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general field of atomc force mcroscopy with particular refere to
perform ng scanni ng thermal mcroscopy on speci mens that are conducting
electricity. BACKGROUND COF THE | NVENTI ON Scanni ng Thernmal M croscopy (SThM
is a technique that uses the specinen's thermal conductivity as a contrast

mechani smin i INGORPORATICN OF BIELERTHICLAYEIE ONRYRSHRT 1P Sensing probe
in Atom c Force M croseoRmREEMTHERMRE ANS&Cy§Qr semi conduc- tor materi al

and devi ce study such as | ocating hot spots created by short circuit
defects:in the sub mcron regi ne.- Conmercial SThMs use a mniature thernal
resistor positioned at the end of a cantilever. If a small current is

passed through the resisggip @pq@m\f&q@{-@l@nce is neasured as the tipis

scanned over the surface, a |ocal tenperature map of the specinen is
produced based on the resistance changes. If, on the other hand, a |large
current is passed 1 14 APR 2005 and the resistor tenperature rises

| Si ghi ficant e 38N fon At lo thl §eRBEFAIE Bt atonGe RSP ficroscopy with particular

reference to performing scanning thermal microscopy on specimens that are conducting

electricity.

BACKGROUND OF THE INVENTION

Scanning Thermal Microscopy (SThM) is a technique that uses the specimen's
thermal conductivity as a contrast mechanism in imaging microscopic features. The
temperature sensing probe in Atomic Force Microscopy (AFM) can be used for semiconduc-

tor material and device study such as locating hot spots created by short circuit defects in

the sub micron regime.

Commercial SThMs use a miniature thermal resistor positioned at the end of a
- cantilever. If a small current is passed through the resistor, and the resistance is measured
as the tip is scanned over the surface, a local tempéra'ture map of the specimen is

produced based on the resistance changes. If, on the other hand, a large current is passed




detects | ocal changes in the local thermal conductivity of the sanple. In
the l'atter node of operation, the thermal conductivity of the specinen,..
presented at the surface, is an aggregate of any thermal conducﬁrﬁvﬁ‘}*@
variations down into the specinen. Changes in conposition below the

speci men surface will therefore produce a feature in the thermal map. One
of the [imtations to current usage of the above probe is that |f one needs
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prone to short circuiting between the conductors should any conductive
cont ani naht s end up between the conductive | eads that connect to the tips.
This is illustrated in FIG 2 where cantilever beam 11 is seen extending
out fromone end of insulating substrate 21. After fabrication of the

sensing tip, (as.in FIG 1, for exanple), the substrate was -coated with a
conducti ve Sfithe limitatignsde cglrrent usage of the above probe is that if one needs to

obtain the thermal map of an electrically biased specimen, the conductive parts of the
specimen must be passivated to prevent excessive current leakage between the tip and the
conductive sample. This is illustrated in FIG. 1 where microti§ 12, coated with sensing layer
13, is seen to be located near the end of cantilever beam 11. If a current is being passed
through 13 and/or through specimen layer 15, leakage, shown schematically as arrows 14,
will occur between probe and specimen. The prior art solution to this has been to coat the -

- specimen with a layer of insulation. In many cases, however, this may be difficult and/or’

undesirabie to do.

Additionally, commercial resisjive probes are often prone to shor{ circuiting between
the conductors should any conductive contaminants end up between the conductive leads
.that connect to the tips. This is illustrated in FIG. 2 where cantilever beam 11 is seen

