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Abstract

In the semiconductor heat-treatment process, the temperature uniformity determines the film quality of a wafer. This

film quality effects on the overall yield rate. The heat transfer of the wafer surface in the heat-treatment process equipment

is occurred by convection and radiation complexly. Because of this, there is the nonlinearity between the wafer temperature

and reactor. Therefore, the accurate prediction of temperature on the wafer surface is difficult without the direct

measurement. The thermal camera and the T/C wafer are general ways to confirm the temperature uniformity on the heat-

treatment process. As above ways have limit to measure the temperature in the precise domain under the micro-scale.

In this study, we developed the thin film type temperature sensor using the MEMS technology to establish the system

which can measure the temperature under the micro-scale. We combined the experiment and numerical analysis to verify

and calibrate the system. Finally, we measured the temperature on the wafer surface on the semiconductor process using

the developed system, and confirmed the temperature variation by comparison with the commercial T/C wafer.
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1. Introduction

The recent technologies for the manufacturing

micro and nano-scale pattern on wafer have resulted

in realization of various devices from mobile to bio-

engineering applications. The uniform temperature

distribution on the wafer is one of the major factors to

enhance the yield[1]. The thermal uniformity on the

wafer during the thermal process determines the quality

of the film on a substrate such as density or etch rate.

To measure the surface temperature of the wafer,

direct and indirect methods are available to use a ther-

mocouple, a laser camera, and a thermal image cam-

era or etc. The sensors using MEMS [2] can be

applicable to various areas and be used by manufac-

turing some structure on the substrate for purpose

using appropriate material. [3] The typical example is

the TFTC (Thin film thermo couple), [4] detect the

temperature from the electromotive force by contact-

ing two different metals. In addition, Il Young Han

(2005) [5] measured the temperature distribution of

the micro-device structure with the MEMS sensor

including diode array. This sensor measures the temper-

ature distribution of small heat source surface using line-

arity of voltage drop at the diodes. However, this sensor

needs another circuit and it can’t be sure the linearity

between temperature and voltage drop. 

Adam Cygan (2006) [6] researched the temperature

distribution of cell culture using wafer sensor include

copper and constantan contact point array. The tem-

perature sensor manufactured on the substrate has

more advantages than direct type. One of the advan-

tages is it can collect the data from multi-point of sub-

ject to measure at the same time and the manu-

facturing process is simpler. However, it is unsuitable

for semiconductor process because its temperature

range is very narrow(< 250oC).

Therefore, this study proposed a micro temperature
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measurement system using the thin film thermocou-

ples (TFTC) which measures the ultrafine line width

in the micro scale. This sensor can measure the tem-

perature at the multi-points at the same time and the

temperature of measurement range is −100oC ~ 800oC.

In order to evaluate the performance of the system,

experiments and numerical analyses were conducted.

The developed system may measure and record the

changes in the temperature distributions on a great

number of ultra-fine measurement areas during the

wafer heat treatment process in real time.

Finally, we applied the developed system to wafer

on the semiconductor process, measured the tempera-

ture on the wafer surface, and confirmed temperature

difference between each point. 

2. Micro-scale Thermal Sensor

2.1. Seebeck effect

The sensors were manufactured by using the See-

beck effect in this study. The Seebeck effect is the

principle that a constant electromotive force (EMF)

occurs between the two different conductors if the

temperatures on the joint of them are changed. Figure 1

shows the Seebeck effect.

The EMF that occurred by the Seebeck effect at

different points of temperature measurement between

T1 and T2. The two substances could be indicated as

follows.

(1)

S: Seebeck coefficient

A and B: Two different substances

T: Temperatures

V: Thermo electromotive force

The Seebeck coefficients depend on the character-

istics of each substance. It can be normally expressed

as follows.

(2)

k: Boltzmann constant 

T: Temperature

e: Integrated charge

EF0: Fermi level at 0K

m: Scattering parameter

2.2. MEMS Fabrication Process

The used alloys are chromel (+, 90% nickel and

10% chromium) and alumel (-, 95% nickel, 2% man-

ganese, 2% aluminum and 1% silicon). Figure 2

shows the fabrication process of the sensor. 

Figure 3 shows that section A has 2 × 2 places of

the measurement points for, section B has 3 × 3

places, and section C has 4 × 4 places. Each size of

the junction(Figure 4) is approximately 16 um2. Its
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Fig. 1. Seebeck effect. Fig. 2. Micro-scale thermal sensor fabrication process.

Table 1. Seebeck coefficients of Chromel and Alumel

Materials

Seebeck Coefficients [uV/K]

273K

(0
oC)

473K

(200
oC)

673K

(400
oC)

873K

(600
oC)

Chromel 21.8 23.7 22.2 18.5

Alumel -17.7 -16.2 -20.0 -24.0
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small size and the precise pattern could have an effect

on the response time [7, 8].

2.3. System

The sensor arrays formed on the wafer were con-

nected to the data collection equipment using

Chromel and Alumel wires. Figure 5 shows the entire

system developed in this study. The PC collects the

data from the sensor in the furnace and shows the

temperature distribution in real time. The sampling

rates in measuring and saving data are at 5 Hz.

3. Calibration

3.1. Measurement of Scattering Noise

Figure 7 shows response for fast sampling rate and

sensitivity inspection. When the resolution is faster

than 7Hz in the proposed system, the measurement

data of a certain channel was scattered. The reasons

why the data scattered are external errors and data

analysis algorithms of software. 

3.2. Correction of System Software

Software was conducted by verifying the output

errors compared to that of the real-time data collec-

Fig. 3. CAD schematic of the sensor.

