
US 20030138025A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0138025 A1 

Archibald et al. (43) Pub. Date: Jul. 24, 2003 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

PARALLEL SCREEN FOR RAPID THERMAL 
CHARACTERIZATION OF MATERIALS 

Inventors: William B. Archibald, Foster City, CA 
(US); Marc Hornbostel, Palo Alto, CA 
(Us) 

Correspondence Address: 
Scott A. Chapple 
Dobrusin & Thennisch PC 
Suite 311 
401 South Old Woodward Avenue 
Birmingham, MI 48009 (US) 

Assignee: SYMYX TECHNOLOGIES, INC. 

Appl. No.: 10/358,854 

Filed: Feb. 5, 2003 

Related U.S. Application Data 

Division of application No. 09/414,744, ?led on Oct. 
8, 1999, noW Pat. No. 6,536,944, Which is a continu 
ation-in-part of application No. PCT/US99/07358, 
?led on Apr. 1, 1999, Which is a continuation-in-part 
of application No. 09/227,558, ?led on Jan. 8, 1999, 
Which is a continuation-in-part of application No. 

(60) 

(51) 
(52) 

(57) 

08/898,715, ?led on Jul. 22, 1997, noW Pat. No. 
6,030,917. 

Provisional application No. 60/050,949, ?led on Jun. 
13, 1997. Provisional application No. 60/028,106, 
?led on Oct. 9, 1996. Provisional application No. 
60/029,255, ?led on Oct. 25, 1996. Provisional appli 
cation No. 60/035,366, ?led on Jan. 10, 1997. Pro 
visional application No. 60/048,987, ?led on Jun. 9, 
1997. Provisional application No. 60/028,105, ?led 
on Oct. 9, 1996. Provisional application No. 60/035, 
202, ?led on Jan. 10, 1997. 

Publication Classi?cation 

Int. Cl.7 .... .. G01K 15/00 

U.S. Cl. ................................................... .. 374/6; 374/1 

ABSTRACT 

A method and apparatus for high-throughput determination 
of phase change points of combinatorial libraries of metal 
alloys uses an infrared camera to monitor temperature 
dependent changes in emissivity/re?ectivity of the alloys. 
An infrared focal plane array monitors the emissivity/re?ec 
tivity changes over time, and the intensity of each heated 
member over time is correlated With temperature to detect 
the phase change points of the members. 
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PARALLEL SCREEN FOR RAPID THERMAL 
CHARACTERIZATION OF MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to international 
application PCT/US99/07358, Which is a continuation-in 
part of commonly assigned, co-pending US. patent appli 
cation Ser. No. 09/227,558, ?led Jan. 8, 1999, Which is a 
continuation-in-part of US. application Ser. No. 08/898, 
715, ?led Jul. 22, 1997, and US. Provisional Application 
No. 60/050,949, ?led Jun. 13, 1997; No. 60/028,106, ?led 
Oct. 9, 1996; No. 60/029,255, ?led Oct. 25, 1996; No. 
60/035,366, ?led Jan. 10, 1997; No. 60/048,987, ?led Jun. 9, 
1997; No. 60/028,105, ?led Oct. 9, 1996; and No. 60/035, 
202, ?led Jan. 10, 1997. Each of the foregoing applications 
is incorporated herein by reference in its entirety and is the 
basis of a claim for priority under 35 U.S.C. Section 119 or 
120. 

TECHNICAL FIELD 

[0002] The present invention is directed to combinatorial 
techniques for characteriZing materials, and more particu 
larly to a parallel screen for determining the thermal char 
acteristics of materials by monitoring changes in radiation 
intensity from members of a combinatorial library as a 
function of temperature. 