| extending out from one end of insulating substrate 21. After fabricatibn of the sensing tip‘
{as in FIG.1, for example), the substrate was coated with a conductive material 21 which
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1 4 APR 2005 was then fornmed into connecting | eads by |aser machinin
trench 24 through the netal down to the substrate |evel. Since %’élh‘gm@nch
i's only about 25 microns wide, a particle of conductive material, such as
25, can, if it bridges trench 24, short circuit the |eads 22 and 23. The
present invention enables SThMto be perfornmed directly on electrically
bi ased conductive sanples. In addition, it mnimzes the probability of
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tip progess. US 5,581,083 (Majundar et al.) shows a sensor and tip for a
scanni Ng° thermal m croscopy, and US 5, 811 802 (Ganbl e) shows a scanni ng
“m croscope. Pylekki et al. (US 5,441, 343) show a thernal sensing scanning
pr-obe m croscope using resistive sensors while Aslamet al. (US 5, 488, 350)
show di armnq.gfl | m structures in giffer att rns for condu t|

gener ati ng, '3REESEMLBNBH ﬁ@ali’]% e t@ orme ﬁlﬁ?@ RIS
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conductive samples. In addition, it minimizes the probability of its electrical conductors being

shorted to each other by conductive contaminants.

A routine search of the prior art was performed and the following references of
interest were found: Luo et al. in J. Vac. Sci. Technol. B 15(2) 349-359 discuss manufactur-

- ing techniques, some of which were used when the first embodiment of the present
invention was first reduced to practice. US 5,969,238 (Fischerj shows a thermoelectric
probe tip process. US 5,581,083 (Majumdar et al.) shows a sensor and tip for a scanning
thermal microscopy, and US 5,811,802 (Gamble) shows a scanning microscope. Pylekki
et al. (US 5,441,343) show a thermal sensing scanning probe microscspe using resistive
sensors while Aslam et al. (US 5,488,350) show diamond film structures in different

patterns for conducting, generating, and/or absorbing thermal energy.



It has been an object of the present invention to provide a scan@ién}gw .
thermal m croscope probe that may be used to scan a speci nen through Wch

an el
t hat

ectric current. is passing. Another object of the invention-has been
sai d probe be of the thernocouple type. A further object of the

i nvention has been that said probe be of the resistance thernoneter type.

A sti
sai d
tips

|1 further object has been to provide processes for manufacturing of

novel probe types. S[Lf\ﬁﬁl?\@b?sltl-f% LW@N?W achi eved by coating the
obe a

of both the above pr ypes w

a good thermal conductor. This allows the probes to be used to scan

speci

mens in which an electric current is passing wthout the. presence of
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is passing.

Another object of the invention has been that said probe be of the thermocouple

type.

A further object of the invention has been that said probe be of the resistance

" thermometer type.

A still further object has been to provide processes for manufacturing of said novel

probe types.

These objects have been achieved by coating the tips of both the above probe types
with a layer of insulation that is also a good thermal conductor. This allows the probes to
“be used to scan specimens in which an electric current is passing without the presence of

a leakage current between probe and specimen.

I'ayer of insulation that is also




FIG 3ais a plan view of a first enbodi nent of the present invention.

FIG 3b is a closeup view of the beamend of FIG 3a. FIG 3c is a
cross-section through the mcrotip seen in FIG 3b. FIG 4a ista aPRLGp of
t he beam portion of a second enbodi mrent of the present invention showing a
therm stor elenment. FIG 4b is a cross-section through the mcrotip seen in
FIG 4a FIG 5 is |low scale view of FIG 4a, show ng the substrate and
leads 5 1 4 P PR 20058RESIREBTRINTION OrEr RREERRERGEVMBODI MENTS The pr esent

i nvention solves the problens that were noted in the earlier section by
depositing a dielectric |ayer over the SThMtip to prevent current |eakage
between ‘the tip and the electrically biased sanple. The dielectric is made
of mat eri al p|@d. hahoRe #EEH gr ade

t he thernal sen??qgl SI ty o%ﬂayﬂ*eb pp{]ﬁ{mlcﬂ fﬁﬁ n?élg@éft@néﬁmﬂ.‘? % ge%?

suf fi cindridraref fectively prevent direct short to the electri cal | y biased
sanples ‘as well as to minimze degradation to the probe's thermal
sensitivity. We will describe two processes for manufacturing probes of
this type. In the cour'se of these descriptions, the structures of the two

probes w || gp@ 1 " Process Enbodi nent Referring nowto
FI G 3a, th'(zaﬁ%l r'af proc'gg?soqfrlﬁ 5]'I ment begins with the provision of

FIG. 3ais a plan view of a first embodiment of the present invention.
FIG. 3b is a closeup view of the beam end of FIG. 3a.
FIG. 3¢ is a cross-section through the microtip seen in FIG. 3b.

