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DUAL TITANIUM NITRIDE LAYE:RS 

FOR SOLAR CONTROL 

PCT/US99/25416 

The invention relates generally to solar control members for 

coating windows and the like, and relates. more specifically to applied window 

film members which provide solar rejection and low visible reflection. 

10 · BACKGROUND ART 

Various films have been applied to windows to reduce glare 

and to obtain solar screening for an interior of a structure, .such as a home, 

building or car. For example, a plastic film may be dyed to provide desired 

15 optical properties or may be coated with a number of layers to acquire the·· 

optical properties. A film that provides solar screening is one that has a low 

transmlssi~n in both the visible range (400 to 700 nm) and the near infrared ·•· 

range (700 to 2100 nm). To reduce glare, the transmission of visible lighL. 

(T vis) must be controlled. 

20 Primarily through absorption, dyed films can be fabricated to 

provide a wide range of T vis values. However, dyed films generally do not· · ' . 

block near infrared solar energy and, consequently, are not completely ·. 

effective as solar control films. Another shortcoming of dyed.films is that 

they often fade with solar exposure. When the films are colored with multiple 

25 dyes, the dyes often fade at different rates, causing unwanted color changes 

over the life of the film. 

Other known window films are fabricated using vacuum­

deposited grey metals, such as stainless steel, inconel, monel, chrome or 

nichrome alloys. The deposited grey metal films offer about the same 

30 degrees of transmission in the visible and near infrared portions of the solar 

spectrum. As a result, the grey metal films are an improvement over dyed 

films with regard to solar control. The grey metal films are relatively stable 

when exposed to light, oxygen and moisture, and in those cases in which the 

transmission of the coatings increases due to oxidation, color changes are 

35 generally not detectable~ After application to clear float glass, grey metals 

block light transmission by approximately equal amounts of solar reflection 

and solar absorption; · 
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.vacuum-deposited layers such· as silver, aluminum and copper 
control solar radiation primarily by reflection. Because of the high reflection 
in the visible spectrum (i.e., high Rvi8 ), films having these vacuum-deposited 
layers are useful in only a limited number of applications. A modest degree 

5 of selectivity of transmission in the visible spectrum over transmission in the 
near infrared spectrum is afforded by certain reflective materials, such· as 
copper and silver. 

Traditionally, the best glare reducing coatings have been sput­
tered .grey metals, such as stainless steel, chrome and nickel. The graph of 

10 Fig. 1 is a transmission spectrum 10 for a sputtered nichrome coating that is 
designed to transmit approximately 50% of the light at the center of the visible 
light spectrum (i.e., Tv1s = 50%). The nichrome is affixed to a 3.2 mm-thick 
plate of float glass. As can be seen, the transmissipn of energy Is controlled 
in both the visible and near infrared- portions of· the solar spectrum. A slight 

15 degree of wavelength selectivity is observed dµe to the iron oxide in the 
glass. 

In the graph of Fig. 2, the visible reflectivities of single and 
double layer nichrome films of various _thicknesses are shown as a function 
of the corresponding visible light transmissions~ (Here, double nichrome films 

20 refer to a construct in which two optically isolated sputtered coatings are 
employed, with the films being separated from each other by a relatively thick 
(22 micrometers) layer, such as a laminating f!dhesive.) While not shown in 
Fig. -2, the nichrome layer thicknesses decrease from left to right. As can be 
seen, the Rvis value decreases and the T v18 value increases as the nichrome 

25 layers become thinner. The comparison-between the single and double layer 
nichrome films evidences that the double layer of njchrome has a substan­
tially reduced Rv18 value for the same T vis value. For example, at a T vis value 
of 20%, the single nichrome coating has an Rvis va,ue of 24%, while the 
double nichrome coating has an Rvis val"9e of 13%. As the nichrome layers 

30 become thinner, the Rv1s values of the two films corwerge. 

35 

The percentages of solar rejection ac~ieved by films with single 
and double layers of nichrome are compared in the graph of Fig. 3. Solar 
rejection is defined as: 

solar rejection = solar reflection + (0.73 x solar absorption). 

Within the art, solar rejection is often calculated using solar energy distribu­
tions as given in the ASTM E 891 method. The slightly better solar rejection 
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noted for the low transmission single nichrome·coatings· relative to the twin 

nichrome equivalents is due to solar reflection differences. 

A low visible light transmission and low visible light reflection film 

utilizing double layers of nichrome is disclosed in U.S. Pat. No.- 5,513,040 to 

5 Yang. The patent discloses a solar control film having two or more trans­

parent substrates, each bearing a thin, transparent and discontinuous film of 

~etal having low Rvis and a degree of visible light blocking capacity. The 

substrates· are arranged and laminated into a composite, such thatthe visible 

light blocking capacities of the metal films are effectively combined to provide 

10 

15 

20 

a composite having low visible light transmittance, i.e., a low Tvis· The 

discontinuous films of nichrome are attached using an adhesive layer. 

The possibility of using metal nitride films in window-energy 

applications was discussed by C. Ribbing and A. Roos in an article entitled, 

"Transition Metal Nitride Films for Optical Applications," which was presented 

at SPIE's International Symposium on Optical Science, Engineering and·· 

Instrumentation, San Diego, July/August 1997. Single layers ofTiN, ZrN and 

· HfN were specifically identified. The article discusses the use of the materials. . .. . · · 

· in low emissivity coatings to replace noble metals, such as silver and gold. It: · · 

is noted that the low emissivity coatings will not reach as high a selectivity as 

the current noble metal-based multi-layers, but may find use in aggressive · · 

environments, because of their excellent stability. 

What is needed is a solar control member for application to a 

window or the like in order to achieve a high selectivity of visible transmission 

to near infrared transmission, with a controlled visible reflection and with age· 

25 stability. What is further needed is a repeatable method of fabricating such a 

solar control member. 

