‘vApp{ i'cation of TitaniumNitride and Tungsten Nitride Thin Fil m Resistor
For ‘Thermal 1 nk Jet Technol ogy Backgreund of Invention 1) Field of the

I nvention This invention relates generally to the structure agﬁ é q§%§ation
of resistors in an integrated circuit and nore particularly t ? gx s in
a thermal ink jet printing head. 2) Description of the Prior Art Ink jet
printing systens can be divided into two basic types. One type uses a

pi ezoel ectric transducer to produce a pressure pul se that expels a dropl et
froma nozzle. The other type uses thernél energy to produce a vapor bubble
in an ink filled channel that expels a droplet. This latter type is
referred tAppRcdtivaroMlitaniin Netride andt Tungsten Nititle! Bhih Rilnp Riesit ton for Theemal|Ini,
~thermal ink Jet printing systens have a print head conprising one or nore
ink filled channels that communi CateJWTJ&hﬂolB@ atively small ink supply
chanber at one end, and have an opening at theé opposite end, referred to as
a nozzle. A thermal energy generator, usually a resistor, is |located in the
channel s near the nozzle at a predeterm ned distance upstrean1therefron1
The resistors are individually, adﬁg,@@q,mftmv@,tﬁur rent pul se
representative of data signals to nonmentarily vaporize the ink and forned a
bubbl e whi ch expel's an ink droplet. Figure 1 shows.an el ectri cal schemati c
of one ink jet of a printhead having a resistor 100vand a power transistor

102. In T aby iggdh'oP thre haléntion

This invention relates generally to the structure and fabrication of resistors in

an integrated circuit and more particularly to resistors in a thermal ink jet printing head.

2) Description of the Prior Art

( ' Inkjet. printing systems can be divided into two basic types. One type uses a
pi.ezoelectric transducer to produce a pressure puise that expc;ls a dro-;-Jlet from a nozzle. The
other type uses thermafenergy to produce a vapor bubble in an ink filled channel that expels a
droplet. This latter type is referred to as the_r__mal ink jet printing or bubble jet printing. Generally, |
.- thermal .inkjet pﬁming-systeﬁs have a print head comprising one or more ink filled channels that
communicate with a reiatively small ink supply chamber at one end, and have an opening at the :
oppoéite end, referred to as a nozzle. A thermal energy generator, usually a resistor, is located in
the channels near the nozzleata pre&ctermined distance upstream therefrom. The resistors are
individually addressed with a current pulse representative of data sfgnal_s to momenta;'ily vaporize
the ink and formed a .bubble which expels an ink droplet. Figure 1 shows an eiectrical schematic

of one ink jet of a printhead having a resistor 100 and a power transistor 102. In fabrication, the



- 2- ‘i nk supply chanber is |ocated over the resistor .and the power
trdnsistor is formed nearby on a substrate. One preferred nethod of
fabricating thermal ink jet printheads is to formthe heating el enents on
the surface of one silicon wafer and the channels and small ink supply
chanber of reservoir on the surface of another silicon wafer. In many
integrated circuit applications, especrally ink jet printheads, there is a
need for structures which function as resistors. For years, w dely doped
si licon stink pegplyehambee tsrlocaeatioves thegesistomand thopowentrahsistonis fermediiearby on a
applications. Mdst sem conductor manufacturers have abandoned this

par ti cul arsudsieatel OR@/pYethired ABLHOE OF fabAEating SHerBMME @ phRBsAIASs toPofm kiRAating S
junction spiking. Not only is the resistrvity of the polysilicon non-Ilinear

with respe . MLt a b | teedd L1 ' i SLL
consi st ont fmets Y e reR bt petiloin Y id e bR Abg Ui B cBbal BuhalE
polysilicon filmthjckness, etch dependent filmw dth, and uniform dopi ng

| evel s. ThESSeINpiEONag susface of anather SEEon Walgkt abl i sh the resistive val ue of
the structure (resistor). Because the variability is too great, many

manuf acturers utilize a nmetal |ayer or a conbination polysilicon and netal
to create a nmult-level resistor structures. A major problemin the

manuf act ure of ther mal Innhanydotegnatedicifeuitiappfications, reepscilly inkgatprinsbeads, there is a
transistor quality and yields. Figure 1 shows a resistor 100 connected to a

power tranfi¢edtfor sthttured Whichdhndion as resistord eForgesrs,ofidelyrdoped silidont sirdes hae been
controllable resistivity.

used as resistors for a wide variety of applications. Most semiconductor manufacturers have

abandoned this particular use of polysilicon resistors for several reasons. One reason is junction
spiking. Not only is the resistivity of the polysilicon non-linear with respect to voltage, but it is
difficult to achieve resistive values consistently in such structures due to three variables: deposit
related polysilicon film thickness, etch dependent film width, and uniform doping levels. The
three variables interact to establish the resistive valug of the structure (resistor). Because the
variability .is too great, many manufacturers utilize a metal layer or a combination polysilicon and

-

metal to create a mult-level resistor structures.

A major problem in the manufacture of thermal ink jet printhead is the resistor
and power transistor quality and yields. Figure 1 shows a resistor 100 connected to a power

transistor 102. The resistor must be made of a material that has a coittrollable resistivity.

Many practitioners have improved the resistors and printheads. The most
pertinent are as follows: US 4,789,425 (Drake), US 5,384,442 (Danner), US 5,429,554

(Tunura), US 5,387,314 (Baughman et al.) and US 5,368,683 (Altavela) show the FAB methods



Many practitioners have inproved the resistors and printheads. The nost
pertinent are as follows: US 4,789,425 (Drake), US 5,384,442 (Danner), US
5,429,554 (Tunura), US 5,387,314 (Baughman et al.) and US 5, 368, 683
(Al'tavel a) show the FAB net hods -3- and resulting structures of ink
filled head with heater resistor. US 5,496,762 (Sandhu) shows the use of a
" TiNC resistor. US 5,420,063 (Mayhsoudni a) used a resistor |ayer of SiCr,

NI Cr, TaN, C CR plus a conductive layer of TiN as a resistive |ayer.
However, printheads and resistors can be futher inproved to make them nore
reliable, especially at higher tenperatures and | ess conplicated to

manuf acture. Sunmary of the Invention It is an object of the present

i nvention h REGHAESnRnses bEinkfitled hehdrveithhivedtet cssistarb S 6406,J62 (Sandhebshonisthe
device having a resistive - layer that has stable resistor properties and has

excel | ent gge; fél aoﬁﬁ{cg) }eg‘lrlstolr?g);ﬁs 59069 oudhia) 8sedOlekiSior REESH SiCE, NIT:, TaN,

present in ovi d structure and a nethod of fabricating a

thermal ink_ jet printhead conprjsi a r.esistive.layer ' fol:l I,Hm
i1 de or R GUEaFRRGNB ISR PER B aNedbiel SO FERREE R relibp Rl
barrier layer. It is still another object of the present inventi ondt
provi de a be furtitenimpramet to make them more reliable, especially at higher temperatures an

0
less

complicated to' manufacture.

Summary of the Invention

" It is an object of the present invention to provide a structure and method for
fabricating a semiconductor device having a resistive layer that has stable resistor properties and

has excellent metal barrier layer properties.

It is another object of the present invention to provide a structure and a
method of fabricating a thermal ink jet printhead comprising a resistive layer composed of

titanium nitride or tungsten nitride which forms a resistor and a contact metal barrier layer.

It is still another object of the present invention to provide a structure and a

method of fabricating a thermal ink jet printhead comprised of a resistive layer composed of

Titanium/titanium nitride and Titanium/tungsten nitride where the resistive layer forms a heating

resistor and a contact metal barrier layer for a power transistor.



met hod ef fabricating a thermal ink jet printhead conprised of a resistive
| ayer conposed of Titaniumtitaniumnitride and Titanium tungsten nitride
where the resistive layer forms a heating resistor and a contact netal
barrier layer for a power transistor. -4- To acconplish the above

obj ectives, the present invention provides a nethod of manufacturing an ink
jet printhead having an inproved resistive |layer that acts as a resistor
and as a barrier for contact netallizatign The nethod begi ns by providing
a substrate 10 having a field oxide region 20 and a transistor in the
active area. Next a dielectric layer 24 is fornmed over the field oxide
region 20 and the transi st . s .

