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Abstract

The thin, square-diaphragm silicon pressure sensor utilizing shear piezoresistance effect was
designed and fabricated and its characteristics were examined. The sensor has only one diffused
resistor, whereas conventional full-bridge sensor has four. Sensitivity is somewhat lower but
temperature compensation is easier than the latter.

The proposed sensor was fabricated with only one p-type diffused resistor of the dimension of
113 x 85 ;.Lm2 located near the center of the edge of the diaphragm. The resistor was at 45° with
the edge of the diaphragm. The sensitivity of the sensor was 36uV/V- mmHg and was linear in the
pressure range from 0 to 300 mmHg. The temperature coefficient without temperature compens-
ation was 55 ppm/°C and it was decreased to about 0.17 mmHg/OC with compensation in the
range from 10 to 60°C.

CEEE, FUKEAR LR TR I. A =

(Dept. of Electronics and Communication Eng., AFeIel Ags 24 1) Ao|AxEL A 7 H[
Nat'l Fisheries Univ. of Pusan) Lol ol A F2]57] wiEol o] Hokoll 4] %

*rgR, BiLABK w7 T AR &l gk A 7F AP Yot 04/]"“1‘ &
@wtofﬂm Eng., Kyungpook Nat'l Univ.) A A Eo] Q75 o)lf £ ubwA a4y
Bt Ey 019874 113 261 = e 4A Ao Alsz HaAag 5 s ¥t
(Xi °”’1Lt =2 shal el 2| u)z AR 49 ofiel AlEA, otAHA o AHAY Fol $48ked, 4k
%) W71719) A5 s, ARAS A W A5

(307)



a2

A) o] 2] Al = (gauge factor)i 7hA] 3L Qo] A ks <}
B gz F ooldsln ok AZ S AE
2 gk e AlA FollA #aAgS o &5t st Al

A g ol 2 S ol 489S A
of AelE WS FA oz AL chojobLay di-

aphragm) % 3 A slo] abEch clolopal o] A
2 ¥2)z) (bridge) el 2 A slo] ukE He|x| Yo
t#d Al A= B2 o] £39 (longitudinal stress) %

%9} A 8 A 4 (longitudinal piezoresistance coefficient)
9} 8]2-# (transverse stress) % 3 8HA 4 (tra-
nsverse piezoresistance coefficient)-& o]-% 33 2}

By A= 409 g o Rt
°"’| ol g9 #agte) ol x| &uf vmA
S 4 Uk zu o] AHEgEL E5E

a"é"“ w2 & gghel o & ef obA aA o
& oolE4 9l Ale]d 2 25 oFE4
Sof whg AHghstrt ach “‘PEW °}7<1
‘:‘*‘5}7} A

=2
=

1.9
=l

= z. (o]
L %-5"”%’%:
FE ¥R

o

e

o A= 0

i

pid

5} ’,J“E]i.dd] DH
v oAl al, elE e S-7bel 8 JJ}
o2 $4% SA4L shAE 74zt Aol
ot Fashet shalch

¥ Tl ArkEH (shear stress) 7}
2] 8+A| 4~ (shear piezoresistance coefficient) %
& 4 g uhE acke Aol alsle,
b A5 AAG] Aatsta S48
o] % sl WA AlelT chelolmal 99
Aarste, FHEE7E 2 A=Al p¥ e
FAdsle] 18l 1y e Ao g4 E aks
of, ol Al 7 7540% °}37154 B 5 3}
GabA el ¢ A 7
A4 o) 4ol |
);!_AoLo] u];,_r_'xl

9

ul O
vE T

ol &8 o
ERE

OE‘:!

p‘l/k

L

Lo

Z

=]
o
b4 8

I 0‘
2 -u1o f“l'“

U]

L;‘
J

u}
2}

1

[

B
=

4

T

et

7
% vl
Ax Bt

ol
4
c}

A
T

O. olgxn &

]t & &=t
ot# & &7+ Herring'” ©] many-valley conduc-

(308)

o] 57
SR ESIERPY 7
Dhjhu‘- edge
!_ T _Voltage
1 terminal
IDiffused / Vo
! plezoresistor
i Rl \currcnt
H by terminal,
! I
S LT
Top view
Diffused
iezoresistor
Pp Py g | Thick
supporting
P rim
Cross section
ag1. A% AAG EAE 018G GHAN T
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sistance effect.