BACKGROUND ART 

[0003] In discovering neW materials, the temperature of a 
material phase change (e.g. melting point) provides impor 
tant information regarding a particular material. One pos 
sible approach for determining such temperatures is to 
measure the difference betWeen the temperature of the 
unknoWn member and a reference member, as in differential 
scanning calorimetry (DSC) and differential thermal analy 
sis (DTA). Another approach is to monitor changes in the 
re?ectivity or emissivity of the unknoWn member as a 
function of temperature. Currently, there is a need for a 
rapid, high throughput screen that can determine the thermal 
characteristics of members of a combinatorial library over a 
large temperature range. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, the invention applies combinatorial 
materials science techniques in a high-throughput screen for 
measuring the phase change temperatures of combinatorial 
libraries of materials. Generally, the invention is directed to 
correlating the intensity of the radiation emitting from a 
member With its temperature to obtain its thermal charac 
teristics, and more particularly to correlating the radiation 
intensity of each member versus time and correlating the 
temperature of each member versus time to link the mem 
ber’s radiation intensity With its temperature. The invention 
may include using a detector, such as an infrared camera, to 
measure the phase change temperature (eg melting point) 
of a plurality of materials on a substrate by, for eXample, 
monitoring changes in the radiation, such as the re?ectance 
or emissivity, of a member. In one embodiment, the infrared 
camera compares the radiation from a substrate to the 
radiation from a member as a function of temperature. The 
phase change temperature of the member is obtained by 
monitoring changes in the ratio betWeen the tWo radiations 
as a function of temperature. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 shoWs one embodiment of an apparatus 
according to the present invention for parallel characteriZa 
tion; 
[0006] FIG. 2 shoWs a preferred substrate structure for 
supporting library members in the inventive apparatus; 

[0007] FIG. 3 is an eXample of a temperature vs. intensity 
calibration curve obtained from the inventive apparatus; and 

[0008] FIG. 4 is an eXample of intensity vs. time curves 
obtained via the inventive apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0009] The present invention ?nds particularly attractive 
application in the rapid, high throughput screening of many 
materials and more speci?cally the screening of combina 
torial libraries of materials. The ?eld of combinatorial 
materials science generally involves, inter alia, the synthesis 
of arrays of multiple different materials and the screening of 
such materials for useful properties. By Way of illustration, 
Without limitation, a substrate having an array of diverse 
materials thereon can be prepared by delivering components 
of materials to prede?ned regions on the substrate, and 
simultaneously reacting the components to form at least tWo 
materials. Materials Which can be screened using the meth 
ods and apparatus of the present invention include, for 
eXample, covalent netWork solids, ionic solids and molecu 
lar solids. More particularly, materials Which can be 
screened include inorganic materials, intermetallic materi 
als, metal alloys, ceramic materials, organic materials, orga 
nometallic materials, non-biological organic polymers, com 
posite materials (e.g., inorganic composites, organic 
composites, or combinations thereof), etc. As such, the 
present invention provides methods and apparatus for use in 
connection With the parallel analysis of novel materials 
having neW and useful properties. Any material found to 
possess a useful property can be subsequently prepared on a 
large-scale. 
[0010] Thus, as Will be appreciated, an array or library of 
inorganic materials (eg alloys) on a single substrate at 
prede?ned regions thereon is provided. Such an array can 
consist of tWo or more different materials, 10 or more 

different materials, and preferably more than 10, 102, 10,3, 
104’ 105 or 106 different materials. In some embodiments, the 
density of regions per unit area Will be greater than 0.04 
regions/cm2, more preferably greater than 0.1 regions/cm2, 
even more preferably greater than 1 region/cm2, even more 
preferably greater than 10 regions/cm2, and still more pref 
erably greater than 100 regions/cm2. In most preferred 
embodiments, the density of regions per unit area Will be 
greater than 1,000 regions/cm2, more preferably 10,000 
regions/cm2, even more preferably greater than 100,000 
regions/cm2, and still more preferably 10,000,000 regions/ 
cm2. 

