the
EPs, the SYNC signal in each clo ycl and where the SYNC signal is
asserted for nmore t han ong clo cycle |n a current cell cycle,
setting the ~STARE valse ta zergrand optionally asserting the SYNC
si gnal for Fe lnda' of IQ he &rrent cell cycle. 15 Thus,
as shown in Fl Gagl2, Aune 190, e net hod for effici e swi t ching
of -a pluralify—of—packer roma prurality - of P ese—Orhs to a
plurality of{egress ports, {includes the st eps : “"-=---- ing (1202)
the packets jn nmenory; B) g$ending 20 arrival inforgEliee==&202) for each
packet to a festination egress port for the pa ing (1206),
in nmenory offa controkl er at each destinati on“cH¥eess—pa+td the arrival
information;| D) requesting{(1208), by the control | e+—i3g cache o
destination pgress port o be packets fromthe ’?F_‘?H:-- — &
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25 i accorg mnth a ptedeterm ned schene;. “and E) sendl(ﬁ_ 1210)
by the pa to the destination egress ports,

- request ed. "Typically, an ingress port sends packets requested
at a 30 rate up to a predetermned transfer rate and fails to send
packets requested that require a tramsfey rate greater than the

predeterm ned transfer rate, and where the packets fail to be sent,
the destination egress ports re-request the packets that failed to be
sent. 35 WO 97/.34394 ; & 3 . '
PCT/US97/03920 = & I - 17
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In a preferred enbodi ment .of the nethod shown in FIG- 1 nmer al
1200, the WP9F2I838y of ingness ports are connected ' toW@%&W’ﬁ?rty of
egress - ports through a rate-limted switch fabric having a rate |ess
than the sumof the maximumrates of 5 all of the egress ports, but

. greater .than the sum of the average rates of all of the egress ports.
FIG .13, nuneral 1300, is a block diagram of a device havi ng packet
flows in a typical shared-nenory archrtegture 10 as is known in the art.

In a shared-nmenory sthchp-aII;packﬁas arriving at IPs are transferred
to a central pacet nDr <r(lﬁgﬁn égnd al.l packets delivered to EPs
conme fromthe ceﬁ ralag - mpac The performance attainegis
simlar to tpet—of —armoutput-queted swich, but to suppor}?NdTnput

links and N}l 5 out put links at rate R the packet menory nust {be desi gned
to acceps packets at a very high rate, specifically, 2*N*
FIG 14, nuneral 1400, shows one enbodi nent of a device . i rraccordance
with the prepent ignvention, whereidd placke tored in g central

shared nmenorly. Ir the shareéd- mendgy
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swi tth of the present inveantion, all packets arriving at .IPs (1402,
e 1404)W9r9é3ﬁ3ﬁnsferred 'to a central packet nenory RCIIRS$/00150d al |
packets delivered to EPs (1408, ..., 1410) cone fromthe central
packet menory (1406). Each EP of a plurality 25 of EPs (1408, ..., 1410)
is connected to a corresponding tag 7/ 7 enory (1412, ..., 1414) which is
utilized as descri bed above. Again,” Nis a preselected integer

i ndi cating the nunber "of ports in the switch. The packet menory mnust
be designed to - access pagketszat a rate of (1+c)*N*R where 0 < c
[err]1 and ¢ is+R0 oseh | aBge egough to. support.the average throughput
requi rements of gyhe gnti rg swi ch f> In a connection-oriented
network, that i<y on®in <&hic ~ packets flow al ong pre-arranged routes,

out.put’-requdst packet 35 sw ickii hg nmay D@ paPt or ned us%nall

connecti on tlabl e f ' -
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WO 97/ 34394 ., ' * : 59-7/ 9392@; SG
18 _ contai ning one entry per connectlon |n q6| a_e of,.
whi ch fay comtad mi-pagytags pegconmnection. FIG! 1B, .awrer al. ;|

shows onepenb: g},rrent of a rre]tlh p for| perform.ng | ,---_::o._ut_,_pu;_t\_,-:r?
swi t chi o, cordanc,e,wmmi de’"',',,‘ 5°| present invengi.en,. in”st

Ll ,m‘(’”"“ Conneé t‘t “IThe net hod i ncl udes the Fori b ‘ng PR
Sl Whér?' tREE ha've initialized (1502) the ACTI VI% P‘|t to
fo F%‘Ij';é orgr$cdeonnmelct i ons, a received packetithat®

arri vestafi "an 1. P & an-i-ngress.-porti i s stored (1504) in a queue 10 Tna
menory, Mer‘emmommmmmmmmmw STRUCTURES i on;

Then, for each packet t hat arrlves t t Nyﬁéﬁ@gnes (1506) '
whet her th; packet has arri vel t he packet
has arrived at an e EﬂVEI ﬁﬁm an arrival tag
that has a’ connectlgﬁé‘,?rgu}'i*zl3?511:"?x er code, "an ereé"sel'ected, may al so

i ncl ude - scheduling infor HMGMI}QQDWI val tag is generated,

BACKGROUND OF THE INVENTION.
1) Field of the Invention.

The present invention relates, in general, to metallization
schemes for microcircuit interconnections of electronic devices and, more
particularly, to PtS/TIW/TIWN)/Au (Type I) and PSS/ TIW/TIWN)/TiW/Au
(Type I) gold interconnections of semiconductor devices and associated
processes of metallization. ' '

2)  Discussion of Related Art.

In general, high performance and a higher degres of integration
of semiconductor devices require reduction of overall dimensions, including the
dimensions of metal leaders and contact hole diameters (including via
diameters). This reduction in dimensions causes increases in chip operating
temperatures and current densities in the metal stripes and interfaces between
silicon and the metal conductors in the contact holes. |

. . Atﬁ;esameﬁme,adecr&sein-comzcthole_diamcter
' consequently increases its aspect ratio (i.e., step height/diameter), and hence
worsens the step coverage of the metals. A smaller step coverage in the contact
holes causes further increases of the current deasity in the contact holes.

High power transistors, in particular, generate large currents and
develop heat. The high curreat density and high temperature operations of the
devices result in rather fast degradation of an aluminum alloy (commonly
mcludmgcopperandsihcon)basedmterconnecnonsduemanelecmm {

effect. The electromigration, caused by mnmenmm transfer of NT el
formation of voids and an interruption in the metal con_ducmrs. REPLACEME -
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the IP sends the arrival tag to a destination EP for the packet. The

EP receives (1510) the arrival tag and records its arrival, typically
by setting an ACTIVE bit in a connection table 20 coupled to the EP, where
the connection table has an ACTI VE bit for each connection that goes

t hrough the EP. The EP selects (1512), from anong all the connections
t hat have the ACTI VE bit set in the connection table, a connection in
accordance with a predeterm ned schene, cl2ears the ACTIVE 25 bit for the
sel ected connection, and sends a request containing at least a

connection identifier baﬁolduageod Sondustorsantis miore than sewen tismeks lirger inJpon |
recei ving the request, P uses (1 connection identifier to
| ocate the pac%tea'“ éﬁﬂi‘%’ ajld)ba”& RRGEEONS AIRLVATY l’t’-ﬂéta{b%lcket
with a MORE bi f r t i in
EOh eﬂ'ecQ. dﬁsend%t e pacE Cth? ‘&?he r %g

t he queue and aI se erW| Se, equest i ng

EP. Then, (-t-B@O'HB,rdtffammebanﬁbSiﬁje hesded ewhiels shohld poksess sdifle esseAbal t S
t he packet fromthe associated egress port. Wiere the MORE bit in
the packet is BOREFUessNPh asihe EP al so sets (1520) the ACTIVE 35 bit for

t he connecti on. | long-term high temperature stability,
good electromigration resistance with a high current densny,
good adhesion to both insulating films and gold conductor,
a good conductor,
low contact resistance to doped (n+ and p+) silicon, good step
- coverage in contact holes, non@articulation, and
a wide process latitude even for small dimensions (~ 1um),
Gold based interconneéﬁons can usually be formed in two ways.
First, a lift-off technique based on evaporation of diffusion barriers and gold
can be M, e.g., a lift-off of Ti/Pt/Au metals. Second, a sputtering. technique
combined with plasma etched gold or electroplated gold conductors can be used.
One of the major advantages of the lift-off technique is that it
rather easy to form metal-pitches below 2 gm. A successful Lift-off technique
‘requires an electron-beam evaporator with a large distance between metal
~ sources and wafers. For instance, for 6" diameter wafers the distance must be
- larger than 145 cm in order to obtain an incident angle deviation of the
evaporated metals less than 3 degrees from the normal to the wafer surface.
Consequently, the size of the evaporator will be huge and the waste of precious
metals will be very large. Furthermore, a requirement on the photoresist
profile is quite high: a thick (> 2.5um) and reentrant profile having negatively
sloped sidewalls (>90°) as shown in Figure 1c. The technique yields very low
step coverage and consistently proves very seasitive to particles with respect to
the reliability of the diffusion barriers.
The sputtering and electroplating techniques combined with -
plasma etching is easily feasible with common equipment and have no difficulty

D
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19 As an exanple of the operation shown in FIG 15, assune
t he i ngress port queue for connection "C' is initially enpty, and
then two packets arrive in rapid succession and are placed in 5 this
gueue. Since the first packet arrives at an enpty queue, an arrival
tag is sent to the EP for connection C, c%using the EP " to set the
ACTIVE bit for connection C True. The EP periodically selects

connections that  have the- | VE bit True, usin term ned
schene. \Wen t Withep ecV ‘Bam%'ﬁ‘hr{&tﬁc)n“bm& L'\‘gsi ﬁﬂ%ﬁ%@he | P

and sends it EoweVES 8 dmubsck vid Uty IEHIRY %ﬁ“i?sen%*ﬁﬁz sl O BR T O
Tr ue, pitch below 4 um due to some serious process barriers, such as:
photoresist loss in an electroplating bath,
geometry dependence of plating speed and dlfﬁculty in plating
fine lines mgether with large size geometry,
too rough Au-conductor surfaces after a wet-etch of the sputtered
Au-film used for electroplating and protection of diffusion barriers, and
etch undercuts at the diffusion barriers.
Even by a plasma etch technique it is difficult to eliminate some
undercuts because the plated goldlayermusiactasan.etchnmskinstmdofa
photoresist. ' |

Gold is much softer than diffusion barriers, and hence it is
difficult to apply a strong physical sputtering effect in a plasma etch process.
At the same time the gold etch mask can not offer any side passivation with
organic polymers like a photoresist' etch mask. Therefore it is very important
to suppress the etch undercut for the microcircuit interconnections. |

In the past titanium-tungsten or/and nitrided (namum-nmgsteu,
herein denoted as TiW and TIW(N) (which do not stand for a stoichiometric
composition but for a "pseudo-alloy” of TixW,x obtained from a cathode
composition of X = 0.30 (comesponding to Ti = 10 wt%)), have been
utilized. The actual composition of the sputtered TiW- and TIW(N)-films varies
by sputtering parameters, and accordingly varies the film properties as a
dzﬁusmn barrier and adhesion layers, etc

Previously, thedxﬂ"usmnbamers of TiW and TIW(N) have been
used in the metallization systems of Si/TiW/Al or PtSUVTIW/AI as IC-
interconnections or Al(bondpad)/ TIW(QN)-TIW/Au (wire or bump) for packages.

J.A. Cunningham et al.,, "Corrosion Resistance of Several
Imgzmd-cmnt Metallization Systems,” IEEE Transactions on Relfigbility,

" Vol R-l9 No. 4, November 1970, pp.182-187, discusses a metallization
REPLACEMENT SHEET
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since anot her packet remains in the queue. 1 § REPLACEMENTS 8HERTq packet is
handl ed differently. Since the second padkdt did not arrijvg at an

enpty queue, no arrival .tag was sent to tihd Efe kppewer. |tfle ACTIVE
bit for connection C remai ns True, so thg HP does eventudl l}y sel ect

connection C again. The EP then requests |t He—mext—packet- of
connection C2 0 fromthe IP. The IP returns tjhe second packet W th MORE =
Fal se, since no nore packets remain in the4queue. The FalSé MORE bit .
causes the EP to set the ACTIVE bit False, so that no nore packets

will be requestgdtdnyofhé(bﬁﬁdpad?ﬂ"WlAu(wiEb); amd RS Newickicstal. ) "Stidies of the

pi pelined for h‘i’%ﬂ Lhroughput. Pipelining refers to a techni que of
partitioning a 4 metallizang %‘? Ws 33\9T®)e RN 195-
subpr ocess tiple
nodul es operat | ng concurret% W@f%m g‘?ﬂﬁ’ﬁ&@ﬁ@%‘* t

case, oper ati ngNowicki Eiﬂr ﬁﬁd@ﬁ@lﬂﬂ&ﬁbbservauons about eiﬁéd.ivéxh&rﬂﬁ&ﬁ%& mvshom

in FIG 15, where rTU|tI packets of a certain connection are waiting

to be request ecangyAu at 3 ?C@l' 6 miputes wheo: the JGWeSimawasarelasivelyrpiire h Fheyai t

for that also observed that a reactively sputtered film of TIW(N,0) improved the
diffusion barrier property by orders of magnitude. Nitrogen and oxygen
contents in the TIW(N,O)-film was ~42 and ~8 at.% (atomic percent),
respectively. The oxygen atoms in the TIW(N,O)-film were unintentionally
involved from residual gases in the sputter chamber. The TIW(N,O)-film even
had minimal intrinsic stress, otherwxse a TiW(O)-film with O ~4 at. % had
tensile stress.

- Two patents to R.K. Sharma et al. disclose the use of a double-
layer diffusion barrier. of TIW(N)/TiW in a metallization system of
Al(bondpad)/ TIW(N)(1.5-3.0kA)/TiW(0.5-1.0kA)/Au(2-7 kA) for TAB (tape
automated bonding) or wire bonding applications. See U.S. Patent Nos.
4,880,708 and 4,927,505 dated Nov. 14, 1989 and May 22, 1990, respectively.
Prefuablethickns;interva]saregiveninmepa:enthm. The TIW(N) film
was obtained by sputtering with a gas mixture consisting of at least 30 vol% N,
in Ar. There is no information about the sputter technique.

