
A device is provided. The device includes a nozzle (310), a source of carrier gas and a source of 
organic molecules in fluid communication with the nozzle. The device also includes an active 
cooling system (322) disposed adjacent to the nozzle. Preferably, the device also includes a 
chamber, wherein the nozzle, and the active cooling system are disposed within the chamber. A 
substrate holder may also be disposed within the chamber, adapted to support a substrate beneath 
the nozzle, movable relative to the nozzle. Preferably, a substrate is held by the substrate holder, 
the substrate disposed at a distance of 0.1 to 10 mm from the active cooling system. Preferably, 
the device also includes a heating system (350) attached to the nozzle. The points at which the 
heating system are attached to the nozzle preferably includes at least one point that is zero to 5 
mm from the tip of the nozzle. 



TAVe Claim: 

1. A device, comprising: 

a nozzle; 

a source of carrier gas and a source of organic molecules in fluid communication with 

the nozzle; and 

an active cooling system disposed adjacent to the nozzle. 

2. The device of claim 1, further comprising: 

a chamber, wherein the nozzle, and the active cooling system are disposed 

within the chamber; 

a substrate holder disposed within the chamber, adapted to support a substrate 

beneath the nozzle, movable relative to the nozzle. 

3. The device of claim 1, further comprising a substrate held by the substrate holder, 

wherein the substrate is disposed at a distance of 0.1 to 10 mm from the active cooling 

system. 

4. The device of claim 1, further comprising a heating system attached to the nozzle. 

5. The device of claim 4, wherein the points at which the heating system are attached 

to the nozzle includes at least one point that is zero to 5 mm from the tip of the nozzle. 

6. The device of claim 1, wherein the active cooling system is a plate having an 

aperture therein, and the nozzle extends through the aperture. 

7. The device of claim 6, wherein the nozzle protrudes from the aperture by zero to 

10 mm. 

8. The device of claim 6, wherein the nozzle protrudes from the aperture by 0 to 10 

times the diameter of the interior of the nozzle at its tip. 
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9. The device of claim 6, wherein the active cooling system further comprises 

cooling fluid channels in the plate. 

10. The device of claim 8, wherein a cooling fluid is enclosed in the channels, and the 

cooling fluid is selected from the group consisting of ethylene glycol and liquid nitrogen. 

11. The device of claim 1, wherein the active cooling system further includes 

channels attached to the back of the plate. 

12. The device of claim 1, wherein the active cooling system is adapted to maintain a 

plate temperature of-lOOC to lOOC. 

13. The device of claim 1, wherein the device includes multiple nozzles, wherein the 

active cooling system is disposed adjacent to each nozzle. 

14. The device of claim 1, further comprising a thermally insulating material disposed 

between the nozzle and the active cooling system. 

15. The device of claim 4, wherein: 

the heating system further comprises a resistive wire wrapped around the 

nozzle; and 

the active cooling system further comprises a cooling fluid tube wrapped 

around the heating system. 

16. The device of claim 4, wherein the device further comprises a thermoelectric 

cooler having a hot side and a cool side. 

17. The device of claim 16, wherein the cool side of the thermoelectric cooler is the 

active cooling system, and the hot side of the thermoelectric cooler is part of the heating 

system. 
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18. A method, comprising: 

providing: 

a nozzle; 

a source of carrier gas and a source of organic molecules in fluid 

communication with the nozzle; 

an active cooling system disposed adjacent to the nozzle; and 

a heating system attached to the nozzle; 

depositing the organic molecules onto a substrate by ejecting through the nozzle the 

organic molecules carried by the carrier gas, 

wherein, while depositing the organic molecules, 

heating the nozzle with the active heating system, and 

cooling the active cooling system. 

19. The method of claim 18, wherein the substrate is disposed at a distance of 0.1 to 

10 mm from the active cooling system while the organic molecules are being deposited. 

20. The method of claim 18, wherein the active cooling system is maintained at a 

temperature of-lOOC to lOOC while the organic molecules are being deposited. 

21. The method of claim 18, wherein the multiple nozzles are provided, and wherein 

the active cooling system is disposed adjacent to each nozzle. 

22. The method of claim 21, wherein organic molecules are deposited to a thickness 

of 10 nm to 5000 nm in regions of the substrate underneath the nozzles, and where any 

organic molecules deposited in regions of the substrate not underneath the nozzles are 

deposited to a thickness zero to one monolayer. 
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23. The method of claim 18, nozzle is maintained at a temperature of 150C to 400C 

while the organic molecules are being deposited. 
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[0001] This application claims priority to U.S. Patent Application 12/870,125, filed August 

27, 2010, which is based on U.S. Provisional Application 61/239,656, filed September 3, 

2009, the disclosures of which are hereby expressly incorporated by reference in their 

entirety. 

[0002] The claimed invention was made by, on behalf of, and/or in connection with one or 

more of the following parties to a joint university corporation research agreement: Regents of 

the University of Michigan, Princeton University, The University of Southern California, and 

the Universal Display Corporation. The agreement was in effect on and before the date the 

claimed invention was made, and the claimed invention was made as a result of activities 

undertaken within the scope of the agreement. 

