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ABSTRACT

Thermocouple, one type of thermal meter has been designed to have two different
materials in contact. The temperature different between the contact results in voltage drop
across the thermocouple. The voltage level depends on type of materials used and the different
temperature. And when thermocouples are connected in series, or “Thermopile” would increase
the output voltage.

This thesis involves the Silicon thermopile. The characteristics of this type of thermopile
on silicon substrate have been studied. The main structure is placed on diaphram with thermopile
and heater,, The first process is to create diaphram by using silicon (100), starting from
anisotropic etching on the designed layout of this silicon in solution with the appropriate etching
rate. The thermal doping is followed to create doped strip. The evaporation process is also
applied to create Titanium heater film and Aluminum in contact to form the thermopile. This
Titanium heater creates heat and causes the temperature different in the range of 25-45.5 °C. At
the end of the process, the Thermopile had been tested and showed the output of this thermopile
is direct proportional to the temperature different and materials used. In addition, the seebeck
coefficient is in the range 150-620 ptV/K. The thermopile sensitivity is in the range of 12.5-1035
mV/W. The applications of this type of the device includes gas flow rate meter with a tunnel for

gas flow as the main part. Testing shows that the maximum gas flow rate of 450 sccm and the

sensitivity of gas flow rate of 0.147.
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Vs = Opp(T, - T) @2
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2. nguealang (Law of Intermediate Metals)
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n. mawdounlassedumess (change of fermi level)
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v. M3aAunveaaunundee (and gap change)
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2.2.1.3 UnngmaaiFiinlulans (Seebeck effect in metal)
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4 1 4 o -ﬂl : - lﬂ. J ar
m3an 2.1 usandou Iihwesag Taeiigaddaegh o °c uazgaitia 100°C (5]

119 E.m.f (mV) 117) E.m.f(mV)
Bismuth -7.34 Indium +0.69
Nickel -1.48 Carbon +0.70
Cobalt 133 Rhodium +0.70
Mercury -0.60 Silver +0.74
Palladium -0.57 Copper +0.76
Calcium -0.51 Zinc +0.76
Thorium -0.13 Gold +0.78
Platinum 0.00 Cadmium +0.90
Tantalum +0.33 Tungsten 1012
Aluminium +0.42 Cerium +1.14
Tin 4042 Molybdenum +1.45
Lead +0.44 Lithium +1.82

Magnesium +0.44 Iron +1.89
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2.2.3 Uningmsainendi (Thomson Effect)
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dT

g, =g (2.23)
dx
dT

g, = (2.24)
dy
dT

P ns (2.25)
dz

wivansadoulieglugiiig
g==kVT (2.26)

V fo3d grad operater

lumsdinneimsinamdenfifenszniaupaguivgil temperature field) Tug
& A .& ‘5 e na’: -
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= N SRY A v A o o o
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o/ e‘;’ bl U Jo a
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ar <y J ]
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VOINAINUYDIT AT IMAURDIINYDIBAI TMFINUUHUDINAINU

(2.27)
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o' & o ko epih

o4 a i a oS o 5 3 A o a
TUMTUITIAN ﬂiwiﬁﬂﬂmﬂ‘l‘b‘u(Founer field equation) LAY q, o ﬂﬂs‘]ﬂ'ulﬂﬁﬂq‘!u%‘ﬂu.ﬂ‘w
Tu
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2.3.2 MINIANUTOU (Convection)
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- o - J A A - o dow = o "
nazitvevedfatuilovos InamAoundunusAuAlvewswde nalnavesnisaiy
A’d U i 9 1& d' - 3 e -g
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310 224 msmnnuieuniniaiag

q=h[T,-TJ (2.28)
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q=h[T,-T,] (2.29)

Taui q Hurdndanudouiidomonues naiidew T fidy
sdanlszAninsminamdeu h (Convective heat transfer coefficient) 9z fimulsn/fowliam
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2.3.3 MIUATIE
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q=0T, (2.30)
Tao# T, fio mgaingilduiug K) veaRa

o Ao AmenvosaAmu-Tuadu 5.67x10° Wm'K
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q=€OT', . (2.31)
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Ry =— (3.2)
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31 3.1 wdmsiaves SR-210

Taoh a = Sedlvesaudy dufdudavesdanou
R, = Spreading resistance

R, = Barrier resistance

R, =Bulk resistannce
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