[0011] In accordance With the present invention, such 
materials are then screened in parallel for useful properties. 
More speci?cally, the present invention advantageously 
permits for rapid and high throughput screening of such 
arrays, alloWing useful data to be generated about the 
materials in the array, particularly With respect to phase 
transition temperatures (eg Without limitation, melting 
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point) of such materials. Additional details about synthesis 
and screening of combinatorial libraries can be found, for 
instance, in commonly assigned, co-pending U.S. applica 
tion Ser. Nos. 08/327,513; 09/156,827; and 08/841,423, 
each of Which is incorporated herein by reference. 

[0012] Changes in the electrical conductivity, surface mor 
phology, and dielectric constant of a material generally lead 
to changes in the re?ectance of a material. These material 
changes are expected to be particularly large at a phase 
change or transition, such as betWeen the solid state and the 
liquid state. It is these large changes that form the basis for 
the screen of the present invention. The invention generally 
detects changes in the emitted poWer R(T) as the tempera 
ture of combinatorial library of materials is increased 
through the phase change (e.g. melting point) of materials in 
the library. Any large sudden changes in the radiation, such 
as the measured re?ectivity or emissivity, of a particular 
material for a given temperature indicates a phase change for 
that material. In this conteXt, a “sudden large” change Would 
refer to, for eXample, a 5-10% change in the relative 
intensity of a material over a 50-100 ms period Would 
indicate a phase change point. In other embodiments, the 
change may be more than 5% and preferably more than 
10%. Also, the change may take 200 ms or more, but 
preferably less than 100 ms. Samples or members of a 
combinatorial library may be measured in parallel or 
sequentially using the method and apparatus of this inven 
tion, With samples being measured tWo at a time, 10 at a time 
or more, up to the number of members in the combinatorial 
library. Thus, the system and method can measure 2 or more 
samples per second, 10 or more samples per second, 50 or 
more samples per second and preferably 60 or more samples 
per second for phase point changes. 

[0013] To monitor changes in the re?ectivity or emissivity 
of a material, the spectral eXcitance of the material in 
response to heating can be detected at a single Wavelength, 
a narroW Wavelength band, or over a Wide Wavelength 
spectrum. One method is to use a detector that is sensitive 
to a speci?c single Wavelength and to measure the integrated 
eXcitance (intensity) as a function of temperature. Also, 
experiments detecting the spectral eXcitance over a narroW 
band of Wavelengths or even a Wide spectrum of Wave 
lengths result in accurate melting point measurements as 
Well. 

[0014] FIG. 1 is a schematic representation of one pre 
ferred apparatus for conducting parallel screening of phase 
changes. The apparatus includes a plurality of single mem 
ber detectors or a position-sensitive detector (i.e., one that 
can correlate the speci?c data With a speci?c measured 
position in the array) so that an entire library of members can 
be measured simultaneously. Because the screen of the 
present invention measures members at relatively high tem 
peratures, Which provide observable infrared radiation char 
acteristics, the detectors are preferably tuned to infrared 
Wavelengths. HoWever, other Wavelengths (e.g., visible light 
Wavelengths, either alone or in conjunction With infrared 
Wavelengths) can be used for measurement as Well, and 
those of skill in the art can select an appropriate detector for 
such Wavelengths. Of course, the skilled artisan Will recog 
niZe that the invention is not limited to the structure shoWn 
in FIG. 1, but can also encompass any other system that 
correlates emissivity or radiation measurements of members 
With temperature to obtain phase transition data. In addition, 
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although the eXamples beloW focus on heating solid mate 
rials to determine their melting point, the invention is just as 
applicable for any solid or liquid member materials that are 
taken through one or more phase changes (eg crystalliZa 
tion, solidi?cation, melting point, sublimation/evaporation, 
metal-insulator phase transitions, etc.) via heating or cool 
mg. 