FIELD OF THE INVENTION 

[0003] The present invention relates to organic vapor jet printing (OVJP). 

BACKGROUND 

[0004] Opto-electronic devices that make use of organic materials are becoming 

increasingly desirable for a number of reasons. Many of the materials used to make such 

devices are relatively inexpensive, so organic opto-electronic devices have the potential for 

cost advantages over inorganic devices. In addition, the inherent properties of organic 

materials, such as their flexibility, may make them well suited for particular applications such 

as fabrication on a flexible substrate. Examples of organic opto-electronic devices include 

organic light emitting devices (OLEDs), organic phototransistors, organic photovoltaic cells, 

and organic photodetectors. For OLEDs, the organic materials may have performance 

advantages over conventional materials. For example, the wavelength at which an organic 

emissive layer emits light may generally be readily tuned with appropriate dopants. 

[0005] OLEDs make use of thin organic films that emit light when voltage is applied across 

the device. OLEDs are becoming an increasingly interesting technology for use in 

applications such as flat panel displays, illumination, and backlighting. Several OLED 

materials and configurations are described in U.S. Pat. Nos. 5,844,363, 6,303,238, and 

5,707,745, which are incorporated herein by reference in their entirety. 
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[0006] One way to deposit OLEDs and other organic devices is Organic Vapor Jet Printing 

(OVJP). The general principle of OVJP has been described in U.S. Patent No. 7,404,862, 

U.S. Patent Application Nos. 10/690,704, 10/233.470, 12/175,641, 12/034,683 and CEP 

application docket No. 10020/21702, all of which are incorporated by reference. 

[0007] As used herein, the term "organic" includes polymeric materials as well as small 

molecule organic materials that may be used to fabricate organic opto-electronic devices. 

"Small molecule" refers to any organic material that is not a polymer, and "small molecules" 

may actually be quite large. Small molecules may include repeat units in some circumstances. 

For example, using a long chain alkyl group as a substituent does not remove a molecule 

from the "small molecule" class. Small molecules may also be incorporated into polymers, 

for example as a pendent group on a polymer backbone or as a part of the backbone. Small 

molecules may also serve as the core moiety of a dendrimer, which consists of a series of 

chemical shells built on the core moiety. The core moiety of a dendrimer may be a 

fluorescent or phosphorescent small molecule emitter. A dendrimer may be a "small 

molecule," and it is believed that all dendrimers currently used in the field of OLEDs are 

small molecules. 

[0008] As used herein, "top" means furthest away from the substrate, while "bottom" 

means closest to the substrate. Where a first layer is described as "disposed over" a second 

layer, the first layer is disposed further away from substrate. There may be other layers 

between the first and second layer, unless it is specified that the first layer is "in contact with" 

the second layer. For example, a cathode may be described as "disposed over" an anode, 

even though there are various organic layers in between. 

[0009] More details on OLEDs, and the definitions described above, can be found in US 

Pat. No. 7,279,704, which is incorporated herein by reference in its entirety. 

SUMMARY OF THE INVENTION 

[0010] A device is provided. The device includes a nozzle, a source of carrier gas and a 

source of organic molecules in fluid communication with the nozzle. The device also 

includes an active cooling system disposed adjacent to the nozzle. 

[0011] Preferably, the device also includes a chamber, wherein the nozzle, and the active 

cooling system are disposed within the chamber. A substrate holder may also be disposed 
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within the chamber, adapted to support a substrate beneath the nozzle, movable relative to the 

nozzle. Preferably, a substrate is held by the substrate holder, the substrate disposed at a 

distance of 0.1 to 10 mm from the active cooling system. 

[0012] Preferably, the device also includes a heating system attached to the nozzle. The 

points at which the heating system are attached to the nozzle preferably includes at least one 

point that is zero to 5 mm from the tip of the nozzle. 

[0013] An example of an active cooling system is a plate having an aperture therein, where 

the nozzle extends through the aperture. Preferably, the nozzle protrudes from the aperture 

by zero to 10 mm. Preferably, the nozzle protrudes from the aperture by 0 to 10 times the 

diameter of the interior of the nozzle at its tip. The active cooling system may include 

cooling fluid channels in the plate, or attached to the plate, such as the back of the plate. 

Preferred cooling fluids include ethylene glycol and liquid nitrogen. Preferably, the active 

cooling system is adapted to maintain a plate temperature of -lOOC to lOOC. Another 

example of an active cooling system is a cooling fluid tube wrapped around the heating 

system. 

[0014] The device may include multiple nozzles, wherein the active cooling system is 

disposed adjacent to each nozzle and / or between two or more nozzles. 

[0015] Preferably, the device includes a thermal insulating material disposed between the 

nozzle and the active cooling system. 

[0016] An example of a device having an active cooling system and a heating system is a 

nozzle having as a heating system a resistive wire wrapped around the nozzle, with the active 

cooling system being a cooling fluid tube wrapped around the heating system. 