SUMMARY OF THE INVENTION 

· 30 A solar control member utilizes a combination of layers that 

include spaced apart titanium nitride layers in order to achieve a desired 

combination of optical characteristics, including characteristics relating to 

visible transmission (T vis). near infrared transmission (T NtR) and visible 

reflection (RVIS). Adjacent titanium nitride layers are spaced apart by a 

35 distance that promotes optical decoupling with respect to constructive and 

destructive interference of visible light propagating between the two titanium 

nitride layers. In the preferred embodiment, each titanium nitride layer is 

formed on a separate substrate, such as a PET substrate, with first and 
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second titanium nitride laye~ the11 b~jng joined by a.laminating adhesive 

having a thickness greater than tta~' Vi~velengths associated with visible light 

(i.e., greater than '.700 nm). lti' ~mm.ended thafthe distance between the 

titanium nitride layers be at l~a$.t 1 OQQ nrn-. with i()Qp nm being more pre-

.· s ferred. In· another embodlme,nt, th~ firs~ and sec9r,\d titanium nitride layers are 

·formed on opposi~e sides-of~ s,u~~tr~ie. such as'.pi:T, so that the substrate 

provides the recommended spacing between the.tWo layers. 

The _thickness of ea~h tita~ium !'litrid~:layer depends upon the 

.·desired optical prop~rties. Pref~~bly, the tltaniu&l :·nitride layers are sputter 

10 deposited in a manr:-er that facilit~tes reproducibility, but allows an adaptation 

for varying the T vis value wittiin· a. range. of 20 to 7Q% and more preferably 

within the range of 30 to 60%~ Ttie T vis value is achieved while the Rv1s value 

. remah1s below 20%. Moreover,·tne-~a~q pftran~m!ssion atthe wavelength 

of 550 nm (T 560) to transmissjpn .81 the wavelengt~ :qf 1500 nm (T 1500) is at 

15 least 1.25, That is, the selectiv!ty. ~~- defined by Tsefr 1500 exceeds 1.25. 

. In most applications, two ~puttered t~nium nitride layers are 

sufficient. Individual T vis values fQr the films should be within the range of 45 

to 70%, so that the dual film lami~-~te_$cture ha~·.an Rvis close to 10%. 

Howev~r. to obtain a compo~~e visible transmission of.less than 40% while 

. 20 · ~~in~ining the individ.ual film.vi~ibl~ tran~missions ~~in the range of 45 to · 

70%, a third sputtered titanil)i:n nitride layer may be _necessary. More than 

three. sputtered layers may b,e required to obtain.a f?C)mposite visible trans­

mission. of 20%. . 

. Greater wavelength selectivity is o~ined if the titanium nitride 

2s layers are combined with transparent oxides (e.g.~ o~ides of tin, indium, zinc, 

titanium, niobium, bismuth, z!rconium, or hafnium) or nitrides (e.g., silicon or 

aluminum nitride) having a ~fractjve index at least EIS great as that of the 

substrate· material (the refractive ln~ex of PET is 1. 7). The transparent oxides 

or nitrides can be placed on one e>r both sides of the titanium nitride. The 

30 thickness would range between 19 and 60 nm, d~~~nding upon color, reflec­

tivity, or cost requirements .. A transp~rent .nitride, s.uch as silicon nitride, is 

preferred over an oxide, sin~ durins;J 1he deposition process "crosstalkn 

between the titanium and sili~n e~~sses is lessJi~ely to introduce exces­

sive oxygen into the .titanium n~ri~e l~yer. 

35. In all practical vacuum web coaters, ~ome incorporation of .. 
.. . . ·.:. ,· ... · : . 

oxygen will occur, so that in pract!cewhat is depo~!ted is actually titanium 

oxynitride. However, if exce~siv~ o~gen is incorp_orated into the titanium 

nitride coating, the waveleng~h. s~lectivity and electrical conductivity will be 
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lost. It is believ~g.ijhat th& oxygen-to-nitrogen p~Vti~I pressure ~tio during 
the sputtering process should be less than 0.5. To ensure that wavelength 
selectivity and eledrical condudivity are achieved, the stoichiometry of each 
titanium nitride layer must be controlled. Two of the concerns with regard to 

5 adversely affecting the·titanlum nitride performance are (1) ensuring that each 
layer does not become: too metallic and (2) ensuring that excessive oxygen is 
not incorporated into:the layers. In either case, the wavelength seledivity will 
be lost if the sputtering process is not properly· performed~ A titanium nitride 
layer.will become too metallic if It Is nitrogen depleted, as will occur if nitrogen 

10 flow during the.process is inadequate. The exact nitrogen flow to achieve a 
suitable titanium nitride layer varies from coater to coater. However, the 
most preferred flow generally corresponds to minima in sheet resistance and 
absorption at 1500 nm; As the nitrogen flow is being adjusted, if a T 1500 value 
is to be maintained with an increase in nitrogen flow, the linespeed of the 

15 deposition process should be reduced. This is largely due to a decrease, in 
the deposition rate ofthe titanium nitride~ 

Regarding excessive oxygen, the extra oxygen typically comes 
from background water and oxygen contaminants present in the sputtering 
system. The problem is enhanced if other oxygen-requiring processes· 

20 (e.g., plasma pretreatments or readlve sputtering) are conducted in the : 
vacuum chamber while the titanium nitride. deposition process is being con• 
ducted. To reduce the likelihood that contamination will occur, the following·: 
steps may be taken (1) sputter as fast as possible using high powers and the 
minimum acceptable nitrogen flow, since excessive nitrogen "poisons• the. 