The major reason to include Ti into W is to improve the adhesion |
property to SiO,-layer because strong Ti-O bonds could be expected at the
interface. The maximum solubility of Ti into W is only about 10 at.% at
600°C. Any excess Ti will be microscopically distributed in a "pseudo-alloy*
of TiW, and even located at grain boundaries and surfaces. The substantial
improvement of the diffusion barrier property could be achieved by oxidation

. or/and nitridation of the Ti-atoms during sputtering of TiW-cathode (target).
The formation of stable TiO, and TiN at grain boundary particularly seems to
effectively slow down important grain boundary diffusion. However, one of
major drawbacks of the oxidation and nitridation of the Ti-atoms is the loss or




35 packet to arrive before requesting the next one. For a higher-

WD 97/ 34394 PCT/ US97/ 03920
20 rate operation in a pipelined system hREFL%@E@ENT%HE@Y pe
nodi fied to give the egress port information abou RS of -
packets waiting that it can request. This can be fophe, for ekahpl e, by
keepi ng a sequence count of packets arrived at 5 eacﬂ MRBH0on| at the
i ngress port, and whenever a packet is requept Bd by the egress| port,
| abel i ng the packet with the | at estSsequence| count for the asspoci ated
connection. The egress port also maintains a r each
reduction in the ability of forming Ti-O bonds at the inte:
Tiw.

For the package applications, Cunningham et al. and Nowicki et
al. have been successful in using TIW(N) directly on top of Al-bondpads
because of good adhesion between Al and W which can form intermetallic
alloys with each other. Furthermore, one could easily apply strong sputter etch
on the Al-surface in order to eliminate Al,O, and on the passivation film. The
strong sputter etch could roughen the surfaces, and hence could enhance
adhesion. In any way, some lateral dimension losses of a few micrometers in
an etch due to weak adhesion between TIW(N) and the passivation film of Si0,
(PSG, BPSG glasses) or Si;N, can not influence reliability because usually the
diffusion barrier covers nearly 10 um over the passivation film.

However, the situation
interconnections where a metal-pitch can be as small as 1.5 pgm. The adhesion

is quite different in the microcircuit

strength between a Sloz-layer with contact holes (< 1 pm) and a diffusion
barrier has a decisive influence on the size of the etch undercut and reliability.
In this case the coverage of the diffusion barrier over the contact hole edge
(Fig. 1¢) may be a few tenths ‘of a micron where one-tenth micron is very
important. Thezppliéﬁonofa sputter etch is very limited duetovety shallow
depthsof;uneuonsforHF(hxghﬁequency) power transistors and high speed
devices in general.

Dening ¢t al., "Reliability of High Temperature PL Integrated

Circuits,” [EEE/International Reliability Physics Svmposium Proc., 1984,

pp.30-36, discusses a metallization system of PtSVTiW(250 AVTIWQDER
KA)TIW(250- A)/Au(5 XA)/TIW(S00 A) for IC-interconnection. The article
mentions a lift-off technique applied to 3" wafers. There.are no details about
the [ift-off technique in the paper. However, there are some serious feasibility
problems in IC-production. For instance, it is very difficult to use a photoresist

or some polymer patteras for the lift-off due to too large heat development °

associated with evaporation and condensation of the W-metal (boiling point =
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connectjon of packet requests it has issued. port .can
conpare its sequence count to the count in arfiy to
determ ne whether there are nore packets waitifng @e |n ress queue.
Wth these nodifications, in a pipelined S st'E(PnA%Rn y}request
mul tiple packets fromthe sane connecti e ?{ ' uccessfon, rather

than having to wait for 1 5 each requestgd pgcket to arrive at|the EP
bef ore requesting the next one. FI G 16,

| QSZ?%?I JS?%%@@E%&#%&%W}%%@ Pt By Bl 440 sl EyrelBBuB o o
odul o St 30 Al VSEQ tHe HieestARE MR Qrast YO i Hﬁtl\d—ébtﬂu&ohsfdrﬁ{éa

where t he nod S and "#" denotes addition nodul o S.
Initially the HRBtRéEERdoids. u&'hbdngleaubsschndeaisomﬂl limit to inarease ithe mfer

\:;;r :)Iht ;ﬁr gn;/?i/u;{ﬁ-Aléigﬁpcoﬁﬁgieg?% t he EP t her e. | S f?gﬁ“i— %Ctﬂésé‘{‘ﬂlbla:st
Wher i n’ REGSECLEY E@ue's“?é%i‘*‘%ﬁe b R e
ARRI VSEQ The cbilisiofis with t!ii: N,-amied:xﬂes MAMosbiof 4l iteiscaimosh isapossible doe
S et S oiuce s Stm qualiy beckiise diring the teative evaporaton the nelsd
Tx— and W-metals in the crucibles will react with the N,-gas. _
According to the preseat inveator’s experience as well as that
reported in the Dening et al. article, the adhesion strength between SiO, and
TIWQN) was not sufficiently strong to withstand the stress caused by thermal
mismatching because the deposition temperature of TiW(N) may be in a range
of 100-350°C and a difference of TCE (thermal coefficient of expansion) can
be 4-8 ppm/°C. This weak adhesion caused unacceptably large etch undercuts
and oftentimes Ieft a small cavity at a sidewall of the contact holes. The
formation of the cavity seriously caused reliability problem because Au-
diffusion into the bulk-Si as well as Si-diffusion into the Au-layer was observed
after annealing at 420°C for 30 min. The mechanism seems to be surface
 diffusion. _ ' |
K.A. Lorenzen et al., in U.S. Patent No. 5,173,449 dated Dec.
22, 1992 entitled "Metallization Process”, disclose 2 metallization process for
a scheme of TIW(0.20.8 KAYTIWQDE-5 KA)TIW(0.2-0.8 kA)/Au(5-20
kA)/TiW(1-4 kA, as an etch mask for Au-pattemning and being etched away
later) for applications of microdevice interconnections. -Major process steps are
‘based on sputtering and plasma etching techniques. However, the process
Iatituds (feasibility) for patterning the fine line Au-conductors (1-1.25 pm width
or less) seems to be low because the plasma etching of a thick Au-layer is based
on pure physical sputtering by argon and oxygen gases. Consequently, an
HNO,-boil is recommended after the Au-etch in order to clean the etch residues
" of Au, Ti and W-metals. However, the nitric acid boil can easily attack the



oper at or. Paekets are sw tched fromi ngress ports to egress ports by

nmeans of the foll ow ng-steps: ' A) For each packet received by an
IP, the IP stores (1604) the packet in a packet queue;l R
wherein each 3 5 queue corresponds to an individual - connecti AW%SQF To
WD 97/ 34394 : PCTY Us97/ 3920

21 updat es the ARRIVSEQ val ue for the connection fo|l 16 APR 1997
ARRI VSEQ#1, i.e. ARRIVSEQ is increnentedgnodul o S; : B) For each
packet that arrives at the IP, the IP det erm nes (16P6) Wnetner tne

gf‘c :ﬁt eggts yaggiigg-g;gy&tmﬂ&s WP TYW-suface haH Areddy! bEOP bRidiza, PRekel. nas arrived |
. The oxidation of the TiW-surface at the same time causes an
oxidation of the etch residues of Ti- and W-metals from the eroded etch mask.
Consequently, the cleaning procedure is ineffective and risky. The oxidation-
step can potentiaily cause an adhesion failure between the Au- and TiW-layers,
especially with fine line Au-conductors.

Lorenzen et al. in U.S. Patent No. 5,173,449 describe in detail
the parameter settings of a sputter system (MRC-603, Material Research Corp.,
N.Y.), especially about N,-gas purge procedure after a reactive sputtering of
the TIWN)-film. However, there is no description about the applied sputter
technique which is of decisive importance for the reactive sputtering of the
TIW@MN)-film. They use a N,/Ar-gas mixture of which the N,-concentration is
in the range of 14-38 vol%. The metallization scheme proposed by the
Lorenzen et al. patent is not optimum with respect to contact resistancé and
high temperature stability because bottom layer of TiW has direct contact with

~ the Si substrate. . '

SUMMARY OF THE INVENTION

The present invention provides a good ohmic contact and stability
by forming a thin layer of PtSi in contacts. It is well known that PtSi and PtSi,
reduce contact resistance. However, it was not known that the PtSi-layer could
act as a stabilizer of 2 TiW based diffusion barrier. The stabilizing mechanism
was either 2 thermodynamic or mechanical character like a stress buffer, and
the exact mechanism is not established yet. It is also well known that TIW-film
is quite stress sensitive and intrinsic stress is tensile. A direct contact between
a TiW-film and bulk-Si (p+ and n+ doped) was not stable at a -high
temperature (420°C). -

'The present invention provides a very stable diffusion barrier by
using a nitrided TIW, TIW(N), obtained by an RF-reactive sputtering technique.
Aeompataﬁvesmdyofthediﬁusionbarﬁm sputtered by different techniques



proceeds to ,step C (1608), and otherw se, to st
The I P generates (1608) an arrival tag that has
identifier code, and where sel ected, 'includes
and sends the arrival tag to a 10 destination
sets the ARRI VSEQ val ue ~ for the connectio
SEQSTART#1. D) The EP receives (1610 ne arrival tag fand
records an arrival of the arrival t&gy by ' bit True,
setting REQSEQ t o SEQSTART, and setting LASTSEQ to 15 SEQSTART#1 in the

connecti on t abiweisepérformied tyh SIMSN(@ebhdity jons mass speE&orﬁE@rEBnHSSEﬁP
predeterm ned schene to select (1612) a connection fromanong t

connecti ons t hscanging elecwoymmisrascope). The stability ofcthe TAWRDfmstobtatined byor t he

sel ect ed conne equest . co in at | a
connection i deﬁclh' %é% aggcgiplgiﬁ%g‘%f‘ﬂ'ﬂ §eﬁt "E“r?S H’ffn alto t‘Eﬁ.Sﬁﬁ'he EP
al so updates  sputterdiefibhsdEgs.v2ah@ 5).0r the sel ected connection to REQSEQHL,
and conpares the new val ue of EQSEQ to the value of LASTSEQ for

the sel ected connection. Snpeviertyhef; the REgeactivansputtecing/iids also imiprovédor t he
ggmgg:: 82 S F I se stut\%ggbm‘h%%gsév 616 the 25 ME bL&fOI‘ t he
connection  Cubf@Rly ithé TC nagnead %p&déﬁ@ :acnaqaeqmcmus gad flefieues a
metallization because of a higher sputter rate.
 The present invention provides good adhesion betweex SiO, and
TiW layers and between the diffusion barrier and a Ad-layer. The invention
offers two kinds of interfaces which are dependént on contents of residual gases
of H,0 and O, in a sputter chamber. For 2 high vacuum better than 107 Tor,
an interface of TIW(N)-Au (Type I) is preferable for extremely high reliability.
However, for a moderate or rather poor vacuum co;xdiﬁon, an interface of TIW-
Au (Type I) is preferable. The latter improves slightly the adhesion property,
but has a shorter lifetime due to formation of an intermetailic alloy between the
Au- and Ti-metals, | |
The adhesion strength is dependeat on oxygen.and nitrogen
contents in the TIW(N,O)-film. Au-peeling was mostly caused by a thin TiO,-
film at the interface which effectively prevented Au penetration through the
oxide into the diffusion barrier. The Dening et al. article observed that the
adhesion strength between TIW(N,0) and Au was weaker than the intecface
between TiW and Au. Inﬂlcirpapcxlﬂl&eisnoemlanaﬁonofﬂxe'mson.
However, the weaker adhesion might largely depend on a rather high oxygen
content (~6%, by AES, Auger Electron spectroscopy) just at the interface and
uncontrolled nitrogen content (which might be too high) in the TW(N,O)-ﬁlm
due to a lift-off technique.
1Ju=adM=mn1sutngﬂxbchwautsm05auulbounn1ghu:kumrcﬁ
TiW-film has an important influence on the etch undercut and the device
reliability. Weak adhesion easily creates a small cavity (crevasse) in the contact

PabhCBRENT sheET | O
schedul i ng | nf or mati on, .

Pl f o6 ARR #@Fke} .| The I P

to a presel ect pd| val ue




next packet.:The P | abels the packet with the A
connection, and where the nunber of packets in th
greater than or - equal to S, sets a MANY bit in t he packet Trpe}and

ot herwi se Fal se. The IP then sends the packel {o 1&APR®9ISt|np EP.

G The EP receives (1620) the requested packet, cpples t he VSEQ
| abel in thée packet to the LASTSEQ val ue for the 5 connectrromin the

connection table, and copies the MANY bi t9in W07/ 34394

PCT/ US97/ 03920 the packet to
the MANY bit m&ém%mmmmﬁ@ngmmmg As the resuit, surface’

diffusions of the Au-atoms into the Si-substrate and the Si-atoms into the Au-
* conductors will be greatly facilitated. |
The present invention also offers corrosion resistant metallization
schemes for the microdevice interconnections.
Thus, the present invention relates to semicon&uctdr devices,

AERERT stere = "

especially to gold interconnections of silicon based devices. The invention
relates to devices for high current and high temperature operations with good
reliability and a long lifetime. The invention directly relates to two types of
multilayer diffusion.barriers between gdld and silicon because of the gold-
silicon eutectic at ~370°C.