in the dielectric |ayer Ofﬁgémléfsh&ﬁeegbggégg’&%’g{ﬁ%p’%’?al h ﬁt_l@!ﬁér)?ﬁﬁga;n%'{%%d
resistive |layer .26 27 is forned over the diel ecéri c .l a‘yer ﬁ4 and contactin
the sour cefmanfigtutingian inkijet prathgaddiaying\ag impgpved tegistive fageng @fa@%wesﬁtowug
two layers of Titaniumtitaniumnitride (Ti/TiN) or titaniunftungsten
nitride (Tas/alWdrrerfpr odneact metalizaporf dihelmhethdsbegms by Préviding aGuiistratedl f havirtg a
nmetal layer 28 is fornmed over the resistive |ayer. The netal |ayer 28 is

patterned figld 5xid8 rédfior 20 Sid LRSS iR TheQictive are Ndxit dicMctidiRydresti is FortRd layer
28 over the ink well regi &n 52. The 'netal |ayer and the resistive |ayer are

e S50 Bl OGS 12040 15" R AR 4R e e

dielectric layer 24 over the source 12 and drain 14. ' - |
Next, a resistive layer 26 27 is formed over the dielectric layer 24 and

contacting the source 12 and drain 14. The resistive layer 26 27 is preferably of made two layers
of Titanium/titanium nitride (Ti/T iN) or titanium/tungsten nitridé (Ti’'WN, where x is preferably
between 0.3 and 0.5). A first metal layer 28 is formed over the resistive layer. The metal layer
28 is patterned forming an first opening 29 over a portion of the resistive layer 28 over the ink
well region 52. The metal layer and the resistive layer are then patterned to form an interconnect
layer. A passivation layer 30 is formed over the substrate. A second metal layer 36 is formed N

over the passivation layer 30 in the ink well region 52. A film 40 is formed over the substrate and

an opening is etched over the ink well region (and resistor) to form an ink well. Lastly, a nozzle

-
-,

plate 42 having an oﬁﬁce.Sb is formed over the ink well 35.
In slightly more detail the invention comprises providiﬁg a substrate 10 having
a field oxide region 20 surrounding an active area; the field oxide région 20 have an. ink well
_region 52, and providing a transistor in the active area, the transistor comprising a source 12,

drain 14 and gate electrode 16 18 19;



over: the® passivation layer 30 in the ink well region 52. Afilm40 is
formed over the substrate and an opening is etched over the ink well reglon
(and resistor) to forman ink well. Lastly, a nozzle plate 42 having an
orifice 50 is formed over the ink.well 35. In slightly nore detail the

I nvention conprises providing a substrate 10 having a field oxide region 20
surroundi ng an active area; the field oxide region 20 have an ink well
region 52, and providing a transistor in theg active area, the transistor
conprising a source 12, drain 14 and gate el ectrode 16 18 19; - 5-
formng a dielectric |ayer 24 conposed of phosphosilicate gl ass over the

field oxide region 20 R)‘?xg rhed&lE@tﬂé la?&x‘ﬂ é'ognf;o angf ﬁesphbﬁh&'t@élSﬁtd\ﬁeﬁtﬂe%éfd

24 havi ng contact openings-over t our ce rain 14; formng a
resistive | ayer 26 over the d,lel tri.c | ayer, t.acting the source
12 and dr &xideragion 3R apd thedrangistor § Igésc%‘ﬁﬂé@ ayergq Ba%ing LORACIORENNSY o
sel ected fromthe group consisting of Titanium titaniumnitride and
titani um tovegthesoume 1R iad¢draimidri ng a first metal |ayer 28 over the

resistive layer; the first netal |ayer conposed of alum num patterning the
first metal layer 28 cegifRfpesirepistivad layer 26 vérchetielkctit 1ayer 24 and contacting the

source 12 and drain 14, the resistive layer 26 comprised of a two layer structure selected from tﬁe
group consisting of Titanium/ titanium nitride and titanium/tungsten nitride;
forming a first metal layer 28 over the resistive layer; the first metal layer
composed of aluminum,;
patterning the first metal layer 28 composed of aluminum forming an first
opening 29 over a portion of the resistive layer 28 over the ink well region 52 and a second
opening 31 over the gate electrode 16 18 thereby exposing the resistive layer 26 over the gate
electrode 16 18; |
patterning the first metal layer 28 forming an first opening 29 over a portion of
the resistive layer 28 over the ink well region 52 ;
patterning the first metal layer 28 and the resistive layer 26 27 forming a.
second opening 31 over the gate electrode 16 18 and pattern.ir;g the first metal layer 28 and the
resistive layer 26 27 forming a first interconnect layer, .
forming a passivation layer 30 over the first met;l'.llz;yer 28, the resistive layer
26 i? in the ink well region 52 and the‘ gate electrode 16 18; the passi.vation layer composed of a
material selected from the group consisting of silicon oxide, silicon nitride and silicon oxynitride;

forming a second metal layer composed of tantalum over the passivation layer

30 in the ink well region 52;



openi ngs29 over a portion of the resistive layer 28 over the ink well
region 52 and a second opening 31 over the gate electrode 16 18 thereby
exposing the resistive |ayer 26 over the gate el ectrode 16 18; patterning
the first netal layer 28 form ng an first opening 29 over a portion of the
resistive layer 28 over the ink well region 52; patterning the first netal
~layer 28 and the resistive |ayer 26 27_j$rging a second opening 31 over the
gate electrode 16 18 and patterning the first nmetal |ayer 28 and the
resistive layer 26 27 formng a first interconnect |layer; formng a
passivation |layer 30 over the first netal layer 28, the resistive |ayer 26
27 in the ink well region 52 and the gate el ectrode 16 18; the passivation

| ayer conposed of a nebekinghk fimliecoagrising silichreoxide operahe sitstraregtheffilmidoi con
oxide, silicon nitride and silicon oxynitride; form ng a second netal |ayer

o ftvilgP i pHRaRiBh e R Pl hefRoy Rt th R i, i el B

the film40 having an openi ng over the ink well region thereby formng an
ink wel | thesegend mefal la¥e1 3%xposi ng the second metal |ayer 35;

forming a nozzle plate 42 over the film 40, the nozzle plate comprised of

silicon carbide having an orifice 50 in communication with the ink well 35.

The invention provides an ink jet printhead that has an improved resistive layer
is preferably composed of titanium / titanium nitride or titanium /tungsten nitride. The resistive
layer is used as the heating resistor in the inkwell and as a contact metal barrier layer for the first
level metal for the power transistor. The titanium /titanium nitride or titanium /tungsten nitride
layer of the invention provides better electro-migration performance (i.e., lifetime) to sustain high
current density at high temperature stress. This is important particularly at the corners were the
first metal layer (Ali layer meets the resistive (TiN or WNx w;vhere x is preferably between 0.3
and 0.5 ) layer. This resistive layer 26 27 also acts as an excellent junction barrier fbr MOS
devices. Moreover, the invention’s chemical vapor deposition process used to form the resistive

layer is applicable to future generations of ink jet printhead without any process changes.

The invention’s chemical vapor deposition-(CVD) to form resistive film
process provides better step coverage at the contact. Also, both Ti/TiN and Ti/WN resistive

layer are able to wifhé’_cand high temperature backend processes (e.g., greater than 400 °C).



form ng:a nozzle plate 42 over the film40, the nozzle plate conprised of
silicon carbide having an orifice 50 in comrunication with the ink well 35.
The invention provides an ink jet printhead that has an inproved resistive
| ayer is preferably conposed of titanium/ titaniumnitride or titanium
/tungsten nitride. The resistive layer is used as the heating resistor in
the inkwell and as a contact netal barrier layer for the first |evel netal
for the power transistor. The titanium/Ltytaniumnitride or titanium
/tungsten nitride |layer of the invention provides better electro-mgration
performance (i.e., lifetine) to sustain high current density at high
tenperature stress. This is inpBriefDésciiptién 6f¢he Drawadgst he corners were the
first netal layer (Al) layer nmeets the resistive (TiN or WNXx where X is
preferably between 0.3 and 0.5 ) layer. This resistive layer 26 27 al so
acts as an excellent junction barrier for MOS devices. Mreover, the

invention's chem cal vapgs featePRand A@ANRE TS et fducior detide bR rdifg tosthe Ve
| ayer is applicable to future generations of ink jet printhead w thout any
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resistive M process provi ett step coverage e contact.

both Ti/Ti I/ esistive |layer..are abl.e o withstand Ri .
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Description of, the Drawn

Seript] description taken Vu\q co%?unction with the accompanying drawings in which like reference numerals

designate similar or corresponding elements, regions and portions and in which:

Figure 1 shows a schematic drawing of a circuit for an ink jet printhead

according to the prior art.