25 titanium target and reduces the deposition rate; (2) minimize background· 
contamination by controlling "crosstalk• between neighboring processes, by 
minimizing the water content in the substrate (for example by preheating or 
separate outgassing steps). by eliminating any water leaks in the vacuum 

· chamber, and by adequately pumping down the vacuum system prior to 
30 beginning the deposition; and (3) sputter through a mask, so that the outer 

perimeter of the titanium nitride plasma (which deposits on a mask, rather 
than the substrate) acts as an "oxygen getter.• 

Optionally, the surface that is exposed when the solar control 
member is attached to a window is protected by a hardcoat layer. Hardcoat 

35 layers are known to provide resistance against abrasion. Another optional 
layer is a low surface energy layer on the hardcoat. The low surface energy 
layer acts as an antisoiling layer for resisting smudges and the like and as a 
lubrication layer for improving the resistance to mechanical abrasion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph of~ transmission sp~ctrum for a single layer 

nichrome film tha~ is designed 1o tram~mit approxini~ely 50% of the light at 

the center ofthe visible light ~p~ctrum. . .· / • 

Fig. 2 is a graph qf visible reflection versus visible light trans­

mission as a function of film thfokness for a single. layer nichrome film and a 

double layer nichrome film on. 3.2 mm glass. 

Fig. 3 is a graph of the percentage of ~olar rejection versus 

visible light transmission as a fu11ction of .film thickness of a single layer 

nichrome film and a double layer nichrome film on ~~2. mm glass.'' 

· Fig. 4 is a side se~ional view of a por:tion of a solar control 

member in ,accordance with the invention~ ·. 

Fig. 5 is a side sectional view.of the solar control member of 

Fig. 4 shown in a window en~rgy.~pplication .. 

Fig. 6 is a side sectional view. of another embodiment of a 

.· ·.' ...... window: energy appllcation In accordance with the invention. 

Fig;. 7 is a· side ·s~ctional view. of a thircJ ·embodiment of a solar 

control member in accordance w~h the invention.··· 

Figs. :8.-1.1 are plo~ of values from Ta~le 1 that.is to follow.·· 

Fig .. · 12 is a comparison :of perfonnances of three laminates 

having single ·and double layer tibJnium nitride flln::I and a double layer 

nichrome film. 

25 · . BEST MODE FOR CARRYING OUTTHE ·INVENTION. 

With reference to Fig. 4. a solar control member 11 is shown as 

including first and second substrates 12·and 14, wit~ e~ch substrate having a 

layer of titanium nitride 16and18, respectiv~ly. The titanium nitride layers 

30. . are bonded together using aJaminating E1d~esive layer 20. . 

Prefer~bly, the substrat~s 12. and 14. are flexible members that 

allow the titanium nitride layers 16 and 18 to be sputter deposited using web 

processing techniq1,1es. The sub~trates. may be PET films, but other materials 

may be substituted.·. The substrates must be sub~ntially transparent, since 

35 the objectives in fanning the so!Elr qontrol membe.r .11 include providing an. 

Rvis value in the range of 5 to 20%, a Tv1s value 1.~ the range of 20 to 70% 

(and more preferably within the range of 30 to 60%), and an NIR transmission 

(i.e., from 700 to 2100 nm) that is lower than the T vis value. With regard to 
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the wavelength selectivity, the ratio of transmissidfl''at the wavelength of 

550 nm to ~ransmlssion at the wavelength of 1500 nm should ·be at least 1.25 
(i.e., T5i;o/T1500 ~ 1.25)~ 

A standarcf.thickness of the substrates 12 and 14 is between 1 

5 and 2 mils, but the thickness is not aitical to the invention. The thicknesses 

of the titanium nitride layers 16 and 18 are selected based upon the desired 

optical properties of the solar control member 11. A thicker titanium nitride 

layer will block a greater percentage of energy, but will also increase reflec­

tion and decrease transmission within the visible range. Preferably, the 

10 Individual film transmissions are within the range of 45 to 70% at the visible 

range. This is the preferred, range of individual film transmissions, even if 

more than two layers of titanium nitride are used. While the layers 16 and 18 

are described as titanium nitride layers, in practice it is difficult to avoid some 

incorporation of oxygen into the layers, so that the titanium nitride layers are 

15 actually titanium oxynitride layers (TiNxOy)· However, if the amount of oxygen 

in the layers becomes excessive, wavelength selectivity and electrical con-·. 

ductivity are lost. It Is believed that the ratio of oxygen to nitrogen partial 

· · pressures during the sputtering process should be less than 0.5·. Meas.ure., 

: ments of various TiNx samples indicate the highest wavelength selectivity is 

20 · ·. · obtained when the oxygen content of TiNxOy coatings is less than 20 atomic •. 

percent or most preferably less than 10 atomic percent. The sheet resistance 

of each titanium nitride layer should be less than 500 ohms/square .. 

The laminating adhesive layer 20 is an optically massive layer. 

That is, the thickness ofthe·adhesive-1ayer should be such that the two 

25 titanium nitride layers 16 and 18 are sufficiently spaced apart to avoid con­

structive and destructive interference of visible light propagating between the 

two titanium nitride layers. To ensure that the spacing between the two layers 

is greater than the wavelengths associated with visible light, the adhesive 

layer should have a thickness of at least 700 nm. In a more preferred 

ao embodiment, the thickness is at least 1 micron (i.e., 1000 nm), with at least 

· three microns being most preferred. 

In another embodiment, the spacing between the two titanium 

nitride layers 16 and 18 is achieved by forming the two layers on opposite 

sides ofa single substrate,. such as a PET film. Thus, the laminating 

35 adhesive layer 20 would not be required. In other embodiments, the 

spacing between the two titanium nitride layers 16 and 18 may be provided by 

more than one layer. However, the layers should not adversely affect the 

above-identified optical objectives of the solar control member 11. While not 
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shown· in Fig. 4, there is often a harclcoat layer on one PET surface opposite 

to the titanium nitride<coated side~ Hardcoat layer$ Improve.the durability of 

the flexible subs~ during Processing and partioolarly during use of the end 

product The hardcoat layers ~n be any,-one ofa ~arlety of known hard coat 

5 materials, such as silica-basEte1·harclcoats, siloxan,~~hardcoats, melamine 

harclcoats, and acrylic hardCQats.· An':acceptable ~lckness·range is 1 µm 

to 20 µm. The use of harclcoat layers -is not critical to the invention. 