This invention relates to multilayer diffusion barriers with low
contact resistance to the silicon substrate and with good adhesion to insulating
layers of SiO, (inclusively, doped glasses of PSG and BPSG) and Si;N, and to

the gold conductors.
This invention also relaxes to nmlulayer diffusion barriers which

cause smaller undercut in a plasma etch. ‘

This invention further relates to a reactive sputter technique
which is suitable to obtain most essential properties of a diffusion barrier; for
example long-term high temperature stability, good adhesion, less particulation,
- better step coverage, in contact holes and wide process latitude even with a
metal pitch of 1.5 pm, or smaller. |

Thxsmventxonaddmonaﬂyrelamtoanasﬂyfusibleandcost
effective metallization process suitable for mass production of fine geometry
gold conductors.

BRIEF DESCRIPTION OF DRAWINGS
The present inveation will now be described by reference to the
following drawings.
Figs. 1a-1g illustrate the fabrication sequences of the mm-odcvme



table. Where LASTSEQ [err] REQSEQ Il MANY = True for thé connecti on,
the EP sets (1624) the ACTIVE bit for the connection True. 5

In the procedure described above, ARRIVSEQ REQSEQ | REPLATE A ? y be
vi ewed as packet sequence nunbers, nodul o S. Tle t the
| P is the sequence nunber of the | ast packet tha§ arrived. Each packet
sent to the 1 0 EP is acconpani ed by the newest ARR| VSEdQ/aﬁRfé,ﬂ%i chiis
stored in the EP as LASTSEQ LASTSEQ tell ggothe EP tpe —__Sseguence] nunber
of the last request the EP will have to make. he EP keeps trackj of

t he sequence nintesonadctions. curr ent request in Q
catches up to LASTSEQ the 15 EP stops requesti packets. Since REOSEQ
and LASTSEQ are mod Jfig. mnwg 2 SRMS’ @aalysis th RE rexctively, spu

it keops t e EHPF IORNzAA feinssafl difreaif &L%@“%ﬁiﬁ‘? iphse%“m o

shown in FIG 4fie @tilayess are: PtS wAgn@R@GABm@a%pﬂUmwm? modul o S

be 4. Assune the res ort guéue for connec isintially
enpty, and t hen si X%Jen ews ar SIMS ianalysisi ofthedh@snagmu‘andmmdy
sputtered diffusion barrier annealed at 420°C for 30 min. (in N,). The
multilayers are: PtSi(200 A)/TIW@)(3 kA)/TiW(1 kA)/Au(10 kA).
Fig. 4 shows a SIMS analysis of the RF-magnetron reactively
sputtered Type II metallization scheme after annealing at 420°C for 30 min. (in
N,). The muitilayers are: PtSi(200 A)/TiW(250 A)/TiW@N)(1.8 kA)/TiW(120
A)/Au(12 ¥A).
Fig. 5 shows a SIMS analysis of the RF reactively sputtered
Type I metallization scheme after annealing at 420°C for 90 hours (in N,).
The multilayers are: PtSi200 A)/TIW(250 AYTIW@)(1 kA)/TIW(250
A)/Au(l KA). '

DETAILED DESCRIP’IION [OF THE INVENTION

Two metallization schemes of PIST/TIW/TIW(N)/Au (Typel) and
PSi/TIW/TIW(N)/TiW/Au (Type II) and associated process are described for
microcircuit interconnections. The metallization schemes and process are
capable of IC-interconnections with a metal-pitch as small as 1.5 pm, or even
smaller, Themetaﬂ:zaﬂonschemsarerehableforconﬂnuoushxghtempmﬂne
and high current opérations.

In accordance with the present invention, the disadvantages of
TiW/Au, TIWN)/Au and TIWQN)/TiW/Au types of metallization schemes for
microdevice interconnéctions are improved with respect to adhesion and high
temperature long-term reliability as diffusion barriers. The present invention
provides the possibility of reducing the whole metallization system to the range
of 1 pm line width. The present invention has no or insignificant feasibility
problems. At the same time, the present invention is one of the most cost



placed in this queue. Since the first packet arrives at an 2 5 enpty queue,
ARRIVSEle set to SEQSTART # 1 =0 + 1 nod 4 = 1. Also, an arrival
tag is sent to the EP for connection C, causing the EP to set REQSEQ =
0, LASTSEQ = 1, and ACTIVE = True for the Qi

Subsequent packet arrivals cause the ARRI VSEQ valOli ﬁé{:élﬁﬁ\ﬁ Sﬁﬁgf [{P to be
increnented repeatedly up to 6 nod 4 = 2. The EP peri-odi cdl lly selects
connections that have the ACTIVE bit _ True upi 1® APR 1992t er i ned
schene. The first tine the EP sel ect d1'connpction C, REQBEQ is

incremented to 1, and since WO 97/ 343pP4
PCT/ US97/ oggzoeffecuve metallization processes. 23

The present invention consists of two metallization schemes and

an associated process:
Type I P1Si(0.1-0.4kA)/ TIW(0.2-0.5 KA/ TIW(N)(1.0-2.0kA)/ Au(0.3-

1.0 KA)/Au(7-15 kA, electroplated);

Type II: ~ P1Si(0.1-0.4 kA)/TiW(0.2-0.5 kA)/TiW(N)(1.0-2.0

KA)/TiW(0.1-0.5 kA)/Au(0.3-1.0 KkA)Au(7:15 kA,

electroplated). ’ .

The Type Lis conszdu'edbetter for a high vacuum (< 107 Torr)
condition in a sputter chamber, while the Type II is better for a moderate or
rather poor vacuum (> 107 Torr) system. For both cases the N;-content in Ar
is 5-10 vol% for the reactive sputtering of the TIW(N)-film. For the better
ohmic contact and stability of the multilayers of adhesion and diffusion barrier,
a thin layer (100400 A) of PtSi is formed in the contact holes. The invention
includes a deposit 2 pure Pt-metal (approximately half of the PtSi thickness) by
sputtering (preferably in the same sputter. machine for the rest of the metals) or
evaporating at an oxide-free surface of the Si-substrate. A thin (< 20 &)

~ native SiO,-film is sufficient to make the whole silicidation process uncertain
with respect to the film thickness. The formation of the PtSi-layer is preferably

performed in an inert atmosphere of N, by annealing at 600°-620°C for 30
min. The surplus Pt-metal is preferably stripped away in a conventional
manner with a mixture of ENO; + 3HCI solution. _

S Before the sputtering of the first glue layer of TIW-film, 2 mild
sputter etch is preferably performed by an RF-sputter technique in order to
eliminate some native SiO, as well as H,O at the surfaces of the PtSi and SiO,-
film, respectively. Without the sputter etch it is very difficult to eliminate
water and monolayer of OE-groups which are hydrogen bonded to the SiO,
surface. One of the major reasons for failure to adhere to the SiO, surface is
the hydrogen bonded surface water and too high residual gas concentrations of
H,O and O, in the sputter chamber. -



REQSEQ now equal s LASTSEQ the ACTI VE bit for tgre—eenpeeiiof—— S set
Fal se. A request is sent to the IP for connectijoMERLACEMENT SHEETi ! response,

the | P dequeues the first packet, and sends it packto-the| EP. The I P
| abel s the packet with the current value 5 of JAl RI:}/% s}2, and
with MANY = True since the nunber of packet t he queue is

5 which is greater than S. Upon receivingjt e FP sets
LASTSEQ = ARRI VSEQ = 2 and MANY = Trd@ fo t he connection. [Bince the.
new val ue of LASTSEQ does not equal REQSE he ACTTVEhit—t—=6=£or_ t he

connection i's al so set Tr&q:resputtermﬂl the e%ﬁpﬁm&éwamw -
arrive at an enpty.quepe an ref ags :
o' be sent 1o RASY ordes 1 gy tisatsf ik wiso et B Ve b AR 0T

True, so the 1.3 Egiﬂqﬁé tdﬁgﬁb&.sel ect connection C again. The EP then

requests the next pgacket connection C fromthe |IP and updat es
REQSEQ to 2. Si nce MANY A mywcmmuémm-ﬁlm iyispetteres @and used g8s t he

second packet, a ?al abel | ed ARRI X%igkness ofmgﬁaﬂﬁ%wmpgﬁi K(ingh
content of oxygen and nitrogen in the film causes a weak adhesion to the SiO,-
film. A too thick TiW-film is not preferable because there is a tendency to
form some silicides by taking the Si-atoms from the PtSi-layer (Figs. 3-5).
Without the PtSi-layer the stability of the TIW-film was quite poor. Rather fast
diffusion of the Ti- and W-atoms into the Si-substrate was observed.

- A reactively sputtered Ti T'W(N)-ﬁlm (1.0-2.0 kA) is obtained by
an RF-sputtering technique with a gas mixture of N; and Ar. The mixing ratio
(N,~concentration in Ar = 5-10 vol%) is dependent on an RF-power deasity
(W/cm?), pressure (10-15 mTorr), N;-gas flow rate and wafer temperature
which determine the chemical reaction rate of nitrogen with the Ti-and W-
atoms. '

A high RF-power density (> 1.5 W/cm?) is preferable in order
to obtzin a relatively oxygen free film of TIW(N) which is needed to get good
adhesion with the Au-layer in the Type I structure. This RF-reactively
sputtered film of TIW(N) functions as a real diffusion barrier. The control of
the nitrogen and oxygen (unintentionally included from the residual gases)
contents in the film is very important for balancing the properties of diffusion
barrier, adhesion, sheet resistance and stress. The higher concentrations of
nitrogen and oxygea in the TIW(N)-film are, the better diffusion barriers will
be. However, such films have too weak adhesion to the Au-layer and have too
high resistivity.c The resistivity of the TIW(N)-film is typically more than three
times of a rather pure TiW-film. As mentioned herein elsewhere, the effect of
adhesion loss is dramatically due to the oxide formation of TiO, at the surface
of the TIW(@N)-film.

The choice of an adequate sputter technique has also an important



The next tine the EP sel ects connection C, REQSEQ firS— updated to 3, and
since LASTSEQ = 2 does not equal REQSEQ = 3, tﬁEPMEMEmbsggme I ns

True. Upon receiving the EP's request, the I'P 4 acket,
this time labelled 2 5 ARRIVSEQ = 2 and MANY = Falfs¢, f# fﬂ® rithan.S
packet s now remai n in the queue. S Ia ;}ﬁ% nekt |t wo
times the EP selects connectio-n C ai%d requests S
i ncrenent ed to 4 mod 4 =0, 30 thento and AQTl VE remai ns True.{ The
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: associated (DC-magnetron and RF-magnetron) sputter techniques. The
superiority of the RF-sputtaed TIN(N)-film annealed at 420°C for 280 hours
(@in Ny) is demonstrated in a SIMS analysis (Fig. 2). The SIMS analysis also
indicates a good adhesion between Au and TIW(N)-layers. The SIMS analyses
of the DC-magnetron sputhered and RF-magnetron sp_ixttcred diffusion barriers
annealed at 420°C for 30 min (in N,) are shown in Figs. 3 and 4, respectively.
Both DC-magnetron and RF-magnetron sputtering techniques
produce quite unstable diffusion barriers. These magnetron associated reactive

sputtering techniques cause uneven chemical reactions of nitrogen against the
wafers and TiW-target (cathode) because the magnetrons generate a very intense
_plasma just undemeath the magnetrons. The serious consequence is uneven
nitridation of the TIW(N)-film at the wafers. This intense and uneven
nitridation of the target causes particles. Appareatly nobody has hitherto clearly
pointed out these kinds of negative effects of the magnetron associated mcnve
sputtering of the TIWN)-film. However, a well known negative effect of less
step coverage due to formation of cavities in the target undemeath the
magnetrons can be improved by a latest technique of rotating or scanning
magnetrons. However, the uneven nitridation can not completely be avoided
even by the advanced techniques.
mpmentnwennonmalsthempomnceofaproper
thickness of a pure TiW-layer under the Au-layer in the Type II metallization
scheme in case this glue layer is necessary. The instability of a relatively pure
TiW-film as a diffusion barrier between Si and Au has been reported (in the
Nowicki et al. article). A new breakdown mechanism was explained by the
role of Au-Ti intermetallic alloy. The glue layer of TIW loses stability at a
high temperature (~400°C) and starts to form the Au-Ti intermetallic alloy
after the Ti-metal’s upwards diffusion into the Au-layer (Figs. 3 and 5). The
-amount of the Au-Ti intermetallic alloy decides the level of tensile stress on the
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24 = False, the ACTIVE bit is set False. THe acket
is requested and sent by the IP, still |abelled ARR MANY
= Fal se. Since the ACTIVE bit for the connection i he EP
does not request any nore packets fromthis 5 copn For

maxi mum speed operation, the nodulo S is 3 | ected to be_ greatér t han
t he nunber of packets that may be request by an EPduT ..§J +he del ay

Crep F e iffsi R5HE  Bied ifhurirdbens: DI erBK S s RS 1 "
one met hod of diaviétfatilitadathe AlPdifRision In@ @ bulles] MR \Si-diffusiol 8 W ALEd

packets remain in the queue. Mirre generally, 1 5 the nethod of the present
i nvention is adayas | ows: . o

This is one of the major breakdown mechanisms of the Type II

barrier. Therefore it is important to choose a thin layer of TiW (e.g., 100-500

- A). After the deposition of the TIW(N)-film, it is important to eliminate
nitrogen sources both from the sputter chamber and the TiW-target (cathode)
surface by performing, e.g., a careful purge in the chamber and a presputter for
some (2-5) minutes with the TIW-target before sputtering of the giue TIW-layer
in the Type II scheme because the targctmrfaceisuiuided during sputtering
of the TIW(N)-film.

After depositions ot'theTW(N)fortheTypeIormelastglue
layer of TiW-film for the Type II, a thin layer (0.3-1.0 kA) of Au is sputtered
in situ (without breaking the vacuum) at a high sputter rate in order to obtain
a pure Au-film and to enhance adhesion to the underlying layer. Before
sputtering of the thin Au-layer it is preferable to perform a short (0.5-1 min)
presputter with the Au-target. The thin Au-layer works as 2 protection film
against oxidation and chemical attack to the TIW- and TIW(N)-films. It also
works as a conducting and initiating film for even electroplating of the ‘Au-
conductors (7-15 kA).

