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ABSTRACT

The change in resistance of a semiconductor when subjected to a
stress is called a piezoresistive effect. The piezoresistive effect in
silicon is very large that makes it a desirable material for miniature
pressure transducers in medical research and industrial -applications.

In this thesis the research on silicon diffused-element
thin-diaphragm piezoresistive pressure transducer is reported. The
object. of the research is to find the possible methods. to fabricating
pressure transducer into complete device. The thesis first reviews the
basic theory of pressure transducer and used for the design of
pressure transducer. Then the the transducer fabrication process, the
assembly processing and packaging are presented. The starting
substrate is an n/n‘+ (100)-oriented epitaxial wafer of 400-ym
thickness. The transducer consists of four p-type resistors which are
fabricated using the boron diffusion into a thin square diaphragm. A
thin diaphragm is fabricated employing an electrochemical etch-stop
technique using. PED anisotropic etchant, and light monitoring
technique has been used for controlling diaphragm thickness. A yield
diaphragm using this technique is uniform with thickness about 14 jm.
For transducers having a 14-ym-thick diaphragm, the average measured
pressure sensitiviiy is 17.82 uV/Vsupply.mmHg. No nonlinearity or
hysteresis has been observed within the ‘limits of pressure of 0 - 300
mmHg. Temperature effects such as the temperature drift of the offset
voltage, and the temperature coefficient of pressure sensitivity,
(TCS) have been reduced by a guard ring surrounding each resistor. The .
measured temperature sensitivity of the offset, (TSO) and the
temperature coefficient of pressure sensitivity, (TCS) of the device
are -17.5 pV/V. c and -0.0057 yV/V.mmHg. ‘¢ respectively.
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Fausaalugfl - 1.11 1 datfowumasitensesunsticconstant voltage source) Vee

Iwfu97u50d axéwudmuiqﬁutawﬁgn vo 1@ansunis £103
Vo/Vee = (1/2)C (AR/R)_ - (AR/R), 1 (1.26)

UNUAT (AR/R), URY (AR/R)_ 3Indunish .(1.23) astudunish (1.26) wwlé

Vo/Vee = (m, /2) T (x,y) (/D® P (1.27)

ﬂ?a Vo/Vce

Sp (1.28)

o4 o« el s ey . S5
Toem s fid pressure sensitivity 39

§ = (M,,/2) T (x,y) (I/d)° (1.29)

4 < - ¢ (o ] .
JUANN1TN (1.28) uamoﬂﬁLnudwﬂawuianaoamgﬂmtawngnﬂaqu?ﬂamaawunwuasﬁﬂﬁnnﬁ

-« ' . - " (% - i a - I's -
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adda £ -
1.7 uauﬂagmngunﬁaaquﬁuﬁ§n101uﬁwuaqn71ua§7Lﬁa1ﬁ11uﬂuuuutﬂﬂTﬁ?idﬁﬂ
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Vo/Vee = (1/2)L(AR/R) - (AR/R), ] = N, ,[(6_-0,) + 01+ B  (1.30)
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AN B
NITUTUNVIUWTENT L I0 LT puuacaaaTa

nssuaunwauw%ﬁ1$Lﬁauﬂaaaniﬁtﬁu 2 Tumauita nevn predeposition uar
N3 drive-in [223, £231,0241

N3 predeposition Lﬂunﬁiuw5617Tﬂ81ﬁ5wﬁﬂﬂ?nwmﬁ17Lga RIS R R
L%aﬁuwéﬁutﬁwiﬂiuTﬂﬁoﬁgﬁquﬁnasgnﬁwﬁumﬁjﬂéﬂ solid solubility @1 solid
solubility aaqawsL%aiuﬁﬁnauﬁgmwgﬁéWﬁﬁo v unsns L Safesuns nanun leunnt
e ﬂiﬁﬂquzﬂﬁ 7-1 UAMIAT solid solubility 289813t 3nginsnag luianou