Other optional layers· include primer layers between the 

adhesive layer 20 or the substrate layers·12 and:.14:and each of the titanium 

. 1 o layers 16 and 18. The· primer layers may be used to improve adhesion 

between the titanium nitride layers:and the adhetiive or substrate. The primer 

layer may be a ·metal that undergoes oxidation or liitridation :in situ during 

processing, so· as to.yield a substantially transparent; substantially colorless 

· inorganic metal oxide; ·Example~ of useful primer~materials include silicon, 

15 titanium, chromium, ·nickel an.d alloys~-; The: primer·layer should be sufficiently 

·. ·20 

25 

30 

··. ·thin to minimizeidisruption·of thed~sired optical properties. of the solar control 

· member 11. Preferably, the ·primer lay.er has a thic~ness of less than 30 .· 

· angstroms~ · · .. · .. · ... ·.· ... ·· '.·_. ··_; · .. 

ThEflamihating adhesive:·layer·20 may .be an adhesive such as 

Morton's Adcote ·1130· adhesive. ,. This ando~her such adhesives are well. 

known in the indust&.- For. fabricat,ng :prototype s~mples, MacTactransfer 

adhesive·#IP2704 may be:used:,. .: · · ; · 

Typically, the two substrates 12 and :14will be from separate 

webs, -since ·it is more practicat However, the substrates may be different 

portions from a single web. ·.That is~ following the web. processing operation 

of depositing titanium nitride onto a. continuous web of PET, the PET film is 

divided into sections that may be combined as sh.~n in Fig. 4. This is 

possible when the two titanium nitride layers 16 and 18 are to have the same 

thickness. However, in some applications, there m~y be advantages to 

having titanium layers of different thicknesses~._. In ·IS:UCh applications, it is 

typically more economical to sputter the titanium nitride layers on different 

substrates. 
Referring nowto Fig. 5;the solar control member of Fig. 4 is 

shown attached to float glass 22 by means of Cl .second adhesive layer 24. 

35 The float glass may be a windshield of a vehicle or may be a window of a 

home or buUding. ·The solar control member provides solar screening to the 

interior of the vehicle, home or building. It shoul~.be noted that the titanium 
. .. . ; ·. 

nitride layers 16 and 18 are not specifically designed to provide low heat 
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emissivity. AlthlJtl-~h titanium nitride layers are-~t~etrically conductive, and 

therefore have-relatively low heatemissivity and relatively high heat reflection, 

in the construct of Fig.' 5, the titanium nitride. layers do not directly contact air 

and are."buried" within Infrared opaque wet coatings and substrates. This 

5 · renders them relatively ineffective at blocking long wave (IR) heat transfer. 

As noted above; PET films typically are provided with a hardcoat layer. Thus, 

the exposed surface of the substrate 14 will be protected by the hardcoat . 

layer. As will be explained more fully with reference to Fig. 6, another 

optional layer is a low surface energy (anti.smudge) layer that resists 

10 mechanical damage and soiling to the solar control member. 

With reference to Fig. 6, a second embodiment of a solar control 

member is shown. For simplicity, reference numerals of Fig. 5 are used for 

comparable elements of Fig. 6~ Thus, the solar control member is attached 

to float glass 22 by means of adhesive layer 24. The solar control member 

15 includes first and second titanium nitride layers 16 and 18 that were previ- .. 

ously sputter deposited onto substrates 12 and 14 and adhered to one·· 

an()ther by means of a laminating adhesive layer 20. The solar control mem"'.'. 

ber includes a third titanium nitride layer 26 on the side of the substrate. 14 

opposite to the second titanium nitride layer 18. While not critical, the third 

20 titanium nitride layer may have a thickness identical to the thicknesses of the 

first and second titanium nitride layers .. As previously noted, the individual 

film transmission should be within the range. of 45 to 70% with respect to 

visible light. In many applications, a third-titanium nitride layer is not neces­

sary in order to achieve the target T vis value for the composite solar control 

25 member. However, if the target T vas value is in the range of 20 to 40%, the · 

third layer may be required in order to keep the Rvis value within the targeted 

range (e.g., approximately 10%). In fact, there may be applications in which 

more than three sputtered titanium nitride layers are necessary. 

The solar control member of Fig. 6 is shown as including the 

30 hardcoat layer 28 described above. The hardcoat layer is an abrasion­

resistant coating that enhances durabiUty of the solar control member. An 

acceptable thickness. is within the range of 1 µm to 20 µm. 

An anti smudge layer 30 coats the hardcoat layer 28. The anti 

smudge layer reduces the susceptibility of the solar control member to 

35 scratches and other damage caused by contact with the outermost surface 

of the member. A desirable anti smudge layer is achieved by providing an 

adhesion promotion lower film of silane material and an upper film of a 

fluorocarbon with a low surface energy and with anti friction properties that 
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·facilitate cleaning and provid~ scratch resistance .. Jhe .low surface energy 

layer may be a fluorocarbon sold by 3M company lJnder the federally regis­

tered trademark·FLUORAD. In a more preferred ·~mbodiment, the material 

is FLUORAD FC722, which i$ sold diluted 'in 2o/o solution of a fluorinated 
. : . . . . . . . . . 

5 solvent. The silanethat is used as ~he adhesion-promotion film may be 

N•(2-aminoethylra-propyltrime~hoxysilane ·in isopropyl alcohol (2-propanol) •. 