"FIG. 4a is a closeup of the beam portion of a second embodiment of the present

invention showing a thermistor element.

FIG. 4b is a cross-section through the microtip seen in FIG. 4a

FIG. 5 is low scale view of FIG. 4a, showing the substrate and leads



a planar substrate 21 fromwhich there extends cantil ever beam 11. Mcrotip
39 is then formed near the far end of the beamon its | ower surface (see
closeup in FIG 3b) . Said mcrotip extends downwards and away fro%iﬁﬁhe

| ower surface of 11. W refer now to both FIGs. 3a and 3c. Nexth ARRnet al

| ayer is first deposited onto substrate 21 followed by a [ayer of an inert
nmetal. Suitable materials for the nmetal include 6 1 4 APR 2005 titanium or

al um num whi | & s GESTRIPTIONEE FHE PREFERREDIEIMBARBIANTEC! ude pl atinum and

gold. The two layers are then patterned and orm connecti ng
| eads 32 and 33. The inert netal .serves to protect the netal against
oxi dation. Then, a buffer layer of- the netal is deposited onto substrate

21 f el : | 4 which i
Gepost t 6d_ona Eath R ce e BTN F bt Yerd BT Mo edliFoectonBY i g
pat 1 or Sy Ano T BHEREIEHE ofer inp AT R TS mlp %Pl o Bk BhBon paeea T 2
hi ck 0 80 gst . . Th t st isd iti
of | not ol Ee U7 8L Sahof LI el G 35imarte of MR It Pifosea igh and
h ' l, 36 t ble it to i | ate | 34 f I 35
wni 1 ¢ PEPoTRGRN S pordo BEJ8HF iy thwmk senail 1y eeaeamoba RBeitaekneRs | ayer
36 has & Il?i cknes%_ . bet ween about 800 and 1,200 Angstrons. Suitable
mat er i 31 QISIAE [FRTGiaNf tapitestiyelieprament direct show taitee plestrically biased sahplesed by

t he degosi }i on of netal l|layer 35, also over both substrate
s well as to minimize degradation to the probe's thermal sensitivity.

We will describe two processes for manufacturing probes of this type. In the course

of these descriptions, the structures of the two probes will also become apparent.

1% Process Embodiment

Referring now to FIG. 3a, the first process embodiment begins with the provision of
a planar substrate 21 from which there extends cantilever beam 11. Microtip 39 is then
formed near the far end of the beam on its lower surface (see closeup in FIG. 3b) . Said

microtip extends downwards and away from the lower surface of 11.

We refer now to both FIGs. 3a and 3c. Next, a metal layer is first deposited onto
substrate 21 followed by a layer of an inert metal. Suitable materials for the metal include
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and mcrotip, over insulating |layer 36 and then patterning | ayer 35 so as
to connect lead 32. Metal layer 35 has a thickness between about 400 and
800 Angstroms. As can be seen in FIG 3c, layers 34 and 35 are{scheR dtled
from one another by |ayer 36 everywhere except at point 55 which is the
t her nocoupl e junction. The thernocouple junction can be forned by first
bringing the probe tip into force-controlled contact with a netal -coat ed

silicop,..subst e Wth t scanner. . stati.onar a voltage pulse is applied
pet wechP U dhab o e siieBia 5 EREl PP Te0 T PelidaRIAmE St 8PRr | m on
the ti lve). Jhe high elecgtric field in the jmediate vicinity of
the pr o6 VGRS e P pBtciRed B0 hitiacin Top i o |Be Sy &2 Thhowi o at
the very.end of the tinp. er 36 at the ti 11 be exposed_ and then

