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Application of Titanium Nitride and Tun.gs ten Nitride Thin Film Resistor For Thermal Ink 

Jet Technology 

:Background of Invention 

1) Field of tile Invention 

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 . 

( 
Ink jet. printing systems can be divided into .two basic types. One type uses a 

piezoelectric transducer to produce a pressure pulse that expels a droplet from a nozzle. The 

other type uses thermal energy to pi:oduce a.vapor bubble in an ink filled channel that expels a 

</!) droplet. This latter type is referred ~o as th~r:ntal inkjet printing or bub~lejet printing. Generally, 

. . 

thermal ink.jet priming·syste~s have a print head comprising one or more ink filled channels that 

communicate with a relatively small ink supply chamber at one end, and have an opening at the . 

opposite end, referred to as a nozzle. A thermal energy generator, usually a ~esistor, is located in 

the channels near the nozzle at a predetermined distance upstream therefrom." The resistors are 

individually addressed with a current pulse representative of data signals to momentarily vaporize 

the ink and formed a bubble which expels an ink droplet. Figure 1 shows an electrical schematic 

of one ink jet of a printhead having a resistor l 00 and a power transistor I 02. In fabrication, the 
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ink supply chamber is located over the resistor and the power transistor is formed nearby on a 

substrate. One preferred method of fabricating thermal ink jet printheads is to form the heating 

elements on the surface of one silicon wafer and the channels and small ink supply chamber of 

reservoir on the surface of another silicon wafer. 

In many integrated circuit applications, especially ink jet printheads, there is a 
·~ 

need for structures which function as resistors. For years, widely doped silicon stripes have been 

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 resisti~~ty 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 dopii:ig levels. The 

three variables interact to establish the resistive value 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 rnult-level resistor structures. 

A major problem in the manufacture of thermal inkjet pririthead 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 comrollable 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 
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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 (Mayhsoudnia) used a resistor layer of Si Cr, NICr, TaN, 

CiCR plus a conductive layer ofTiN as a resistive layer. However, printheads and rei?istors can 

be further improved to make them more reliable, especially at higher temperatures and 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 inkjet 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. 
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To accomplish the above objectives, the present invention provides a method 

of manufacturing an ink jet printhead having an improved resistive layer that acts as a resistor and 

as a barrier for contact metallization. The method begins by providing a substrate 1 O having a 

field oxide region 20 and a transistor. in the active area. Next a dielectric layer 24 is formed over 
. ~ . 

the field oxide tegio~ 2.0 and the transistor 12 14 16 18. Contact openings are then formed in the 

dielectric layer 24 over the source 12 and drain 14. 

"Next, a resistive layer 26 27 is formed over the dielectric layer 24 arid 

contacting the source 12 and drain 14. The resistive layer 26 27 is preferably of made two layers 

of Titanium/titanium nitride (Ti/TiN) or titanium/tungsten nitride (Ti/WNc where xis 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 passivati~n layer 30 is formed over the substrate. A second metal layer 36 is formed 

over the passivation layer 30 in the ink welt 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 orifice 50 is formed over the ink well 35. 

In slightly more detail the inventiOn comprises providing a· substrate 10 having 

a field oxide region 20 surrounding an active area; the field oxide region 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; 
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forming a dielectric layer 24 composed of phosphosilicate glass over the .tield 

oxide region 20 and the transistor 12 14 16 18, the dielectric layer 24 having contact openings 

over the source 12 and drain 14; 

forming a resistive layer 26 over the dielectric layer 24 and contacting the 

source 12 and drain 14, the resistive layer 26 comprised of a two layer structure selected from the 

group consisting of: Titanium/ titanium nitride and titanium/tungst.en 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 patterning the first metal layer 28 and the 

resistive layer 26 27 fanning a first interconnect layer; 
·. 

forming a passivation layer 30 over the first met~l layer 28, the resistive layer 

26 27 in the ink well region 52 and the gate electrode 16 18; the passivation layer composed of a 

material selected from the group consisting of silicon oxide, silicon nitride and silicon oxynitride; 

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

30 in the ink well regi~n 52; 
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forming a film 40 comprising silicon oxide over the substrate, the film 40 

having an opening over the ink well region thereby forming an ink well 44, the ink well exposing 

the second metal layer 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 I 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 comers were the 

first metal layer (Al) layer meets the resistive (TiN or WNx where xis preferably between 0.3 

and 0.5 ) layer. This resistive layer 26 27 also acts as an excellent junction barrier for MOS 

devices. Moreover, the iQvention's chemical vapor deposition process used to form the resistive 

layer is applicable to future generations of ink jet print head 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 with.Stand high temperature backend processes (e.g., greater than 400 °C). 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device according to the 

present invention and further details of a process of fabricating such a semiconductor device in 
~. 

accordance wi~ the present invention will be more clearly understood from the following 

description taken in conjunction 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 are a cross sectional views for illustrating a structure and 

a method for manufacturing the ink jet printhead according t~ the present invention. 