· However, other silanes may be used, and in fact a sllane may not be required 

in some applications. 

· Referring now to Fig; 1,· a third embodiment ofa solar control 

10 member 32 includes first.and second substrates·34 and 36, firstand second 
.. . 

titanium-nitride layers 38 and 40~an·adhesive layer.42, and first·and second 

· •· silicon nitride layers' 44 and 46. The only significant difference between the 

: embodiments of Figs. 4 and 7 is the inclusion ofthe silicon nitride layers 44 

and 46. ·Greater wavelength seleewity can be obtained if the titanium nitride 

15 · ·· · · layers are combined with transparent oxides or n·itrides with a refractive index 

that exceeds the refractive index of the substrates 34 and 36. Thus, if a PET 
: . .'· .. 

.... ·,; .. ·;. 

.••20 

. film is used t6 fomfthe substrates; the. additional layers 44. and 46 sho~ld 
have a refractive index of1~7 or greater. · An•acceptable transparent oxide is 

an oxide of tin, indium, zinc~ titanium;~· niobium~ bismuth, zirconium, or . 

hafnium. AcCeptable nitridesare·silieon·and alul'l'.lillum·nitride .. However,-the 

•·• silicon nitride is ·preferted/since the: nitride' layers are likely to introduce 

25 

30 

· excessive oxygen; into the·tit8nillrn nitrlde'iayers 38 and 40. While ~acti 

titanium nitride layer· is shmvri as having 0111y· one. adjacent silicon nitride 

·layer, silicon ;nitride' may be fortned .. on ·both sides <>f each titanium nitride 

layer. The thickness of the silicon nitride layers-should be within the range 

of 1 O and 60 nm~ depending upori color, reflectivity, or cost requirements. 

While greater wavelength selectivity is achieved by -including the silicon nitride 

layers, the solar control member 32· of Fig. 7 is less cost-effective than the 

member 11 of Fig. 4. 

DEPOSITION CONDITIONS FOR TiNx 

· Each of the solar control members of Figs. 4-7 includes at least 

two layers of titanium nitride that cooperate to provide the desired wavelength 

35 selectivity with the low Rvis value. In particular, the) transmission of visib!e 

wavelengths is significantly higher than the transmission of wavelengths in 

the near infrared. The ratio of T 550 to T11i0o should:t:>e at least 1.25. To ensure 

that the target selectivity is achieved, the stoichio111etry of the titanium nitride 

·.; . 
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must be contro1li~?lttiril'19_the sputtering procesJ':~;fwo concern~ regarding 

adversely affecting the titanium nitride performance are (1) ensuring that the 

titanium nitride does not become toa metallic and (2)·ensuring that excessive 

oxygen is not incorporated: into the titanium nitride~ If a titanium nitride layer 

5 becomes too metallic· (i.e., nitrogen is depleted, as would happen if the 

n·itrogen flow to the process were inadequate), wavelength selectivity will be 

less desirable. If excessive oxygen is incorporated into a titanium nitride layer 

{i.e., more than 10 to 20 percent), the selectivity will be adversely affected. 

Sources of extra oxygen are background water and oxygen contaminants-

10 present within the sputtering system. The difficulties are enhanced if other 

oxygen-requiring processes are conducted in the vacuum chamber while the 

titanium nitride deposition process is being conducted. For this reason, the 

silicon or aluminum nitride layers 44 and 46 of Fig. 7 are preferred over the 

formation of oxide layers. 

15 To minimize" contamination from oxygen sources, several steps 

can be taken. The sputtering process for depositing the titanium nitride 

should be performed as quickly as- possible using high powers and a minimal 

amount of nitrogen, while still retaining the desired stoichiometry. Exce.ssive . 

nitrogen "poisons" the titanium target and reduces the deposition rate. A 

· 20 second step is to minimize background contamination. This can be accom­

plished by controlling "crosstalk"-between neighboring processes, by minimiz:­

ing the water content in the substrates (e.g., by preheating or outgassing), by 

ensuring that there are no water leaks in the vacuum chamber, and by ade­

quately pumping down the vacuum system prior to the start of the deposition 

25 process. As a third step, the sputtering may occur through a·mask, so that 

the outer perimeter of the titanium nitride plasma deposits on the mask, rather 

than on the substrate. Thus, the mask acts as an "oxygen getter.11 

A number of experiments were conducted in view of these 

concerns and corrective steps. Results are shown in Table 1. The legends 

30 are defined as follows: 

"Linespeed" - Rate at which the film is moved through the 

coating zone of the system; 

"N2 flow" - Gas flow to the titanium source; 
11RsHeET" -Sheet resistance ofTiNx coated film measured in the 

35 vacuum coater (i.e., in situ); 

•T1550" - Transmission of coated film at a wavelength of 

1550 nm, measured in situ; 
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•r max JJ - The tran~missicm at the w~velength in the range 400 to 
. '. ·.·:·:·. 

700 nm at which -t:i maxima is Qflserved; . . . __ 

•1 ma/T1650" - Afira.t wav~length seJ~9tivity ratio; 
•R1550" - The ~ectivity ~t 1550 nrT1: · . 

5 . •Tv1s" - The int~grat~ -visible t~nshilssion weighted for 
wavelength variations in illumin~n~ (i.e.~ C) inten~itY and eye sensitivity 

10 

•• .-••• • •• 1 

:. ·.:·=. 

-.. 20·'. 

25 

30 

35 

(assuming a standard 2° ob~ery~r); . 

"T visfT 1sso" - A second wavelength selectivity ratio. 

TABLE 1 . _ 
OPTIMIZATION QF THE TINx PROCESS 

OPTICAL PARAMETERS ARE FOR FILMS ONLY 

.. 
Experiment No.·1 . No.2 No:3 No.4· No.5 No.6 Units 

.. . . 