bt t or B TH5te Yeristdn orotictaf Blesdl peinet g Agtde TN S5 ETRIEW 1P PRE maski ng
| ayer stjll . ace, the probe tip is capped with netal |layer 35 to form
ot BBt BN S8 1 B gPoskacPREon PERESD s SUBSIrREF bandetal e 1 or

| ayers 34 aa?_SS i ncl ude conbi nations of gold and nickel, gold and platinum
" and pl 3fi neenastied pntothrth SuRstipte o | asved asesantileyenbeaws 11 Heclpdiag ent
invention. Insulating |layer 38 is deposited on nickel layer 35. It is

“i npor t BWIO¥MAP. Qnnsubstiriel 2 the buBergyer arck meiahlaygr 3 etd pattarped sd agdo 38

al so be a good thermal conductor. W have found that a thermal conductance
gr eat efoMeghmatsd layesd? W lsak 38hdaler Pehasle thickness betweeophoubped and 8a0of t he

present invention. Exanples of suitable materials for |ayer 38 include
di anondngstkemgar bon,

The next step is deposition of insulating layer 36 over metal layer 34, including the
microtip, and then patterning layer 36 to enable it to insulate layer 34 from layer 35 while
at the same time not covering connecting lead 32. Insulation tayer 36 has a thickness:
between about 800 and 1,200 Angstroms. Suitable materials include silicon oxide and
silicon nitride. This is followed by the deposition of metal layer 35, also over both substrate

- and microtip, over insulating layer 36 and then patterning layer 35 so as to connect lead 32.
Metal layer 35 has a thickness between about 400 and 800 Angstroms. As can be seen
in FIG. 3c, layers 34 and 35 are separated from one another by layer 36 everywhere except
at point 55 which is the thermocouple junction. The thermocoupie junction can be formed
by first bringing the probe tip into force-controlled contact with a metal-coated silicon
substrate. With the scanner stationary, a voltag_e pulse is applied between the metal layer
on the substrate (positive) and the metal! film on the tip (negative). The high electric field
in the immediate vicinity of the probe causes local metal evaporation, opening a hole only
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alumnumnitride, and silicon carbide. This enables the thernocouple
junction to operate <correctly even when in contact with a current carrying
surface. Layer 38 has a thickness between about 200 and 500 #dgaegons. A
sufficient anount of |ayer 38 is renoved from the surface of substrate 21
to expose | eads 32 and 33 so that contact can be made to them 2nd Process
Enbodi rent Referring nowto FIG 5, the second process enbodi nent begins

with t IS e ' S

cant i 1 S8 VB nelp, T ottty R T B Sonas AP PP nf B8R e
beam oy, | r ' L Crot i Xt ends wnwar ds, 8 1,4 .APR 2005
and awfag’yé rg%éhet é‘yﬁ‘%‘?‘%@m’%&g \&;tﬁﬁé "%Eﬁﬂﬂsﬁ%fef ﬁﬁl\%ntpﬁala??oﬁ? |p_rlo@§ A% and 4b
whi | e iU [ rence to FIG 5 An_ alumnym|ayer is deposited
ont o sCBRer Y Maetiaug 355 (B Ts PetmorBieliibtoR e s earagee: Suiih a way
that mcrofip, 39 is pot er while the alum num | ayer is given the form
of -t WBARBIY 0L yaft i 2 Bl SOmeaens AT Gl AHE NAkes SalcCaT BEWMLER oot r ode
42, 'said e{ggctrodes_ bei ng | ocated on opposing sides at the base of the

m cr ot PRY PBENWY aRdiickebed i on beam a layer of a thermistor material is
then deposited in the shape of ribbon 43 that connects the contact

el ectrodes 41. The therm stor material should have a tenperature
coefficient of resistance greater than about 3,900 ppm per C. Qur

preferred nbbefe aew folowsha kendeatinst of theareberdrinysndion nimsulating deyee38niat eri al s
~such as copper,

deposited on nickel layer 35. It is important that, in addition to being electrically insulating,