Figures 2 through 7 area cross sectional views for illustrating a structure and

a method for manufacturing the ink jet printhead according to the present invention.
Figure 8 shows a resistive layer formed by stuffing the layer with oxygen.
Detailed Description of the Preferred Embodiments

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method of forming an ink jet printhead
* having an improved resistive layer 26 27. The resistive layer acts as a resistor and as a barrier for
 first level metallizétion for MOS devices on the substrate. It should be will understood by one

skilled in the art that by including additional process step not described in this embodiment, other



The features and advantages of a sem conductor device according to the
present invention and further details of a process of fabricating such a
sem conductor device in accordance with the present invention will be nore
clearly understood fromthe follow ng description taken in conjunction with
t he acconpanying drawings in which |like reference nuneral s designate
simlar or corresponding elenents, regions and portions and in which:
Figure 1 shows a schematic drawing of a cirguit for an ink jet printhead
according to the prior art. Figures 2 through 7 are a cross sectional views
for illustrating a structure and a nethod for nanufacturing the ink jet

i nt head t th ho t
Poyor 't o oS defithsrcfn st hE mF@@%M@f Fulsty ens%%‘épa}speé tpdersPop B et he
Pref erred Enbodj nents The esent nventlon wll be described in detail
with ref ert&it® B‘CEP@YSE%@EE& ﬁﬁdﬂmqﬁmfm@“ﬁb‘?%éhﬂamﬁbm&t% provi des

a nethod of formng an ink jet printhead having an |rrproved resistive |ayer
26 -27. Thélmﬂans@usge Abspethe sesistivelsyer carebe used in ather circuin aixhelip eypes fradiiitios o
| evel netallization for MOS devices on the substrate. It should be wll
under st oodnbjet ptistheddi dhipgd i n the art that by including additional process
step not described in this enbodi nent, other - 8-
As shown in figures 2 and 7, a substrate 10 is provided having a field oxide
region 20 surrounding an active area. Substrate 10 is understood to possibly include a

semiconductor wafer, active and passive devices formed within the wafer and layers formed on

the wafer surface. The term “substrate” is mean to include devices formed within a
semiconductor wafer and the layers overlying the wafer. The term “substrate surface” is meant to

include the upper most exposed layers on a semiconductor wafer, such as a silicon surface, an

insulating layer and metallurgy lines.

One method of forming the field oxide regions is describe by E. Kooiin U.S. =
patent No. 3,970,486, wherein selected surface portions of a sflicon substrate are masked against
oxidation and the umng_s_keff surface is oxidized to grow a thermal oxide which in effect sinks into
the silicon surface at the unmasked areas. The mask is removed and serniconductor devices can
be formed in the openings between the isolation regions. The ﬁeld*\g:iide regions preferably a
thickness in a range of between about 5000 and 15,000 A. A very thick field oxide will limit the

- thermal conductivity to the substrate.

Several areas ace defined over the substrate for descriptive purposes. As

shown in figures 2 and 7, an ink well region 52 is defined above a portion of the field oxide where



types of devices can also be included on the substrate. It should-al so be
understood that the figures depict only one ink jet well and transistor out
of a multitude that are fabricated sinmultaneously. Al so, the resistive

| ayer can be used in other circuit and chip types in addition to ink jet
printhead chips. As shown in figures 2 and 7, a substrate 10 is provi ded
having a field oxide region 20 surrounding an active area. Substrate 10 is
understood to possibly include a sem conducyar wafer, active and passive
devices forned within the wafer and | ayers forned on the wafer surface. The
term"substrate” is nean to include devices formed within a sem conduct or
wafer and the | ayers overlying the wafer. The term "substrate surface" is

meant t oah REIYER suPfly YERAOIBEN befmeed A Bi®istords fotmee Bverothd et arv® f Ehie
such as a silicon surface, an insulating | ayer and netallurgy |ines. One

et hod o . o L : . : . .
pat ont nirenSegh o S G £pfo @ LRI FHcBRSe |k JuBRRE oY s ind Ralind fakbor
substr at re, masked agai nst oxidatjon and,the unnasked s) el s oxidized
to grow 29 d PR HRNSPHEOMIRISER? SORTER | DAFAL ﬁ]ﬁ ead gie gﬁsﬁa@%f‘? Fégﬁ- The ransster

t he unmasked areas. The mask is renoved and sem conduct or devices can be
formed i s preferappaMOS BET dedce (e, hetol eridecsemicegiacter fiefth effédt dtadsistor)de
regions preferably a thickness in a range of between about 5000 and 15, 000
A. A ver BdchisehofthethitkTrel disxidé, Ihigh devick thrBshold 218 lv) aaa dightthreshald (920 can
substrate. Several areas are defined over .the substrate for descri ptive

pur poses peAdhie in figures 2 and 7, an ink well region 52 is defined
above a portion of the field oxide where

As shown in figure 3, a dielectx_'ic layer 24 is formed over the field oxide region
20 and the transistor 12 14 16:18.-The dielectric layer 24 has contact openings over at least the
source 12 and drain 14. The contact opening can be formed by conventional photolithographic
and dry etching processes. The dielectric layer 24 is preferably composed of a doped oxide, such
as phosphosilicate glass (PSG) or boron phosphosilicate glass (BPSG). The d_ielectric preferably

has a thickness in a range of between about 5000 and 15,000 A.

Referring to figure 4, a resistive layer 26 27 is then formed over the dielectric
layer 24 and contacting the source 12 and drain 14. The resistive layer 26 27 is preferably
comprised of a 2 layer structure of titanium 26 /titanium nitride 27 or titanium 26 /tungsten
nitride 27. The bottom titanium layer 26 is prefer‘ably formed by a sputtering process. The top
'_T'iN or TW layer 27 can be formed with a CYD or a sputter process. The processes of the
invention used to form the resistive layer are described below: (1) CVD TiN layer using Ti

[N(C2Hs)2]s (2) CVD TN layer using Ti[N(CHy)a)a (3) CVD TiN layer using TiCl, and (4) TIN



=9-,an well (ink supply reservoir) will be forned. A transistor is formed -
over the active area. The transistor can be called a power transistor
because it supplies the power to the heating resistor 29A. The transi stor
conprises a source 12, drain 14 and gate electrode. 16 18 19. The transi stor
Is preferably a MOS FET device (e.g., netal oxide sem conductor field
effect transistor). Because of the thick field oxide, high device threshold
(> 2.0 V) and high threshold (> 20V) can .bggachi eved. As shown in figure 3,
a dielectric layer 24 is forned over the field oxide region 20 and the
transistor 12 14 16 18. The dielectric layer 24 has contact openings over

oot e SR G gfogég%.@ A R e ety
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preferably has a thickness |n a range of between about 5000 and 15, 000 A
Referring to figure 4, a resistive layer 26 27 is then forned over the
dielectric layer 24 and contacting the source 12 and drain 14. Ttl
resistive layer 26 27 RSSl!EiF‘@f%H%Y%'&%’J eévgfpfaceésqsayyi‘e Lepistive: layeg 26 27
titanium 26 /titaniumnitride 27 or titanium 26 /tungsten nitride 27. The

bottom ti tcaniposed ofylérlraninﬁx fi titaginmmitride lis/preferablyfotmedbysputt ¢ringi theybestame Figaniumihe
t op

layer 26 and depositing the TiN layer 27 via a chemical vapor deposition (i.e., PECVD) by
pyrolyzing TiCl; or an organometalic precursor compound of the formula Ti(NR;)s (wherein R is -
an alkyl group) either alone or in the presence of either a nitrogen source (e.g., ammonia or
nitrogen gas ) obtain Predominately amorphous TiN films demonstrate highly stable, high reliable
resistive obtain characteristics, with bulk resistivity values between 100 to 1000 micro-ohm range.
To obtain better barrier properties, fcl;e films can be stuffed with oxygen or nitrogen by rapid
thermal annealing (RTA) or furnace annealing. After the anneal the layer 26 27 has the following
structure shown in figure 8: Si (10) /TiSi2 (26.1) /TiNO (26.2) /TiN (26.3). The lower Ti Lywe
26 reacts with the Silicon substrate to form TiSi; (26.1) over the contact (source and drain

regions).

The preferred process variables for the CVD processes for the TiN layer 27 are

shown below.

. Table 1: TiN layer 27 - process description - Ti[N(C;Hs)ls - CVD

variable units low limit target hi limit
Temperature °C 200 420 600
Pressure torr 1 10 100
Reactant gases | sccm 10 30 200




TiN or TWlayer 27 can be formed with a CVD or a sputter process. The
processes of the invention used to formthe resistive |ayer are described
below. (1) CVvD Ti N layer using Ti [N(Clerr]Herr])[err]][err] (2) CVD TiN

| ayer using Ti[N(CH err])[err]][err] (3) CVD TiN layer using TiC [err] and
(4) TiN - 10 - layer 26 by a sputter process (5) Titaniumtungsten
nitride (Ti/W\x) using CVD or PECVD. The resistive layer is nore preferably
formed of Ti/TiN using a sputter processt! Resistive Ti/TiN |ayer 26 27 by
CVD processes - _The resistive layer 26 27 conposed of Titaniym/ titanium
nitride i s pwvafizbleabl y f qrumits by sputltlewilimjtt he bbtargen Tit ani (i limiter 26 ajnd
depositing {hbag,Ti N Fayerf 27 via a chF‘T cal vapor|deposition .e., PECVD)

by pyrolyzi i 24] or an organopetal ic precprsor conpound of the

formula Ti( 19 ' F.1an atkyt J%p) B the lolid)ne OT 1T

the presence ) it her 3 .,Source (e.g., g nia or nijtfogen gas)
\ I I i . .