Unespeed !-90 
" 

10.15 13.27 15.76 .. 1s:o5 20.0 mm/s 
' .. ,,. .. ·. ····p: .· - . 

N2Ftow 45.o.·· : ... 40.0 ·. 35;(,) -· .. 32;5 • ;iO.O 27.5 seem 

RsttEET. ··103 as· '75 75: " 
. 

" .8Q 115 0/0 
.. · .. · 

. ;_. T11flD 15.3 .14.9 .. .. 14;8 ___ 15.1" 15.0 14.9 . %.at 1550nm .. . .. 

Tmax 39;9 40.4 .:42~4 43A- 42.5' - % ., : 

-- .. .·." ·.: 

Tmaiff1sso 2:54 2.71 2.86 2.87 2:83 - -
.. 

R111so 50.6 52.4. 53.6 53.7 .. 53.;~ 49.6 o/o 

TVIS 37.6 38.5 39.4 39.5 37A 26.7 % 

TvisfT1550 2.46 2.58 2.66 2.62 2.49 1.79 -

In these experiments, the titanium power was maintained at 5.7 kW and an 

argon flow was set at 110 sccms~·as required to obtain a 3 milliTorr pressure. 

As the nitrogen flow was varied between-27;5 and 45 seems, the linespeed 
was adjusted as required to maintain a T 1500 value. of approximately 15%. The 

dimensions of the titanium target were 397.88 mm 'by 82.55 mm. As can be 

seen in Table 1, as the nitrogen flow varied, so did the spectral properties of 

the titanium nitride layers thahvere formed during .the experiments. 
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In iamer to obtain a simple measuli Bt the sele~ity at 

various nitrogen flow rates, .two factors were considered, (1) T maJT1650 and 

(2) T v1s/T1550 •. T max Is the maximum transmission. at any wavelength in the 

visible spectrum and T vis is the weighted visible light transmission. These 

5 two factors from Table 1 are shown as being plotted in Fig. 8. Clearly, the 

preferred coatings were formed with a nitrogen flow rate of 32.5 to 35 seems. 

However, acceptable values· were achieved with a nitrogen flow rate within 

the range of 30 to 35 seems. It is interesting, as shown in the plots of Figs. 9 . 

and 10, that these preferred flows correspond to the minima and sheet 

10 resistance and.,absorption at 1550 nm (because the transmission was held 

relatively constant at 1550 nm, a minimum absorption at that wavelength 

corresponds to a maximum reflection). The "poisoning" effect of nitrogel'.l 

15 

20 

on the titanium deposition rate is shown in Fig. 11. As the nitrogen flow 

increased, the linespeed had to be reduced substantially in order to maintain . 

the same value ofT1500• This is largely due to the· decrease in the deposition .. · 

rate of the titanium nitride as the nitrogen flow rate was Increased. 

Table 2 shows the details of the measured deposition parame­

ters for forming seven samples of titanium nitride on a PET substrate. In 

each case, the titanium nitride layers were electrically conductive (i.e., less 

than 300 ohms per square). Of course, as the films were made thinner in 

order to achieve higher visible lighttransmission, the electrical resistance 

increased. In Table 2, the sheet resistivity was measured in the vacuum 

chamber immediately after the coating was deposited. These samples (as 

distinguished by the sample numbers given in Table 2) were used to fabricate. 

25 various window laminate structures (as given in Tables 4 and 5) for perform-

ance comparisons. 

30 

35 

''· .· 
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~·: :: . . . TABLE2 .. =. 

DETAl~S OF DEPqSITION PARAMETERS' FOR TiNx SAMPLES 
.• . 

. . .-

Measured Units 82-2 ~3-1 83-2 . 83-3 
~ ': ·;. 

83-4 84-1 84-2 

:.; :;·: ;,;t ·,· 

Glow 
Amps 100 10Q 100 100. 100 50 50 

Current 

Glow Volts 1500 1500 .. 1500. 1"500 1500 1500 1500 
Voltage t ~- .. 

Glow seem 13.3 13.6 14.1. .14.0 13.9 11.5 11.5 
02Flow :• :: 

·:. ·, 

Glow microns 10 10 10 : 9 10 7 8 
Pressure 

.. 
Titanium 

~att 4.5 5.7 5.7 :5.7 5.7 5.7 5.7 
Power ,. 

: .. 

Titanium VQlts ~(). 465. 457 ~54 458 446 446 
Volts 

Titanium 
~ ·~ _.;· 

Current Ari:1P~ . ·9,8. -.12~26 : 12.4 ·12.5 12.4 12.76 12.78 ·• 

.. • .. .. 

Titanium 
:·. 

Ar Flow 
., seem •.· .105.5:. 105.5 ... 105,5 .104 104 105 105 .. 

. .. 

Titanium seem 262: : 33.5 : 32.5 3~.5 32.5 32.5 32.5 
•N2 Flow 

Titanium 
\ 

Pressure 
ml~ons 3.61 3.71 3.72 •3.67 3.7 3.67 3.65 

... 

Lines peed mm/sec 10.1 8.8 16.7 ·12.45 7.45 6.05 4.18 

Resistance ohm/sq 185 109 278 194 123 68 43.5 
(In situ} 

Tvis % 55 47 63 60 47 36 26 
(in situ) 

BENEFITS OF USING DOUBLE TiNx LAYERS 

In· order to determine whether window structures with double 

titanium nitride layers provided better results than those containing a single 

titanium nitride layer and/or double nichrome layers, a number of samples 
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were fabricatedi'~.ith the results being shown in ·tables 3-5. The samples 

listed in Table 3 were dual TiNx laminates. The laminates listed in Table 4 

had a single layer oftitanium nitride. The. laminates. listed in Table 5 included 

dual layers of a nonselective metal alloy, nichrome. In each table, when a 

s reflection measurement. ls listed, it is followed by (PET) or (GLASS). This 

refers to the side on which the laminated window structure reflection 

measurement was made. 