Iayer 38 also be a good thermal conductor. We have found that a thermal conductance

greater than about 50 W/m.K should be adequate for proper operation of the present
invention. Examples of suitable materials for layer 38 include diamond-like carbon,
'aluminum nitride, and silicon carbide. This enables the thermocouple junction to operate

correctly even when in contact with a current carrying surface. Layer 38 has a thickness

between about 200 and 500 Angstroms. A sufficient amount of layer 38 is removed from |

the surface of substrate 21 to expose leads 32 and 33 so that contact can be made to them.

2™ Process Embodiment

Referring now to FIG. 5, the second process embodiment' begins with the provision
of a planar substrate 21 from which there extends cantilever beam 11. Microtip 39 is then
formed near the far end of the beam on its lower surface. Said microtip extends downwards

8
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al um num or tungsten could al so have been used. There now foll ows a key
feature of the present invention. Insulating |layer 38 is depos?]t,.eiq:mfzﬁéﬁ
the entire structure except for a section of the substrate which is |eft
uncovered so as to allow contact to leads 41. It is inportant that, in
addition to being electrically insulating, |ayer 38 al so be a good thernmal
conductor. We have found a thermal conductance greater than about 50 Wm K

to be RPeQya!forh He ,9gvgpsuﬁ&gecggt1l on of the present invention. Exanples of

sui'tabl e mat'erial's ayer i ncl ude di anond-1i ke carbon, al um num
nitride, and silicon carb| de. This enables the therm stor to operate
correctly even when in contact with a current carrying surface. Layer 38

h h 05..200 d 50 i h
.ﬁieﬁtfohcﬂtﬁeﬁsﬁﬁ&%@ﬁ&@?@% ﬁ%aéﬁm RNy B R e R A ot he-
Phe. ara i e e et iie stbstiare 2 and Galleun ooy | Bad fianpatieres: |
departl n fromiai @I rit and scope of the invention. 10 1 4 APR 2005 What
o ol dnten p @y ek mi QP Q%é?ﬂpdmweé%awiwaﬂﬁyer@cﬁwﬁn@p grm of

two, non-touching, halves 41 each of which includes a contact electrode 42, said electrodes

being located on opposing sides at the base of the microtip.

a Using a focused ion beam, a layer of a thermistor material is then deposited in the
shape of ribbon 43 that connects the contact electrodes 41. The thermistor material shouid

_ have a temperature coefficient of resistance greater than about 3,900 ppm per °C. Our
preferred material for the thermistor has been platinum but other materials sgch as éopper,

aluminum, or tungsten could also have been used.

There now follows a key feature of the present invention. Insulating layer 38 is
deposited over the entire structure _except for a seétion of the substrate which is left

- uncovered so as to allow contact to leads 41. It is important that, in addition to being
| electrically insulating, layer 38 also be a good thermal conductor. We héve found a thermal
- conductance greater than about 50 W/m.K to be adequate for proper operation of the
| .brésent invention. Examples of suitable materials for layer 38 include diamond-like carbon,
aluminum nitride, and silicon carbide. This enables the thermistor to operate correctly even
when in contact with a current carrying surface. Layer 38 hés a thickness between about
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a planar substrate fromwhich there extends a cantilever beam having a far
end and a | ower surface; near said far end on said | ower surfgig&ﬂ”€h@50tip
that extends away fromsaid |ower surface; a first netal |ay :
substrate and on the cantilever beam including the mcrotip; a first
insulating layer on the first netal |ayer; a thernocouple junction over
the mcrotip; a second netal |ayer on the first insulating | ayer, said
secondzomgﬁa5o¢amggngﬁgng in contact wwth the first metal |ayer only over
the mcrotip; on the second netal |ayer, a second insulating |ayer
having a thermal conductivity greater than 50 Wm K, which enabl es said
thernocouple junction to operate correctly even when in contact with a

