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This article describes a surface micromachined scanning thermal probe that uses polyimide as the
structural material and an embedded thin film metal resistor as the sensing element. The typical
dimensions of a fabricated probe are 3o in length, 50um in width, and 3—1Qum in thickness.

The resistor and the scanning tip are formed by sputter-deposited films of nickel and tungsten, which
provide temperature coefficient of resistance of 2963 ppm/K. The probe is used to map surface and
subsurface spatial variations in the thermal conductivity of a test sample. It is also used as a spatially
localized microcalorimeter to measure the glass transition temperature of photoresists: the values
obtained for Shipley 1813 and UV6 are 18 °C and 137% 1 °C, respectively. These are in close
agreement with results obtained by other methods that utilize larger sample2B00®American
Vacuum Society.S0734-211X00)01206-3

[. INTRODUCTION postprocessed onto integrated circuit chips. This article de-
scribes a polyimide probe that uses an embedded thin film

A number of scanning thermal probes have been develmetal resistor as the sensing element. The sensing resistor

oped in the past decade for mapping spatial variations imnd the scanning tip are both formed by a deposited thin film

surface temperature or thermal properties of samples. Thef metal. The probe has been used to map surface and sub-

transducing elements for these devices have included thegurface spatial variations in the thermal conductivity of a test

mocouples, Schottky diodes, bolometer-type resistancgample. It has also been used to measure the glass transition

change, or bimorphs.® A bolometer-type sensing element, temperature of photoresists. Section Il presents the structure

which maps temperature by fractional changes in the electriand operation of the probe, Sec. Ill describes the fabrication

cal resistance, can provide certain advantages for microcal@equence, and Sec. IV describes experimental results that

rimetry applications. In particular, the resistor can be used thave been obtained.

supply heat if adequate current is passed through it. Since the

tip temperature is ultimately influenced by the heat flow be-

tween the tip and the sample, variations in thermal conduc;; STRUCTURE AND OPERATION

tivity across the sample can be mapped by this probe. If the

heat is supplied by a periodic signal, local variations in ther- The structure of the bolometer-type polyimide thermal

mal capacity can also be measured. In essence, since tpgobe is illustrated in Fig. 1. A cantilever with a thin film

probe tip serves as a point source of heat as well as a tef?etal resistor sandwiched between two layers of polyimide

perature sensor, the device can be used as a spatially loc&xtends past the edge of the substrate. The scanning tip is
ized microcalorimetef®—12 formed with the same metal that forms the resistor. It is

Although lithography-based micromachining techniquesmolded into a notch etched in the substrate and initially
have been successfully used for fabricating scanning therm&oints downward. After processing, it is released from the
probes in the past? they have typically relied on the re- substrate and the probe shank is folded over so that the tip
moval of the scanning probe from its host substrate or th@0ints upward and also has the necessary clearance from the
dissolution of a portion of the substrate in order to providesubstrate to permit alignment to the sample. Typical dimen-
the necessary clearance for the scanning tip. A fabricatiogions of the probes used in this effort are 34@ in length,
process based on surface micromachining that circumven0 #m in width, and 3—1Qum in thickness. Figure 1 shows
these procedures was recently developkaxploits the me- WO probes with their leads connected in series. One probe is
chanical flexibility of polyimide to implement an assembly used as a reference so that a differential measurement can be
technique that eliminates the need for probe removal or wahade.
fer dissolution. An additional benefit of polyimide is that it ~ The bolometer-type thermal probe can be used for sensing
offers a very h|gh degree of thermal isolation: its therma|Variati0nS in the thermal CondUCtiVity of a Sample surface. A
conductivity is 0.147 W/mK, in contrast to 141.2 W/mK for current is passed through the probe resistor to cause joule
silicon. Moreover, since this process has a small thermapeating at the tip. Variations in heat flow between the tip and

budget, it will eventually permit the thermal probes to bethe sample, influenced by local variations in the thermal con-
ductivity of the sample, are measured by monitoring the

JElectronic mail: yogesh@engr.wisc.edu: author to whom correspondencBl0P€ er'SiStance and ther? used to construct the .Scanned im-
should be sent: 1415 Engineering Dr., Madison, Wisconsin 53706-1691. age. This mode of operation can be executed with constant
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Fic. 1. Schematic of the bolometer-type polyimide thermal probe and a
companion probe that may serve as a reference.

Substrate

input current, or with the tip maintained at a constant tem-
perature using a feedback circuit to control the heating. The
probe may also be utilized as a spatially localized calorim-
eter. Rather than heating an entire sample, such as in a con-
ventional differential scanning calorimeter, only the region

in the vicinity of the tip is heated. A property change in thethe |ead transfer. The tip diameter is 2000 A, and can be
sample material that occurs as the probe temperature j&@duced by introducing a thermal oxidation step following
ramped up will generally affect the temperature change pefhe anisotropic wet etch in the fabrication sequer(@is
unit input power.° This is presented as a change in slope ofoxidation step would occur between the formation of the
a plot of the probe resistance versus input power. Thisiotch and the deposition of the sacrificial )Tthe second
method is used to determine the glass transition temperatugglyimide is deposited and patterned after the metal. Finally,

Fic. 3. Optical micrograph of an unreleased thermal probe.

(Tg) of photoresists, as described later. the sacrificial layer that extends along a portion of the probe
shank is etched away, patrtially releasing the probe from the
[ll. FABRICATION substrate. The probe is manually flipped over and restrained

)éNith an integrated polyimide clip or with a dab of epoxy. In

e future, ultrasonic actuatibhor stress mismatch between

e two layers of polyimid¥ may permit this step to be
automated. Figure 3 shows an optical micrograph of an un-
geleased probe, and Fig. 4 shows scanning electron micro-
raphs of released probes after the flip-over assembly step.