[0017] The device may include a thermoelectric cooler having a hot side and a cool side, 

where the cool side of the thermoelectric cooler is the active cooling system, and the hot side 

of the thermoelectric cooler is part of the heating system. 

[0018] A method of depositing organic molecules via OVJP is provided. A nozzle, a 

source of carrier gas and a source of organic molecules in fluid communication with the 

nozzle, an active cooling system disposed adjacent to the nozzle, and a heating system 

attached to the nozzle are provided. Organic molecules are deposited onto a substrate by 

ejecting through the nozzle the organic molecules carried by the carrier gas. While 
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depositing the organic molecules, the nozzle is heated with the active heating system, and the 

active cooling system is maintained at a cool temperature, lower than it would be in the 

absence of active cooling. 

[0019] Preferably, the substrate is disposed at a distance of 0.1 to 10 mm from the active 

cooling system while the organic molecules are being deposited. Preferably, the active 

cooling system is maintained at a temperature of -lOOC to lOOC while the organic molecules 

are being deposited. Preferably, multiple nozzles are provided, where the active cooling 

system is disposed adjacent to each nozzle. Preferably, organic molecules are deposited to a 

thickness of 10 nm to 5000 nm in regions of the substrate underneath the nozzles, and where 

any organic molecules are deposited in regions of the substrate not underneath the nozzles, 

they are deposited to a thickness of zero to one monolayer. Preferably, the nozzle is 

maintained at a temperature of 150C to 400C while the organic molecules are being 

deposited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 shows an organic light emitting device. 

[0021] FIG. 2 shows an inverted organic light emitting device that does not have a separate 

electron transport layer. 

[0022] FIG. 3 shows an example of a nozzle with an adjacent active cooling system. 

[0023] FIG. 4 shows an OVJP system that does not have an active cooling system, 

contrasted to an OVJP system that does have an active cooling system. 

[0024] FIG. 5 shows a series of devices used to illustrate issues with devices caused by 

overspray 

[0025] FIG. 6 shows two emission spectra from one of the devices of FIG. 5, where one 

spectra is from a device that includes a layer deposited via OVJP without an active cooling 

system, and the other is from a device that includes a layer deposited via OVJP with an active 

cooling system. 

[0026] FIGS. 7 through 9 each show two emission spectra from one of the devices of FIG. 

5. One spectra is from a device that is near a device having a layer deposited via OVJP 
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without an active cooling system, and the other is from a device that is near a device that 

includes a layer deposited via OVJP with an active cooling system. The devices for which 

spectra are shown in FIGS. 7 through 9 do not include a layer deposited via OVJP, but rather 

may include some overspray from a nearby layer deposited via OVJP. The devices of FIGS. 

7 through 9 are progressively further away from the device having a layer deposited via 

OVJP. 

DETAILED DESCRIPTION 

[0027] Generally, an OLED comprises at least one organic layer disposed between and 

electrically connected to an anode and a cathode. When a current is applied, the anode injects 

holes and the cathode injects electrons into the organic layer(s). The injected holes and 

electrons each migrate toward the oppositely charged electrode. When an electron and hole 

localize on the same molecule, an "exciton," which is a localized electron-hole pair having an 

excited energy state, is formed. Light is emitted when the exciton relaxes via a photoemissive 

mechanism. In some cases, the exciton may be localized on an excimer or an exciplex. Non-

radiative mechanisms, such as thermal relaxation, may also occur, but are generally 

considered undesirable. 

[0028] FIG. 1 shows an organic light emitting device 100. The figures are not necessarily 

drawn to scale. Device 100 may include a substrate 110, an anode 115, a hole injection layer 

120, a hole transport layer 125, an electron blocking layer 130, an emissive layer 135, a hole 

blocking layer 140, an electron transport layer 145, an electron injection layer 150, a 

protective layer 155, and a cathode 160. Cathode 160 is a compound cathode having a first 

conductive layer 162 and a second conductive layer 164. Device 100 may be fabricated by 

depositing the layers described, in order. The properties and functions of these various 

layers, as well as example materials, are described in more detail in US 7,279,704 at cols. 6-

10, which are incorporated by reference. 

[0029] More examples for each of these layers are available. For example, a flexible and 

transparent substrate-anode combination is disclosed in U.S. Pat. No. 5,844,363, which is 

incorporated by reference in its entirety. An example of a p-doped hole transport layer is m-

MTDATA doped with F.sub.4-TCNQ at a molar ratio of 50:1, as disclosed in U.S. Patent 

Application Publication No. 2003/0230980, which is incorporated by reference in its entirety. 

Examples of emissive and host materials are disclosed in U.S. Pat. No. 6,303,238 to 
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Thompson et al., which is incorporated by reference in its entirety. An example of an n-

doped electron transport layer is BPhen doped with Li at a molar ratio of 1:1, as disclosed in 

U.S. Patent Application Publication No. 2003/0230980, which is incorporated by reference in 

its entirety. U.S. Pat. Nos. 5,703,436 and 5,707,745, which are incorporated by reference in 

their entireties, disclose examples of cathodes including compound cathodes having a thin 

layer of metal such as Mg: Ag with an overlying transparent, electrically-conductive, sputter-

deposited n o layer. The theory and use of blocking layers is described in more detail in 

U.S. Pat. No. 6,097,147 and U.S. Patent Application Publication No. 2003/0230980, which 

are incorporated by reference in their entireties. Examples of injection layers are provided in 

U.S. Patent Application Publication No. 2004/0174116, which is incorporated by reference in 

its entirety. A description of protective layers may be found in U.S. Patent Application 

Publication No. 2004/0174116, which is incorporated by reference in its entirety. 