conpr 1 néfw‘@ﬁét e'ﬁ%“ﬁ 5 fiag tee T&%@Weﬁz}g@ﬁ%ﬁiﬁgg%ribﬁawt% PGRA hat ar e

I espectively. 3. Th b
Goscr PStpricR tbduberi Incf (0GR B8 EnpgRtdin i thoss shRRS The Srtihatueious et weor
about éﬁ%g@gﬂ\ £09 2AF 4a0S may %Q(rjne;[dre]ew@(e)ﬁto cr!]éjpargtﬁggaflon! t%%iairit and scope of the

invention.
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has a thickness between about 400 and 800 Angstrons. 4. The probe descri bed
in claiml wherein the first insulation |layer has a thickness bet

about 800 and 1,000 Angstrons and is selected fromthe group’léo%&ﬁv@ﬁgng of
silicon oxide and silicon nitride. 11 1 4 APR 2005 5. The probe descri bed

in clai rei.n. the second insulation layer is selected fromthe group
haliS et

consi sting | ke carbon, alumniumnitride, and silicon carbide.
6. The probed descrjbed in claim1l wherein the second insulation |layer has

a thi cknéss bBtSHEBRING _afm%'dvicéwawmrﬁhesﬁqramsmga A scanni ng t her mal ‘
m croscopy prg n&%s&@te%‘gﬁ)ngﬂ@ﬁﬁ”ﬁ{eré%ﬁd@&c F\ﬂl@\/é‘thbéﬁ'mtlliﬁ}éﬁq extends a

cantil ever bea aving a and a | ower surface; near sal ar end on
sai d | ower suaffacend andiadower purfaeai ng a base, that extends away from said

| ower surface; on t. substrate. and on the cant.il ever bea | ayer of
o o | o el daT 2314 Shi Bl surtgers Bt Tk SRR ATHE ¢ o1 m of
two, non- toufgBiéhid fedeesurReh of which includes a contact electrode, said

el ectrodes being |ocated on opposi ngb sides at the base of the microtip;
: a first metal layer on the substrate and on the cantilever beam,

including the microtip;

a first insulating layer on the first metal layer,;

a thermocouple junction over the microtip;

a second metal layer on the first insulating layer, said second metal
layer being in contact with the first metal layer only over the microtip;
and

on the second metal layer, a second insulating layer having a thermat
conductivity greater than 50 Wim.K, which enables said thermocouple
junction to operate correctly even when in contact with a current

carrying surface.

2, The probe described in claim 1 further comprising, on the substrate a
metal lead and an inert metal lead that are connected to said first and second

metal layers respectively.

.3, The probe described in claim 1 wherein the first metal layer has a
 thickness between about 400 and 800 Angstroms and the second metal layer

has a thickness between about 400 and 800 Angstroms.

4. The probe described in claim 1 wherein the first insulation layer has a
thickness between about 800 and 1,000 Angstroms and is selected from the

group consisting of silicon oxide and siticon nitride.
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a ribbon shaped layer of a therm stor material connecting the contact

el ectrodes; a pair of |leads that are connected to the thernistor]} g 2005
said leads resulting froma trench in the alum numlayer on the substrate
that extends down to the level of the substrate; and on the substrate and

t he cantil eve el udin 2 chot ., ..an_ insulati | ayer. having a
t her mal - Lébndui-p?&f}%e é&%gﬁlg?d %h%{%?@g:i W}%t’?dﬂv&ﬂgcﬁ?m@ﬁAﬁgﬂéﬁ‘g%i'?ﬁﬂ%r m st or