M3 drive-in ufumaunisundsns s St ag s e 1 drive-in
jint Amsuw¥aufiunnavnaant edu %qﬁLﬁaﬁ%wo%u%ﬁnau1ﬂaaﬂ1ﬁé§uﬂnﬂ§uuaxﬂaoﬁuﬂﬂi
WwIBaNE1IL vaamnuEuGdn Ivni19n1s drive—in veriaan Qmwgﬁ Laringn
n171waﬂaaﬁwﬁasLﬂuﬁauﬂﬁ%ﬂgﬂﬂdnquLﬁaﬁasiﬁ1§ﬁﬁﬂawu5na907aﬂéa ( junction

1 2
L Y] ‘ .
depth, x, ) a3wmutzassudansulneanlds war profile 189§13(3a SUEBINAT
- ( ]
ANAA 1FNTTAINITUUS

1719M predeposition
[} < = . Q'Q 1 <o g’:v U
AWML WUUEDIBLABNTII LA (concentration) MAWAIMIUGEN C, wduiiuAn
solid solubility ﬁaoaﬂﬁL%BﬁéngﬂQﬁﬁaoﬂﬂﬁﬁﬂ predeposition profile 79

R & ' ' <o ' ° sy e * —
pr@a)E 1T AeMuws 121 T luwwduednTusend1an19nn predeposition aewn 13 nEunas

C = C_ erfc [x/sqr(4D1tl)] 1)

(x)D

4 ' " .. < oy 4 < °
Tagh  C_ = A1 solid solubility ﬂaqaﬁﬁLaaqu%anauﬁﬂﬁgmnguﬂaqnﬂinﬁ
predeposition
\ o ~ 9 e S
C.,., = MIumumtnEadavasnd s LIemAaman x el luuudn
a Y < S
x = szsznivndwminanas lluwouedn
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) .
v . . . . . <
fudsrandraanisuns (diffusion coefficient) ®aIETTLIANAN

(=
1]

Qmﬁgﬁaaeﬂ17ﬁ1 predeposit.ion (uamqﬂuzﬂﬁ 7-2)

#23917a7lun1M" predeposition

ﬁ
It

19 drive-in
. « z © g ] B

N9 drive-in Lﬁuﬂumaunﬂﬁnwﬁuﬂ ANaNTIT0ERA Wat profile walprepAu

b= . . ° ' < v < e o~ L)
8717138 N9 drive-in QSﬂTSnﬁquLﬂ?uWiNWTQmﬂQMQOTuﬂuﬂWNJQﬁﬂﬂﬂﬁﬂﬂﬁﬁﬁLﬁa&?u
a < [ Vg 13 oy .
L NUBIFNA I TLELEAN lUN19M predeposition aan

' . ﬂﬁ'b © s s ﬁ
Teenlsennmin profile 7838¢@ANETTLIDN LGIINNITNT predeposition L1u
] * 1 § { tsll o

gﬁaLwgﬂuauﬁwﬁqﬁzﬂswogouasuﬂu profile 21DIDEADNANTLABN LOMAIIINNT

. . <| N (v
drive-in wiazuuans laseauns

2
C(x) = [Q/sqr(nthz)] exp -(x )/4D2t.2 (2)
d' ' 4‘6‘ LS| -~ [ 2 ¢
Teem  C L, = AmuiuEaBraeNEIILIANIEEY X Anad lURndmilnaasuduean
° o ' v < ) o oy .
Q = ImuaraaudrsiIonuwsas Wluuan luranianin predeposition
v Q‘{ ' 7 414 < . .
D, = HnszdnoranunizadasaaudIensmNeadn1s drive-in
t = #1913 drive-in

e = A7AIN = 2.71828

X = srzraranae b ludundn
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Temperature, °C -