[0015] As shoWn in FIG. 1, a preferred apparatus 100 for 
conducting a parallel phase change (e.g. melting point) 
detection includes a detector 102 (illustrated here as an 
infrared detector, and speci?cally, an infrared camera con 
taining an infrared focal plane array (FPA) 103), preferably 
a ?lter and aperture positioning device 104, a lens 106 (eg 
camera lens), a WindoW 108 (preferably an infrared trans 
parent WindoW), a vacuum chamber 110, a heater 112, 
optional heater supports 114, and a re?ector 116 (eg an 
infrared re?ector). Acombinatorial library 118 having mem 
bers to be screened is placed on the heater 112. The 
interaction and operation of these components Will be 
described in greater detail beloW With respect to parallel 
screening. Of course, other combinations of devices can be 
employed to obtain observable simultaneous or near-simul 
taneous phase change data from the combinatorial library. 

[0016] Referring noW to FIG. 2, a substrate 200 is pref 
erably used to support the library members. Amorphous 
carbon is one eXample of a preferred substrate material to be 
used for detecting melting points of alloys in the invention 
because it can Withstand temperatures of over 1000° C. in a 
vacuum environment, has good mechanical properties, and 
is relatively inert. Any material that has the relevant prop 
erties similar to amorphous carbon, hoWever, can be used in 
the substrate 200 as Well. By Way of eXample, the substrate 
200 may be selected from any of a Wide variety of materials 
including polymers, plastics, pyreX, quartZ, resins, silicon, 
silica or silica-based materials, carbon, metals, glasses, 
crystals, etc. The substrates may be organic, inorganic, 
biological, nonbiological or a combination. The substrate 
may be any suitable shape and preferably forms a rigid 
support. The choice of substrate Will depend on the type of 
materials in the library, the phase transition being screened 
and the detector used to detect the radiation intensity change 
(eg the re?ectivity or emissivity change) of the materials. 

[0017] In the present preferred embodiment, the substrate 
200 is used as a temperature reference throughout the 
melting point measurement. As shoWn in FIG. 2, library 
members 202 can be synthesiZed directly on the substrate. A 
thin capping layer 204 of a refractory material, such as 
Al2O3 or Ta2O3 is preferably deposited over the library 
members 202 to minimiZe evaporation of the library mem 
bers as the temperature is increased. Any other suitable 
protective layer may likeWise be employed. The capping 
layer 204 is preferably sufficiently thin, so that it does not 
adversely affect the infrared intensity measurement. To 
illustrate, in the present embodiment it is about 2000 ang 
stroms. The library members 202 themselves can be depos 
ited on the substrate using any knoWn combinatorial tech 
nique, including the combinatorial materials science 
techniques identi?ed in the aforenoted US. patent applica 
tions. 

[0018] Though other methods are possible (including con 
vective or radiation methods), With respect to heating of the 
library 118, one of tWo conductive methods preferably is 
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used. One Way is by using the substrate 200 as a resistive 
heater. For instance, if the substrate is amorphous carbon, 
this takes advantage of the electrical conductivity and the 
mechanical stability of the amorphous carbon and alloWs the 
library to be heated directly by passing current through the 
substrate. Temperatures as high as 1000° C. can be reached 
using this method. 

[0019] Another preferred Way to heat the library members 
is by placing the substrate on a suitable heater, such as a 
graphite heater. The heater should have loW thermal mass 
because the temperature range for the experiment ramps up 
and back doWn at around 30-50° C./second betWeen room 
temperature and 1300° C.; a quicker heating response pro 
vides clearer indications of the library members’ phase 
transition (e.g. melting point) and also results in a faster 
experiment. 

[0020] To screen the library members in parallel, the 
library is heated so that all members are at an elevated 
temperature simultaneously. A detector then reads the ther 
mal data it observes from the substrate. The data can be 
stored and retrieved so that particular information about a 
particular material in the library can be retrieved and cor 
related to the speci?c material to yield useful information 
about such material. 