| ayer t osgleeteat fomotheafrbliy conerting @t diamendire tcambdr) dumatimenitridear ryi ng.
~surface and which prevents conductive dust particles from short circuiting

t he pai r 26¢ sfliegagarbidel 4 APR 2005 8. The described in claim7 wherein the
thermstor nmaterial is selected fromthe group consisting of platinum
copper, alum nium and tungsten. 9. The probe described in claim7 wherein
the thermi stor material has a tenperature coefficient of resistance

greater than out 3,900 p er C..10. The, probe described.in claim?7
wher ei n EL’_he 1881 robe f?%ﬁ?‘*&é”_s‘i@'_@bt eyhersip e ﬁ@ca?@u@s.%m aYeng of
di amond- ok thtkReSs bBlEBNALINI 00 dilPs0g Ahgsfbhiscon carbide. 11. The probe

described 1n claim?7 erein the insulation™ ayer has a

7. A scanning thermal microscopy probe, comprising:

a planar substrate from which there extends a cantilever beam having
a far end and a lower surface;

near said far end on said lower surface, a microtip, having a base, that
extends away. from said lower surface;

on the substrate and on the cantilever beam, a layer of aluminum
patterned so as not o cover the microtip and having the form of two, non-
touching, halves each of which includes a contact electrode, said electrodes
being located on opposing sides at the base of the microtip;

a ribbon shaped layer of a thermistor material connecting the contact
electrodes; _

a pair of leads that are connected to the thermistor layer, said leads
resulting from a trench in the aluminum layer on the substrate that extends
down to the level of the substrate; and

on the subsfrate and the cantilever beam, including the microtip, an
insulating layer having a thermal conductivity greater than 50 W/m.K which
énables said thermistor layer to operate correctly even when in contact with a
current carrying surface and which prevents conductive dust particles from

short circuiting the pair of leads.
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t hi ckness between about 200 and 500 Angstrons. 12. A process for

manuf acturing a scanning thermal m croscopy probe, conprisi ng:4 @prmg,ng a
pl anar substrate from which there extends a cantil ever beam haV| ng a far
end and a | ower surface; near said far end on said | ower surface, formng a
mcrotip that extends away fromsaid | ower surface; depositing a first
nmetal |ayer on the substrate and on the cantilever beam including the

m crotipg. depgnit dékridedi ihSélaind SUleréig ﬂh@ym(ermvs%r Hweufam@tsér@étah | ayer;
depositing a second netal layer on the first insulati n%‘m ayer whereby a

t her nocofiprethagioupsensisting & platinem, £0PPRE aliminiimpand fingsten.he second
netal |ayer, depositing a second insulating |ayer having a thermal
conductivity greater than 50 Wm K, thereby enabling said thernocouple
junction to operate correctly even when in contact wth a current carrying
surface. 13 1 4 APR 2005 13. The process described in claim12 wherein the
second i fsul atfi SrPrP§9é}[escf'§e§é'ﬂ é&ﬁ) By 7 fwhgreim they thaumisten sialetialhass a

di amond- ki kBe A RO%Dberlidt ot idSstance greater than about 3,900 ppm per °C,

10.  The probe described in claim 7 wherein the insulation layer is selected
from the group consisting of diamond-like carbon, aluminium nitride, and

silicon carbide.

11.  The probe described in claim 7 wherein the insulation layer has a

thickness between about 200 and 500 Angstroms.

12. A process for manufacturing a scanning thermal microscopy pfobe,
combrising:

providing a planar substrate from which there exiends a cantilever
beam having a far end and a lower surface;

near said far end on said lower surface, forming a microtip that extends
away from said lower surface; _

depositing a first metal layer on the substraie and on the cantilever

beam, including the microtip;

depositing a first insulating layer over the first metal layer;
| depositing a second metal layer on the first insulating layer whereby a
thermocouple junction can be formed at the microtip; and
on the second metal layer, depositing a second insulating fayer having
a thermal conductivity greater than 50 W/m K, thereby
enabling said thermocouple junction to operate correctly even when in contact

- with a current carrying surface.