[0030] FIG. 2 shows an inverted OLED 200. The device includes a substrate 210, a cathode 

215, an emissive layer 220, a hole transport layer 225, and an anode 230. Device 200 may be 

fabricated by depositing the layers described, in order. Because the most common OLED 

configuration has a cathode disposed over the anode, and device 200 has cathode 215 

disposed under anode 230, device 200 may be referred to as an "inverted" OLED. Materials 

similar to those described with respect to device 100 may be used in the corresponding layers 

of device 200. FIG. 2 provides one example of how some layers may be omitted from the 

structure of device 100. 

[0031] The simple layered structure illustrated in FIGS. 1 and 2 is provided by way of non-

limiting example, and it is understood that embodiments of the invention may be used in 

connection with a wide variety of other structures. The specific materials and structures 

described are exemplary in nature, and other materials and structures may be used. Functional 

OLEDs may be achieved by combining the various layers described in different ways, or 

layers may be omitted entirely, based on design, performance, and cost factors. Other layers 

not specifically described may also be included. Materials other than those specifically 

described may be used. Although many of the examples provided herein describe various 

layers as comprising a single material, it is understood that combinations of materials, such as 

a mixture of host and dopant, or more generally a mixture, may be used. Also, the layers may 

have various sublayers. The names given to the various layers herein are not intended to be 

strictly limiting. For example, in device 200, hole transport layer 225 transports holes and 
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injects holes into emissive layer 220, and may be described as a hole transport layer or a hole 

injection layer. In one embodiment, an OLED may be described as having an "organic layer" 

disposed between a cathode and an anode. This organic layer may comprise a single layer, or 

may further comprise multiple layers of different organic materials as described, for example, 

with respect to FIGS. 1 and 2. 

[0032] Structures and materials not specifically described may also be used, such as 

OLEDs comprised of polymeric materials (PLEDs) such as disclosed in U.S. Pat. No. 

5,247,190 to Friend et al., which is incorporated by reference in its entirety. By way of 

further example, OLEDs having a single organic layer may be used. OLEDs may be stacked, 

for example as described in U.S. Pat. No. 5,707,745 to Forrest et al, which is incorporated by 

reference in its entirety. The OLED structure may deviate from the simple layered structure 

illustrated in FIGS. 1 and 2. For example, the substrate may include an angled reflective 

surface to improve out-coupling, such as a mesa structure as described in U.S. Pat. No. 

6,091,195 to Forrest et al., and/or a pit structure as described in U.S. Pat. No. 5,834,893 to 

Bulovic et al., which are incorporated by reference in their entireties. 

[0033] Unless otherwise specified, any of the layers of the various embodiments may be 

deposited by any suitable method. For the organic layers, preferred methods include thermal 

evaporation, ink-jet, such as described in U.S. Pat. Nos. 6,013,982 and 6,087,196, which are 

incorporated by reference in their entireties, organic vapor phase deposition (OVPD), such as 

described in U.S. Pat. No. 6,337,102 to Forrest et al., which is incorporated by reference in its 

entirety, and deposition by organic vapor jet printing (OVJP), such as described in U.S. 

patent application Ser. No. 10/233,470, which is incorporated by reference in its entirety. 

Other suitable deposition methods include spin coating and other solution based processes. 

Solution based processes are preferably carried out in nitrogen or an inert atmosphere. For the 

other layers, preferred methods include thermal evaporation. Preferred patterning methods 

include deposition through a mask, cold welding such as described in U.S. Pat. Nos. 

6,294,398 and 6,468,819, which are incorporated by reference in their entireties, and 

patterning associated with some of the deposition methods such as ink-jet and OVJP. Other 

methods may also be used. The materials to be deposited may be modified to make them 

compatible with a particular deposition method. For example, substituents such as alkyl and 

aryl groups, branched or unbranched, and preferably containing at least 3 carbons, may be 

used in small molecules to enhance their ability to undergo solution processing. Substituents 
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having 20 carbons or more may be used, and 3-20 carbons is a preferred range. Materials 

with asymmetric structures may have better solution processibility than those having 

symmetric structures, because asymmetric materials may have a lower tendency to 

recrystallize. Dendrimer substituents may be used to enhance the ability of small molecules 

to undergo solution processing. 