obt ai n Pr ed¢gmm~=hs

reliabl e re$iCarisf&asht aisceMar acteriblics, with bdPk resisti iy val ues
bet ween 100]|flow1000 ni crlo-ohm range.| To obtain better barrier properties,
the filns carben stuffed with oxygen| or nitrogen|by rapid thdrmal annealihg
(RTA) or fuj @mvajnneal-l %m{ag‘tner t hes@nneal thelbayer 26 27 {lgpp t he

foll ow ng strTucture showmT T fTguTe 3. o (10) 7 TTSr2(26. 1) IFTINO(26.2)
/TiN (26.3). The lower Ti Lywe 26 reacts with the Silicon substrate to form
TiSi2 (26.1) over the contact (source and drain

Table 2: TiN layer 27 - process description - Ti{(N(CHs)]s - CVD

—

variable units | low limit target hi limit
Temperature °C 200 420 600
Pressure torr 0.1 2 20
Reactant gas -

Ti[N(CH3)2]4

Carrier Gas sccm ' 150 250 500
flow: . : o

N

Carrier Gas sccm 100 150 300
flow:

He : -
resistivity pohm-cm 30 200 1000
Power of H, RF watts. 50 200 500
/N, plasma

treatment

Table 3: TiN layer 27 - process deécription -TiClk -CVD

variable units low limit target hi limit
Temperature °C 400 600 800

| Pressure mtorr 50 150 1000
Reactant gases | sccm 2 - 150 600
NH; .
/Ti[N(CaHs)1a
Ratio of NH. : TiCls 1:1 10:1 30:1




regi bns). The preferred process variables for the CVD processes for the Ti N
| ayer 27 are shown below. Table 1: TiN |ayer 27 - process description -

Ti[N(C[err]H err])][err] - CVD variabl e units low [imt
t ar get hi lim¢t Tenperature [err]C 200
420 600 Pressure - S torr 1 10
100 Reactant gases sccm 10 ' 30 200
vari abl e units | ow | M2 - t ar get “hi limt
/T|[N(C[err]H[err])[err]][err] Rati o of NH3 2:1
1: 10 Reactant gasses /Ti[N(Cerr]Herr])[err]][err]

Carrl er ees scem : 16 T 56—H ow
Ar gon regd V%rllab\lﬁ 1 \- l‘!_ng$ I"] ohm r\r]ll low hmlt 5Q target . ?hhrnlt
800 TabIeREathIltlgaSSGQ [ 27 - proceps descriptipbn - Ti[(NCHerr])[err]]ferr].
- CV/D Carrier Gas -sccm 1 5 20

flow:

Argon

resistivity wohm-cm 50 200 600

- Affer deposition, preferably an in-situ Hz /N2 plasma treatment is performed to
reduce the carbon content (i.e., to low the sheet resistivity and to stabilize the film to minimize

moisture absorption,

The TiN layer be also formed using Ti(CiN,) or Ti(NMe2)4.'See US patent

5,496,762 (Sandhu et al.).

The resistor /barrier layer formed using the metal organic CVD process for
TiN has the advantages of a relatively low processing temper;\tllre (lower activation energy ). -
Also the metal organic precursor is less corrosive to the environment (i.e., the chamber wall and
susceptor), and has less particle contamination. However, TiCl, tends to have more particle

contamination.

TiN layer 27 by Sputter process --Alternatively, a 'resi's_tive layer 26 27
.form.ed of TV/TiN can be formed by a sputtering process. The resistive layer 26 composed of Ti/
titanium nitride preferably has a Ti thickness in a range of between about 200 and 600 A and a
TiN layer thickness in a range of between about 400 and 2000 angstroms. The resistive layer 26

has a resistance in a range of about 20 and 50 ohms/sq.



varij abl e units low limt t ar get hi |imit

Tenper at ure [err]C 200 420 600
Pressure torr 0.1 2 20
Reactant gas Ti[N(CH err])[err]][err] Carrier Gas sccm 150
250 500 flow. N2 Carrier Gas sccm 100
150 300 flow. He resistivity ohmcm 50
200 1000 Power of Herr] - fF_watts. 50
200 500 /N[ err] plasma treatnent. Table 3: Ti N |ayer 27 -
process de scription - | ow
i mit targ et ﬂeclnLé:t3 {sls aince §ﬁféﬁgﬁxfom of the Tg%’l rir%‘%e layer (TiN and
400 800 Pressure
150 WN) camm;cﬂgw @,qtrouﬁgig}ygna ingsmall adjustments of tlge scan rate of the metal 150
600

nitride layer.

Resistive layer 26 27 - Ti/ tungsten nitride - CVD - The resistive layer 26
27 can also be formed of Ti/ Tungsten Nitride (WNXx) using either a chemical vapor deposition
(i.e., PECVD) or sputtering process. The bottom Ti layer 26 can be formed with a sputter
process. A resistive layer of tungsten nitride (WNx) 27 caﬁ be foﬁned by a chemical vapor

deposition process using the process variables shown below in the table 4.

Tabled: CVD Tungsten Nitride layer 27 - process description

variable units low limit target hi limit
Temperature °C 100 400 - 600
Pressure torr 0.1 10 100
Reactant gasses | NH; /
WFs/H2 -
Ratio of NHai /WFs 1:5 1:1 ' 5:1
Reactant gasses '

Carrier Gasses | HeorMNe

o e
el

_resistivity yohm-cm .

Power of H, RF watts 50 : 200 - -1 500
/N; plasma

treatment

- Qverall, the most preferred method for forming the Ti/ TiN or the Ti/TW layer-

26 27 is using a sputtering process where the dimension is above 0.35 um but chemical vapor



NH[_e'rr]=/Ti[N(C[err]H[err])[err]][err] Rati o of NH[err]: Tic[err]
1:1 10: 1 30:1

- 12 - variable units
low [imt t ar get hi limt Reactant gasses Carrier Gas
sccm 1 5 20 flow. Argon
resistivity [err] ohm cm 50 200 600

After deposition, preferably an in-situ H[lgrr] IN[err] plasna treatnent is
performed to reduce the carbon content (i .€., to low the sheet resistivity
and to stabilize the filmto mnimze noisture absorption. The Ti N | ayer be
also formed using Ti(C[err]Nerr]) or Ti(NWe2)[err]- See US patent

5, 496, 762 d&ﬁgss@gcﬁnﬂneﬁm Jite _Fpﬂﬁdﬁﬁlk%wh%bélbﬁro.iﬂiﬁi TR THUIN RiyBo26 Ieis

netal orga praocess tor as the advantages of a relatively | ow

rocessi ng te rature,(] ower activatio
P %refergggr sputtered at a pressure in a range Of

sehedeabout 0.1 and 10 torr and ata
temperature in a range of between about 100 and 425 °C. After deposition, the resistive layer 26

27 can be treated with a N; plasma to lower the sheet resistance of the CVD deposited TiN film.

As shown in figure 4, a metal layer 28 is formed over the resistive layer. The
* metal layer is preferably comprised of aluminum and is preferably formed of aluminum with 0.5 to
4.0 % Cu to have better electromigration properties. The metal layer 28 preferably has a

thickness in a range of between about 5000 and 15,000 A,

As shown in figure 5, the metal layer 28 is patterned to form an ink well
opening 29 (e.g., first opening 29 over a portion of the resistive layer 28 over the ink well region
52). A photoresist layer 29B has an opening over the ink well area 52 is formed over the metal
layer 28. Next, the metal layer 28 is etched through the photoresist 29B opening. The etch is -
prefefably an isotropic etch, such as a wet etch. A preferred wet etchis a ptiosphoric acid and
nitric acid/bI water etch (H;PO,; /HNOs/H;0). The etch preferably creates an opening 29 with
sloped sidewalls (see figure 5). The sloped (non-vertical) sidewalls are desirable because they

reduce current density gradually across the slope.

As shown in figure 6, the metal layer 28 and the resistive layer 26 27 are then
patterned thereby forming a second opening 31 over the gate electrode 16 18 and thereby
patterning the layers 26 27 and 28 into a first metal interconnect layer 26 27 28. A photoresist

layer 29C is used as shown in figure 6. This electrically isolates the source and drains. This



Also the metal organic precursor is |less corrosive to the environnment

(i.e., the chanber wall and susceptor), and has |l ess particle

contam nation. However, TiCl[err] tends to have nore particle

contam nation. TiN |layer 27 by Sputter process -Alternatively, a resistive
| ayer 26 27 formed of Ti/TiN can be formed by a sputtering process. The
resistive layer 26 conposed of Ti/ titaniggmnitride preferably has a Ti

t hi ckness in a range of between about 200 and 600 A and a Ti N | ayer

t hi ckness in a range of between about 400 and 2000 angstroms. The resistive
| ayer 26 has a resistance in a range of about 20 and 50 ohns/sg. - 13 -

" The sheet patteiningalsoedefines the frsh metal layet 38. Fhetniesal dayen 28 and thedesistivpdayer 26 R7 g
WN) can be accurately controlled by making small adjustnments of the scan
rate of t heefefabiyletchiell iithe CChy ©CL, Re€l,sBCKsBChyeCl, 2% HGl+ CEHi / tungsten
nitride - CVD - The resistive |layer 26 27 can also be fornmed of Ti/

- Tungsten Nitride (W\x) using either a chem cal vapor deposition (i.e.,
PECVD) or sputtering process. The bottom Ti |ayer 26 can be fornmed with a

sputter process. A resirfl jesRtdra¥SA pRiferhbl 654 BIurbd fnthé fangbR kbotif 50and 260
formed by a chenical vapor deposition process using the process variables

shown bel Os\cllvualrg p.tnp eTltxeartélsigti\% layer and metal layers will remain on the source and drain regions 12 14

to act as a barrier layer. The resistive layer is removed between all areas where electrical

connections are not desired.