Figure 8 shows a resistive layer formed by stuffing the layer with oxygen. 

Detailed Description of the Pref erred Embodiments 

The present invention will be described in detail with reference to the 

.accompanying drawings. The present invention provides a method of forming an inkjet printhead 

having an improved resistive layer 26 27. The resistive layer acts as a resistor and as a barrier for 

first level metallization 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 embodimen~ other 
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types of devices can also be included on the substrate. It should also be understood that the 

figures depict only one ink jet well and transistor out of a multitude that are fabricated 

simultaneously. Also, the resistive layer 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 P.rovided 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 tenn "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 offonning the field oxide reSions is describe by E. Kooi in U.S. 

patent No. 3,970,486, wherein selected surface portions of a silicon substrate are masked against 

oxidation and the unmaslced 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 semiconductor devices can 

be (onned in the openings between the isolation regions. The fiel4 ~x'ide regions preferably a 

thickness in a range of between about 5000 and 15,000 A. A very thick field oxide will limit the 

· thennal conductivity to the substrate. 

Several areas are 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 
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an well (ink supply reservoir) will be formed. 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 

29 A. The transistor comprises a source 12, drain 14 and gate electrode 16 1 S. 19. The transistor 

is preferably a MOS FET device (e.g., metal oxide semiconductor field effect transistor). ,·· 
~. 

Because of the· thick _fi~ld oxide, high device threshold(> 2.0 V) and high threshold(> 20V) can 

be achieved. 

As shown in figure 3, 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 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 compo~~ of a doped oxide, such 

as phosphosilicate glass (PSG) or boron phosphosilicate glass (BPSG). The dielectric preferably 

has a thickness in a range ofbetween about 5000 and 15,ooo"A. 

Referring to figQre 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 preferably formed by a· sputtering process. The top 

TiN or TW layer 27 can be formed with a CVD or a sputter process. The processes of the 
. . 

invention used to fonn the resistive layer are described below: (1) CVD TiN layer using Ti 

[N(C2Hs)2]4 (2) CVD TiN layer using Ti[N(CH3)i)4 (3) CVD TiN layer using TiC14 and (4) TiN 
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layer 26 by a sputter process (5) Titanium/tungsten nitride (Ti/WNx) using CVD or PECVD. 

The resistive layer is more preferably formed of Ti/TiN using a sputter process. 

Resistive Ti/TiN layer 26 27 by CVD processes - The resistive layer 26 27 

composed of Titanium I titanium nitride is preferably formed by sputtering the bottom Titanium 

layer 26 and depositing the TiN layer 27 via a chemical vapor deJlpsition (i.e., PECVD) by 

pyrolyzing TiCl.i or an organometalic precursor compound of the formula Ti(NR.i).i (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, the 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) ffiN (26.3). The lower Ti Lywe 

26 reacts with the Silicon substrate to form TiSh (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(C2Hs)].i - CVD 

variable units low limit target hi limit 
Temperature oc 200 420 600 

Pressure torr 1 10 100 
Reactant gases seem 10 30 200 
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variable units low limit tare et ·hi limit 
NH3 
/Ti[N(C2Hs)214 
Ratio of NH3 2:1 1:2 1:10 
Reactant gasses !fHN(Ci!is)i14 
Carrier Gas seem 1 10 so 
flow: 
Ar~on 

h., 

resistivity µohm-cm so 200 800 

Table 2: TiN layer 27 - process description - Ti[(N(CHJ)2]4 - CVD 

variable units low limit tare et hi limit 
Temperature oc 200 420 600 
Pressure torr 0.1 2 20 
Reactant gas 

.. 

Ti[N(CH3)214 
Carrier Gas seem 150 250 500 
flow: 

.. 

N2 

Carrier Gas seem 100 150 300 
flow: 
He 
resistivity uohm-cm 50 200 1000 
PowerofH2 RF watts.. 50 200 500 
/N2 plasma 
treatment 

Table 3: TiN layer 27 - process description - TiC4 - CVD 

variable units low limit tarszet hi limit 
Temperature oc 400 600 800 
Pressure mtorr 50 150 1000 
Reactant gases· seem 2 150 600 
NH3 
/TilN(Ci!is)214 
Ratio of NH.1: TiC4 1:1 10:1 30:1 
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variable units low limit target hi limit 
Reactant gasses 
Carrier Gas· seem 1 s 20 
flow: 
Argon 
resistivity µohm-cm 50 200 600 

Affer deposition, preferably an in-situ H2 /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 8Iso formed using Ti(CxNy} 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 temperature (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, TiCl4 tends to have more particle 

contamination. 