10 
TABLE3 

TIN. DATA SUMMARY 
OPTICAL PROPERTIES FOR WINDOW FILM LAMINATES 
CONTAINING TWO (I.E., DUAL) SPUTTERED TiNx FILMS 

Sample No. 82-2 83-1 83-2 
15 

Lamination Type Dual Dual Dual 

TVIS: in situ - film only 55 47 . 63 

T v18: film only 59.47 51.34 67.35 

20 TVIS 43.55 33.49 53.98 

Rvis (Glass) 10.64 12.29 9.93 

Rv1s (PET) 10.97 12.8 10.21 

TsoL 30.85 21.55 41.7 

25 
RsOL (Glass} 12.14 15.67 10.01 

RsoL (PET) 13.74 18.76 11.1 

Ta* -3.32 -3.98 -2.73 

30 
Tb* 1.55 0.23 3.92 

Ra* (Glass) 1.2 2.13 0.15 

Rb* (Glass) -0.35 1.9 -2.05 

Ra*(PET) 1.64 2.88 0.6 

35 Rb*(PET} -0.23 2.47 -1.9 

Sol Rej (Glass) 53.8 61.5 45.3 
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TABLE4 
TINx DATA SUMMARY 

.. - ---

OPTICAL PROPERTIESFQRWINDOW FILM LAMINATES 

CONTAINING A ~l~GLE S~UTIERED TiF.J~"~OATED FILM 

5 Sample No: 83~ 83-4 84-1 
-

84-2 

Lamination Type Single Si~e Single Single 

TVIS: in situ - film only 5"( 47 36 26 

T VIS: film only 61.25' -- 51.1 39.51 28.82 
10 

Tvis 62'.74 54.9 42.88 33.41 

Rv1s (Gl8$S) . '10.04 10,8 14.81 19.38 

Rvis (PET) 12.15 - -13.4 18.26 22.86 

15 TSOL 50.41 · 41A2 29.79 21.79 

RsodGlass) ·. 10.7 13.5 ' 20.28 26:54 

RsoL (PET) · 14;47 _18.~5 27.45 34.78 
·,· ': ... , 

Ta* -2.32 .. -2.8 -3.2 -3.43 
-

20 
Tb* 

... ... 
1.75 0.81 -2.34 -4.62 --

I ... 

.· .. . .... " 

Ra~(Gl~ss) . o.~ 1.55 2.52 2.98 

Rb* (Glass) .;.t.04. 0.94 6.78 11.05 

25 Ra* (PET) 1.04 --2.23 3.16 3.71 

Rb* (PET) -1.7 -0.46 5.58 9.27 

Sol Rej (Glass) 39.1 - 46.4 56.7 64.3-

30 

35 
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TABLES 
. . NICrDATASUMMARY . 

·· · OPTICAL PARAMETERS FOR WINDOW FILM LAMINATES 
CONTAINING TWO (I.E., DUAL) SPUTIERED NiCr FILMS 

Sample No. R1-Q1 R1-Q2 R1-Q3 

Lamination Type Dual Dual Dual 

T vis: film only 40.06 52.39 65.43 

Tvis 22.03 35.2 51.49 

Rvis (Glass) 14.61 11.39 9.84· 

Rvis (PET) 15.35 11.51' 9.8 

TsoL 18.18 30.25 46.75 

RsoL (Glass) 13.98 10.59 8.87 

RsoL(PET) 15.96 12.02 9.54 

Ta* ·-0.95· -1.14, -1.12 

Tb* -2.99 -0.97 1.4 

Ra*(Glass) -0.85. -0.48 -0.56 

Rb*(Glass) 1.36 -0.18 -1.14 

Ra* (PET) -0.084 -0.015 -0.17 

Rb*(PET) 1.9 0.43 -0.42 

... 
Sol Rej (Glass) 63.5 53.8 41.3 

Within the.single sputtered films of titanium nitride of Table 4, 

thicker titanium nitride layers were required in order to obtain lower trans­

missions. After lamination to glass, the resulting composites had visible 

transmissions ranging from approximately 33o/o to approximately 63%. The 

dual titanium nitride layers provided a visible transmission range of 33% to 

54%. Regarding visible reflection from the glass side of applied window film 

laminates containing various single and double titanium nitride films, at lower 

transmissions (e.g., approximately 55%), significantly lower reflections are 

obtained if two separate sputtered titanium nitride layers are used instead of 
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one thicker titanium nitride.layer. The same trend ~pplies with regard to 
reflection from the PET side. ·. · · ·: i 

One coricemwi~ using dual layers.it?,-that for a given visible 

transmission, the s~lar rejection might be significah~Y lower than that 

5 observed for coatings containing a· single sputte~ :layer.-• Measurements of 

solar rejection are obtained. using the following eC,\Jafion for monolithic 
glazing: · ,: : : 

solar rejection= solar reflection+ (0.73 x Solar absorption) 

10 

where 

solar absorption = 100%- solar reflection ~ splar transmission. 

15 . Here, integrated solar properties are deterniined u~ir;tg wavelength specific 

·.: 20 

weighting factors as specified in.~STM E 891. F~rri Tables 3-5 and Fig. 12, 

it can be. seen that the solar rejection for single titan•~m nitride layers is only 

two or three percentage points greater than the double layers. This is a 

relatively small sacrifice in· order to receive the benefit of the large decrease in 

visible reflection. 

Fig. 12 also illustrates the benefits of tile present invention over 

the.prjor art of dual,nonselective metals .. Clearly, ~r.a given visible. 