As shown in figure 7, a passivation layer 30 is.then formed over the metal layer
28, the gate electrode 16 18, an'd' resistive layer 26 in the ink well region 52. The passivation
_layer 30 can be formed of silicon oxide, silicon nitride, silicon oxynitride or a combination of
silicon oxide/silicon nitride stack. The passivation layer 30 preferably has a thickness in a range of
about 5000 A and 20,000 A. The passivation layer must be able to withstand high temperatures

‘stress since each individual ink will be firing at a frequency of about 10 to 20 kHz. The

passivation layer must be reliable under these stresses over the lifetime of the device.

Still referring to figure 7, a second metal layer 36 .ig formed over the
péssivaﬁon layer 30 in the ink well region 52. The second metal laygr\can be formed of tantalum,
tantalum nitﬁde, titanium nitride, or tungsten nitride, and more preferably is formed of tungsten

- nitride. The second metal layer preferably has a thickness in a range of between about 5000 and
20,000 A. The function of the second metal layer 36 is as a high heat conductor and thermal

shock absorber to vaporize the ink in side the ink well. The second metal layer must be able to



Table 4: CVD Tungsten Nitride |ayer 27 - process description variable

units low limt t ar get hi limt Tenperature
[err]C 100 400 600 Pressure

torr 0.1 10 100 React ant gasses

NH err] / WF[err]/H err] Ratio of NH err] /W[ err] 1:5
1:1 5:1 Reactant gasses Carrier Gasses He or N err]
resistivity [err]ohm cm Power of 2 - 16 RF watts 50 ;
200 500 /NJerr] plasma treatnent Overall, the nost preferred

met hod for formng the Ti/ TiN or the Ti/TWIlayer 26 27 is using a

sputteri ”&it%&faegégim E{rgsst(geﬂfc%i[’)?fﬁgft %yéto%ﬂié?anﬁ -ogﬂ'of'% kM THalre iR BT

i
e down to below 0.2

vapor - epositron ( s are applicab
[err]m The Ti/TiN |ayer 26 27 is
induce corrosion.

Following this, a film 40 is formed over the substrate. The film 40 is used to
define the inl‘c well 44, :i‘he film 40 is preferably composed of silicon carbide or tantalum carbide.
The 'ﬁlm preferably has a thickness in a range of about 4 to 20 pm. The film 40 is patterned to
form an opening 44 over the ink well region 52 thereby forming an ink well 44 (e.g., a cavity).

The ink well exposes the second metal layer 36. The inkwell preferably has an area in the range

of 14 to 30 sq-um and a volume in a range of between about 2000 and 20,000 urm’.

A nozzle plate 42 having an orifice 50 (e.g., openging) is formed in
communication with the ink well 35. The nozzle plate 42 is preferably formed of metal or metal

nitride films. The nozzle plate preferably has a thickness in a range of between about 1and 5 yum.

-

The invention provides an ink jet printhead that has an improved resistive layer
composed of two layers of-titanium/titanium nitride or titanium/tungsten nitride. The resistive
layer is used as a resistor in the inkwell and as a contact metal barrier layer for the first level
metal. The titanium/titanium nitride or titanium/tungsten nitride layerof the invention provides
better electromigration performance (i.e., lifetime) at high temperature stress. The resistive layer
'alsé acts as an excellent junction barrier for MOS devices. Moreover, the chemical vapor
deposition process to form the resistive l_ay_er is applicable to future generations of ink jet

printhead without any process changes.



preferably sputtered at a pressure in a range of between about 0.1 and 10
torr and at a tenperature in a range of between abou=10Q -and 425 [e
After deposition, the resistive |ayer 26 27 can be temgg@ﬂggi-hm%%p
to | ower the sheet resi stance of the_ CVD deposited N.fi Impm@om ijin
figure 4, a netal layer 28 is formed over the resist¥s .
| ayer is preferably conprised of alum pumand is preferabl y forned of
alumnumwith 0.5 to 4.0 % Cu to have better electrom gration properties.
The metal |ayer 28 preferably has a thickness in a range of between about
5000 and 15,000 A. As shown in figure 55 the netal layer 28 is patterned to

forman ink well openi . t he
resistive layer 28 over ﬁgerEﬁQgela lud’ ﬁ;{egpaq &g%&nignﬁ%re Z’Sﬁﬁﬂﬂy 00&15
has an openi ng over, the | k well area 52 | formed over the .
Noxt -t hostmeRie s anetiomof Figios SER S Bl Ay CHOIGHERG Feistos dng BB et %ﬁafosqfﬁ
etch is preferably an |sotrop|c et ch, such as a wet etch. A preferred wet
etch i s aamgusafhfor a widerange nflapplications Ao¢ludiig theamnalrinkejet prigibpadsranpcpther MOS
/Hqurr]/H[err]O). The etch preferably creates an opening 29 with sl oped
si dewal | s gh&itibﬁsﬁ)- The sl oped (non-vertical) sidewalls are desirable
because tﬁey rg uce current density gradually across the slope. As shown in
figure 6, the nmetal layer 28 and the resistive |layer 26 27 are then
patterned thereby form-ng a second opening 31 over the gate el ectrode 16 18

and thereby patterni ”%&E%&hﬁo@ﬁa&%ﬁﬁ 1&%&1}?%&\& dldr ddscriBeldRkith reference

i nterconnect |ayer ot or esi s l'ayer” 29C 1s used as shown in
figure 6. Th'e%re er?g& émlg:oadnngnts %t?elrgc;[f,e‘% wxlp Be Ex?d"ers?oodaby thggeaékﬁfed il MeSart that various

changes in form and details may be made without departing from the spirit and scope of the

invention.

What is claimed is:

_—

This Sheet Has Been R,

U



.~ 15 - patterning also defines the first netal |ayer 28. The netal |ayer 28
and the resistive layer 26 27 are preferably etched with CCI[err] CCI[err]
+ Cl[err], BAJ[err], BC[err] + Cferr] or HO + dJerr] Te o

preferablX#Q;nggigLea,+ﬁ/tﬁ§'range of about 50 and 200 s[>
resistive and net al ers will remain on the sourck
regions 12 rier layer. The resistive |ayer SGiasa=—"c
bet ween al | M ) rlcal connectiléns are not desi red As shown in
figure 7, a ss%vdtlon Iayer 30 is then fornmed over the netal |ayer 28,
the gate electrode 16 18, and resistive layer 26 in the ink well region 52.
The passivation |ayer 30 can be forned of silicon oxide, silicon nitride,
silicon oxynitride or a conbination of silicon oxide/silicon nitride stack.
The passivation-layer 30 preferably has a thickness in a range of about

5000 A and. 20, @0fethod dfifabrieatingwrtesistor 1nawsmncmémctbledewide&ompﬁanghst and hi gh
t enperatures stress since each individual ink will be firing at a frequency

ctr 2?532 éSleﬁ g ne | P et PROAERE R 25 3*3‘1“8?*%ﬁ°1‘?&rd§‘%ﬁ°?'ﬁgﬂ?‘3@*‘%ﬂ‘?§°‘- ;
36
vl | Togron 52 The secBAALEARS 1aipn AR AT Bl Rt Bgonr S st el

nitride, titaniumnitride, qQr tungsten nitride,_ and nore preferably |s :
formed of tungsten ni tﬁﬂé@cum%éé@ﬁ@nﬁﬂf)éwmm fproures; dmyande&ataelectmde
t hi ckness in a range of between about 5000 and

b) forming a dielectric layer over said field oxide region and said transistor, said

dielectric layer having contact openings over said source and drain;

c) forming a resistive layer over said dielectric layer and contacting said source
and.drain, said rééistive layer comprised of two layers of material selected
from the group consisting of titanium /titanium nitride and titanium/tungsten
nitride; |

d) forming a first metal layer over said res';stive layer;

¢)  patterning said first metal layer forming an first opening over a portion of
said resisfivé layer over said ink well region;

f)  patterning said first metal layer and said resistive layer forming a second
opening os;er said gate electrode and patterning said first metal layer and said
resistive layer forming a first interconnect layer;

| g) forming a passivation iayer over said first meta'lylayer,. said resistive layer in

said ink well region and said gate electrode.