[0021] To illustrate the context of screening a material for 
melting points using an infrared camera, the infrared camera 
102 and lens 106, along With the infrared focal plane array 
(FPA) 103, is positioned over the library 118. If desired, the 
?lter and aperture positioning device 104 can be placed in 
betWeen the FPA 103 and the member library 118. As noted 
above, parallel detection of the melting points of a material 
library, according to the present invention involves using the 
infrared FPA 103 to monitor changes in the emissivity/ 
re?ectivity of each library member as its temperature is 
raised. One example of a preferred FPA is a 256x256 
member array (e.g. InSb array) having a predetermined 
Wavelength sensitivity (eg between about 800 nm and 5.5 
pm, such as a visible-mid-infrared FPA), and that can 
capture images at a predetermined speed (eg at least 20 
frames per second). Data from the FPA 103 is preferably 
captured in real time as the members are heated and cooled. 
The data is stored, reduced and analyZed in a computer using 
softWare that can obtain chemical data from images, such as 
softWare disclosed in co-pending PCT Application No. PCT/ 
US99/07358 to entitled “Analysis of Chemical Data From 
Images”, incorporated herein by reference. In general, the 
softWare is able to determine, from the captured images, a 
series of values for selected regions in the library and 
calculating a ?gure of merit, such as an emittance change as 
a function of temperature, a phase transition point or ther 
moelectric ?gure of merit, for a selected library member. A 
graphical representation of the ?gures of merit is optionally 
displayed for user analysis. 

[0022] The FPA 103 can monitor the libraries over a Wide 
Wavelength range, and the present description is not 
intended to limit the invention. For illustration purposes, 
standard infrared optics that presently are commonly avail 
able are tuned to betWeen about 3-5 pm and betWeen about 
8-14 pm. These Wavelength ranges are ranges generally in 
the electromagnetic spectrum in Which the air absorption is 
loWest. Thus, the actual experiment can be conducted Within 
these narroW Wavelength ranges, despite the FPA’s 103 
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ability to detect Wavelengths outside the ranges. The inven 
tion is not, hoWever, restricted to conducting screening in the 
Wavelength ranges tuned by standard infrared optics; phase 
change (e.g. melting point) detection can be conducted over 
any Wavelength region detectable by the FPA 103. Further, 
as shoWn in FIG. 1, measuring the intensity of infrared 
radiation for a member at or above 1300° C. (as may be 
encountered With some materials) may require apertures and 
neutral density ?lters 104 to be placed betWeen the member 
and the FPA 103 to avoid saturating the array. 

[0023] In the context of an illustrative example screening 
for melting points of a metal alloy, the library 118 is placed 
on the heater 112 and heated using either heating method 
described above. In this example, the members are placed on 
an amorphous carbon substrate and heated by placing the 
substrate on the heater 112. During the heating process, the 
FPA 103 in the infrared camera 102 gathers re?ectivity/ 
emissivity data over time about each member as its tem 
perature increases. This data is then correlated With tem 
perature data, as Will be explained in greater detail beloW, to 
obtain the melting point for each member. The reduced 
pressure in vacuum chamber 110 helps to ensure that the 
temperatures of the members in the library 118 are not 
affected by heat losses to the environment, air convection, 
etc. 

[0024] Advantageously, the parallel screen of the present 
invention is capable of screening combinatorial libraries at 
temperatures of at least 1200° C. under vacuum conditions, 
With heating and cooling rates as high as about 30° C./sec 
ond. Other possible temperature ranges and rates include 
temperatures of at least 1400° C. at about 50° C./second and 
at least 500° C. at about 30° C./second. 

[0025] FIG. 3 is a calibration curve that links the substrate 
(e.g. carbon substrate) temperature of the present invention 
to a given measured radiation intensity at different camera 
integration settings (illustrated here as eight settings). As 
noted above, the FPA 103 records the emitted infrared 
intensity for the library members and for the carbon sub 
strate as a function of time as the temperature of the library 
is increased. Obtaining a calibration curve linking the emit 
ted infrared intensity from the carbon substrate to the actual 
temperature of the substrate, Which can be determined With 
a measuring device such as a thermocouple, alloWs the 
substrate’s radiation intensity over time to act as a reference 
temperature throughout the measurement. Although amor 
phous carbon does not have a constant emissivity as its 
temperature changes, the emissivity curve varies smoothly 
over the temperature range at Which the melting point tests 
are conducted, as can be seen in FIG. 3. This alloWs changes 
in the substrate’s emissivity to be addressed in the tempera 
ture calibration. 