) As previously discussed about the breakdown mechanism of the

- diffusion barriers, the Type I (Figs. 1b and 2) metallization scheme, which has

no tendency to form any Au-Ti intermetallic alloy, is more stable than the Type

I (Fig. 1c). Fig. 5 shows a SIMS analysis of the Type II diffusion barrier after

annealing at 420°C for 90 hours (in N;). Upward diffusion of the Ti-metal and
downward diffusion of the Ti-, W- and Pt-metals into the bulk-Si are clear.

The PtSi-layer is dissolved after competing with the Ti- and W-
atoms for Si-atoms. The mechanism of the Ti-, W- and Pt-atoms’ movements
into the bulk-Si looks like a formation of sificides. However, even the Type
I barsier easily fulfills requirements of high temperature and high curreat




Initially, f.or each connection through an IP, the lP_has queue status
information which is set to a first predeternmn dREPLACWWﬁgH@V | ue, and
‘,’ LN n

for each connection through an EP, there is 20 fa 4 . ection
tabl e coupled to the EP, containing at - | eadt jan, ACTI VE i ndifc4t or
initially set to Fal se, request status i nf ¢r fat TOPAPRI®9Z Iy |set to a
second predeterm ned starting val ue, and quge tatus info tion

initially set to a first predeter_m'ﬁd stafting val ue. Packets
arriving at the ingress 25 ports are stoOred in:paeket.-queues, wherein each

queue co d @H?&zg VAN | ra. SWt ched
fromthe ingrB S porf:n%o %’Sress &%@de}%rgﬁgﬁa&ng; F@V\A ng
st eps: hours at20RC withoix gycloes of pield.aThe tesulféorréispohdls td £ Grddmapdat es
30 the queue gtatus information for the associated conifection, and

det er mi nes whek mere thag 208cyears With v eperating teraperampe wf 130°CoansiBa=0ir e the
Phat has a collEs 5 etk (8 e Afedils cquaich AN SEEAD  Hietsl o0
i ncl ude schedylandd pm&mh) & contanW P TR Msbiutdkethpdahte)yener at ed, the
| P sends the arrival t al%eferﬁng o Fig. la-lg, 2 method embodying th
, ying the present
inveation is illustrated. Fig. la illustrates a Si-substrate 1 which normally is
covered with an insulating layer of SiO, or layers of SiN/SiO, or
Si0,/8i;N,/Si0, films 2. The insulator film 2 is opened by a plasma or wet or
a combination of wet/dry (plasma) etch in order to form contact holes. Slightly
sloped contact holes may be preferable for a better step coverage of the
diffusion barrier (see below). Some dopants (n- and p-types) may be implanted
or deposited and driven-at high temperatures (~ 1000°C) into the Si-substrate
1 through the contact holes. A thin Pt-film (100-200 A) may be sputtered or
svaporated after deoxidation of a thin SiO,-film formed in the contact holes.
The deoxidation is performed by immersing the Si-substrates 1 in a diluted (1-
2%) HF-water solution.
| A PtSi-layer 3 is formed by annealing at 600-620°C for 30 min.
in an inert atmosphere of N;. An eventual excess Pt-metal is stripped away in
a regal solution (HNO,;+3HCI).
Fig. 1b and Fig: lc illustrate the present invention of the Type
I and Type II metallization schemes, respectively. A thin layer of a TIW-film
(200-500 A) 4 is sputtered after a careful pump-down and a mild sputter etch
with an RF-sputtering mode. This TiW-layer 4 works as a giue layer to the
 insulating film(s) 2. | -
The adhesion strength is dependent of the purity of the TIW-layer
4 which is in turn determined by the residual gas level of H,O and O, in the
sputter chamber, sputtering rate and hydrogen bonded water to the surface of
Si0; 2. A vacuum leve! better than 107 Torr and a high sputtering rate are
preferable in order to minimize an oxygen content in the TIW-film 4. However,
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25 to a destination egress port EP for the p
step B, and otherwise to step C; B) The E
tag and records an arrival of the arrival tag b
i ndicator for the 5 connection to True;

predeterm ned schene to select a connection fr
t hat have the ACTI VE i ndi cator Trueggn the con
a request containing at |east a connection ident™f ; :
that 1 0 sent willRudrthé \bild tspetter Téteh EP@Mcundmtebtaixhenrczﬁnﬁﬁﬁ dheiots
I nformati on for the connecti on. USI n at Ieast one of: que st at us

i nfor mati on arbecause a;mopalayer of ﬁkbﬂllﬂ) ondedto the SiQ,
' surface 2.

The mild sputter etch also enhances the adhesion by physically
roughening the surfaces 2 and 3. It is also very important to take a precaution

- not to damage the PtSi-layer 3 too much. A thickness loss of ~50 A sesms to
be acceptable for most cases. In addition to the above measures, a presputter
of the TIW-target (cathode) for 2-5 minutes is preferable in order to getter the -
residual gases of H;O and O, in the chamber and to clean the target. Strong

~ adhesion between the insulating film(s) 2 and the TiW glue layer 4 has an
essential meaning in order to minimize an etch and to prevent surface diffusion
of Au 9 into the silicon substrate 1 because the stress caused by temperature
mismatch can form a cavity between the contact hole and the TiW-layer 4.

The real diffusion barrier of the TIW(N)-film (1.0-2.0 kA) 5 is

sequentially sputtered by an RF-reactive sputtering technique. An RF-power
density more than 1.5 W/cm? and a N, concentration of 5-10 vol% in the Ar-
gas flow are preferable. Agaspresszireoflo mTorr is a compromise for step
coverage, s&essanﬂspt_x&rmte. The step coverage is dependent of the contact
hole’s aspect ratio, side angle of contact holes, sputter parameters (especially
pressure) and the sputtering technique.

" Thereisa clear tendency that a TIW(N)-film produces less step -
coverage and generates more particles than a TIW-film. However, these
negative effects of the phenomena are very small with an RF-reactive sputtering
technique compared with a magnetron associated reactive sputtering technique
(DC and RF). Most of all, the stability of the RF-reactively sputtered film is
much superior to a film obtained by a2 magnetron associated reactive sputtering.

A thin film (300-1000 A) of Au 7 (Fig. 1b) is sequentially
sputteredaft:rpmgmgﬂzel‘ﬁ-gasandaahort@.s-l min) presputter of the Au-
target. It is important to perform the Au-sputtering without breaking vacuum
after the TIW(N)-film. Otherwise it causes adhesion loss or Au-peeling due to



det erm nes whet her packets remain in the packet. queue that are
unrequested by the EP, and where packets remain in the_ _
that are unrequested by the EP, the EP sets the ACTREPEACENIE se
in the connection table; D) Upon receiving
uses the connection identifier to | ocate the packget
next packet, updat es the queue status information,
with 20 queue status information that the EP will usqg f
whet her unrequested packets remain in the packet queugq, and
packet to the requesting EP; -and E) The EP eeeinves.tihe
request ed packet and stores the queulé7stat us |nforrrat|on Were the

ot er mi nes, usHiRy-GrmmRan i e SErg ot oS HARD- Gk DS PrefEiabla Bae anieh ne

request stat Uspg. erné tl.h el SURinPREHE! SHe BRI Eventioigh NAE Kefm dueue

gueue, dequeyed a
| aﬂél APRh19925a kdt

determ nin

tthe

t hat are unrequeste y the EP, and where packets remain’in the
packet queue tthivknesscisisntafiquest ed by the EP, the EP sets the 30 ACTI VE
~indicator True in the connnctlon tab ln ano ment ,
arrival information is rRBEGTEHRE 1O &W%W"s g‘é‘b

typically 10 Sk BijeP100-500 2) o?&qwrs@; spwmg&femfmgﬁgtmﬂe

setting ACTI VI
gas in the chamber and a presputter of the TiW-target for 2-5 minutes because

the target surface is nitrided during sputtering of the TIW(N)-film. Sputtering
of the Au-film 7 is identical with the Type L
| | Fig. 1d illustrates a (reénu'ant) photoresist pattern 8 over the Au-
film 7. The photoresist pattern for Au-electroplating can be obtained- by-2
conventional optical lithography process. It is preferable to create a reentrant
(angle > 90°) or vertical photoresist profile 8 in order to get a better step
coverage of a final passivation film 10 over the plated Au 9. For a very small
dimension of a metal-pitch (1.5-4 gm), a combination of an image reversal
photoresist (AZ5218E or AZS214E, Hoechst) and an i-line (wavelength = 365
am) or g-line (436 nm) wafer stepper exposure can easily create a half micron
resist patterns with a sufficiently thick resist (> 1.5 pm) with the reentrant
profile. | o |
" Even a standard positive photoresist, which can generats a
vertical resist profile, works very well for most cases. After a hard baking
(~115°C/30 min. with a sufficient air or N,-flow) of the resist patterns an O,
plasma descum should be applied in order to clean the Au-surface 7. This
plasma descum is important because a dirty Au-sutface will not start to be
Fig. le illustrates electroplated Au 9 with photoresist patterns 8.
‘The Au plating bath is not based on an AuCN complex which causes resist loss
etc., but on a NaAuSO, complex. The latter plating bath with a proper pH-
value (7.2-9.5) is quite gentle against the photoresist patterns. The bath also
conitains a leveller of which planarization effect is shown in the Au-profile 9.
An Au-thickness of 0.7-1.5 um is sufficient for the most IC-applications.



3 5 indicaters in a connection table. In this echene the EPs store,

WO 97/ 34394

PCT/U897/03920.
at nost, one tag per connection. For exanple, as thAGEWEI@ SHEET |17, -
one enbodi nent operates by the foIIo Steps- Hirst,

nunmeral 1700,
recei ved packet that -arrives at an IP via an

(1702) in a queue in a nenory, wherein 5 each ¢ e e s td an
i ndi vi dual connection. For each - packB that 4 the IP
determ nes (1704) whet her. t he packet has arri ved at . an e pty qfeue,

and where

Boweven cthe tAyrthickness canjbaeasily inpseasettoethe magecof] Autbuainsat es

(~25 pm) for TAB (tape automated bonding) apphcmmns mth a thicker resist.

After piating the Au-conductor 9 the photoresist 8 is stripped in
acetone, and the wafers are rinsed in propanol and DI-water (deionized) in
sequence. After the photoresist stripping an Oz-plasma descum should be
pcrformedagaininordermobtainaclanAufsn:facebefofeawete:chofthe
thin Au-film 7.

Fig. 1f Mlustrates the profiles of the plated Au-conductor 9 and
the wet etched thin film of Au 7 and the plasma etched glue layer of TIW 6
(only for the Type II) and the diffusion barrier layer of TIW(N) 5 and bottom
glue layer of TIW 4. The plasma etch of the layers 6, 5 and 4 can be
performed by using SFe-gas in a plasma mode (RF-anode coupling) or RIE
(reactive ion etch, RF-cathode coupling) mode dry etcher. It is preferable to
apply an RIE mode dry etcher in order to minimize the etch undercuts. It is
not advisable to apply a wet etch for the layers 6, 5 and 4 by a H;O,-solution.
The wet etch causes the undercuts and is too slow against the TIW(N)-layer 5.

After the etch of the layers 7, (6), 5 and 4, an annealing is

pexformedax420°Cfor30mm in a Nj-atmosphere in order to get better

ohmcconmctandmenhancesomemmtmmngofmemetalsforbeaer

Fig. 1g illustrates the final profiles of the Au-conductor 9 and a
PESIN, (plasma eahanced silicon gitride, 4-8 kA) passivation film 10. The
passivation film 10 protects the Au-conductor 9 against both mechanical and
chemical (corrosion) damages. ‘This interconnection scheme is practically
corrosion free without a passivation film because annealing in the N,-

atmosphere and an air exposure form thin protection films of TIN and TiO, at -

all exposed surfaces of the TIW and TIW(N)-films 6, 5 and 4. The choice of
the PESIN,-film also depends on its better thermal conductivity than Si0,. For
high power transistors, effective heat spreading is a very important property for



(1706) an arrival tag that has a connection identifijgr _code, and 1 0 where
sel ected, may al so include scheduling information a CHEPLACE A
arrival tag is generated, the IP sends the arrival '
destination EP for the packet. Were the arrival t
EP receives and stores (1708) the arrival ‘tag.

stored arrival tag in accordance with a1 5 predet¢rm

renoving the tag in a first-in- finet-out order,

tag back to the IP that sent the arrival tag.-dp

request, the |P uses. The Hohdpads épxisg® i tef PESIN, Al petfOrmeT BV R t he
packet queue and dequeues a next packet, |abels the packet wth a MORE

bit 20 whi chonveational plasmaesel by as etch gasolNE; or a aristune afiCFa 4t @a(~ 10
The BP rece! Yot 2hat 2 SopetingHl BPRmam Hed.  ARer Yie; boRdgads;opstiE ic) The
Packet i Tr EARRRSHEH Srpfed R Sitone or bk othefMBlatl® MO Lag
corresponding to the néig. 2 showsaz SIMSwanalysiy of thes Ri-geactively apuitsred t ag
“above. ot hoddifisiebesder 15d ameling at 4203 cto? 280 Bovi ooV e BpltHaTarsn by
giving the of 3 Type I metallization scheme are: |
PtSi(200 A)/TiW(220 A)/TIWN)(1.8 kKA)/Au(l kA).
The diffusion barrier is still very stable after a severe thermal
stress test, and adhesion between Au- and TiW(N)-layers is good because Au-
- downwards diffusion into the TIW(N)-layer is clearly seen. The chmic contact
betwesn the TiW- and PtSi-layers is also good. The PtSi-layer is also intact
because the upper-signal positions of the Si- and Pt-ions are clearly
superimposed. The N,-content in Ar-gas is 10 vol% for the TIW(N)-film
sputtering. o | -
Fig. 3 shows a SIMS analysis of the DC magnetron reactively
sputtered diffusion barrier annealed at 420°C for 30 min. in N;. The
: - multilayers of the metallization scheme are:
PLSi(200 A)TIWQN) KAV TIW(1 kA)/Au(10 kA).