\\\\\\\\\\\\\n\m\ﬁ“



20,000 A. The function of the second netal |ayer 36 is as a high heat
conduct or and thermat—shock—absorber to vaporize the ink in side the ink
wel | . The sec I r st be able to - 16 - withstand thernal
stress (> 400ﬂm,ﬂﬁa@elmﬂﬁaﬂﬂe to withstand corrosive ink. The resides of
t he i nk induce <€orer0%i ON. '¥"owi ng this, a film40 is forned over the
substrate. The film40 is used to define the ink well 44. The film40 is
pref erably conposed of silicon carbide or tattt al um carbide. The film
preferably has a thickness in a range of about 4 to 20 [err]m The film 40
Is patterned to form an opening 44 over the ink well region 52 thereby
form ng an2i nk Wbe methpd(of clgim 1 avhichMutther indtadesi nk wel | exposes the second
nmetal |ayer 36. The inkwell preferably has an area in the range of 14 to 30
sg-[err]mand a vol une fofiniag & 3&@ad dhetdHhyé @verdaid PassiPiiondndr #salliak wadier r] .
A nozzle plate 42 having an orifice 50 (e.g., openging) is fornmed in
comruni catiogeﬁm'rph the ink well 35. The nozzle plate 42 is preferably
formed of net Or nmetal nitride filns.. The nozzle plate preferably has a

t hi ckness in a range of_betwe dbout . nd. 5 [.er . .The invention ..,
provides an ink jet priﬁmﬁaﬁmﬁerﬁ@%ﬁsq%%@ﬁ‘%wgﬂQQCW%%WEGﬂﬂ&ed

of two layers of titaniumtitaniumnitride or titaniunm tungsten nitride.
The resi st i vavellaggion thereby forming an ink svell; s9id ink wefl exposingesaid sependametal layss: ansk
nmetal barrier layer for the first |evel

' forming a nozzle plate over said film, said nozzle plate having an orifice in

communication with said ink well.

3. The method of claim 1 wherein said dielectric layer is composed of a material selected
from' the group consisting of phosphosilicate glass and boropliosphosilicate glass, and has a
thickness in a range of between about 5000 and 15,000 A. |

4, The method of claim 1 wherein said re_sistive layer is composed of two layers of a
Titanium layer under a titanium ni.tride layer and said titanium nitride is formed by deposited
via chemical vapor deposition by pyrolyzing a TiCl, with NH;_ and said titanium layer having a
thickness in a range of between about 200 and 600 A, and said titanium nitride layer having a -
thickness between about 400 and 2000 A,

5. The method of claiin 1 wherein said resistive layer is composed of a Titanium layer under
a titanium nitride layer and said titanium nitride layer is deposited via a chemical vapor
depcsition by pyrolyzing a nitrogen source and an organometalic precursor compound of the
formula Ti(NRz)s wherein R is N alkyl group, and said titanium layer having a thickness in a
range of between about 200 and 600 A and said titanium nitride layer having a thickness

between about 400 and 2000 A.



netal . The tita”ii%mwﬁde or titaniumtungsten nitride |ayer of
the invention provides better electromgration performance (i.e., lifetinme)

at high tenperat “Imamesi stive layer also acts as an excellent
junction barri ern!mnsmmé Mor eover, the chem cal vapor deposition
process to formthe tesistMvé | Ayer is applicable to future generations of
Ink jet printhead wi thout any process changes. - 17 - This invention
relates to integrated circuits and, noré€ %gf‘ticul arly, to the structure and
function of resistor structures in such circuits. The resistor and
structures disclosed are useful for a w de range of applications, including
thermal ink | etTRy hathbgsra 'ﬂﬁfw& ﬁlrsai\cff?@siﬁiv@@dgbf iPeUthpcsad bPA Fitanivallfyet ifder
i nventi on has been partlcu?lar y shown and described with reference to the
preferred enbpdinent.s. t hereof, if.w.ll bhe.upder.st.ood. 4+ ho ' in
Phe art ¢ hat® GapB ik vpeend s iphion mifge BEFTE SRR vh AT Eufee vanf
departing fromthe spirit _and_sc%oe of ttﬂe I nventi on. )

: deposition by pyrolyzing Ti[N(C;Hs)]s with NH; at a temperature in a range of between

" about 200 and 600..°C, at a Pressure in a range of between about 1 and 100 torr using
Reactant. gases of 'I.‘i[N(Csz)2]4 at a flow rate in a range of between about of 10 and 200
scem, and a Ratio of Reactant gasses between NH; and Ti[N(CzHs)z2]« of between about 2:1
and 1:10, and a Carrier Gas flow of Argon atarateina x;ange of between 1 and 50 sccm, said
resistive layer having a resistivity in a range of between about 50 and 800 pohm-cm, and said
titanium layer having a tﬁickness in a range of between about 200 and 600 A and said
titanium nitride layer having a thickness between about 400 and 2000 A.

7. The method of claim 1 wherein said resistive layer is composed of a Titanium layer under
a titanium nitride layer and said titanium nitride layer is deposited via a chemical vapor
deposition by pyrolyzing Ti[(N(CHs);Js ata temperature'in- a range of between about 200

600 °C, at a Pressure in a range of between about 0.1 and 20 torr, a N, Carrier Gas flow: in

a range of between 150 and 500 sccm, a He carrier Gas flow in a range of between about

100 and 300 sccm, ar'id.éaid resistive layer subjected to a H; /N, élasma treatment at a RF

power in a range of between about 50 and 500 RF watts, and said resistive layer having a

resistivity in a range of between about 50 and 1000 pohm-cm.

8. - The method of claim 1 wherein said resistive layer is composed of a Ti layer under a

tungsten nitride layer, said Tungsten nitride layer formed by a chemical vapor deposition



- 18- CLAIMS A nethod of fabricating a resistor in a sem conductor device-
conprising: a) providing a subStrate having a field oxide region
surroundi ng an [ ; iy f1 el d oxide region having an ink well

regi on, and pr Oammﬂ”mylmﬁulﬂHMLr in said active area, said transistor
conprising a sourte,C dtaimh and \gate el ectrode; b) formng a dielectric

| ayer over said field oxide region and sayjd.transistor, said dielectric

| ayer havi ng contact openings over said source and drain; c) formng a
resistive layer over said dielectric |ayer and contacting said source and
drain, said resistive layer conprised of two |layers of material selected
fromthe grqipessoaisd tehipemture irt a tamge ofibetweenmaboutn 100tand $80 3G dat a pressure in a range
titanium tungsten nitride; d) forming a first metal |ayer over said

resistive | ayffeivwéeh abouthPl bfd 100 rS alith RehdihntBaSsas comiing WIFFINHG/HIR, and Rl

opening over a portion of said resistive |layer over said 1nk well region;

f) patterni said firs ' teo%l.wﬁ. I r {Thag. -2
second openi%ﬁg(?gﬂ?wé'ﬁﬁe °§‘5‘F§e§+t tfé g%%qgﬂlc?%%h <Ser ni n%én\ség?lﬁ?raggqﬁe al”™”

| ayer and said resistive |layer form a first interconng I r;

formng a pa%dekatGasier Gas 6%?3%@%QWQF%%?°W9@$€?§ia&8¥1§Ei%"&')avgzmz

layer in said ink-well region and said gate el ectrode. L
plasma treatment performed at a RF watt of between about 50 and 500 watts, and said Ti

layer having a thickness in a range of between about 200 and 600 A and said tungsten nitride
layer having a thickness in a range of between about 400 and 2000 A

9. The method of claim 2 wherein said second metal layer is formed of aluminum with a Cu
% in the range between about 0.5 to 4.0 %, and has a thickness in a range of between about
5000 and 15,000 A. :

10.  The method of claim 1 wherein said resistive layer has a resistance in a range of between

- about 20 and 50 ohm/sq.