[0034] Devices fabricated in accordance with embodiments of the invention may be 

incorporated into a wide variety of consumer products, including flat panel displays, 

computer monitors, televisions, billboards, lights for interior or exterior illumination and/or 

signaling, heads up displays, fully transparent displays, flexible displays, laser printers, 

telephones, cell phones, personal digital assistants (PDAs), laptop computers, digital cameras, 

camcorders, viewfinders, micro-displays, vehicles, a large area wall, theater or stadium 

screen, or a sign. Various control mechanisms may be used to control devices fabricated in 

accordance with the present invention, including passive matrix and active matrix. Many of 

the devices are intended for use in a temperature range comfortable to humans, such as 18 

degrees C. to 30 degrees C, and more preferably at room temperature (20-25 degrees C). 

[0035] The materials, structures and methods described herein may have applications in 

devices other than OLEDs. For example, other optoelectronic devices such as organic solar 

cells and organic photodetectors may employ the materials and structures. More generally, 

organic devices, such as organic transistors, may employ the materials and structures. 

[0036] OVJP is a desirable method for depositing organic materials in many circumstances. 

OVJP may allow for the deposition of organic molecules in shapes or patterns defined by the 

nozzle through which the jet is formed, without the use of a mask, photoresist, or similar 

patterning techniques based on blocking off or hiding parts of the substrate onto which 

deposition is not desired. However, if parts of the substrate where deposition is not desired 

are left uncovered, stray molecules may present issues. 

[0037] A fundamental limitation of organic vapor jet printing (OVJP) is that molecules 

emitted from the nozzle tip do not all stick to the substrate at the first impact, i.e. the sticking 

coefficient for organic molecules is rarely if ever 1.0. Molecules that rebound from the 

substrate or are re-evaporated after deposition are likely to diffuse around the vacuum 

chamber and land on areas of the substrate outside of the intended pattern, which can cause 

color contamination, efficiency decreases, voltage rises or all three. A further problem is that 
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the hot OVJP nozzle close to the substrate surface causes heating of the substrate surface 

which lowers the sticking coefficient and promotes re-evaporation. 

[0038] Cooling the substrate from the back side is one possible way to mitigate these 

issues. However, cooling the substrate from the back side may have limited effectiveness 

because of poor thermal contact between the cooling plate and the substrate, sometimes 

exacerbated by a low thermal conductivity of the substrate itself, i.e. it is the front surface 

temperature that is important not the back surface. 

[0039] In general, the nozzle or nozzles of an OVJP system are in fluid communication 

with a source of carrier gas and a source of organic molecules. An active cooling system 

disposed adjacent to the nozzle, such as a "chiller plate," may reduce the average temperature 

of the substrate by improving heat transfer fi-om the substrate. By adjacent we mean close to, 

but not in contact with, the nozzle. Preferably the active cooling system is not so close as to 

interfere with the ability of the heater to keep the nozzle above the sublimation temperature 

of the organic molecules. The active cooling system may also capture molecules that re-

evaporate or rebound from the substrate, reducing the number of such molecules that deposit 

outside of the desired pattern. 

[0040] As used herein, a "nozzle" is a mechanism that directs, guides, or otherwise controls 

the flow of material after it exits the mechanism. 

[0041] Some, but not all, OVJP systems involve deposition in a chamber. Many OVJP 

systems also involve a substrate holder adapted to support a substrate beneath the nozzle, and 

to move relative to the nozzle. The nozzle, the substrate holder, or both may move. Where a 

chamber is used, the nozzle and substrate holder may be within the chamber. The use of a 

chamber allows for better control of ambient conditions, such as background pressure, gas 

composition, and temperature. As used herein, "beneath" the nozzle means disposed in the 

direction that the nozzle points, i.e., that the nozzle points at the substrate. The nozzle may 

be oriented in any number of directions in the substrate. 

[0042] Embodiments of the invention may be practiced across a wide variety of 

dimensions. Active cooling systems adjacent to a nozzle of an OVJP systems may be used 

advantageously at any dimensions that are desired for an OVJP system. Preferably, the 

substrate onto which OVJP is being performed is held by a substrate holder such that the 

substrate is disposed at a distance of 0.1 to 10 mm from the active cooling system. This 
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distance allows for reasonably good heat transfer from the substrate to the active cooling 

system. This distance also makes it reasonably probable that any molecule that re-evaporates 

from the substrate or that rebounds during deposition will hit the active cooling system before 

finding its way back to the substrate or some other possibly undesirable location. Preferably, 

the active cooling system is within one mean free path of the substrate. 

[0043] Preferably, a heating system is attached to the nozzle. Preferably, the points at 

which the heating system are attached to the nozzle includes at least one point that is zero to 5 

mm from the tip of the nozzle. The organic molecules typically involved in OVJP have a 

sublimation temperature of 150 to 400 C. It is desirable to maintain the temperature of the 

nozzle at a temperature that exceeds the sublimation temperature of the organic molecules. 

Otherwise, the molecules may undesirably condense on the nozzle, possibly clogging the 

nozzle. In conventional OVJP systems, a heating system attached further from the tip of the 

nozzle, or on tubes leading to the nozzle, may provide heating sufficient to avoid such 

condensation. In addition, some heating may be provided by the carrier gas stream itself. 