[0026] FIG. 4 illustrates the changes in radiation intensity 
versus time for a reference substrate (eg an amorphous 
carbon substrate like that employed With the library), a 
library member, and the ratio betWeen the tWo curves. As can 
be seen in FIG. 4, the temperature (and therefore the 
radiation intensity) of the carbon initially increases, reaches 
a maximum, then decreases over a smooth curve. The library 
member also exhibits a similar curve as it heats and cools, 
except there is a sudden increase in the radiation When it 
heats and a sudden drop in radiation as it cools. These 
sudden changes correspond to the temperatures at Which the 
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library member changes phases, e.g. melts and solidi?es, 
respectively. The ratio of the substrate’s radiation and the 
library member’s radiation illustrates the melting point more 
clearly, appearing as a relatively sharp increase and a 
relatively sharp decrease in the graph. The temperature at 
Which the library member changes phase is determined by 
reading the radiation at the points in time at Which the 
sudden increase or decrease in the library member radiation 
occurs and using the calibration curve shoWn in FIG. 4 to 
determine the corresponding substrate temperature. As a 
result, the phase change point for every member in the 
library can be determined quickly. 

[0027] The inventive parallel screen is particularly suit 
able for screening neW compounds via combinatorial mate 
rials science techniques to locate compounds having speci?c 
desired properties. For example, the library members can be 
arranged on a substrate in a standardiZed format using 
knoWn combinatorial chemistry techniques. This Would 
alloW the materials to be both deposited and tested in 
parallel, increasing the number of members that can be 
tested per unit time. As a result, preparation and deposition 
of the library materials can be automated, if desired, further 
accelerating the speed at Which materials can be tested. 

[0028] It should be appreciated that the present invention 
is particularly useful for measuring data associated With 
phase transitions, particularly from the solid to liquid or 
liquid to solid phases. This makes it highly attractive for and 
it is useful for screening melting points of metals, semicon 
ductors, and ceramics and their respective alloys. Of course, 
other material systems may be screened as Well, such as 
plastics, biological materials, or any other material. 

[0029] It should be understood that various alternatives to 
the embodiments of the invention described herein may be 
employed in practicing the invention. It is intended that the 
folloWing claims de?ne the scope of the invention and that 
the method and apparatus Within the scope of these claims 
and their equivalents be covered thereby. Further, all appli 
cations and patents referenced herein are explicitly incor 
porated by reference. 

What is claimed is: 
1. A system for determining phase change points of at 

least tWo members in a combinatorial library, comprising: 

a temperature changer for changing the temperature of 
each member; 

a detector for monitoring changes in radiation from each 
member and generating intensity data for each member 
based on the detected radiation, Wherein the detector is 
adapted to monitor said at least tWo members simulta 
neously; and 

a correlator for correlating the intensity data from the 
detector With the temperature of each member, Wherein 
a radiation change in the member indicates a phase 
change point for that member. 

2. The system of claim 1, Wherein the correlator correlates 
the intensity data of the detector With the temperature of 
each member by correlating the intensity data from the 
detector versus time and correlating the temperature of each 
member versus time. 

3. The system of claim 1, Wherein the detector is a 
position sensitive detector. 
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4. The system of claim 1, Wherein the detector is a 
plurality of single member detectors. 

5. The system of claim 1, Wherein the detector is a focal 
plane array. 

6. The system of claim 5, Wherein the focal plane array is 
a visible-mid-infrared focal plane array. 

7. A system for determining phase change points of at 
least tWo members in a combinatorial library, comprising: 

a substrate having said at least tWo members disposed 
thereon; 

a temperature changer for changing the temperature of 
each member on the substrate; 

a detector for monitoring changes in radiation for each 
member and for generating intensity data based on the 
detected radiation; and 

a correlator for correlating the intensity data from the 
detector With the temperature of each member, Wherein 
a radiation change in the member indicates a phase 
change point for that member. 