The fabrication sequence illustrated in Fig. 2 requires si
masking steps. First, a pyramidal notch that serves as the ti
mold is created by anisotropic wet etching of #0) ori-
ented Si substrate. Next, awn thick sacrificial layer of Ti
is deposited and patterned. The first of two polyimide layer
is then applied, but cleared from the field regions and thé?
notch. The resistor and its leads are formed in the following
two masking steps. For the purpose of this effort a 4000 A
thick sputter deposited film of Ni/W was used. The choice of
metals is limited to those that are not attacked by buffered
HF, since this acid is used to etch away the sacrificial layer at
the end of the process. The metal segments along the probe
shank are thicker than at the tip to reduce the resistance of

Metal tip Metal lead Upper polyimide

Si substrate
Sacr.'material Lower polyimide

Notch for tip

| NV

Fic. 2. Schematic of a device cross section illustrating the six-mask fabriFic. 4. SEM image of a scanning probe tip after the flip-over assembly step
cation sequence. has been completed.
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Fic. 6. Linear scan across a 3400 A thicluf wide metal line patterned on

o . . aglass substrate, along with a scan across a similar sample covered by a 1
Fic. 5. Variation of probe resistance and calculated temperature as the Ian’[lm thick layer of baked photoresist, demonstrate the ability to map the

power is increased. When the probe is in contact with a sample, its temperagnirast in thermal conductivity in superficial and subsurface layers.
ture change per unit input power is smaller than when it is simply suspended
in air.

of the photoresist was 0.19%, whereas in the subsurface

IV. MEASUREMENT RESULTS measurement in the presence of the photoresist it was 0.09%.

The sensitivity of a bolometer-type thermal probe is di-A two-dimensional plot of the thermal conductivity contrast
rectly related to the temperature coefficient of resistancétaken without the photoresist laydés shown in Fig. 7. The
(TCR) of the sensing resistor. The measured TCR of thdnset shows an optical micrograph of the scanned sample.
Ni/W thin film that constitutes the resistor was 2963 ppm/K.The two linear segments of metal that run parallel to each
This information permits the tip temperature to be calculatedther are 550 A thick, 1um wide, and 20um apart. The
from the resistance change. Note that the resistance measuggtstrate is 50@m thick No. 7740 glass. The spatial reso-
ments for this and all other experiments reported here werkition of the scanned image is limited by scanning apparatus
performed using the four-probe technique by which the im-that was available.
pact of contact resistance at the probe pads is eliminated.  The polyimide probe was also used to perform spatially

Figure 5 shows the resistance change in a fabricated polyocalized measurements of, of photoresists. Figure 8
imide probe as the input power is increased. Using the meahows a plot of the probe resistan@ad calculated tip tem-
sured TCR, the temperature change at the probe tip with 2perature versus input power for a glass sample covered with
mW input power reaches 225°C when the probe is susShipley 1813 photoresist, which is used in I-line lithography.
pended in air and the tip is not in contact with any sampleThe location of the change in slope indicates thatThes
When the tip is brought into contact with a glass substrate]l18+1 °C. This agrees with a previously published result
the conductive heat loss reduces the temperature change @btained by an ultrasonic method which also found that the
133 °C for the same input power. The electrical resistance of y was 118 °C'® A similar measurement indicated theg is
the probe can therefore be used to monitor the proximity ofl37=1 °C for the chemically amplified Shipley resist UV6,
the tip to the sample. The probe used in these experimentghich is used in deep ultraviolet lithography. This measure-
was 350um long, 50 um wide, and 3um thick. It had ment compares well with the value of 142.5°C deter-
calculated spring constant of about 8.50" 2 N/m, which is  mined by the gradient of film stress on a full-wafer santfle.
relatively low, and conducive to scanning soft materials. TheThe consistency of the measurements with expectations in-
estimated contact force due to the deflection of the polyimide
cantilever is<10 °®N. This probe was used to scan a 3400
A thick, 5 um wide metal line patterned on a glass substrate

in order to test its ability to detect a contrast in thermal _50sm g:"' it
conductivity. The experiments were performed with the tip 2 B 0025
in contact with the sample. The tip was positioned with a :112: . 0.02
micromanipulator, while the scanning motion was obtained § ‘ 215 : | -
from a piezoelectric bimorph. A linear scan that was ob- [ _ - é‘z‘? [ { A
tained while supplying a constant current of 12 mA is shown I LR | Hl I 0.01
in Fig. 6. A sharp change in probe resistance is evident as th >27H- - ot ] -H- 0.005
tip traverses the metal line. The scan was repeated with the oretr X W ]
sample surface covered by guin thick layer of baked pho- e a5 3% 2 8 e o Pacl

toresist. The result is superimposed on the original scan ir. x Displacement (um)

Fig. 6, and demons_trates tha_t subsurface mgpping can k& 7. Two-dimensional image of thermal conductivity contrast obtained
performed. The maximum resistance change in the absen@@m a sample of 550 A thick metal patterned on a glass substrate.
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145 150 sample. TheT, of Shipley resists 1813 and UV6 have been
> | IV determined, and are found to closely match expectations.
£ 440 . ° These results demonstrate the potential usefulness of the
% 1110 g polyimide probe as a tool for research in photoresists.
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