However, when an active cooling system is introduced adjacent to the nozzle, heating 

systems previously disclosed for use with OVJP may not be sufficient to avoid undesirable 

condensation on the nozzle. A heating system close to the tip of the nozzle may be used to 

avoid such condensation, even when an active cooling system is present. 

[0044] An "active cooling system" is a system that removes heat from the vicinity of the 

substrate surface, particularly around the nozzle. An active cooling system will generally 

involve the expenditure of power as a part of the cooling. Examples of active cooling 

systems include cooling fluid tubes, plates having channels therein for cooling fluid, plates 

having cooling fluid tubes attached thereto, and a thermoelectric cooler. A heat pipe may 

also be considered an active cooling system, the heat pipe is thermally connected to a heat 

sink that is cooled using power. Other active cooling systems may be used. 

[0045] A "heating system attached to the nozzle" is a system that provides heat to the 

nozzle. Examples of such heating systems include resistive wires, resistive elements on the 

nozzle itself or on some other structure attached to the nozzle, a laser beam focused on the 

nozzle, a radio frequency field coupled to the nozzle, and the hot side of a thermoelectric 

cooler. A heating system "attached to the nozzle" involves something more than heat from a 
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gas stream that is heated remotely from the nozzle and then transmitted to and passed through 

the nozzle. Heating systems other than those specifically described herein may be used. 

[0046] In one embodiment, the heating system is a resistive wire wrapped around the 

nozzle, and the active cooling system is a cooling fluid tube wrapped around the heating 

system. 

[0047] In one embodiment, a thermoelectric cooler having a hot side and a cool side may 

serve as part of both the active cooling system and the heating system. Preferably, the 

thermoelectric cooler may be the active cooling system, and a part of the heating system (i.e., 

there is an additional heat source that is part of the heating system). Some thermoelectric 

coolers may also be known as "Peltier coolers." Connecting a DC power source to a 

thermoelectric cooler results in a hot side and a cool side. The hot side of such a cooler may 

be used as the heating system, while the cool side serves as the active cooling system. In this 

embodiment, the thermoelectric cooler is preferably shaped such that the hot side is closest to 

the nozzle, while the cool side is adjacent to the substrate and further away from the nozzle 

than the hot side. 

[0048] Preferably, a thermal insulating material is disposed between the nozzle and the 

active cooling system. The thermal insulating material may help to maintain a large thermal 

gradient between the active cooling system and the nozzle. This is desirable because the 

nozzle should be hot relative to the active cooling system, to avoid undesirable condensation 

on the nozzle. At the same time, the active cooling system should be cool relative to the 

nozzle, because condensation of re-evaporated and rebounding molecules on the active 

cooling system is desirable, and because lower temperatures at the active cooling system may 

remove heat from the substrate. 

[0049] One embodiment of an active cooling system is a plate having an aperture therein, 

such that the nozzle extends through the aperture. The plate preferably has a high thermal 

conductivity, and has channels for cooling fluid. These fluid channels may be within the 

plate itself. The fluid channels may be attached to the back of the plate, for example a copper 

tube welded to the plate. The "back" of the plate is the side away from the substrate where 

organic molecules are to be deposited. Preferred cooling fluids include water, ethylene 

glycol, water / ethylene glycol mixtures, and liquid nitrogen. The cooling fluids may be 

maintained at a low temperature and pumped through the channels by any known method. 
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The active cooling system is preferably adapted to maintain a plate temperature of -lOOC to 

lOOC. The geometry and materials of the channels and the plate, as well as the temperature 

and circulation rate of the cooling fluid, may be adjusted to maintain a desired temperature, 

even when the nozzle is heated due to the presence of a heating system and / or the heat of the 

ejected jet. 

[0050] Preferably, the nozzle protrudes from the front of the active cooling system, by zero 

to 10 mm. For example, where the active cooling system is a plate having an aperture for the 

nozzle, the nozzle preferably protrudes from the aperture by zero to 10 mm. If the nozzle 

were recessed in the aperture, there might be undesirable condensation of organic molecules 

on the active cooling system directly from the jet before the molecules reach the substrate, as 

opposed to desirable primary condensation on the substrate with desirable secondary 

condensation on the active cooling system of organic molecules that rebound from the 

substrate or re-evaporate. At the upper end of the range, protrusion of the nozzle from the 

active cooling system limits how close the active cooling system may be to the substrate. It is 

desirable minimize the distance between the active cooling system and the substrate, to 

facilitate heat transfer from the substrate to the active cooling system and to increase the 

chance that a rebounding or re-evaporated organic molecule hits the active cooling system 

before hitting anything else, such as the substrate outside of the desired patterned area. For 

the same reasons, the nozzle preferably protrudes from the aperture by 0 to 10 times the 

diameter of the interior of the nozzle at its tip. No protrusion (i.e., a protrusion of zero) may 

be preferred. These protrusion distances, and even any protrusion, are not necessarily 

present, but they are preferred. 

[0051] An active cooling system may be useful for a wide variety of OVJP resolutions. At 

higher resolutions, the maximum theoretical effectiveness of an active cooling system may be 

determined by the maximum obtainable temperature gradient within the small volume of a 

nozzle array. Low resolution embodiments may be simpler to implement. 