8. The system of claim 7, Wherein the correlator correlates 
the intensity data from the detector With the temperature of 
each member by correlating the intensity data from the 
detector versus time and correlating the temperature of each 
member versus time. 

9. The system of claim 7, Wherein the temperature 
changer changes the temperature of the substrate, the detec 
tor monitors radiation changes of the substrate and generates 
intensity data based on the detected radiation, and Wherein 
the correlator correlates the intensity data from the detector 
With the temperature of each sample by correlating the 
difference betWeen the intensity data for each member and 
the intensity data for the substrate versus time and the 
intensity data for the substrate versus temperature. 

10. The system of claim 9, Wherein the correlator corre 
lates the intensity of the member With temperature by: 

determining a calibration curve correlating the radiation 
intensity of the substrate and the temperature of the 
substrate; 

measuring the radiation intensity versus time of each 
member and the substrate; and 

calculating the ratio betWeen the radiation intensity versus 
time of each member and the radiation intensity versus 
time of the substrate, Wherein a change in the ratio for 
one of said members indicates the phase change point 
of that member. 

11. The system of claim 7, Wherein the system character 
iZes said at least tWo members in a parallel fashion. 

12. The system of claim 7, Wherein the system charac 
teriZes said at least tWo members in a rapid serial fashion. 

13. The system of claim 10, Wherein the system deter 
mines phase change points at a rate of at least 60 samples/ 
second. 

14. The system of claim 7, Wherein the substrate is made 
of amorphous carbon. 

15. The system of claim 7, further comprising a capping 
layer deposited on top of said at least tWo members on the 
substrate. 

16. The system of claim 7, Wherein the temperature 
changer is a substrate heater that heats the substrate, Which 
in turn heats said at least tWo members. 
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17. The system of claim 16, wherein the substrate heater 
is a loW thermal mass heater. 

18. The system of claim 16, Wherein the heater is a 
graphite heater. 

19. The system of claim 16, Wherein the heater is a current 
source that applies current through at least one of the 
substrate and said at least tWo members to heat the members. 

20. The system of claim 7, Wherein the detector is a 
position sensitive detector. 

21. The system of claim 7, Wherein the detector is a 
plurality of single member detectors. 

22. The system of claim 7, Wherein the detector is a focal 
plane array. 

23. The system of claim 7, Wherein the focal plane array 
is a visible-mid-infrared focal plane array. 

24. The system of claim 7, further comprising a vacuum 
chamber surrounding the substrate and the heater. 

25. A system for determining phase change points of a 
plurality of members in a combinatorial library, comprising: 

a temperature changer for changing the temperature of 
each member; 

a detector for monitoring changes in radiation for each 
member and for generating intensity data based on the 
detected radiation; and 

a correlator for correlating the intensity data from the 
detector With the temperature of each member, Wherein 
a radiation change in the member indicates a phase 
change point for that member, 

Wherein the system determines phase change points at a 
rate of at least 60 samples/second. 

26. The system of claim 25, Wherein the correlator cor 
relates the intensity data from the detector With the tem 
perature of each member by correlating the intensity data 
from the detector versus time and correlating the tempera 
ture of the member versus time. 

27. The system of claim 25, further comprising a substrate 
that supports the plurality of members, Wherein the tem 
perature changer changes the temperature of the substrate, 
the detector monitors changes in radiation for the substrate 
and generates intensity data based on the detected radiation, 
and Wherein the correlator correlates the intensity data from 
the detector With the temperature of the members by corre 
lating the difference betWeen the intensity data for each 
member and the intensity data for the substrate versus time 
and the intensity data for the substrate versus temperature. 