The diffusion barrier is relatively very unstable. Upward
diffusion of the Ti- and_Si-atoms into the Au-layer as well as downward
diffusion of the Ti-, W-, Au- and Pt-atoms into the bulk-Si are very clear.

Dissociation of the PtSi-layer is also clear. The Nj-contentin Ar

~ gas is 30 vol%. The instability of the diffusion barrier is an improper reactive
sputter technique for the TIWQN)-film and too thick glue layer (1 kA) which
causes the formation of an Au-Ti intermetallic alloy. |
' Fig. 4 shows a SIMS analysis of the RF-magnetron reactively
sputtered diffusion barrier annealed at 420°C for 30 min. in N,. The
muitilayers of the metailization scheme are:
PtSi(200 A)/TIW(250 A)/TIW@)(1.8 KA)/TIW(120 A)/Au(12 XA).



egress .port «i nf ormati on about the nunber of packets vl ' T .|'
can request. This inplementation, shown in FIG 18, hk%ﬁ@ﬂ'&mrﬂﬁT ay

be inpl enmented as foll ows. For each connection tﬂuriugh an IP, thére is

an associ ated npodul o 35 sequence count vaI ue ARRI VSEQ} typi&aAPR 991 04

bits | ong, WO 97/ 34394 _
PCT/ US97/ 03920 2 1° Wher e t pe
nodul o of ARRIVSEQis S, and "#" denot e@ddition modulo S. _1nitially

t he ARRI VESEQ val ue for each connection is set to an arbitrary val ue

(1802). Also, coupled t'@htﬂfﬁiﬁibﬁ&ﬂﬁérmrdauveﬁjmmeﬁlp\ﬁmﬁﬁkﬁn%ﬂh an
entry for eactﬂe%?—%%:st 51%] tltlehfk?xglayeras well as downward diffusion of the Ti-, W-,
- Au- and Pt-atoms into the bulk-Si is very clear. However, the upwards -
diffusion of the Ti-atoms observed in Fig. 3 is not visible in this case.
Dissociation of the PtSi-layer is very clear. The N-content in Ar gas is 10 -
vol%. The stability of the diffusion barrier is slightly better than the case of
Fig. 3. Thcinstabﬂilyismusedbyanimpmpctmcﬁvcspu@::wchniquefor
. the TIW(N)-film even though a Type II configuration is used.
Fig. 5 shows a SIMS analysis of the RF-reactively sputtered
- diffusion barrier annealed at 420°C for 90 hours in N,. The multilayers of a
Type I metallization scheme are: | |
PtSi(200 A)/TIW(250 A)/TIWQI)(1 kA)/TiW(ZS_O A)/Au(l KA).
'l'hc'diﬁusiohbanie_rbecoms instable after a severe thermal -
stress test. Upwards-diffusion of the Ti- and W-atoms as well as downwards-—-
diffusion of the Ti-, W- and Pt-atoms are clear. Decomposition of the PtSi-
layer has started, but is not severe. Formation of an Au-Ti intermetallic alloy

 is visible in the microscope (SEM). However, the diffusion barrier is quite
stable for a thermal stress up to 40 hours at 420°C without any yield loss of HF
power transistors even though thickness of the TIW(N)-film is only 1 kA.

As demonstrated sbove, an adequate choice of a film
configuration, thickness and sputter. technique verified long-term relishility,

" g0od adhesion o Si0,, SisN, and gold layers and low contact resistance to both
p-+(boron) and n-+(phosphorous, arsenic or antimony) doped silicon substrate.
For the sequential depositions of the TiW-and TIW(N)-films an application of
an RF-sputtering technique instead of mostly used DC-magnetron played an
essential role with respect to the long-term reliability, good adhesion, good step
coverage of contact holes and less particulation.

The stability of the RF-reactively sputtered TIW(N) film as a
diffusion barrier is much superior to the barriers obtained by magnetron
associated reactive sputtering (DC-magnetron and RF-magnetron). The




5 the EP, containing at least an ACTIVE bit, a MANY bit, a REQSEQ

val ue, and a LASTSEQ val ue, wherei n REQSEO and LASTSEG val ues have the
sane nunber of bits as ARRI VSEQ The ACTI VE bit and the MANY bit for
each connection are initially set to Fal se. Packets are switched from
I ngress ports to egress 10 ports by nmeans of the follow ng steps:

A) First, a received packet that arrives at. an IP via an I ngress port
is stored (1804) in a queue in a nenory, wherein each queue
corresponds to an individual connectior2land the IP ~  updates the

ARRI VSEQ val ue associ at ed with the connection to 1 5 ARRI VSEQ#L.

B) For each squpefiofi isai:nmnsmedbysmse(semndamzmmassspma&sﬂvﬂsoa)
whet her the acket h S arrlv.ed at_an u re the packet
has. arrived 3‘ H%gééd??ougt et&n %#

ot herw se, @m&is E (1812) 20 C) The | P generates (1808) an arrival
tag that has *connection identifier code, and where sel ect ed,
i ncl udes schedul | Thei mémilinstioroscheares qfahdél'ytpnd mdﬁva:b superon t

Connecti on tiome prewsl sdiea el S0 TNENARIWAL,-S b o ves
SHECE A e e e b
However, the Type I is preferable when a good vacuum (<107 Tom) is
obtainzble in the sputter chamber. ‘The Type I is superior to the Type II with
| respect to the long-term high temperature stability, process simplicity and
process latitude by less etch undercut.
| However, the Type II avoids Au-peeling when the contents of
residual gases of H,O and O, in the sputter chamber is rather high due to a poor
pumping system. The thin TIW layer between the TIW(N) and Au Izyers in the
Type II enhances the adhesion by Au-interdiffusion. However, the pure TIW-
| film underneath the thick Au-layer causes the formation of an Au-Ti
intermetallic alloy which initiates the breakdowns of the Type IL

The Type I and Type II withstand at least a thermal stress of
420°C/280 hours and 420°C/40 hours, respectively, without any loss of yield
‘of HF power transistors. Even the shortest lifetime of the Type I corresponds
to more than 200 years operation with a device temperature at 130°C.

The feasibility and cost efficiency-of the metallization process are
excellent by applying well established techniques of sputtering, gold
dect:oplaung and plasma etching.

It will be appreciated by thoseskilledmtheartthatthespemﬁc
‘embodiments described herein are merely for purposes of explanation, and that
many variations maybeumdﬁimoutdeparting from the spirit and scope of the
invention. Accordingly, it is intended that variations as will occur to those
skilled in the art based upan the disclosures herein be included in the scape of

the claims which follow.
REPLACEMENT SHEFT |
r— . 43

16 APR w9y , i

_....,_M_f'-ﬂ




LASTSEQ to SEQSTART#1 in the connectlon table entry for the

connecti on;

select 30 a stor d%PLAé/EMENTa§HEHo

=—Hre—t= ﬂs (1812) a predeterm ned scheie to-

t he sel ected connection, the EP sends _

“a request containijngratr-Teast a cdnrijection identifier back to the IP
that sent the arrijpa Q%g P& E aliso updates the REQSEQ val ue for
t he sel ected conneft é % Q41,1 and comarﬁmmnmmmmof
REQSEQ to the valu f LASTFSESfor 3} 5 tr@ sel ected
REQSEQ [err] LASTSEQ or the MANY WO 97/34394 ¢
PCT/ US97/ 03920 (laims: 28

1. A method of fabricating an interconnection on a semiconductor
device, said method comprising the steps of: |
forming an insulating layer on a silicon substrate
fonmngacomactholemsaxdmsulannglayettoexposeaporuon

of said substrate;
" forming a PtSi layer in said contact hole on said substrate;
forming a TiW layer in said contact hole on said PtSi layer;
forming 2 TIW(N) layer in said contact hole on said TIW layer;

forming a Au layer in said contact hole on said TIW(N) layer.

2. A method in accordance with claim 1, wherein said PtSi layer
reduces contact resistance and stabilizes an interface between said substrate and
said TIW layer, which acts as a glue layer.

3. A method in accordance with claim 1, further comprising the
steps of: o :
a mild sputter etch, after formation of said PtSi layer and before
formation of said TIW ayer, to enhanice adhesion between said insulating fayer
and said TIW layer, said mild sputter etch further removing SiO;, on said PtSi
layer. ' :

4. Ameﬂmdinawordax;cewithclaiml,ﬁmhercompﬁsingthesmp

of: | ' |
pre-sputtering, after formation of the PtSi layer and before
formation of said TiW layer, to reduce residual gases of H,O and O, in the
sputter chamber and from the surface of a TIW-target. |

This Sheet Has Been Repl
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bit for .the connection is True (1814), the EP generates (1818) . an
arrival tag corresponding to a next packet waiti ng and stores the
arrival tag with other arrival tags. CIherV\/l se, EP sets (1816) t he

ACTIVE bit for the connection to Fal se.

request, the | P uses the connection [ dent I fi erllﬂﬂ“w;mmwm t he
packet queue and dequeues a next packet. The | abelts thes patket with
t he ARRI VSEQ val ue for the connectio23 and where the number of packets
in the . packet queue is greater than or equal to S, sets a MANY bit in
1 0 the packet TrueS.and Atmethed in aBedrdanceTwith claitrh &) wherein saideTiW layeracket
to the requesti, ng EP. G The EP receives (1822) the requested
packet, copies HEWAWVSEQ | abel in the packet to the LASTSEQ val ue
for the connection in the connection table, and copies the MANY bit in
15 the packet to the MANY bit for the connection in the connectlon

tabl e. \Were ACTI VE 6.s FaAmethodin(acésitandg with claiRAQSmther the stespue)
(1824), proceed _to step H (1826) and ot herw se end. ' The EP
gener at es (182@# an arrival tag corresponding to a next packet

waiting, stores the arriv t th

ACTI VE bit for the connec mmr%"'nmoé&:h%&oa ﬁyé&%%a&ﬁ %&E}g" Is a

bl ock di agram @fxaxﬁb&byaeombmanonofthepre-sputterandpm'gmg,aﬁerfomauonofﬂxe
TIW(N) layer and before sputtering of said thin film of Au layer.

7. Amethodmaecordancewxmcla:ml wheremsmdstepof
forming said Au layer further comprises the steps of:
fo:mmgat!nnﬁlmofAubysputt:nngmmidcontaciholzon
said TIW(N) layer; and
formmga.plamdla.yerofAumsmdcontactholeonmdthm'
film of Au.

8. A method in accordance with claim 7, further comprising the step
etching szid thin film of Au in a solution.
S. A method in accordance with claim 7, further comprising the step
of: | ‘
etching said TIW(N) layer, which acts as a diffusion barrier, and
said TIW layer, which acts as a giue layer, by a plasma etch with said plated
Au Iayer acting as an etch mask.

10. A method in accordance with claim 9, wherein said etching step

16 APR 1997 i i - . Thi iimtlilﬁlﬁ”, m !i"




enbodi ment of a device in accordance with the pr esent I nvention. The

device provides efficient switching of a 25 plurality of packets froma
plurality of ingress ports to a

plurality ofW
connecti on-oriented network. The devi ce i ncl a plurality of
I ngress ports (1902, 1904) , each including a mm‘(lglo,
...), an ingress queue managera4(1908), ... E\‘!‘“ﬁ mml | er
(1906, ...), and a 30 plurality of egress ports ( : “19f4) each
egress port . gfincluding a connection table (1918,

a scheduler (1916,
ca )y and an egress packet handl er (1920, ....). The ingress nenory
(1910 ...) is used for st@aned layente obtain ag

mabwnmmmhmn connecti on
of a plurality of c ect]o 35 nanager (1908, ...) is
coupl bd o t he TG JoraRe A B TIWUg eyt

'34394
PCT/ US97/ 03920

12 Anaccordancemthclmml wheremsazd
interconne=ction is .

13.  Amcordance with claim 1, further comprising the step

of:
foriiNy passivation film on said Au layer.
| 14. A pccordance with claim 1, wherein thickness ranges
are:
' PtSA)/TIW(0.2-0.5 kA)/’I'iW(N)U.O-Z.OkA)/Au(O.&
1.0 XKA)Y/An(7-15).
15.

A peordance with clzim 1, wherein RF-power density
for sputte=ing of ¢) layer and said TiW layer are of a same order to

avoid internal stre v
16. mdancewxﬂxdaml wherein RF-power density % g‘z
forspxmmngof‘l)layerandmdﬁWIayeramlargerthanl.S el o
Wicar’. § -
17. A fabricating an interconnection on a semiconductor
device, said mething the steps of:
: foﬁulaﬁnglayeronasiliconsubm;
foﬂctholeinsafdinsulaﬁnghyergoexposeaporﬁon
_ of said substrate; _
for layer in said contact hole on said substrate;
Thls Sheet Has Been Repl
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29 ‘ (1910, ...)and is utilized for receiving packets from an i nput
link, storing the packets in ingress nenory, and f ' eue
status information associated with the connection. T ueue
status information for each connection that goes 5 ﬂ%ﬂ“lﬂﬁgmﬁlﬂnd
upon receiving a connection identifier from as r ,*x...) oOf
an egress port, retrieving a packet fromthe correspondi ng queue in -
i ngress nmenory , updating the queue spqtus information for the
connection, and sending to the destination egress ports the packet

together with queue stat qur&ﬁn%hrﬁﬂ{m%fiﬁrmﬂ%ﬁaﬁbﬁ%nﬂdmt{)&rby

whet her packets remain 1h the packet queue ‘that are unreques

the EP. The arri val forming a TEVQT)L bayer in said ¢ontact bplecdn tsaidt fiwst TIWF ess

gueue manager (1906, ...), and is used for, where the queue for a :
connection is y when the packet arrives, sending an 1 5 arrival tag
containing at |east a conpesbhen shapatTiw ' : b A3l nrﬂP S

port for the packet. The egres Hports ﬂwgﬁ%%‘d.céglgl%;ﬁgrﬁeé@oup to
the ingress pordayerf 482, 1904). The connection table (1918, ...) is

used for storing, for forming a Au layer in said contact hole on said second TIW

layer.