[0052] Where multiple nozzles are present, it is preferred that an active cooling system is 

disposed adjacent to each nozzle, including between the nozzles. 

[0053] A simple, single nozzle implementation of an active cooling system is an annular 

plate around the nozzle tip as shown in FIG. 3. The plate may be closer to the nozzle tip than 

is shown. Preferably, the plate is located about one nozzle diameter above the nozzle 
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aperture and extends in all directions parallel to the substrate. Ideally the temperature of the 

chiller plate will be less than IOC. The preferred temperature may depend somewhat on the 

background pressure of the OVJP chamber,- if the plate is made too cold with too high a 

background pressure, the plate may function as a cryopump and compete with the principal 

chamber pumping, which is undesirable. In a chamber with a base pressure in the millitorr 

range, the preferred temperature for the chiller plate will be in the -20C - OC range. This 

range may be achieved, for example, using a recirculating chiller with an ethylene glycol-

based working fluid. In a high vacuum chamber, however, a much lower temperature might 

be desirable, such as temperatures obtainable using liquid nitrogen as a coolant. 

[0054] A one dimensional array of nozzles (i.e., a line of nozzles) is a preferred 

embodiment for a nozzle block. Such an array allows for high throughput patterning by 

moving the nozzle relative to the substrate or vice versa in the direction perpendicular to the 

line of the nozzles. In such an embodiment, other nozzles may limit the space available for 

an active cooling system in the direction of the line of nozzles, but there should be ample 

space in other directions for an active cooling system. Other arrangements of multiple 

nozzles, such as a two dimensional array, may also be used. A variety of nozzle shapes may 

be used. For example, the nozzles may be elongated, e.g. rectangular, preferably with the 

long axis in the direction of translation of the array relative to the substrate. 

[0055] In a multi-nozzle array, the array may have multiple openings, one for each nozzle. 

To the extent that the active cooling system is disposed between the nozzles, it may create a 

localized lower vacuum level in between the nozzles which may function in a similar manner 

to the inter-nozzle exhaust described in WO 2008/088446. 

[0056] A method of depositing organic molecules via OVJP is provided. A nozzle, a 

source of carrier gas and a source of organic molecules in fluid communication with the 

nozzle, an active cooling system disposed adjacent to the nozzle, and a heating system 

attached to the nozzle are provided. Organic molecules are deposited onto a substrate by 

ejecting through the nozzle the organic molecules carried by the carrier gas. While 

depositing the organic molecules, the nozzle is heated with the active heating system, and the 

active cooling system is maintained at a cool temperature, lower than it would be in the 

absence of active cooling. 
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[0057] Preferably, the substrate is disposed at a distance of 0.1 to 10 mm from the active 

cooling system while the organic molecules are being deposited. Preferably, the active 

cooling system is maintained at a temperature of -lOOC to lOOC while the organic molecules 

are being deposited. Preferably, multiple nozzles are provided, where the active cooling 

system is disposed adjacent to each nozzle. Preferably, organic molecules are deposited to a 

thickness of 10 nm to 5000 nm in regions of the substrate underneath the nozzles, and where 

any organic molecules deposited in regions of the substrate not underneath the nozzles are 

deposited to a thickness of zero to one monolayer. Preferably, the nozzle is maintained at a 

temperature of 150C to 400C while the organic molecules are being deposited. 

[0058] An organic light emitting device is also provided. The device may include an 

anode, a cathode, and an organic emissive layer disposed between the anode and the cathode. 

The organic emissive layer may include a host and a phosphorescent dopant. 

[0059] FIG. 3 shows an example of a nozzle with an adjacent active cooling system. 

Nozzle 310, at the end of tube 340, is the nozzle of an organic vapor jet printing system. 

Tube 340 provides fluid communication from the nozzle to a source of carrier gas and a 

source of organic molecules in fluid communication with the nozzle. The source of carrier 

gas and source of organic molecules are represented as source 350. Active cooling system 

320 is disposed adjacent to nozzle 310. Active cooling system 320 is a plate 321 having 

cooling tubes 322 attached to the back thereof. Cooling tubes 320 may be attached to a 

source of chilled fluid, which circulates through the cooling tubes. Nozzle 310 protrudes 

through an aperture in plate 321. An insulator 330 provides thermal insulation between tube 

340 and plate 321. A heating system is attached to nozzle 310. Specifically, heating 

elements 350, which may be resistive wires, for example, are attached to nozzle 310. 

[0060] FIG. 4 shows an OVJP system 400 that does not have an active cooling system, as 

contrasted to an OVJP system 450 that does have an active cooling system. OVJP system 

400 includes nozzles 402 that eject gas 404 onto substrate 401. Arrows 405 illustrates the 

transfer of heat from the ejected gas 404 and the hot nozzles 402 to substrate 401. Arrows 

406 illustrate the path of a molecule that either rebounds from substrate 401 or re-evaporates 

after deposition, and ends up deposited on substrate 401 in a position that is not under nozzles 

402. OVJP system 450 includes nozzles 452 that eject gas 454 onto substrate 451. Arrows 

455 illustrate the transfer of heat from the ejected gas 454 and the hot nozzles 452 to 
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substrate 451, and subsequently to active cooling system 453. Arrows 456 illustrate the path 

of a molecule that either rebounds from substrate 451 or re-evaporates after deposition. The 

molecule hits active cooling system 453, and sticks to active cooling system 453 due to its 

low temperature. While active cooling system 453 is illustrated as a plate similar to that 

shown in FIG. 3, other configurations may be used. 