13




nitride, and silicon carbide. 14. The process described in claim 12 wherein
the second insulation |ayer has a thickness between about 200 and 500
Angstroms. 15. The process described in claim12 further conprls ﬁﬁ Ry 44g
step of formng a netal |ead and an inert netal |ead on the substrate said
| eads being connected to the first and second netal |ayers respectively.
16. A process for manufacturing a scanning thermal m croscopy probe

conpri si pg: pvﬁélﬂbé%sadé&@ibéﬂ i l&éih’f &2 evHareim thei sdtohl ehsuleide
cantil ever beamh aw(r)lt% a far end and a | ower surface; near sai far end on

sai d | owsr sslectestdrom onei gtpup wobRisting, ofhdiamendilike sssbom hatuneiritends  away

from sai ml[é) ncféiﬁéo‘%cg rbﬂﬁpom ting a layer of alum numon the substrate
and on the Cédn Ve CHBRH and patterning the alum num so that the

mcrotip |s not covered and the alum num |ayer has the form of two,
non-touchi ng, hal ves each of which includes a contact el ectrode, said
el ectrodes being | ocated on opposing sides at the base of the mcrotip; by

means of {hocuggd ﬁ{B&é&?@@(ﬁ’%@@%htbigﬁn 198RSl 11 ﬁeéﬂ%s%t@n |dyagr m stor
material in the shape o bon that connects t cont act
has a thlckness between about 200 and 500 Angstroms.

15. The process described in claim 12 further comprising the step of
forming a metal lead and an inert metal lead on the substrate said leads being

connected to the first and second metal layers respectively.

16, A process for manufacturing a scanning thermal microscopy probe,
comprising:
providing a planar substrate from which there extends a cantilever
beam having a far end and a lower surface;
near said far end on said lower surface, forming a microtip, having a
base, that extends away from said lower surface;
depositing a layer of aluminum on the substrate and on the cantilever
beam and
patterning the aluminum so that the microtip is not covered and the aluminum
layer has the form of two, non-fouching, halves each of which includes a
contact electrode, said electrodes being located on opposing sides at the
base of the microtip;
by means of focused ion beam deposition, depositing a layer of a

thermistor material in the shape of a ribbon that connects the contact
electrodes;

14




el ectrodes; 14 1 4 APR 2005 in the alum numlayer on the substrgtgaphagg
mlling a trench that extends down to the |evel of the substrate thereby
formng a pair of |leads that are connected to the therm stor |ayer; and on
the substrate and the cantilever beam i ncl udi ng the mcrotip, depositing

an insulating. | r n I ater .t ha WmK
t her eby enabl I“n§¥ aﬁllg% 5’?4&% 05 %UIP%P%%e eé '%8 & & |tr>e 86 ﬁ‘%en
contact wkiehds dewt ©thed@vdl i fiee mséme meelewﬁmntg A pafrasTdeigdd Wat dust
particles fromshort circuiting the pair of l'eads. 17. The process

descri be@rs poranted ibtherbeenNistariayemandation layer is selected fromthe
group consisting of dianond-like carbon, alumniumnitride, and silicon
carbide. 18. The process described in claim 16 wherein the insul ation | ayer
has a thi ckneastheetubsirataband 266 eadtil®@) Bogst rincmdingSthe microtip,

depositing an insulating layer having a thermal conductivity greater than 50
W/m.K, thereby enabling said thermistor layer to operate correctly even when
in contact with a current carrying surface and preventing conductive dust

particles from short circuiting the pair of leads.

17.  The process described in claim 16 wherein the insulation layer is
selected from the group consisting of diamond-like carbon, aluminium nitride,
and silicon carbide.

18. The process described in claim 16 wherein the insulation layer has a
thickness between about 200 and 500 Angstroms.
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