11.  The method of ciaiin 1 wherein said passivation layer is composed of a material selected
from the group consisting of: silicon oxide, silicon nitride, silicon oxynitride and a two layer -
silicon oxide/silicon nitride stack, and has a thickness in a range of between about 5000 and

20.000 A.

12.  The method of claim 2 wherein said second metal layer is composed of tantalum and has a
thickness in a range of between abouf 5000 and 20,000 A.
13.. A method of fabricating an ink jet printhead having a resistor comprising:
a)  providing a substrate having a field oxide region surrounding an active area;
said field oxide region have an ink well region, and providing a transistor in

said active area, said transistor comprising a source, drain and gate electrode;



- 19 - 2. The method of claim| which further includes: formng a second
metal |ayer over said passivation layer in said ink well region; formng a
filmover said substrate, said filmhaving an opening over said ink well
region thereby formng an ink well, said ink well exposing said second
metal layer; and formng a nozzteptate over said film said nozzle plate

having an orifice in ' ' Lt h.saidoiink well. 3. The net hod of
claim1 wherein said Pﬂ g’m H!',I s conposed of a material selected
fromthe group consi stkhngc OTL | i cate gl ass and borophosphosilicate

gl ass, and has a thickness in a range of between about 5000 and 15, 000 A

4. The method of claim1 wherein said resistive |layer is conposed of two
| ayers of a Titdhi urformipga diglentric layeri compiosad ofi phasplosilicgterglass dversaitl fisld ani um
nitride is formed by deposited via chem cal vapor deposition by pyrolyzing
a Tid[err] with Nbideegionndd sa trahdistorn salddletucrc layetihaging chitaeiGiRamg N 2
range of between about 200 and 600 A, and said titaniumnitride layer
having a thickness Qi wageSoRbOMid £38. and 2000 A 5. The method of claim
1 wherein said resistive [ayer Is cohposed of a Titaniumlayer under

¢)  forming a resistive layer over said dielectric layer and contacting said source
and drain, said resistive layer comprised of a two layer structure selected from
the group consisting of: Titanium/ titanium nitrjde and titanium/tungsten
nitride;

d) forming a first metal layer over said resistive layer; said first metal layer
composed of aluminum;

e) patterning said first metal layer forming an first opening over a portion of
said resistive layer over said ink well region ;

f)  patterning said first metal layer and said resistive layer forming a second
open_ing over said gate electrode and pattei'ning said first metal layer and said -
resistive layer forming a first interconnect layer;

g) forming a passivation layer over said first metal layer, said resistive layer in
said ink well region and said gate electrode; said passivation layer composed
of a material selected from the group consisting of sélicoﬁ oxide, silicon nitride
and silicon oxynitride; -'

h)  forming a second metal layer composed of tantalum over said passivation

layer in s;aid ink well region;



a titanirumnitride |ay | Itaniumnitride layer is deposited via a
chem cal vapor depositj rolyzing a nitrogen source and an
organonetal i c pr-ecursofﬂﬂmwmum formula Ti(NRerr])[err] wherein R
is N al kyl group, and i ilyer having a thickness in a range of
bet ween about 200 and 600 A and saidtitaniumnitride |layer having a

t hi ckness between about 400 and 2000 A - 20 - 6. The nethod of claim
1 wherein said resistive |layer is conposed &t =a Titaniuml ayer under a
titaniumnitride layer and said titaniumnitride |layer is deposited via a
chem cal vapor deposition by pyrolyzing TiJN(Clerr]Herr])]l[err]. .ymth

NH err] at a terrpera’t)urequﬁ“%ar@ﬁg@nw%ﬂﬁﬁ wdroeNer Said el a@O%ﬁ’%@ﬂl}@n‘c’at
a Pressure in a range of between about | and 100 torr using Reactant gases
of Ti[N(( err]Herr]) [ eau ppdning Gvensaidinkiveel regiowethereby formmpandink westlysaishink et
of 10 and 200 sccm and a Ratio of Reactant gasses between NH3 and

Ti[N(C[err]H[err])[err]k{ﬁsﬁlksgasgwnmaaﬁwt 2:1 and 1:10, and a Carrier

Gas flow of Argon at a rate I'n a range of between 1 and 50 sccm said
resistive layer haviRg a 1054 hobzte ﬁ’l. I idIRLYE Shte QR rised €m0§00
[err]ohmcm and sai ti{%rﬁlﬁdﬁrﬁlaye %QS?%éﬁg%tﬁﬁ%Eness ?n a ragrPgse 8
bet ween about 200 -and 600 nd said.titaniumnitride.layer having a
t hi ckness between about c%@eglﬁgn%%enéeegpomuqag@omﬂbaﬁgfrdtc\yé*.m 1 wherein
said resistive |layer is conposed of _.a Titaniumlayer under

14.  The method of claim 13 wherein said dielectric layer has a thickness in a range of between

about 5000 and 15,000 A

15.  The method of claim 13 wherein said resistive layer is composed of two layers of a
Titanium layer under a titanium nitride layer and is formed by-deposited via c;.hemi'cal vapor
deposition by pyrolyzing a TiCl, with NHj, é.nd said titanium layer having a thickness in a
range of between about 200 and' 600 A,___and said titanium nitride layer having a thickness
between about 400 and 2000 A,

16.  The method of claim 13 wherein said resisti've layer. is.composed of a Titanium layer
under a titanium pitride layer and is formed by deposited via chemical vapor deposition by -~
pyrolyzing a nitrogen source and an organometalic precursor compound of the formula
Ti(NR;)s wherein R is n alkyl group, and said titanium layer having a thickness in a range of
between about 200 and 600 A and said titanium nitride layer havi_né a thickness between
about 400 and 2000 A.

17. _ The method of claim 13 wherein said resistive layer is composed of a Ti layer under a
tungsten nitride layer,_and said Ti layer having a thickness in a range of between about 200
and 600 A and said tungsten nitride layer thickness in a range of between about 400 and 2000

A



atitaniumnitride lLayer and said titaniumnitride layer is deposited via a
chem cal vapor depommwﬂ—ng Ti[f(N(CH err])[err]][err] at a
tenperature in a ran gut 200 600 [err]C, at a Pressure in a
range of between abogﬂmﬂﬂﬂg'@ﬁﬁ'&g”r , a N2 Carrier Gas flow. in a range
of between 150 and 500 secm rier Gas flowin a range of between
about 100 and 300 sccm and said resistive dsayer subjected to a H2 N2

plasma treatment at a RF power in a range of between about 50 and 500 RF
watts, and said resistive |ayer having a resistivity in a range of between

about 50 and 1000 [err]ohmcm 8. The nethod of claim1 wherein said
resistive jlgayery L Poﬁ-hﬁﬂo%ih'iﬂiﬁlﬁnbﬁﬁh 1
sai d Tungsten r'lrlhtb?ﬁl e |ayer ?gr@ieegélgéﬁgg%ﬁgﬁﬂgﬁﬁzgggr eposi tion ea.chI‘u

process at g,tewperature in r etween ahgut 100 and O.lerrkC  at
a pressure iRt trﬁgm%stfweﬁggﬁgggfgﬁoﬁ{)°h_q&§ﬁa%§qeﬁp,a_m$g%§3& out
gasses conprising \/\F&erA]INH[err]/H[err], and the ratio of flow rates of

t he React ant®08@3abt5009 An a range of between about 1:5 and 5:1 (NHerr]:
WF[err]), a Carrier Gasof a gas selected fromthe group consisting of: He
and N er r]19and Thelrethod of didimrli3] winrein said tresistiveiapér has & resistete &t a canBE ofibétivee
bet ween about 50 anhd 500 watts, and said Ti |ayer having a thickness in a
range of betape@n2@hwtiso Siif/sgnd 600 A and said tungsten nitride |ayer having
a thickness in a range -of bétween about 400 and 2000 A.

20.  The method of claim 13 wherein said passivation layer is composed of a material selected
from the group consisting of: silicon oxide, silicon nitride, silicon oxynitride and a two layer
silicon oxide/silicon nitride stack, and has a thickness in a range of between about 5000 and
20,000 A.

21.  The method of claim 13 wherein said second metal layer is composed of tantalum and has
a thickness in a range of between about 5000 and 20,000 A. |

22. A thermal print head comprising : |

a)  a substrate comprising a ﬁelci oxide region.and a power transistor thereon,
said drive transistor comprising a source region, a drain region and a gate
electrode, said substrate having an ink well region;

b) a resistive layer over said ink well region, and over said source and drain
regions; said resistive layer forming a resistor over said ink well region, said
resistive layer forming a metal barrier layer over said source and drain regions,
said resistive layer formed of two layers of material selected from the group

_ consi'stiﬁg of. a titanium layer under a titanium nitride layer, and a titanium
layei' under a tungsten nitride layer;

c¢) afirst metal layer over said resistive layer;



9. | " The method of claim2 wherein said second metal | ayer is formed of
alumnumwith a Cu %in the range between about 0.5 to 4.0 % and has a

thickness in a range\d\wooo and 15,000 A. 10. The net hod

of claim1l wherein sgid resisti r has a resistance in a range of

bet ween about 20 and7@ m : The met hod of claim1l wherein said
m”,HUMteri al selected fromthe group

s

passi vation | ayer is
consisting of: silicon oxide, #s nitrid® =silicon oxynitride and a two

| ayer silicon oxide/silicon nitride stack, and has a thickness in a range
of between about 5000 and 20,000 A 12. The met hod of claim 2 wherein
said second netal l|ayer is conposed of tantalum and has a thickness in a

range of between abgzt §$ggsie§?gt&g'ePMI€aidﬁ§tmetzﬂ\leﬁ;ext‘,h()d of fabricating an

ink jet printhead havingar I conprising: a) provi ding a substrate

having a field oxide,region surrqundi ng an,activ rea; said fjeld oxide
regi on have an ink W&l gﬁéﬁq“aﬁ?etaﬂyebpgvisﬁ‘fl%“én%?lgw§f’?frsafdr|‘ éﬁeﬂ regipn.aad
area, said transistqor conprising a source, drain _and gate- el ectrode;