[0061] FIG. 5 shows a series of devices used to illustrate issues with devices caused by 

overspray. On a substrate 500, several devices 510 were fabricated. The devices were in the 

shape of lines. Each line was 1mm wide, and the separation between lines was 1.5 mm. A 

total of 13 lines were fabricated, although only the middle 7 lines lustrated in FIG. 5. The 

middle line is labeled rO, and each pair of lines moving outward are numbered rl , r2, r3, r4, 

r5 and r6. Substrate 500 was a 6 inch by 6 inch glass substrate, having lines of indium tin 

oxide patterned thereon. a-NPD (N,N'-di(l-naphthyl)-N,N'-diphenylbenzidine) was blanket 

deposited over the indium tin oxide using VTE to a thickness of 400A. Then, a single line of 

Compound 1 was printed over line rO using OVJP. The nozzle had an inside diameter of 

1mm, and was passed along the length of line rO at a speed of 8 mm/s and a distance of 1 

mm. Compound 1 was not deliberately deposited on lines rl-r6, but neither were they 

masked during the deposition onto line rO, such that they may receive some deposition of 

Compound 1 due to overspray. Then, 2,9-dimethyl-4,7-diphenyl-l,10-phenanthroline (BCP) 

was blanket deposited using VTE to a thickness of 400A. A top electrode of LiF (12 A) and 

Al (1000 A) was then deposited over the BCP. 

Compound 1 has the structure: 

>lr 

- ^ J3 
[0062] In the devices described with respect to FIG. 5, it is expected that the device at rO 

will exhibit green emission from Compound 1, which is a green phosphorescent emitter. In 
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the absence of overspray issues, it is expected that devices at rl-r6 will exhibit blue emission 

from the a-NPD. 

[0063] Two sets of devices as shown in FIG. 5 were fabricated. In the first set, the OVJP 

was performed without the use of an active cooling system. In the second set, an active 

cooling system, in the form of a plate cooled to -IOC, was in place during deposition. 

[0064] FIG. 6 shows the emission spectra from line rO of the first set of devices, shown as a 

solid line, and the emission spectra from line rO of the second set of devices, shown as a 

dashed line. The emission spectra of FIGS. 6-9 are normalized to a peak intensity of 1. The 

emission from line rO of both sets of devices had peaks at about 530 nm, which is consistent 

with emission from Compound 1. The spectrum for the line deposited with an active cooling 

system was slightly narrower, which may be due to a cleaner deposition. 

[0065] FIG. 7 shows the emission spectra from line rl of the first set of devices, shown as a 

solid line, and the emission spectra from line rl of the second set of devices, shown as a 

dashed line. The spectrum for the line deposited with an active cooling system shows a peak 

at about 430 nm, and a shape that is consistent with emission from a-NPD relatively 

uncontaminated with other molecules, such as Compound 1. However, the spectrum for the 

line deposited without an active cooling system shows a peak at about 430 nm, and a lesser 

peak at about 525 nm. This spectrum shows that the device at rl fabricated without an active 

cooling system has significant contamination from Compound 1, which causes the peak at 

about 525 nm. Figure 7 illustrates that, without the use of an active cooling system, when 

Compound 1 is deposited at rO via OVJP, there is enough overspray at rl to significantly 

affect the emission properties of the device. The overspray is significantly reduced or 

eliminated when an active cooling system is used during OVJP. 

[0066] FIG. 8 shows the emission spectra from line r2 of the first set of devices, as a solid 

line, and the emission spectra from line rl of the second set of devices, shown as a dashed 

line. FIG. 9 shows similar data for line r3. FIG. 8 shows a slight broadening of the spectra 

from the first set of devices on the right side, compared to the spectra from the second set of 

devices. FIG. 9 shows a similar broadening, but to a lesser extent. The same type of 

broadening was observed in lines r4 through r6, with the extent of the broadening decreasing 

as distance from rO increased. This data shows that the first set of devices, deposited without 

the use of an active cooling system, exhibits contamination from Compound 1 due to 
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overspray as far away as line r6, and that the use of an active cooling system reduces or 

eliminates such contamination. 

[0067] It is understood that the various embodiments described herein are by way of 

example only, and are not intended to limit the scope of the invention. For example, many of 

the materials and structures described herein may be substituted with other materials and 

structures without deviating from the spirit of the invention. The present invention as 

claimed may therefore includes variations from the particular examples and preferred 

embodiments described herein, as will be apparent to one of skill in the art. It is understood 

that various theories as to why the invention works are not intended to be limiting. 
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