., 1400 1300 1200 1100 1000
g o ! ! [
N
1o-10 S
= AN
R
NE 10°1 . \\\\ \
[S] NL N N AN
& ANEAVAN
a \\ \\\
B \\\ N N
T2 . 1§ e N/ N\
o RAY NS
~¢ia A AN AN
= NG
2 N\ N
= NCAYR
R 1071 \:\ \\ X \\
. NNTNTN 3
\:\ Nsr
NN
SO\ PAs |
10714 . \
0.6 0.65 0.7 0.75 0.8 0.85

' gm'n.g’ﬁ (1000/T °c)

{ “ o & LA £ 4 - - . .
gﬂﬁ -2 UEAINTIUAMENNUS TERINENITEANEn1IUMT (diffusion coefficient)

S [
uargamNNTadTLIatlienen Tuddnau
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ANTATL XM IATS LT L UNTEuUNITUNTHITLIA

2
#2887 W31IINTINN predeposition Way drive-in &9l

N. predeposition "Ny predeposition nuuduuﬁnﬁﬁnauﬁqmwgﬁ 975 ¢ i3m0

» [ <~ v vo e 4
30 UM GIUNTTUNTIINUREIITEIT L IoWade S suuy T HalSuasg T 38

o ] < - bo, & . -
1. ﬂwudmmwﬂuwumuﬂuuuﬂaaasﬂauawﬁtaaﬂaﬁwasatﬁuﬁqﬂﬁunUﬂawuﬁnaaaﬁaﬂﬂa Toen)
Y “ X
AUFHDUAIU

8 x 1020 atom/cm3

I

m Qﬁﬂﬂiﬁﬂquzﬂﬁ -1 16 C

—314 2
1.7 x 10 cm /secC.

2) nﬂﬂnswwﬂuzﬂﬁ 2-2 16 D_

A) t_ = 30 WM = 1800 w1
316 sqrap,t ) = sqri(4) (1.7x107 ") (1800)3
= sqr(1.22x10°°° cn®) = 1.106 x 107" cm
uR 1.106 x 107 = .1106 # = ;11 u
Faty Cea,

, = C_erfc(x/.11) = C_ erfc(z)

ANIWIRT Z Uy erfc(z) uay i, udaa lum1T19n 2-1  nInTENETEILlTIN

R P ° o i
8171 38h (63N predeposition uanalugn -3

AT NN I-1  UEAIUTNIMANGS N IeMaIAINNTsN predeposition

x z erfc(Z) C(x)

0 0 1 : 8 ' X 10%9/cmd
dp 9042 .20 1.6 X 10%%/cm?
2w 1>.,8083 .010 8 x 1018/cm3
S 2.7125 1.23 X 10—+ 9.8 X 101%/cm3
A 3.6166 3.1 X107 2.48 X 1014/cm?

Su 4.5208 1.6 X 10-10 1.28 % 10*1/cm?3
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[ dd 4 (4
2. ﬂ?ﬂuﬁﬂﬁ307Bﬂﬁaﬁsﬂ11§%1ﬂ?ﬂﬂuﬂﬁilﬂaﬂuﬁﬁﬂﬂaoﬁﬁﬁl%ﬂ?ﬂﬂﬁﬁﬂlaulﬁuﬁﬁﬂﬁ fin
] : .o s o o oo

weiuednn 1 lun1917 predeposition tiurfiew MRAAIMEWNL 0.3 fecm AN

' » d < . e 4 & v € -~ o @ «f
ﬂaosaamaaxww1ﬂa1n3ﬂn 1-3 wIpnnnviA e luaivedn dmIugwanoniion
Qe ' . ¢ e 17
WA WEIUNTL 0.3 N-cm WwIAY background concentration c, imiv 10

3 : « 5 Y 17 3 ] -y '
atom/cm aﬁnzﬂﬁ 3-3 A1 C, FANiiy 107 atom/cm £ nAnuBnopeTaenD