TiN layer 27 by Sputter process -Alternatively, a resistive layer 26 27 

_formed ofTiffiN 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 SO ohms/sq. 
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The sheet resistance and the uniformity of the metal nitride layer (TiN and 

WN) can be accur~tely controlled by making small adjustments of the scan rate of the metal 

nitride layer. 

Resistive layer 26 27 - Ti/ tungsten n,itride - CVD - The resistive layer 26 

27 can also be formed of Ti/ Tungsten Nitride (WNx) using either.a chemical vapor deposition 

(i.e., PECVD) or sputtering process. The bottom Ti layer 26 can be fanned with a sputter 

process. A resistive layer of tungsten nitride (WNx) 27 can be formed by a chemical vapor 

deposition process using the pro~ess variables shown below in t~e table 4. 

Table 4: CVD Tungsten Nitride layer 27 - process description 

variable units low limit target hi limit 
Temperature oc 100 400. 600 
Pressure torr 0.1 10 100 
Reactant gasses NHJ/ 

WFJH2 
Ratio of NH:\IWFG 1:5 1:1 5:1 
Reactant aasses 
Carrier Gasses ~or'Ni 

. -
resistivity u,ohm-cm .. 
PowerofHi RF watts 50 200 500 
/N2plasma 
treatment 

· Overall, the most preferred method for forming the Ti/ TiN or the TiffW layer· 

26 27 ·is using a sputtering process where the dimension is above 0.35 µm but chemical vapor 
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deposition (CVD) methods are applicable down to below 0.25 µm. The TiffiN layer 26 27 is 

preferably sputtered at a pressure in a range of between about 0.1 and 10 torr and at a 

., 

temperature in a range of between about 100 and 425 °C. After deposition, th7 resistive layer 26 

27 can be treated with~ N2 plasma to lower the sheet resistance of the CVD deposited TiN film. 

As shown in figure 4, a metal layer 28 is forme4 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 ofbetweeq. at?out 5000 and 15,000 A. 

··· As shown in figure S, the metal layer 28 is patterned to form an ink well 

opening 29 (e.g., first opening 29. over a portion of the resistive Iayex: 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 

preferably an isotropic etch, such as a wet etch. A preferred wet etch is a phosphoric acid and 

nitric acid/DI water etch""(H3P04 /HN03/H20). 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 
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patterning also defines the first metal layer 28. The metal layer 28 and the resistive layer 26 27 are 

preferably etched with CCI.s, CC4 + Ch, BCh, BCh + Ch or HCl + Ch. 

The resistor 29A preferably has an area in the range of about SO and 200 

square µm. The resistive 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, and 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 is formed over the 

passivation layer 30 in the ink well region 52. The second metal layer can be formed of tantalum, ...... 

tantalum nitride, 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 



- 16 -

withstand thermal stress (> 400°C) and be able to withstand corrosive ink. The resides of the ink 

induce corrosion. 

Following this, a film 40 is formed over the substrate. The film 40 is used to 

define the ink well 44. The 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 µ~:. 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-µm and a volume,µt a range of between about· 2000 and 20,000 um3
• 

A nozzle plate 42 having an ·orifice 50 (e.g., openging) is formed in 

communication with the ink well35. The nozzle plate 42 is preferably formed of metal or metal 

nitride films. The no~le plate preferably has a thickness in a range of between about 1 and 5 µm. 

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 laye~'Of the invention provides 

better electromigration performance (i.e., lifetime) at high temperature stress. The resistive layer 

also acts as an excellent junction barrier for MOS devices. Moreover, the chemical vapor 

deposition process to form the resistive layer is applicable to future generations ofink jet 

printhead without any process changes. 
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THIS SHEET HAS SEEN 
REPLACEO 

This invention relates to integrated circuits and, more partfoul~ly, 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 thennal ink jet printheads and other MOS 

circuit applications. 

While the invention has been particularly shOWTI; 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. 