18. A method in accordance with claim 17, wherein said PtSi layer
reduces contact resistance and stabilizes an interface between said substrate and
o said first TIW layer, which acts as a giue layer.

19. A method in accordance with claim 17, further comprising the

step of:
a mild sputter etch, after formation of said PtSi layer and before
formaﬁonofsaidTiWhycr,benhanceadhﬁnnbeMemsaidinsﬂaﬁnglay:r
and said TIW layer, said mild sputter etch further eliminating SiO, on said PtSi

Iayer.

20. A method in accordance with claim 17, further comprising the
sepof: - o |
[pre-sputtering, after formation of the PtSi layer and before
formation of said first TIW layer, to reduce residual gases of H,0 and O, in the
sputter chamber and from the surface of a TiW-target.

21. A method in accordance with claim 17, wherein said first TIW
layer is a pure TIW-film. '
22. A method in accordance with claim 17, further comprising the

P of REPLACEMENT.. SHfiET -
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each connection, at |east an. ACTIVE indicator, request status 20 _

I nformati on, and queue status information. The sc (1916, ...)
is coupled to the connection table (1918, ...), and “mn‘
receiving arrival tags sent by ingress ports and n“mls\““\l‘mﬂn
correspondi ng ACTI VE i ndicators True in the co lon tabfe (1918);
and for selecting connections that 25 have the ACTIVE indicator set in

accordance with a pr edeterm ned sche®®, and for each sel ected
connecti on, requesting the packet fromthe_jpgress post that sent the
correspondi ng arrival taglimigaties Aitrogd MR gt s&écq.m@r n

determ ni ng, usjng, at, | : lﬁH : rg&.ri?#% hé
request stat us%ﬁﬂﬁfgﬁ&b%ﬁérfﬂ& iBacEe#sﬁpr’&g% hin e pgc et queue
that are unreqq;v.gw' 1ertdh before foimation ofvedd setdid TRAW Hagerqueue is enpty,
setting, by the EP, the ACTI VE indicator False In the connection

t abl e. The egress packet handler (1920, ...) is coupled to the ,
et Lo 20" @ 3823 19R memok " Shebiatbd \Wifh® af T, 6ot il Wer BF <"
forming said Au layer further comprises the steps of:
forming a thin film of Au by sputtering in said contact hole on
said second TIW layer; and '
forming a plated layer of An in said contact hole on said thin

film of Au.

24. A method in accordance with claim 23, further comprising the:

step of:
etching said thin film of Au in a solution.

25. A method in accordance with clzim 23, further comprising the
step of: | ;
etching said TIW(N) layer, which acts as a diffusion barrier, and
said first and second TIW layers, which act as glue layers, by a plasma etch
with said plated Au layer acting as an etch mask.

26. A method in accordance with claim 25, wherein said etching step
is performed in situ.

27. A method in accordance with claim 17, further comprising the
st=p of -
annealing said Au layer to obtain an optimal contact and adhesion

strength by interdiffusion of the gold into said second TIW layer.

28. A method in accordance with claim .17, wherein said
. e
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30 "the associ ated scheduler (1916, ...), storing the queue status
i nformati on that acconpani es the packet, and di spatching the packet on

an output |ink, and where the ACTIVE indicator de

connection is FaI se, determning, using at |east one of: the _gueue
status infornmation and the request status I'nf ‘“\\ m packet s
remain in the packet queue that are unreques % m‘“ '

wher e
packets remain in the packet queue tBat are eguest el by t he EP,

setting the .. ACTI VE indicator True in the connection table (1918, ...).
10 : mm%wﬁaegmm in FIG 20, numeral 2000, the

device for efficient switching of a plurality of received packets from
a plurality of ingress ports to a plurality of egress ports, may be
descri bed as a pl ur29. tyAoiethodr insaccpedange with claim 17, fm‘thercompnmngthe

step of:
forming a PESiNy passivation film on said Au layer.

30. © A method in accordance with claim 17, wherein thickness ranges

PtSi(0.1-0.4 kKA)/TiW(0.2-0.5 XA, frst)/ TIWE)(1. 0-2 0
KA)/TIW(0.1-0.5 kA, second)/Au(O 3-1.0 kKA)/Au(7-15 kA, plated).

3L Ameﬁod'inawozﬂance with claim 17, wherein RF-power
denmyforspumnngofdeW(N)layetandsadﬁrstandseeondT‘W :
layersareofasameordertoavoxdmtamalstms

32._ A method in accordance with ciaim 17, wherein RF-power
density for sputtering of said TIW(N) layer and said TIW layer are larger than

1.5 W/cm?.
T 33.Anixin=monnecﬁononasemieondnctordevice,said
mtcmonnecnoncompnsmg- '
: anmsnlaunglayeronasihconsubsuate
a contact hole in said insulating layer to expose a portion of said
substrate: .

a PtSi layer in said contact hole on said substrate;

a TIW layer in said contact hole on said PtSi layer;

16 APR 997 a TIWN) layer in said contact hole on szid TIW layer; and
an Au layer in said contact hole on said TIWQN) layer.

REPLACEMENT SHEET |

34.  An interconnection in accordance with claim 33, wherein said
PtSi layer reduces contact resistance and stabilizes an interface between said -
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15 (2002, 2004,--..), each including an i ngress menory.(2010, :..),

an i ngress queue nmanager (2008, ...), and an arrival controller (2006, .
...)and a plurality of egress ports (2012, 2014, l m cluding a
connection table (2018, ...), a tag nenory (2020, ”lm ”’ﬂﬂ' ”'I’””medul er
(2016, ...), and an egress packet handier (2022, L)."The i*ngress

menory (2010, ...) is used for storing azgueue of packets for each
connecti on of a pIurallty of connecti ons? The ingress queue manager

(2008, ...) to .ﬂgﬂl e 0) and is used for
recei ving pac _ atﬁ"dit ut ’élmlr?ﬂsgo I ng € packets In ingress .

nenory (2010, .. .), and for 25 wupdating queue status information
associated with the connection, where the | P has quegf v‘hat Us .
information for eacdS. Anciotemeonneation: R | TRGHHR sﬂiﬁon

receiving a onnection_ keen ier froma schedul er (2012, ...) of an
egress pc;rw% @\mmet fromthe correspondi ng queue in 30
i ngress nmenory (2010, ...), updating the queue status i nformation for

t he connection, and sending to the destination egress poris (2012,
2014, ...) the pacldﬁ toywmmmm&mﬁfowww

determ n| ng, P, V\/net her packets remain in the packet queue
that are unre The 35 arrival controller (2006, ...) is

coupled to the mgress qH‘ﬁHﬁﬁlmofAuinsaidconmholeonsaid‘l‘iW(mlayer;and
| a plated layer of Au on said thin fiim of Au.

37. Aninmmonﬂecﬁoninaccordancewithc]ai;n33,wher=insaid
interconnection is a bondpad.

38. An intercomnection in accordance with claim 33, further

a PESiNy passivation film on said Au layer.
39. An interconnection in accordance with claim 33, wherein
g P1Si(0.1-0.4 KA)/TIW(0.2-0.5 KA )/ TIW(N) (1.0-2.0kA)/Au(0.3-
1.0 KA).
40. An interconmection on a semiconductor device, said
interconnection comprising: .
an insulating layer on a silicon substrate;
. aconmctholemsaidinsulannglayerexposmgaporuonofsad
a PtSi layer in said contact hole on said substrate;
a first TiW layer in said contact hole on said PtSi layer;
| REPLACEMENT SHEET a TIWQ) layer in said contact hole on said first TIW layer;
16 APR 1997
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31 manager (2008, ...) and is utiliz ere the queue for a
connection is enpty when the packet arrives, H\“Mﬁll val tag
containing at |east a connection identifier toj }E\m‘:‘m n egress

port for the packet. Again, the egress ports - 12, 2013, .) are
coupled to the ingress ports (2002, 2004, : .). The connectlon tabl e
(2018, ...) is used for storing, for eachgg connection, at | east an
ACTI VE i ndi cator, request status information, and queue status
information. The tag nmeny rﬁécond g&,m saﬂcbﬁmegﬁglcf&{sﬁa qhyaost
one tag per connection. 0 The sche uler (2016, ...) 1Is coupled to

connecti on t abasd
| an Au layer in said contact hole on said second TIW layer.

41. An interconnection in accordance with claim 40, wherein said
PtSi layer reduces contact resistance and stabilizes an interface between said -
substrate and said first TIW layer, which acts as a glue layer.

42. An interconnection in accordance with claim 40, wherein said
first TIW layer is a pure TIW-fim.

43.  Aninterconnection in accordance with claim 40, wherein said Au
layer further comprises: .

a thin film of Au in said contact hole on said second TiW layer;

aplatedlayetofAuonsaidthinﬁlmofAu.

| 44, An interconnection in accordance with clzim 40, wherein said
interconnection is a bondpad opening.

45. An interconnection in accordance with claim 40, further
‘comprising:
a PESIN;, passivation film on said Au layer.

46. An interconnection in accordance with claim 40, wherein
. PtSi(0.1-0.4 EKAYTIiW(0.2-0.5 ki, frst)y/TIW@)(1.0-2.0°
KA)/TIW(Q.1-0.5 kA, second)/Au(0.3-1.0 kA).

T REPLACENENT S 47. An interconnection in accordance with claim 33, wherein

16 APR '1997 _ .' This Sheet. Has Been R
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(2018, ...).and tag nenory (2020, ...), for receiving arrival tags i

sent by ingress ports, storing the arrival tags in tag nenory (2020,
.), and setting the correspondi ng ACTI VE i ndi cators True in the

connection table (2018, ...): .and for selecting a 1 5 stored arrival tag in

accordance with a predeternined schene, and for“mummmf MUMH vaI

tag, requesting the packet from the i ngress por rrival

tag, updating the request status i nf p8@mati on, deferm ni ng, using at

| east one of: queue status information and the request status
i nformati on, 20thickmes$eanges@rsts remain in the packet queue that are

unrequested by the EP, an r€nl Vi {4810,
byt he. EP, the ACTIVE | naiEkgr! W&ﬂ%w.%% ey AT
.). The egresgxp Jhandl er (2022, ..) is coupled to the

connection tabl & .) and tag nenory 25 (2020 ...) and is utilized
for receiving the packet requested by t he associ at ed schedul er,

“storing the queue st us | f oy mation : : and
di spat chi ng the pack m@m in, W\qmewwl @E@ﬁn
i ndi cator for tﬁﬁc@%@gﬁ%s gre: Connection is False, determning, using-at
| east one of: e e status information and the request status
i nf ormati on, whet her me(@ﬂi-ﬂA-r ekﬂl)ﬂ"W(OtZﬁQ.Spa&éa Surst)ATWRD(1:0-2.0
unrequested by the EP and re n,in he packet

STTW 105 £X! SedoadyiXur- i§ﬂ.
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gueue that are unrequested by the EP, generating an arrival tag
corresponding to a next packet waiting, storing the arrival tag

WD 97/ 34394 _ : PCT/ US97/ 03920
32 in tag nenory (2020, ...), E'd setting the ACTIVE indicator
True in the connection table (2018, ? FIG 21, nuneral

2100, is a block diagramshowing the 5 control flow and packet flow al ong

an arrival pathway, a request..pat hway and a packet pathway in
accor dance V\ELE(E%OMIGRATPE@N RESISTANT METAIZIZATION: STRUCTURES

connect i on- o' MFCROCIRCUIT INTERCONNECTIONS WITH RF-REACTIVELY
SPUTTERED TITANIUM TUNGSTEN AND GOLD

ABSTRACT

Two metallization schemes of PtSI/TIW/TiW(N)/Au (Type I) and
PtSV/TiW/TiW(N)/TiW/Au (Type II) and associated process are described for
microcircuit interconnections. The metallization schemes and process are capable
of IC-interconnections with a metal-pitch as small as 1.5 pym, or even smaller.
The metallization schemes are reliable for continuous high temperature and high
current operations. |

Figure 1c




net wor ks: Packets arrive at an IP (2102) and are stored (a) in. gueues
(2104) corresponding to individual connections. The IP I 0O sends an

arrival tag (b) only if a packet arrives at an enpty gueue. Typically,
the arrival tag contains a connection identifier code rather than the
menory | ocation of the stored packet. EPs (2106, ...) store tags in a
connection table (2108). Each EP skfects tag and sends it to an IP
over the Request 1 5 Pathway (d). Wien an.|IP receives a tag over the
Request Pat hway, the |IP uses the connection identifier code in the tag
to |l ocate the packet queue in which=the packet is stored and dequeues
the next packet. The IP labels th pA‘ et /@th the nunber of ot her

packets waiting in the queue, then sends the 2 0 packet on the
Pat hway (e) ink via the EP. .

enbodi nent s above, it
in the art t
departing 25
alterations & ) :
of the invention-as defined 1n the appended cTalnB\\ W cl ai m

Packet

ceel ) Ve
rr"““‘

mgazzalzim

. N

.—.-

N



WD 97/ 34394- ' PCT/ US97/ 03920

32 in tag menory (2020, .. and setting the ACTIVE indicator
True in the connection table (2018, ...). . FIG 21, nuneral
2100, is a block diagramshowing the 5 control flow and packet-flow al ong
an arrival pathway, a request pathway and a packet pathway in
accordance with one enbodi ment of, 5he present invention for
~connection-oriented net wor ks. Packets arrive at an IP (2102) and are
stored (a) in gueues (2104) corresponding to individual connections.
The I P