X, U9ra 0.3 u

c, = C_ erfc[xJ/sqr(ADltl)
Tﬂﬂﬁ C, = 107 atom/cm
erfc(x,/.1106) = C_/C, = 10"7/8x10>°
= 1.25 x 107"
x,/.1106 = 2.71
Hotiu X, = (.1106)(2,71)
= 0.3 u

[ , < 3 9 ' B . @ ] - v Z Q' i
3. FMUAUBELNDIFTL 'QI?JYI\THJJ("I%QLL'N? ia ﬂﬂ‘l‘uuuuuaﬂﬂawm'nuatmunw‘n ']161'0']ﬂﬁl’ﬂ'17

o
]

C_ sqr(4D1t1/n)

(8x102°) sqr(,.1106/m) a,tom/cm2

It

5 X 1015 a.t.om/cm2

&L
]
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B ! . ' « " 1 ' b, o
7. _drive-in ldutuudndionars  wad A umuiuzedd 1T o Tulh i usunnu®n

MITNTEUMNNT drive—in ﬁgmﬂgﬁ 1100 "¢ t1ut@1 50 uad

. dd.vs vg
1. n¥7%1 profile 78387171 IBURINVTUADUNIU.

m g e-2 W D, = 3.3 x 107*° cn®ssec
< B <
o) tz = 50 ym = 3000 um
2
C(x) = EQ/sqr(Jtthz)] exp(-x {4D2t2)
= [(5x10""/cm")7(5.58x10 "~ cm)1 exp(-x"/4D_t.)
19 3 2
C(x) = (9x10 /cm ) exp(-x /4th2)

b 73 1] 4 . .
sunauoniun ldiiana - x Fear lideardeuans lumiai -2 profile 7avay

RANENTL I8N H9nAN9M1 drive-in uaﬂqﬂugﬂﬁ -4
< ] dllbv o - . :»-Qv
2. AANTDNTRUABEBIBYAANEITLIAN MEIINNITNT  drive-in  IwsuNueNHa
[ t o o o ' o 1 ey oo & ajee *»
AW UNULDILHUNANL TUAY - USIS T VUCUUANTRGN FWHASA2WHUNYL 0.3 O-cm I

& junction depth x, Ysvawm 1.65  doudeaTuzif o-4

A9 3-2 UAMILTNIE G N ISR NN1INA drive—in

x(u) x2(p) x2/4Dyt, e—(3%)/(4D,t,) C(x)(/cm3)
0 0 0 1 9 Xx 1019

5 25 63 53 477 x 101
1.0 1.0 2.5 .0821 7.34 xX 1018
1.5 2.25 5.63 3.54 X 10-3 3.23 X 107
2.0 4.0 10 454 x10-°% 4.05 x 1018
2.5 6.25 15.6 1.6 X 10-7 1.48 x 1013

3.0 9.0 225 1.69 X 10-10 1.52 x 1010
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MMANUIN A

v e 3 - v £
AT NUIAIAIMA (etchant) 1nilerda 11 lumafisuinmaming (planar)

uszurmau lalinialdn (anisotropic) [193

ETCHES CHARACTERISTICS COMPOSITION RATE AND REMARKS
PLANAR EICH | EICH UNIFORMITY | HF = HNO_ - HAC | “Su/MIN(111)
B TE% VAT%
(100) EICHES [1001 100 | KOH - NORMAL “1pu/MIN AT 80°C
ANTSOTROPIC | X C1111 DIRECTION | PROPANAL H,0 IN (100) SILICON
STOPS AT P'" INTERFACE
(110) ETCHES £110] 600 | KOH - H,0 ~.8)/MIN AT 80°C
ANISOTROPIC | X £1113 DIRECTION IN (110) SILICON
ETHYLENEDI- | ORIENTATION DE- | ETHYLENEDI- “1.1p/MIN AT 100°C
AMINE PENDENT AND AMINE - CATECHOL - | IN [1001 STOPS
CONCENTRATION H,0 ETCHING AT P*" INTER-
(HYDRAZINE) FACE. VERY SLOW

ETCHING OF 510,
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