28. The system of claim 25, Wherein the system charac 
teriZes said plurality of members in a parallel fashion. 

29. The system of claim 25, Wherein the system charac 
teriZes said plurality of members in a rapid serial fashion. 

30. A system for determining a phase change point of a 
member, comprising: 

a temperature changer for changing the temperature of the 
member; 

a detector for monitoring changes in radiation from the 
member and for generating intensity data for the mem 
ber based on the detected radiation; and 

a correlator for correlating the intensity data from the 
detector With the temperature of the member, Wherein 
a radiation change in the member indicates a phase 
change point for the member. 
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31. The system of claim 30, Wherein the correlator cor 
relates the intensity data from the detector With the tem 
perature of the member by correlating the intensity data 
from the detector versus time and correlating the tempera 
ture of the member versus time. 

32. The system of claim 30, further comprising a substrate 
that supports the member, and Wherein the correlator cor 
relates the intensity data from the detector With the tem 
perature of the member by correlating the difference 
betWeen the intensity data for the member and the intensity 
data for the substrate versus time and the intensity data for 
the substrate versus temperature. 

33. A system for determining melting points of a plurality 
of materials in a combinatorial library, comprising: 

a conductive substrate having a plurality of member 
materials disposed thereon; 

a loW thermal mass heater that supports the substrate and 
heats the plurality of member materials; 

a vacuum chamber surrounding the substrate, the plurality 
of member materials, and the heater; 

an infrared camera positioned over the substrate and the 
plurality of member materials, the infrared camera 
having a focal plane array for monitoring changes in 
radiation of the plurality of member materials over time 
as they are heated by the heater and generating image 
data; and 

a computer that obtains the image data from the focal 
plane array and correlates the radiation intensities of 
the plurality of member materials With temperature, 
Wherein a radiation change in the member material 
indicates a melting point for that member material. 

34. The system of claim 33, Wherein the focal plane array 
is a visible-mid-infrared focal plane array. 

35. The system of claim 33, Wherein the computer cor 
relates the intensity of the member With temperature by: 

determining a calibration curve correlating a radiation 
intensity of the substrate and the temperature of the 
substrate; 

measuring the radiation intensity versus time of each of 
the plurality of members and the substrate; and 

calculating the ratio betWeen the radiation intensity versus 
time of each of the plurality of members and the 
radiation intensity versus time of the substrate, Wherein 
a change in the ratio for a given member indicates the 
melting point of that member. 

36. A method for determining a phase change point of a 
member, comprising the steps of: 

changing the temperature of the member; 

monitoring changes in radiation from the member; 

generating intensity data for the member based on the 
radiation changes detected in said monitoring step; 

correlating the intensity data With the temperature of the 
member, Wherein a radiation change in the member 
indicates a phase change for the member. 

37. The method of claim 36, Wherein the correlation step 
correlates the intensity data With the temperature of the 
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member by correlating the intensity data from the detector 
versus time and correlating the temperature of the member 
versus time. 

38. The method of claim 36, further comprising the step 
of depositing the member on a substrate, and Wherein the 
changing step includes changing the temperature of the 
substrate, the monitoring step includes monitoring changes 
in radiation for the substrate, the generating step generates 
intensity data and the correlating step correlates the intensity 
data With the temperature of the member by correlating the 
difference betWeen the intensity data for the member and the 
intensity data for the substrate versus time and the intensity 
data for the substrate versus temperature. 

39. The method of claim 38, Wherein the depositing step 
deposits a plurality of members on the substrate using 
combinatorial techniques. 

40. The method of claim 38, Wherein the substrate is 
electrically conductive, and Wherein the heating step 
includes the step of passing a current through at least one of 
the substrate and the member. 
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41. The method of claim 36, Wherein the changing step 
includes heating the substrate on a loW thermal mass heater. 

42. The method of claim 36, further comprising the step 
of depositing the member on the substrate, and Wherein the 
correlating step includes the steps of: 

determining a calibration curve correlating a radiation 
intensity of the substrate and the temperature of the 
substrate; 

measuring the radiation intensity versus time of the mem 
ber and the substrate; and 

calculating the ratio betWeen the radiation intensity versus 
time of the member and the radiation intensity versus 
time of the substrate, Wherein a change in the ratio for 
a given member indicates the phase change of that 
member. 