· transmission the dual TiNx window construct provides significantly higher solar 

rejection.than the dual nichrome constructs. · · 

25 In Tables 3-5, transmitted and reflecJed a* b* colors (from both 

sides of the glass/film composite) are indicated. lfis noted that +a* means 

red, -a* means green, while +b* means yellow an:c:t ."".b* means blue. The 

primary difference between the two structures Is In ~b*. The single film 

structures become more yellowish (gold or brass-lik¢) at lower transmissions 

30 when viewed from either side of the composite. The· dual film structures 

remain more color neutral. 

35 
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WHAT IS CLAll\lfpJ!> IS: 
11111111111111 1111111111111111: 

* C L M S * 
1. A solar control member comprising: 

a substantially transparent substrate; 

a first titanium nitride layer having a fixed position relative to 

said substrate; and 

a second titanium nitride layer having a fixed position relative to 

said first titanium nitride layer, said first and second titanium nitride' layers 

being spaced apart by a distance that provides optical decoupling with . 

respect to constructive and destructive interference of visible light propagating 

therebetween; 

1 o . wherein said first and second titanium nitride layers c0operate to 

provide a higher transmission of visible light than near infrared light. 

2. The solar control member of claim 1 further comprising a second 

substrate, said second titanium nitride layer being formed on· said second 

substrate, said first titanium nitride layer being formed on said transparent 

substrate, said second substrate and said transparent substrate being on 

5 opposite sides of a combination of said first and second titanium. nitride 

layers, said first titanium nitride layer being spaeed apart from said second 

titanium nitride layer by an optically massive layer. 

3. The solar control member of claim 2 wherein said optically massive layer 

contacts each of said first and second titanium layers and has a thickness 

greater than 700 nm. 

4. The solar control member of claim 3 wherein said optically massive layer is 

a laminating adhesive having a thickness of at least 1000 nm.· 

5. The solar control member of claim 2 wherein each of said transparent 

substrate and said second substrate is formed of a flexible transparent 

polymeric material. 
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6. The solar control member of claim 1 wherein s~id first and second titanium 

nitride layers are sputtered layers on opposite sid8-S: of said transparent 

substrate. 

]··· :. 

7. The solar control member of claim 6 wherein s~i.~transparent substrate 

. is a flexible transP,arent polymeric material having -~ thickness of at least 

1000 nm. 

8. The solar control member of claim 1 wherein each of said first and second 

titanium nitride layers is a continuous layer. ·.•. , .. 

9. The solar cont_rol member of claim 1 further comprising a third titanium 

nitride layer spa~d ~part from _first and second tltan.ium nitride layers by a 

distance that provides optical.decoupli~g with.res:~ct to constructive and 

destructive interf~rence ofvisibl~'Hght· 

10. The solar c0ntrol member Of ci~im 1. wh.erein ~t:least one surface of each 

of said first and second titanium nitride layer_s is c9~d with one of a trans­

parent oxide and a transparent n'itride such that said coating has a high 

~electivity rati~ of visible light transmission to infrared light transmission. 

11. The solar control member of claim 1 further comprising a hardcoat layer 

and a low surface energy layer. 

12. The solar control memt>er of claim 1 wherein $8.id transparent substrate is 

fixed to a glass substrate. 

13. The solar control member of claim t wherein ~id titanium nitride layers 

contain less than 20 atomic percent of oxygen. 
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14. The solar oohtrol member of claim 1 wherein ·said titanium nitride layers 

contain less than 1 O atomic percent of oxygen. 

15. A method of fabricating a solar control member comprising steps of: 

sputtering a first titanium nitride layer on a first transparent 

substrate such that said first titanium nitride layer maintains a transmission 

of at least thirty percent with respect to visible_ light; and 

5 bonding said first titanium nitride layer to a second titanium 

nitride layer having a transmission of at least thirty percent with respect to 

visible light, including spacing said first titanium nitride layer from said 

second titanium nitride layer by a distance that is sufficient to promote 

optical decoupling therebetween. 

16. The method of claim 15 further comprising a step of sputtering said 

second titanium nitride layer prior to said step of bonding, said second 

titanium nitride layer being formed on a second transparent substrate. , 

17. The method of claim 16 wherein said steps of sputtering include main­

taining a sputtering environment in which a ratio of oxygen to nitrogen 

partial pressures is less than 0.5. 

18. The solar control member of claim 15 wherein said titanium nitride layers 

contain less than 20 atomic percent of oxygen. 

19. The solar control member of claim 15 wherein said titanium nitride layers 

contain less than 10 atomic percent of oxygen. 

20. The method of claim 16 wherein said steps of sputtering include using a 

mask on which a portion of titanium nitride plasma collects. 
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21. The method of claim· 15 wherein said bonding·step includes applying a 

laminating adhesive between. said first and second titanium nitride layers, said 

laminating adhesive having a thickne~s of at least 700 nm. 

5 

22. A solar control member comprising: 

a first transparent substrate; 

a first layer of tff:Elnium nitride on said first substrate; 

a second transparent substrate; 

a s~nd layer of titanium nitride on said second substrate; and 

a bonding layerjoining said first and second layers, thereby 

forming an assembly in Whiqh said first ~nd second layers are sandwiched 

between said first and second substrates, said assembly having a visible light 

transmission in the range of 30 to 70 percent and a visible light reflection of 

10 less than 20 percent. 

23. The solar control memberof claim 22 wherein said bonding layer is an· 

adhesi.ve having a thickness greater thah 700 nm.· 

. . . 

..' ·. : 

24. The solar control me.mb~r of claim 2a fu.rther comprising a third. layer of· 

titanium nitride on a side of said ser;:onq ·layer op'posite to said first layer, said 

third layer being spaced apart from sai~ second layer by a distance greater 

than 700 nm. 

25. The solar control member of claim 22 wherein said assembly has a ratio 

of transmission at 550 nm to transmission at 1550 nm is at least 1.25. 

26. The solar control member of claim 22 wherein each of said first and 

second layers is a sputtered layer having a sheet resistance of less than 

500 ohms/square. 