What is claimed is: 
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1. A me~o~ of fabricating a resistor in a semiconductor device comprising: 

a) providing a substrate having a field oxide region surrounding an acti_v~ area;-

said field oxide region having an We well region, and providing a transistor in 

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

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 re!istive 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 resistive layer; 

e) patterning said first metal layer f~nning 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 fonning a second 
~P .. 

opening oyer ~d gate electrode and patterning said first metal layer and said 

resistive layer fo~ng 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. 
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2. The method of claim 1 which furtJter includes: 

forming a second metal layer over said passivation layer in said ink well 

region; 

forming a film over said substrate, said film having an opening over said ink 

well region thereby forming an ink well, said ink well exposing said second metal layer; and 

forming a nozzle plate over said film, said nozzl~ 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 ~hosphosilicate 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 resistive layer is composed of two layers ofa 

Titanium layer under a titanium nitride layer and said titanium nitride is formed by deposited 

via chemical vapor deposition by pyrolyzing a TiC4 with NH3, 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 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 a nitrogen source and an organometalic-precursor compound of the 

fonnula Ti{NR.i)4 wherein R is N alkyl group, and said titanium layer having a thickness in a 

range of between abou~ 200 and 600 A and said titanium nitride layer having a thickness 

between about 400 and 2000 A. 

-
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6. 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(C2lis)]4 with NH3 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 ofTi[N(C~s)2]4 at a flow rate in a range of between about of 10 and 200 

seem, and a Ratio of Reactant gasses between NH3 and Ti[N(C2Hs)2]4 of between about 2: 1 

and 1:10, and a Carrier Gas flow of Argon at a rate in a range of between 1 and SO seem, said 

resistive layer having a resistivity in a range of between about SO and 800 µohm-cm, and said 

titanium layer having a thlc~ess 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(Cli3)2)4 at a 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 N2 Carrier Gas flow: in 

a range of between ISO and 500 seem, a He carrier Gas flow in a range of between about 
-. 

100 and 300 seem, and said resistive layer 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 layer having a 

resistivity in a range of between about SO and 1000 µohm-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 
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process at a temperature in a range of between about 100 and 600 °C, at a pressure in a range 

of between about 0.1and100 torr, with Reactant gasses comprising WF6'Nffs/H2, and the 

ratio of flow rates of the Reactant gasses is in a range of between about l:S and S:l (NH3 : 

WF6), a Carrier Gas ... ?f a gas selected from the group consisting of He and N2. and a H2 /N2 

plasma treatment _p~rformed at a RF watt of between about SO and SOO 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 ofClaim 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 ofbetween about 

SOOO 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 SO ohm/sq. 

-11. The method of claim 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 ~omposed of tantalum and has a 

thickness in a range of between about 5000 and 20,000 A. 

13. A method of fabricating an inkjet 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; 
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b) forming a dielectric layer composed of phosphosilicate glass over said field 

oxide region and said transistor, said dielectric layer having contact openings 

over said source and drain; 

c) fonning 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 nittjde 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 

opening over said gate electrode and patterning 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 silicon oxide, silicon nitride 

and silicon oxynitride; 

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

layer in said ink well region; 
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i) forming a film comprising silicon oxide over said substrate, said film having 

an opening over said ink well region thereby forming an ink well, said ink well 

exposing said second metal layer; 

j) fanning a nozzle plate over said film, said nozzle plate comprised of silicon 

carbide having an orifice in communication with said ink well. 

14. The method of claim 13 wherein said dielectric layer has a tltlckness 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 tit~um nitride layer and is formed by-deposited vi~ chemical vapor · 

9eposition by pyrolyzing a TiC4 with N°H3, 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. 
. . 

16. The method of claim 13 wherein said resistive layer is composed ofa Titanium layer 

under a titanium.Jlitride layer and is formed by deposited via chemical vapor deposition by -

pyrolyzing a nitrogen source and an organometalic precursor compound of the formula 

Ti(NR2)4 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.ng 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. 
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18. The method of claim 13 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 isooo A. 

19. . The ~ethod of.~laim 13 wherein said resistive layer has a resistance in a range of between 

about 20 and SO _o!1mf sq. 

20. The method of claim 13 wherein said passivation layer is cpmposed 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 field 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 fonning a resistor over said ink well region, said 

resistive layer fonning a metal barrier layer over said source and drain regions, 

said resistive layer formed of two layers of material selected from the group 

consiSting of a titanium layer under a titanium nitride layer, and a titanium 

layer under a tungsten nitride layer; 

c) a first metal layer over said resistive layer; 
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d) a passivation layer over said first metal layer; 

e) a second metal layer over said first metal layer over said ink well "region; and 

f) a film over the substrate surface, said film having an ink well opening over 

said ink well region. 

23 • The thermal printhead of claim 22 which further includes a nozzle plate forming a nozzle 

plate comprised of silicon carbide having an orifice in communipation With said ink well 

opening. 

2 4. The thermal printhead of claim 22 wherein said resistive layer is formed of a two layer 
. . 

structure selected from the w.oup 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 us~g a 

process selected from the group consisting of chemical vapor deposition and sputtering 

processes. 

25 • The thermal printhead of claim 22 wherein first metal fayer a thickness in a range of 

between about 5000 and 20,000 A. 