Fig. Id

|
oo

1=
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1 0 sends am arrival tag (b) only if a packet arrives -at an enpty
queue. Typically, the arrival tag contains a connection i dentifier
code rather than the nenory |ocation of the stored packet. EPs (2106,

.) store tags in a connection table (2108). - Each EP sel ects tag and
sends it to an I P over the Request 1 5 Pathway (d). Wen an I P receives a
tag over the Request Pat'hway, thegsl/} uses the connection identifier
code in the tag to | ocate the packet.queue in which the packet is :
stored and dequeues the next packet. The IP |labels the packet with the
nunber of other packets waiting in.t queu then sends the 20 packet on
t he Packet Pathway (e) to an out put /1 he EP. ' Al t hough
exenpl ary enbodi nents are described aboVe, wi |l be obvious to those
skilled in the art that powy alteratlons and soerpent i ons may be nmade .
w t hout departing 25 b ON. Ac »r.ﬁﬁgl [ [
all such alterati ong 7
and scope of the in
W claim




WO 97/ 34394~
33 1.
recei ved packets froma plurality of
egress ‘ports, wherein the packets ar
stored and wherein switching of the
conpri ses the steps of:
destination egress port
arrived; and B)

in accordance .wi,th a _pre

i ngress ports to a
riving at the
packet s

A)as9ending arriva
i ndicating that at 1east one packet has
requesting, by each destination egress port,

nedaschene, the pac

d;term’
that are stored. w - F & &
. a8 a o

PCT/ US97/ 03920

A nethod for efficient swtching of a plurality of

plurality of
i ngress ports are

5 to a destination egress port
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2. The -met hod of claim 1 including sending, by each ingress port,

packets requested at a rate up to a predeterm ned transfer rate of the
ingress port and failing to send packets 15 requested that require a
transfer rate greater than the predeterm ned transfer rate, and where
t he packets fail to be - sent, re-requesting, by the destination egress
ports, the packets that failed te/Be sent. 20 3. The net hod of
claiml1 wherein the plurality of ingress . ports are connected to the

plurality of egress ports through a __ rate-limted switch fabric having
a rate less than th%sum-of - RheauxiGumrates of all of the egress

ports, but greater

egress ports,
connecti on

det er m ni ng,
I ngress port,

ang’) Sthe%um f tae average rates of all of the
25 = 4  mhe methed of=claim 1l wherein, for e?éh

throﬁdh an egress pori| a gorrespond Nng_ACIT VE[ @i cator is
initialized to Hal se, fand wherein 4he ts afriving at--saem— I ngress
ports are stored in pqcket queues,Q@whef eachf queue 3(=seorregsponds to an
i ndi vi dual conngction,] conpri sing She = 1. Of: C A
by It he irgress port, &or peCkgt that arij ves at the
wHet her {t he packet E?s a ed a -
— -
c -
0 | X -9
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an enpty rqueue, and where the packet has arrived at an enpty 35 queue,
generating, by the ingress port, an arrival tag that has a WO

97/ 34394 PCT/ US97/ 03920
34 connection identifier code, sending, by the ingress port, the
arrival tag to a destination egress port egress port for the packet,
and proceeding to step B, and otherwi®t7to step C -B) receiving,
by the egress port, the arrival tag and- 5 recording an arrival of the
arrival tag by setting an ACTI VE i ndicator True in a connection table
~coupled to the egress port, _ ﬁpergzthezconnection tabl e has an ACTI VE
indicator for each = @& E 3 o g
[ <
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e L
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connectj en that goes through the egress port; C) selecting, by
the egress port, fromanong the 10 connections that have the ACTIVE

i ndi cator True In the connection table, a connection in accordance
with a predeterm ned schene, setting the ACTIVE indicator False for

t he sel ected connection, and sending a request containing at - | east a
connection identifier back to the ingrgss port that sent 1 5 the arrival

t ag; D) using, by the ingress port, upon receiving the request,

t he connection identifier to | ocate the packet queue and dequeui ng a
next packet, |abeling the packet with a MORE I ndi cator which is True
if there are nore packets re |n|&g i @20 the queue and Fal se ot herw se,
and sending the pack@ té=th reﬁJestl ng egress port; and :

E) receiving, by theg}gr—.s [r t Gﬁheﬂtequested packet and where the
MORE i ndi cator i : gress port, the
ACTI VE indicator {True in the conneg he net hod of
claim 1l wherein, |for each connecti § t, there is
an associ ated nodqul o sequence Fhe nodul o
of

Si

minutes
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1‘ nie- Wes

30 ARR V;SEQ is S, S, "#' denotes addition modul ofS -gRg--3-3 9 Aot-es-
Bool ean OR- operator and wherein for each connt ctl%‘ ?“Fr Uﬁﬁf EESN e@fcess

SR T e

), & rREEQ toataged 2. |
and a LASTSEQ val ud¢, &nd"t he | VE bit, o A894

eeee ED135 """

PCT/ US97/ 03920 - | ¥ B5mact  :pogbd®aachiged -
connection i s ¢wRi 'aILy set to Fal se; conpriS|Eg t he steps of :
A) storing, by an Ingress port, a received packef;:.n a7 znoppaskegjggueue in

a memory, whergin e%ﬁﬂaﬂ&ﬁfﬁb&%&uﬁ%ﬂﬂﬂ&&n&:&umonasmndmdcm said method

oompnsmg the steps of:

forming an msulatmg layer ona sﬂn:on suhsn-ate,

forming a contact hole in said insulating layer to expose a portion of said substrate ;

forming a PtSi layer in said con!zct hole on s:;id substrate;

forming a TIW layer in said contact hole on said PtSi layer;

forming a TiW(N) layer in said contact hole on said TiW layer;

forming a first Au layer in said contact h.olc on said TIW(N) layer by sputtering;
and |

forming a second Au layer on said first Au layer by €électroplating.

2. A method in accordance with claim 1, wherein said PtSi layer
reduces contact resistance and stabilizes an interface between said substrate and
- said TiW layer, which acts as a glue layer.

3. A method in accordance with claim 1, further comprising the
steps of:

‘a mild sputter etch, after formation of said PtSi layer and before
formation of said TIW Izyer, to enhance adhesion between said insulating Iayer
and said TIW layer, said mild sputter etch further removing SiO, on said PtSi
layer.

4. A method in accordance with claim 1, further comprising the step

of: '
pre-sputtering, after formation of the PtSi layer and before
formation of said TIW layer, to reduce residual gases of H,O and O, in the
sputter chamber and from the surface of a TIW-target.
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5 an individual connection, and-updating the ARRI VSEQ val ue

associated with the connection to ARRI VSEQ#1; B) determ ning, by
the ingress port, for each packet that arrlmmport
whet her the packet has arrived at an enpty' qmm he packet
has arrived at an enpty 1 O queue, proceeding to ”m"" MV\A se,
step E; C) generating, by #Be ingress pbrt® an Arrsv tag that
has a connection identifier code, and where sel ected, includes
schedul i ng information, and sending, by the ingress port, the -arrival -

tag to a destination egress port for the packet, and 1 5 setting the
ARRI VSEQ val ue associated with the connection to a presel ected val ue

SEQSTART#1; 5. Mm é 'a&ﬁ:rdﬂi&c RQULRSE, Wktein SR -ﬁmﬁ PA?& ta
and recording an arriva of the arrival tag by setting the ACIIVE
bit, settingiREPERINTW-SIBQSTART, and setting LASTSEQ to 20 SEQSTART#1 in

the connection table entry for the connection; E) selecting, by
the egress port, fromanong the connections that have ACTIVE bit set
in the connection table, a- connection in accordance with a

pr edet er ni ned & chenemethod in zceondancg withralajmeds furthen cemprising tie sttpoakt a
connection identifier 25 back to the ingress port that sent the arrival
tag, updating the eliminaBEESiEEbaeal ﬂ&nfor'l'mhﬂrgeelsexﬁuedandospmet ichambey by a
REQSEQ#1, and

combination of the pre-sputter and purging, after formation of the TIW(N) Iayer and before

sputtering of said first Au layer.

7. A method in accordance with claim 1, further comprising the step of:

etching said first Au layer in a solution.

8. A metht;d in accordance with claim 1, further comprising the step of:
etching said 'I‘tW(N) layer, which acts as a diffusion barrier, and said TiW layer,
which acts as a glue layer, by a plasma etch with said plated second Au layer acting as an etch

mask.

9. Amcthodinaccordancewithclaim&whcrﬁnsaidcﬁ:hingstcp
is performed in situ.
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corrpa{ri ng‘ t he new val ue of REQSEQ to the val ue of LASTSEQ for the
sel ected connection, and where they are equal and the  MANY hit for the
connection |Is False, setting the ACTIVE bit 3 0 for:the connection to

Fal se; F) using, by the ingress port, upo ﬁmlnnuﬂuﬂm
request, the connection identifi eyt 0 | ocat e thmm r
dequeui ng a next packet, |abeling the packet with the » ¢ ARRI"VSEQ val ue
for the connection, and setting, where the WO 97/ 34394

PCT/ US97/ 03920 36 nunber of
ackets in the packe eye i s greater -than or equal

p P87 CA mitdiodSin accotlance with claim 1, furthes comprising the step of:

annealing said substrate to obtain an optimal contact and adhesion strength by

interdiffusion pf the gold info said TIW(N) -layer.

11. A method in accordance with claim 1, further comprising the step of:
forming a PESiNy passivation film on said second Au layer.
12. A method in accordance with claim 1, wherein thickness ranges are:

PtSi(0.1-0.4 XAYTiIW(0.2-0.5 KA)TIWN)(1.0-2.0 KA)/Au(0.3-1.0 XA
sputtered)/Au(7-15 kA, plated).

”

13. A method in accordance with claim 1, wherein RF-power deasity for
sputtering of said TIW(N) layer and said TiW layer are of a same order to avoid
internal stress.

14. A method in accordance with claim 1, wherein RF-power density for
sputtering of said TIW(N) layer and said TiW layer are larger than 1.5 W/cnz.

15. A method of fabricating ‘an interconnection on a semiconductor device,
said methoci comprising. the steps of:
forming an insulating Jayer on a silicon substrate;
forming a contact hole in said insulating layer to expose portion of said
substrate; h
forming a PtSi layer in said contact hole on said substrate;
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to S. a MANY bit in the packet True, and ot herw se Fal se; and ©)

receiving, by the egress port, the requested packets,’_f/_cgp_y_i_ng—Me’

ARRI VSEQ | abel in the packet to the LASTSEQ val ue or the connection in

t he connection table, copying the MANY bit in t)wn“ﬁt“‘mﬂ "‘XA

bit for the connection in the conngction table, STSEQ
A

* REQSEQ 11 MANY = True for the corfiection, the &E bit" fSr the
connecti on Tr ue. WO 97/ 34394
PCT/ US97/ 03920 37 6. An

efficient packet switch for .switching of a plurality
formmgaﬁrst Tiw Iayer in said contact hole on said PtSi layer;

forming a T1W(N) layer in sald conlact hole on said first TIW layer;

forming a second Tiw layer in said contact hole on said TIW(N) layer;

forming a first Au layer in said contact hole on said second TiW layer by

sputtering; and
forming a second Au layé_r on said first Au layer by electroplating.
16. A method in accordance with claim 15, wherein said PtSi layer

reduces contact resistance and stabilizes an interface betwesn said substrate and
said first TiW layer, which acts as a glue layer.

17. A method in accordance with claim 15, further comprising the

step of: :
a mild sputter etch, afier formation of said PtSi layer and before

formation of said TiW layer, to enhance adhesion between said insulating layer
and said TiW layer, said mild sputter etch further eliminating SiO, on said PtSi
layer.

18. A method in accordance with claim 15, further comprising the

step of:
pre-sputtering, after formation of the PtSi layer and before

formation of said first TIW layer, to reduce residual gases of H,O and O, in the
sputter chamber and from the surface of a TiW-target.

19. A method in accordance with claim 15, wherein said first TIW
layer is a pure TIW-film.

20. . A method in accordance with claim 15, further comprising the

step of:
REPLACEMENT SHEET
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of received packets froma plurality of ingress ports to a plurality
of egress ports, wherein the packets arriving at the | Nngress ports
are stored and wherein the switch conpri ses: of
arrival controllers, wherein each _ |ngress port| mnmfnmm"tm,
control ler, for sendi ng arrival i nformation to tite destin®tion *gress
port indicating that at | east ontb packet has arrived; and

B) a plurality of schedul ers, wherein each egress port 10 has a

schedul er, coupled to tdiﬂnhhﬂngilmtmgaf fromi g aTiWamigeo sutface and spueir
requesting, by each destinati.on e ress port I n accordance W|th a
eﬁ/%@e‘rhy

predet erm ne combnatica of dpusging, aftenformation obthe7 .

The efficien S recei ved
packet from mﬁ@%ﬁﬁ%@@?@%ﬁﬁmmﬂ one of the
plurality of egress ports, conprising: A) the plurality of
I ngress ports connected to correspondi ng packet nenories for

determining tiz .20 5 gedbd RPdck ﬁ'ﬁa&g A5, 5‘%&“‘3 Eﬁ' E-Fi'sg' ket and
storing the recel ved packet Wil the®plurality of egress

ports connected toemngsﬁﬁﬁs‘?%%rf@a rrermrl es, wherein the I ngress

ports and

22. A method in accordance with claim i5, further comprising the step of:
etching said TiW(N) layer, which acts as a diffusion barrier, and said first and
second TiW layers, which act as glue layers, by a plasma etch with said plated second Au layer'

acting as an etch mask.

23. Amcthodinaccordanecwithdaimez,whcrn’nsaidetchingstep
is performed in situ. '
24. A method in accordance with claim 15, further comprising the step of:

annealing said substrate to obtain an optimal contact and adhesion strength by
interdiffusion of the gold into said second TiW layer.