Fig. 4. Front view of the junction point.

Fig. 5. Fabricated sensor and measurement systems.

Fig. 7. Response for fast sampling rate and sensitivity

inspection.

Table 2. Reliability test results

Reference 

Temperature

Temperature

[oC]

Difference

[oC]

Error

[%]

#1 100oC
TC1 97.4 -2.6 -2.6

TC2 96.7 -3.3 -3.3

#2 140oC
TC1 136.4 -3.6 -2.57

TC2 135.3 -4.7 -3.35

#3 180oC
TC1 175.2 -4.8 -2.66

TC2 173.9 -6.1 -3.38

#4 200oC
TC1 194.6 -5.4 -2.7

TC2 193.2 -6.8 -3.4

#5 220oC
TC1 214.1 -5.9 -2.68

TC2 212.1 -7.9 -3.59
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tion equipment Q18 of DATAPAQ (USA). The meas-

urement experiment was continued to obtain data for

20 minutes for temperature range between 100oC to

220oC. Table 2 shows the results of reliability test. 

4. Verification by Numerical Analysis

We found out the performance of the system

through the comparison between numerical results

and the developed system. Star-CCM+ ver.8.04[9] is

used for numerical analysis, and the boundary condi-

tions are same as the experiment. We can confirm that

the measurement of temperature distribution in

micro-scale is possible with the numerical analysis.

The measurement of the temperature distribution on

the wafer in the low temperature furnace is performed

with experiment and numerical analysis. 

4.1. Governing Equation

4.1.1 Continuity Equation

(3)

4.1.2 Momentum Equation

The momentum equation in the inertial reference

system with Cartesian coordinate system is described

as follows:

(4)

P: Static pressure

: Stress tensor

3rd and 4th term of right side: Body force

Stress tensor,  is below:

(5)

4.1.3 Energy Equation

 (6)

The viscosity term and time term is simplified in

case of steady low-velocity flow.

Sh: Mass change by heat generation

4.1.4 Radiation Heat Transfer Equation (RTE)

We calculated the radiant intensity by DOM

method. The heat transfer equation of the radiation

from the internal wall is described as below:

(8)

And

(9)

and C1 = 0.595522 × 10−16 Wm2/s,

C2 = 0.01439 mK

Iλ  : Radiant intensity λ

kaλ : Absorption coefficient at wavelength λ

ksλ  : Scattering coefficient at wavelength λ

Ibλ  : Black body intensity at wavelength λ

Ω: Solid angle

βλ : Extinction coefficient, defined as  βλ = kaλ+ ksλ

4.2. Physical Geometry and Boundaries

The physical model for the analysis considering the

temperature distribution of the wafer in a furnace is

shown in Fig. 8. It consists of the heater, the quartz

tube, and wafers. Table 3 is the properties of the solid

regions.

4.3. Numerical Results

The comparison of each result (T/C wafer, Devel-

oped System, Simulation) in the 5 zones of the fur-

nace is shown in Figure 9 when the system reaches at

the steady state. The result of the developed system is
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Fig. 8. Structure of the furnace.
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similar to the results of the simulation (error 1.22%).

T/C wafer has error about 2.4% compared with other

results.

The temperature distributions on the wafer surface

measured in macro and micro scale are shown in Fig-

ure 10. This result shows that the micro scale grid has

more precise temperature differences than macro

scale grid. It means that precise temperature differ-

ence on the wafer surface exists actually.

5. Experiments

Micro-scale temperature measurements on the

wafer surface in a semiconductor manufacturing

process were conducted inside the heat treatment fur-

nace. For the experiment, the sensors were positioned

inside the profile zones of the semiconductor cham-

ber, and the temperature data were collected at five

measurement points. K-type T/C extension wire cov-

ered with the glass wool material was used in this

research. The temperature of target processing for the

experiment was set at 180oC, and the experiment was

carried out for a total of 50 minutes. The reason why

Table 3. Properties of solid regions

Properties Unit Quartz
Wafer &

pedestal
Note

Density k/m3 2200 2329

Specific Heat J/kg−K 670 713

Thermal 

conductivity
W/m-K 1.4 124

Emissivity(E) - 0.07
Different 

values

E+R+T

=1

Transmissivity(T) - 0.93 0.0

Reflectivity(R) - 0.0

Different 

values by 

cases

Fig. 9. Comparison results with simulation.

Fig. 10. Numerical results in macro & micro scale.

Fig. 11. Measurement points at the T/C wafer.

Fig. 12. Measurement points at the developed sensor.
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180oC was chosen is that the process temperature

inside of the low temperature furnace is normally

maintained under the 200oC. Figure 11-12 show the

measurement points of reference T/C wafer and our

developed sensor.

The developed sensor can detect more precise tem-

perature variation than the reference T/C wafer. The

results are shown in Figure 13-14.

6. Conclusion

A. The MEMS temperature sensors and a measure-

ment system have been developed to measure the uni-

formity of the temperature in micro scale on the wafer

surface in the semiconductor process.

B. The size of sensors is 16 × 16 µm2, and the

experimental results show that it is applicable to finer

sizes.

C. The measured data of the developed system

were verified by the numerical simulation at the

micro scale level.

D. We confirmed our system can detect the temper-

ature differences at 1/100 scale.

E. We confirmed the precise temperature variation

on the wafer surface numerically and experimentally

from Figure 13-14.
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Fig. 13. Measurement result of T/C wafer.

Fig. 14. Measurement result of developed sensor.


