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In semiconductor manufacturing processes, the final inspection is a crucial
last test stage for screening defective parts before delivery to customers. Since
traditional convection-based temperature control has limitations and requires
time for a solution, this study focuses on the development and verification of
an automatic temperature control technology using conduction-based
thermoelectric modules. From the performance tests, it is found that the
module operates in the temperature range of -40°C to 120°C, and all channels
achieve temperature transitions at each step within 6 min. The temperature
module shows accuracy variations of -0.8°C to 1.9°C over the entire stage,
which fulfills the semiconductor industry requirement of within £2°C for
inspection equipment.
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(a) Test chamber

(b) Cross-sectional diagram

Fig. 1 Convection chamber
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Table 1 Specifications of thermoelectric module

Item Value Test Conditions
Imax (Current) 85 A Qc=0, DT=DTmax, Th=50°C
Vmax (Voltae) 179 V Qc=0, I=Imax, Th=50°C
Ceruiic plate DTmax 77°C Qc=0, I=Imax, Th=50°C
Copper sheet Qcmax 78 W I=Imax, DT=0, Th=50°C
Semiconductor
Thmac 200°C Momentary

External Dimension 39.7 x 37.0 x 3.8 (mm)

Fig. 4 Defect type of thermoelectric module
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 Thermal radiation sheet

(a) Cooling hole type (b) Thermal radiation sheet type
Fig. 7 Design concept of thermal radiation block
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Fig. 8 Schematic diagram of ATC (Auto Temperature Control)
module
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Fig. 9 Configuration of test bench

Table 3 Test conditions and method

Ttem Test conditions and method criteria

Temperature
range

Check the possible range of set temperature

Check the temperature arrival time for each

Within 6 mi
channel (16 ch) from 25°C to ~40°C i o min

Temperature

change time | Check the temperature arrival time for each

Within 6 mi
channel (16 ch) from 25°C to 120°C i o min

Within £2°C
for each

After setting the temperature to
-40°C/-25°C/80°C/200°C, check the
temperature accuracy for each channel (16 ch)

Temperature

precision
temperature

Measurement of resistance between each channel

Within 10 Q
(16 ch) sensor tip and fixtures '

Resistance
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Table 4 Test result of Temperature change time

Temp.
change
section

Change
time

Change
time

Change
time

Change

ch .
time

ch ch ch

#1
#2
#3
#4
#1
#2
#3
#4

3min 00s | #5
#6
#7
#3
#5
#6
#7

#8

3min 49s| #9
#10
#11
#12
#9
#10
#11

#12

#13
#14
#15
#16
#13

4min 15s 4min 00s

3min 45s 3min 33 s 4 min 06 s 3 min 50 s

25°C~
-40°C

3min 46s 3min 42 s 4min 03 s 3min 46 s

4 min 14s 3 min 58s 3min 50s 4min 14s

Smin 25s 4 min 57s Smin 07 s Smin 00s

25°C~ Smin 00s 4min 55 4min 57s Smin 03 s

120°C

Smin 00s S5min 06s #15

#16

Smin 11s Smin 18s

Smin 00s

Smin 07 s 4 min 57s Smin 24 s

Table 5 Test result of resistance

ch
#1
#2
#3
#4

ch
#5
#6
#7
#3

ch

#9
#10
#11
#12

ch
#13
#14
#15
#16

Resistance
0.1 Q
0.5 Q
02 Q
02 Q

Resistance
02 Q
02 Q
0.5 Q
0.7 Q

Resistance
02 Q
0.5 Q
02 Q
02 Q

Resistance
1.0 Q
0.6 Q
0.5 Q
0.6 Q
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