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ABSTRACT

. MOIS is a structure of field effect transistor. With this structure, PMOISFET and NMOISFET
can be fabricated on the same silicon substrate without well structure. This structure, hence, is
desirable for higher density devices fabrication.

Theoretically, the resistivity change of a silicon wafer is subjected to a stress. This
phenomena is known as a piezoresistive effect. Silicon wafer, therefore, can be used as a miniature
pressure transducers for both medical and industrial applications.

In this thesis, a silicon MOISFET pressure transducer fabricated on a thin diaphragm is
studied. The objectives of this study are to find the possible methods for fabricating pressure
transducer employing MOISFET structure. Basic theories of pressure transducer and MOISFET are
first reviewed. These are used as the background knowledge for designing a MOISFET pressure
transducer. Fabrication process, assembly process and the packaging are then presented. The starting
substrate is an n/n* (100)-oriented expitaxial wafer with the thickness of 400 [lm. The wafer
resistivity is of 8-12 C).cm. This wafer is etched at the back side to form the thin diaphragm using
EPD anisotropic etchant. The thickness of the diaphragms are varied such as 20, 30, 40, 50 and 60
Mim. The V-grove and light monitoring techniques have been used for diaphragm thickness

controlling.



The change of electrical characteristics of transistors fabricated on such diaphagms are not
only depend on the location of the devices but also on the diaphragm thickness and the direction of
the examined. The results show that when the air pressure are diviated from 1 atm, in range of -1 to
+1 atm, the I-V characteristic of transistor changes accordingly. The change in drain current of
NMOIS and PMOIS transistors depends on the orientation of the devices on diaphragm but threshold
voltage and breakdown voltage seem to be remained unchanged. Temperature effects on -V
characteristic of the pressure transducer are also studied. Additionally, the output signal stability of
pressure transducer is investigated. The device has shown its high stability which is proved by the

constant sensitivity when the temperature is varied.
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2. ¥23l3dufN (Nonsaturated Region)
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o I, AoAINTEIAN MR IUTRIMUAUNIZIAYDI MOISFET
B fDfN devices transconductance parameter
=K(W/L)

k' o process transconductance parameter

=IJ’A\!‘C0:
K., AefianuadesdIndavedtszgmmzildlunisnihnszuaves MOISFET fif

2 o a o 2 ° s ad
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W A9fANun U9 reImMUAUNIZIAYBY MOISFET

L A9 IANUENIVOITDINNIAUNTZIAUDI MOISFET
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= o a d ' 1 v o P
FanIuanIndiuiszninmnssuanazus ity ludagui 2.3-1

L L | n'.
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0 ; Ve

71 2.3-1 nanans AR UE Iz NN s TIMIAZIS W UYDI NMOISFET

119 Vg ADUTIAUNDUIIY (flat band voltage)
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c,, fomanuy IWihinnaenianionun

ox

€, UM 11.7€,
o -19
q UM l6x10 c
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ar as Ia q’; an
53?1‘11“?\\1\111“?‘95111“‘1111%?!?]8“

ES
=9, + (7 +é5) (2:3-7)



13

b, Aoanuandnmszninveuveauauhdaneulasen e duveuvenoy
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O, = 0.62Ep, (2.3-9)
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Ep, = E,-KTIn(N,/N,) (23-11)
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[ 4 = -23
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2.4.2 nuudasame Maauves MOISFET
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idoundanulugvesTumudvez 1
2
E=p/2m (2.5-4)

iendeammdanulug Tumuduziugims Tumdwandugifi 2.5-1 (n) Fuaadae
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\ [ !
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\ /
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Q Q a a a a a a
k —— K g
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a o o s a s as éf 9/
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p = hk/2TC (2.5-5)

v
=
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W9 h tflummwmuwmﬂ ‘i}"lﬂzﬂ‘ﬂ 2.5-1 (M) %3!1'113’J'\lﬂﬁﬂ’]'m'llmﬂm@d'ﬂuﬂﬂﬁ
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L, flonwadeiuiosnnaiidegn leos lud
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sandumsnlasuulasvesidumuniaeuily
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()= T|O' + MO, (2.6-11)
AR . :
(7= N0+ ELT, (2.6-12)

2.7 M3aeNTHA ITUIVVDIFIUIVWAZNITINIVDI MOISFET
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Kanda" léwdeamduszans luszunumaeg Maluwanyiaduuasi dalugili 2.7-1 du
- g aa a o ' = 1 = 7} 9 o @ 7Y
sifindennndaneusiail douivz Idnantimslszgnaly sneenuuuiineziinnsananszu
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g |-cll €z €z @0 O e,
o', € G2 O 0 0 ¢,
o3| |en Cn O 0 0 0]é&, (27-2)
>, 6 0 Oiéy .0 O REy
o' 0 0 958 ¢ ORE,;
lo's] LO 0 0 0 0 ¢yl
o v an ar = ar s =y n:\.‘ - L] o 1w .d’
TIHTUBanodU mmJsaﬂszmum'umﬁuﬂs:ﬁmmmu%uqu AU
12 2
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12 2
¢, = 0.639x10 dyne/cm
12 2
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" = = v 3 s d”
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&4 0 0 RS aRRaH 04 ey
=, Q€ QA0 O [ OPH.t,
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4 a o o 0 a ' . 3 '
e laozurlsuRamsseditzi Ifinannuuand 190N WAL (differential stress) O -

5 @ ar @ [19]
o, Famnsodouiuanudiniug fvnaveslaozursudsauns

2
G' - O = 0'(x,y)(2R/d) P (2.7-4)
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= | o @
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y Wuszes r lunuunu y
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iiemssedves laszulsuiianfaudiofvununuvunveslaszudsy anwdulawy
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ms I Taa IsnsTidlaresen lad i undsveurunandaneuszu1 (100) ﬁqnﬁnﬁﬂmnmi

¥ . 1 v Ed
Aavelinnuanasvenianiddn  TavszdealSununlidwvesdimasugiavuiunioainin



38

L AR 3y Pai o s ° 9/ o 1

AUNANN [110] wm‘\mmmmumzuﬂﬂﬂmflu'lﬂazuﬂmmmu1ﬂmﬂmmﬁnwuﬂuﬁumﬁﬂa
¥

Talds

W, =W, —2lcot54.7°

~W, -2l (3.1-1)
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ANTIMUIUANNANVRIT IR IdIaNMsae 1Tl
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' Ds = (?)[2(1768 = Vr )VDS iR VDZS] 3 VDs<Vc,s'VT (2-3-2)
29038
Iy= i, V.. -V, SV SV..-V. 233
DS_(Z)[ Gs ~ _T] > DS> GS™ YT (....-—_)

317 3.2-1 MM uuUYe MOISFET

A157139% 3.2-1 MsudsAIA U (W) 1aZANE17 (L) Y99¥0INIAAUNT IavDd

MOISFET
W (JLm) L (llm)
60 20
100 20
200 20
400 20
60 40
100 40
200 40
400 40
60 60
100 60
200 60
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(M)
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