25. A method in accordance with claim 15, farther comprising the step of:

forming a PESiNy passivation film on said second Au layer.

26. A method in accordance with claim 15 wherein thickness ranges are:
PtSi(0.1-0.4 KA)/TiW(0.2-0.5 kA, first)/TiW(N)(1.0-2.0 kA)_/:I‘iW(O.I-O.S KA,

second)/Au(0.3-1.0 KA, sputtered)/Au(7-15 kA, plated).
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egress ports are interconnected and wherein the efficient 25 packet swtch

oper ates by: Bl) determ ning the—de&t—hnaﬂ—eﬁ—eqr—ess~port
for - t he recei ved packet and storing the recel .
packet nenory connected to the receiving ingress: C@Eiﬁlﬂﬂjmrumyﬁ B2)
sendi ng, by the receiving ingress port,.to the 30 s port,
an arrival tag having at |east a nory Ioca ion and | P nunber

i ndi cati ng where the packet is st or ed; B3) receiving,
by the destinatiqn egres te 1R S wARAkiss t I he
arrival tags in ?ﬁé taﬁ "ﬁ%ﬁﬁ# é%connec?{tg ?ﬁin% h:ggdggtl natllmc:)r?aﬂﬁress
port: densi¥§Ofor 3pafidring of smd TIWR) TayiGo 2t OR8id0first and second TIW

layers are of a same order to avoid internal stress.

28. A method in accordance with claim 15, wherein RF-power
deasity for sputtering of said TIW(QN) layer and said TIW layer are larger than
1.5 W/cm?.

29. An ﬁerconhecﬁon on a semiconductor device, said interconnection comprising:
an insulating iayer on a silicon substrate;
a contact hole in said insulating layer to expose a portion of said substrate;
a PtSi layer in said contact hole on said substrate;
a TiW layer in said contact hole on said PtSi layer;
a TiW(N) layer in said conéct hole on said TiW layer;
a first sputtered Au layer in said contact hole on said TiW(N) layer; and

a second electroplated Au layer on said first Au layer.

30.  An interconnection in accordance with claim29., wherein said
PtSi Iayer reduces contact resistance and stabilizes an interface between said -
substrate and said TIW layer, which acts as a glue layer.

31. An interconnection in accordance with claim 29, wherein said
TiW layer is a pure TiW-film.

32. An interconnection-in accordance with claim29, further comprising:

a PESiNy passivation film on said second Au layer.
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B4) -sel etting, by the destination egress port, a - stored arrival tag in

accordance with a predeterm ned schene, and sendi ng the sel ected
stored arrival tag back to the ingress port that sent the arrival tag
to request transm ssion of the 5 received packe | ' e

arrival tag; 5) receiving, by the i _
sel ected stored arrival tag, ret r'?ivi ng the relgmﬁm"amlgﬂg[" oci at ed
c 1L osl

with the arrival tag, and sending the cei ved pack as d with
the arrival tag to the destination egress port; 10 and 6)
recei ving, by the destination egress port, the received packet

associ at ed widd, t bn iatercoupdctiomin aseardance withiclagm 28/ whegeiR fuckngss Packet
fromthe destination egress port. 15 8. .The efficignt packet
switch of claim 7 psie. B0 KAAIWQ.2-0S KAWEW®E.0:2:@ kAYASOQ- Il Qe i on for

organi zi ng tags that represent wajting packets into nmultiple queues
representing at sputtewed)phe 67+15 KA, plated).

34. An interconnection on a semiconductor device, said interconnection comprising:

an insulating layer on a silicon substrate; |

a contact hole in said insulating Iayer exposing a portion of said substrate;

a PtSi layer in said comact hole on said substrate;
a first TiW layer in said contact hole on said PtSi layer;

a TiW(N) layer in said contact hole on said ﬁrst TiW layer;

a second 'I;iW layer in said contact hole on said TiW(N) layer;

a first sputtered Au layer in said contact hole on said second TiW layer; and

a second electroplated Au layer on said first Au layer.

35. An interconnection in accordance with claim34,, wherein said
PtSi layer reduces contact resistance and stabilizes an interface betwesn said -
substrate and said first TIW layer, which acts as a glue layer.

36.  An interconnection in accordance with claim 34, wherein said
first TIW layer is a pure TIW-fiim.

37.  An interconnection in accordance with claim 34, further comprising:

o a PESiN, passivation film on said second Au layer.
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20 "A) different connections; B) N
C) - qualities of service; for ‘scheduling the paﬂmq .
| e

es; a
I n the

destination egress port; and wherein, where an;i m ives a
plurality of arrival 25 tags representing requests: f ’l”f!m
plurality of egress ports, the in?g_ess port sends packétsHr ed in
accordance with a.predeterm ned request”rate and refuses requests
exceedi ng the predetern ned request rate and wherein, where an egress
port's requesB8i.s rAid itfttconnbdtidn dYECHTaRe wiﬁ@lﬁmfﬂpﬁﬁér&nmﬁkﬂe%ﬁg&-arcz
9. The efficient packet switch of claim7 wherein the packet switch

: Froni zod i ) d
i s synchroni zed i ntmsmhlo.&kﬁ)ﬁwvth-&%%Sﬁ}E?/QxW(th)ﬁl.t_9[6 ERiri‘Wv@t‘?g-gfsaiﬁ

CELLCLK signal provided by a cell clock 3 I ne at 1's conne to all

I ngress apdofif4Ax6.3000 ki, spfaetel)/Ru (7-15 KA, plated).

39. A plurality of interconnections on-a semiconductor device, each said
interconnection comprising:

an insulating layer on a silicon substrate;
a contact hole in said insulating layer exposing a portion of said substrare;

a PtSi layer in said contact hole on said substrate;

a TiW layer in said contact hole on said PtSl layer;

a TIW(N) layer in said contact hole on said TiW layer; and
an Au layer in said contact hole on said TIWQN) lager:

wherein the interconnections have a metal pitch of 1.5 .am or less.

40. A plurality of intercomnections on a semiconductor device, each said
interconnection comprising:
an insulating layer on a silicox; substrate;
a contact hole in said insulating layer exposing a portion of said substrate;
a PtSi layer in said contact hole on said substrate;
a first TiW layer in said contact hole on said PtSi layer;
a TiW(N) layer in said contact hole on said first TiW layer;
a second TiW layer in said contact hole oa said TIW(N) layer; and
an Au layer in said contact hole on said second TiW layer; -—

wherein the interconnections have a metal pitch of 1.5 4m or less.
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39 ) cell cycle is a period of tinme during which only one packet
arrives at each ingress port, each ingress port generates only one
arrival tag per cell cycle, each egress port generates only one request

per cell cycle, and each egress port sends a 5 may ‘ nlmﬂﬂ“‘et per
cell cycle on an egress |ink. 30w 97/ 343@4”'““”“'] “‘
PCT/ US97/ 03920 - ;o» oo Lomos o
41.  An interconnection on a semiconductor device, said interconmection comprising:
an insulating -layer' on a silicon substrate;
a contact hole in said insulating layer exposing a portion of said substrate;
a PtSi layer in said contact hole on said substrate;

a TiW layer in said contact hole on said PtSi layer;
a TIW(N) layer in ssid contact hole on said TiW Layer;
| an Au layer in said contact hole on said TiW(N) layer; and
a TiN layer formed in respective sidewalls of said TiW layer and said ﬁW(N)

layer.

42.  An interconnection on a semiconductor device, said interconnection comprising:
an insulating layer on a silicon substrate;
a contact-hole in said insulating layer exposing a portion of said substrate;
a PtSi layer in said contact hole on said substrate;
a first TiW layer in said contact hole on said PtSi layer;
a TiW(N) layer in said contact hole on said first TiW layer;
a second wa layer in said contact hole on said TiW(N) layer;
an Au layer in said contact hole on said second TiW layer; and
a TiN layer formed in respective sidewalls of said first TiW layer, said TIW(N)
layer and said second TiW layer. _ -
43. A method of fabricating an intetconnectio:on a semiconductor device, said method

comprising the steps of:

forming an insulating layer on a silicon substrate; REPLACEMENT SHEET

23 AUG 1999




40 - : 10. A device for efficient switching of a plurality of.

recei ved packets froma plurality of ingress ports to a plurality of
egress peorts, conprising: a plurality_of ingress ports, each
conprising: 5 A an ingress nenory for storing a queue of

packets for each connection of a plurality of conn l

B) an ingress gueue manager coupled to Bhe mgresselm“nmmwlmum

recei ving packets froman input link, storing the- * ‘actkefs #n 1ngress
menory, and for updating queue status 1 0 infornmation associated with the
connection, where the IP has gueue status information for each
connection that goésmiidy Détgitact hole inlsdié insiatingdayerpexpase a portion of saidabsteare j on
identifier froma . schedul er of an egress port, retrieving a packet

fromthe Corf?&&ﬁﬁg&mi&?%saa.cbﬂﬂmsmmmy, updating the 1 5
gueue status information for the connection, and sending to the

destination egress [+ § _lﬁgg estaldE% %{}ﬁ? ' status -~
i nformation for det@%%??;@? y'thne ;ﬂ& e %ﬁéga%ggt%s\#’ remain in the
packet queue t hat %r?nnlljgn aeﬂW Fag!erbi\ﬁ s%ﬂemggét' bole on said TiW layer by RE-reactive

sputtering; and

forming a Au layer in said contact hole on said TiW(N) layer.

44. A method of fabricating an interconnection on a semiconductor device, said method
comprising the steps of:
fofming an insulating layer on a silicon substrate;
forming a contact hole in szid insulating layer to expose a portion of said substrate ;
_forming:a PtSi layer m said contact hole on said substrate;
forming a first TiW layer in sa.ld contact hole on said PtSi layer;

forming a TIW(N) layer in said contact hole on said TiW layer by RE-reactive

sputtering; _
forming a second Au layer in said contact holes on said TiW(ﬁ) layer; and
forming a Au layer in said contact holes on said second TiW layer,
wherein 2 metal pitch between said interconnection and an adjacent interconnection
is 1.5 am or less.
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C) am arrival controller, coupled to the ingress 20 queue manager, for,

where the queue for a connection is enpty whermthe—packet_arrives,
sending an arrival tag containing at | east a IC mr'lf on identifier to

a destination egress port for t he packet; q’:’mw,'ll”mrl ity
ess

of egress ports, wherein the egress ports 25 arelc
ports, and each egress port conprides: D a® cdhnecti on
table for storing, for each connection, at Ieast an ACTI VE i ndi cat or,
request status i nformation, and queue status information; 30

E) a schedul eas. coyphr@od 6f fbricafif uhbftbrconhedtidvhlof a sémiitonductor deeice, saldmgethod i val
tags sent by ingress ports and setting the correspondi ng ACTI VE

i ndi cat orgox# %II'P Egﬁs nnection tabl e; and for selecting connections
ETh

t hat hav i cator set in accordance with a predeterm ned

scheme, and for ea?ﬂ:&ﬁgﬁﬂsﬁ%@a&&,ﬂﬂﬁ%ﬁk@mb&@ﬂ&esu ng the packet from

the ingress
forming a contact hole in said insulating layer to expose a portion of said substrate ;

forming a'I_’I':Si layer in said contact hole on said substrate;

forming a TW layer in said contact hole on said PiSi layer;

forming a T1W(N) layer in said contact hole on said TiW layer;

forming a Au layer in said contact holes on said TiW(N) layer;

etching said Au layer, said TIW(N) layer and said TiW layer; and

forming a TiN layer at exposed surfaces of said TiW layer and said TIW(N) layer,
wherein a metal pitch between said interconnection and an adjacent interconnection

is 1.5 zm or less.

46. A method of fabricating an interconnection on a semiconductor device, said method
comprising the steps of:
forming an msulatmg layer on a silicon substrate;
forming a contact holc in said insulating layer to expose a portion of said substrate;
- forming a PtSi layer in said contact hole on said substrate;
forming a first TiW layer in said contact hole on said PtSi layer;
forming a TIW(N) fayer in said contact hole on said first TiW laye;

forming a second TiW layer in said contact hole on said TIW(N) layer; .
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41 : port t hat sent the correspondi ng arrlval

request status information, determ ning; using at 1&"“':“' g’ﬂ“l BE"mhueue
status information and the request status infor rrat on

remain in the packet gueue that are 35 unrequested by the EP, and V\/nere

the packet queue |s enp se #’u WE i ndi cat or
False in the @LX‘FWC’EH’O?QA %hoiéonsudzsm i'h ess packet

handl er coupled to the connection table, for receiving the packet
requested by t he etdhingsidodu layer) sadlsemnﬂahWhym said) TIWEN Jayerand said &rst TiW

i nformation t hat acconpani es the packet, and dispatching the packet on
an it it l'i nk, and where the ACTIVE i-ndicator for.the sel ected
connectron i s Fal se, deterni n| ng, using at |east one of: the gueue

status. i nfornati %1 and tﬁﬁ %Wm@fghmmmmn'wmyumdmd

TiW(N) layer.
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1 5 whet Her packets remain in the packet queue that are unr equest ed by
the EP, ‘and where packgets remain ‘i.n-the‘packet; queue that are
unrequested by the EP, setting the ACTIVE i ndicator True in the
connection table.

34

ELECTROMIGRATION RESISTANT METALLIZATION STRUCTURES
FOR MICROCIRCUIT INTERCONNECTIONS WITH RF-REACTIVELY
- SPUTTERED TITANIUM TUNGSTEN AND GOLD

ABSTRACT

Two metallization schemes of PtSUTIW/TiW(N)/Au (Type I) and
PtSi/TiW/TiW(N)/TiW/Au (Type II) and associated process are described for
microcircuit interconnections. The metallization schemes and process are capable
of IC-interconnections with a metal-pitch as small as 1.5 pym, or even smaller.
~ The metallization schemes are reliable for continuous high temperature and high

current operations.

Figure 1c
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