22 - b)  forning afhi eladimaver thgpebstratermydfacelsaid fisndayng en mkdmlleopgnb;gswen_/er
sald field said ink well region.
23. The thermal printhead of claim 22 which further includes a nozzle plat-e forming a nozzle
plate comprised (:)f silicon carbide having an orifice in communjcation with said ink well
opening.
24. The thermal printhead of cla_im 22 wherein said resistive layer is formed of a two layer
structure selected from the group consisting of: a titanium layer under a titanium nitride layer
and a titanium layer under a tungsten nitride layer, and said resistive layer is formed using a
process selected from the group consisting of chemical vapor deposition and sputtering
processes.
25. The thermal printhead of claim 22 wherein first metal [ayer a thickness in a range of

between about 5000 and 20,000 A.



oxide region and said transistor, said dielectric |ayer having contact
openi ngs over said source and drain; c) formng a resistive | ayer over
said dielectric layer and contacting said source and drain, said resistive
| ayer conprised of a two |layer structure selected fromthe group consisting
of: Titaniuml titaniumnitride and titanium tungsten nitride; d) form ng
a first netal |ayer over said resistive Layer; said first netal |ayer
conposed of al um num e) patterning saf® Tirst netal | ayer form ng an
first opening over a portion of said resistive |layer over said ink well
region; f) patterning said first nmetal |layer and said resistive |ayer
form ng a second opening over said gate adsgats ode and patterning said first
metal |ayer and said resistive layer formng a first interconnect |ayer; Q)
formng a ' 'ﬁfdno | £ Canp - PIE LS 2P LM SRS 35 TORCFOR -
llayer in Sﬁi% Weﬂ’ ﬁgﬁgﬁlmi%gﬁ’&gﬁ%ﬂe; sai d passivation

| ayer conposed of a matgyd gsleﬁf%%{ﬂ%ﬂ yfdxﬁdesta*%ﬁu&ﬁ%d@:ﬂahﬁa bﬂﬁaﬂffa&ﬁﬁﬁ%iﬁ n

oxide, silicon nitride an I con oxynitride; h) formng a second ne

lr ?é ie:‘) n COMPR3E or?t]; a tsglrrr\litcSlxl'lcyuraor(gi\é\e/irce add QspB&zﬁE,' 1484 }egﬂtér%ygr{ ink '}etqu‘ing héddkTHE! |

method begins by providing a substrate 10 having a field oxide region 20 surrounding an active
area. The field oxide reg-;on 20 has an ink well region 52, Also a t{-ansistor is provided in the
active area. The transistor comprises a source 12, drain 14 and gate electrode 16 18 19. A
dielectric layer 24 is formed over the field oxide region 20 and the transistor 12 14 16 18. The
dielectric layer 24 has contact op_enings' overthe source 12 and drain 14. A resistive layer 26 27
is formed over the dielectric layer 24 and contacting the source 12 and drain 14. The resistive
layer 26 27 is preferably comprised 'of two layers of. a Titanium layer 26 undéf a titanium nitride
27 or a titanium la};er 26 under a tungsten nitride layer 27. A first metal layer 28 is formed over
the resistive layer. The metal layer 28 is patterned forming an first opening 29 over a portion of
the resistive layer 28 over theink wéll region 52. The resistive layer and first metal layer are -
patterned forming a second opening 31 over the gate electrode 16 18 and forming the resistive
layer and first metal layer into an interconriect layer. A passivation layer 30 is then formed over
the first metal layer 28, tﬁe resistive layer 26 27 in the ink well region 52, and the gate electrode
16 18. |

'(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



- 23 - 1) formng a filmconprising silicon oxide over said substrate,
- said filmhaving an opening over said ink well region thereby form ng an

ink well, said ink well exposing said second netal layer; j) formng a
nozzl e plate over said film said nozzle plate conprised of silicon carbide
having .an orifice in communication with said ink well. 14. The met hod of

claim 13 wherein said dielectric |ayer has a thickness in a range of

bet ween about 5000 and 15,000 A. 15. . ? met hod of claim 13 wherein said
resistive layer is conposed of two Iayer% o a Ti tanium | ayer under a
titaniumnitride layer and is fornmed by deposited via chem cal vapor
deposition by pyrolyzing a Tid[err] with NHerr], and said titaniumlayer
having a thickness in a range of between about 200 and 600 A, and said
titaniumnitride | ayer haV|ng a
The met hod of cl ai m- f a
Titani um | ayer under a titanium ni¥r yer and i by deposited

via chem cal vapor deposition by pyr¢lyzing a nitro e and an
organonetal i ¢ precursor conpound of fhe formula Ti;?ﬁ?é% wherein Ris n

al kyl group, and said titaniumlayer{ having a thickhess jin a range of
bet ween about 200 and 600 A and saidtitaniumnitrifde [ayer having a
t hi ckness bet ween | 100 102 -
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about 400 and 2000 A. 17. The 'met hod of claim 13 wherein said resistive

- layer+is conposed of a Ti |layer under a tungsten nitride |layer, and said Ti

| ayer having a thickness in a range of between about 200 and 600 A and said

tungsten nitride | ayer thickness in a range of between about 400 and 2000

- 24 - 18. The nethod of claim 13 wherein said second netal |ayer is

formed of alumnumwith a Cu %in the pange between about 0.5 to 4.0 % a}]d

has a thickness in a range of between about 5000 and 15000 A. 19. . The 2

met hod of cl a2 eye d/r v 7er, Ly 2T ange A range

of between a g_t 20 ' N
n

sai d passi vat | S_conposed of a rial se d fromthe ¢roup
consi sting of.~siligon oxide, silicon Nt efasililc oxyTitride da?\o
| ayer sili conzgi’l‘d‘eq?l licon nitride. st +anfithas{{a i c1k_ness in rang

of between about 50(0U- : —7T——Tr et h ' al m I3 Whigr ei n
said second netal |ayer is conposed of tantal umn a has ‘b t hi cknesshm 40

range of between ab 000—ard—20,000 /—l 22" ( A(L treT nu{ priT—treat

conpri si ng: 14 18 186 12
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a)- a substrate conprising a field oxide region and a power transistor
' thereon, said drive transistor conprising a source region, a drain region
and a gate el ectrode, said substrate having an ink well region; b) a
resistive layer over said ink well region,,.and over said source and drain
regions; said resistive |ayer forning%g r%£§ stor over said ink well region,
said resistive layer formng a netal rrier |ayer over said source and
drain regions, said resistive Iayer—fbrnedjof two | ayers of materi al
selected fromthe group consistipg of a titaniumlayer under a titanium
nitride layer, and a titanium|ayer uhder tungsten nitride |ayer; c) a
first nmetal |ayer over said resi?tﬁfb | ayer; Eﬁi- dzé a passivation
| ayer over said first netal |ayerf; a se d t al yer over said

[ affilmover the

first netal |ayer over said ink

Substrate sq4%€ce, o i ' } -ov-er—sat-ei Nk wel |

region. 23. et mal ich further includes a

nozzl e pIatgL orm ng a nozzle plgte c T siTi1cof carbide Raving an

orifice in efﬁrﬁnﬁw, ion with saijd ink - :
28
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~ep€h|ng 24. The ther mal printhead of claim 22 i ve | ayer
is formed.of a two |ayer structure selected fro ing of: a
titani uml'ayer under a titaniumnitride layer an under . a
tungsten nitride |ayer, and said resistive |ayerji process
selected fromthe group consisting of chem cal d
sputtering processes. 25. The thernal I nt head| oA in first
metal |ayer a thickness in a range of between about 5000 and 20 0qo A

This invention relates to integrated circuits and, more ﬁaftiéula_rly, to the
structure and function of resistor structures in such circuits. The resistor and structures disclosed
are useful for a wide range of applications, including thermal ink jet printheads and other MOS

circuit applications.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.
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L A method of fabricating a resistor in a semiconductor device comprising:

2)

b)

d

's)

providing a substrate having a field oxide region suﬁ'ounding an active area;
said field oxide region having an ink well region, and providing a transistor in
said active area, said transistor comprising a source, drain and gate eléctréde;

forming a dielectric layer over said field oxide region and said transistor, said
dielectric layer having contact openings over said source and drain;

forming a resistive layer over said dielectric layer and contacting said source
and.drain, said resistive layer comprised of two layers of material selected
from the group. consisting of titanium /titanium nitride and titanium/tungsten
nitride; |

forming a first metal layer over said resistive layer;

patterning said first metal layer forming an first opening over a portion of
said resistive layer over said ink well region;

patte{ning said first metal layer and said resistive layer forming a second
opening os;ex: sald gate electrode and patterning said first metal layer and said
resistivé layer forgﬁng a first interconnect layer; _ |

forming a passivation iayer over said first metal layer, said resistive layer in

said ink well region and said gate electrode.



