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For a vertical furnace, wafers are loaded from the cassette into the tower by a
robot. Then a lift mechanism (controlled by the microcontroller) raises the tower
into the processing chamber, or the chamber elevator lowers the chamber until
the entire tower is inside the chamber. This eliminates contact between the wafer
holder and the quartz chamber wall, and there is no suspension problem for the
wafer holder.

5.2.5 Exhaust system

Process byproducts and unused source gases are removed from the processing tube
or chamber by an exhaust system. Exhaust gas is evacuated from the processing
tube symmetrically, and purge gas is drawn in from the exhaust manifold to prevent
backstreaming of the exhaust gas. For furnace processes involving pyrophoric or
flammable gases, such as silane (SiH4) and hydrogen (H2), an additional chamber
called a burn box is required. In the burn box, exhaust gases pass through a
controlled combusting process in the presence of oxygen and are reduced to
less harmful, less reactive oxide compounds. Filters are used to remove particles
generated in the burning process, such as silicon dioxide, after burning silane. A
scrubber with water or an aqueous solution absorbs most of the toxic and corrosive
gases before the exhaust gas is vented to the atmosphere.

5.2.6 Processing tube

Wafers undergo a high-temperature procedure in the processing tube, which
consists of a quartz tube chamber body and several heaters. Thermocouples
touch the chamber wall and monitor chamber temperature. Each heater is
independently supplied by a high-current power source. The power of each heater
is controlled by feedback from the thermocouple data through the interface board
and microcontroller and becomes stable when the setting temperature is reached.
Temperature in the flat zone at the center of the tube is precisely controlled within
0.5 ◦C at 1000 ◦C. Figure 5.5 shows schematics of horizontal and vertical furnaces.

In a horizontal furnace, wafers are placed on quartz boats, which sit on a
paddle made of SiC. The paddle (with wafer boats) is then slowly pushed into
the quartz tube where it places the wafers in the flat zone of the furnace for thermal
processing. After processing, the wafers must be pulled out very slowly to avoid
warping caused by the overwhelming thermal stress of sudden temperature change.

In a vertical furnace, wafers are loaded into a wafer tower made of quartz or
SiC. The wafers are placed in the tower face up, then the tower is slowly raised
into the quartz tube to heat. Afterward, the tower is lowered slowly to avoid wafer
warping.

5.3 Oxidation

The oxidation process is one of the most important thermal processes. It is an
adding process that adds oxygen to a silicon wafer to form silicon dioxide on
the wafer surface. Silicon is very reactive to oxygen; thus in nature, most silicon
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Figure 5.6 Silicon oxidation process.

Table 5.1 Facts about oxygen.

Symbol O
Atomic number 8
Atomic weight 15.9994

Discoverer Joseph Priestley, Carl Scheele
Discovery location England, Sweden

Discovery date 1774
Origin of name From the Greek words oxy genes, meaning acid

(sharp) and forming (acid former)
Molar volume 17.36 cm3

Velocity of sound 317.5 m/sec
Refractivity 1.000271

Melting point 54.8 K = −218.35◦C
Boiling point 90.2 K = −182.95◦C

Thermal conductivity 0.02658 W m−1 K−1

Applications Thermal oxidation, oxide CVD, reactive
sputtering, and photoresist stripping

Main sources O2, N2O, O3

process; even in furnaces hotter than 1000 ◦C, a thick oxide (>5000 Å) still takes
several hours to grow. Therefore, oxidation processes usually are batch processes,
with a large number (100 to 200) of wafers processing at the same time to achieve
reasonable throughput.

5.3.1 Applications

Oxidation of silicon is one of the basic processes throughout the IC process. There
are many applications for silicon dioxide; one of them is as diffusion mask. Most
dopant atoms used in the semiconductor industry such as boron and phosphorus
have much lower diffusion rates in silicon dioxide than they do in single-crystal
silicon. Therefore, by etching windows on the masking oxide layer, a silicon