tion/valence-band model & 4=l 3l ong, NEER
A sl o] bz sk ftell cHEE 712l o)7-71 3} 7}
19541 Smith®eol ojal 2oz ¥ 3% ol ofel
ek el psizbsh cha wrE slelep
HAAol A st gA T
i my uE AR
A g o] jo) T, 2o
o] el A Folct Falol ol =&

e]

)
S

=14 ydNe) L
A g| 72} 3 olbt

thz] 3

o o1 714

» Mz X

al o} uL rlL&ko]

w2

&k
i

PXI" &l QOH EHﬁH 1z
I3, AFEsH,, N
[£3] H“H

Tizy Tia,

7:’ Jn[l'* Ty o+ (o oy ) ] e By e Hly 1)
(2)

E, , ‘

- :-]2[1'+ Ty O+ My oy oy )]+7fu Jiny +lims)

(3)

E ‘
;3 =’J3[1+ My O3 "*W'(u (Uu ~On )]+m. (Jl Ty +Jz Tza)

(4)



72 19884F

Eaeke o
Ehi, ot Seol 92 el ALEL ehl
o, v iWgezel SHE g, =i, juskere] Al
<#HE Hepdeh A BlelA J,=],=022 7tgs}
D\_

Ez‘-llpﬂu Ti2 (5)
b "ok ole AFLE Jol olal oo} #zhuie
o8 E,7b mAlshe], oA ryol wlaldch Az
dATY A e 4 (5% ol gateh,

2. cholotzalatel Sy

a1 2 AR b e r o
& cholobxal g o) gelnd, o rholojmale Helo
e IR =18 = o | J_Q Jl;d;{];q glo] 2t o] A

Azl chololstale] Fia ghefol el el
& we s

W=W, +W, +W, (6)
ol ek oi7)a W, & AbRAbel sl g AE A 9ol
Ve Wee xbdeg ofde] naag 4o 3
2, W, 2 yulgko g obdo] nAzAgl H9o ¥
& dehih x 8 yB ozl SHS g o g4
B no ol

_ h W . O'W
ox = 21— Ex ox? + Ey v oy (7)
h o*W o'W
Oy = 71— Ey ay? + Ex v W (8)
az
= h Gxy 9x Oy (9)

ojr}, of 7|4} hi= cjolefzmalo]l LA iz poisson
l, Ex % Ey ¥ x % yulgko 2 o Young &, Gxy
AR A S E debde,

XEE R 071 ol R AaHae] dekgd ¢

T %(Ux —o0y) sin 20+ T4y cos 28 (10)
oleh. A (10014 7= 6 =45° el F 7} Setq,

A
3

gt 3k oox, v hEpE
- Ox h?
o =T (11)
- th
T = (12)
p a

oleh, 1714 pi g, ate cholobmalel ghwel 2

A
a=T

3A EITREHRE B 25 %

(309)

B 3 B

olelet. y=02 y=a/4olixe o, 9 & 2820
bl et ox b 7=y =0 Ul FhababElol 4

|

o7 seh webd 2 2eg Q7] el st
e 2wl Fobef shabrteiel] 93] A7)l Aol
ApEbA Shobis g oF 4 9l
]
-0.2 1 L 1 1
) 0.1 0.2 0.3 0.4 0.3
Distance, X=x/a
aQ&2. Mol mAAAH delE crolopzalel &
SEx
Fig 2. Dimensionless stress distribution on a sil-
icon diaphragm having built-in edges.
3. Aadetel $5E SE
§|L/§L 1 oL—g——E;A’:_:‘ O\:} 100‘)4] Tas 7P pd X*]@J—O]
%L‘-QA ] ] 1 O\J'Z" %Lﬂ]‘/l: ma = (100) n:] 01 A ‘i]*\:d_‘
off 414z (110 whake = 7hg 2 vhepbydohize
stabx el bA A 7t Bl HEEr el o9&
b shabg o] Fodlebs Aol Fadsiohbe Ae

Tufte % 2 o] o8] B.31 %] glch olo] ofsiv] obA3t

AG me = 2 2EE R S 5% Ak
Aefup sabA g e FrAss 2 FEw sl
wpeb H shebeh whebs] Exof ol s Felv]

Azb s

el A= Aok Aol A g2l vlvt
= oETE vEE AlAshE Aol Foh oof G o
2k 10" em? 4 Eolc,

nelxl e o) 44
]x}d.4 aFed 4l A of] 4] 4= 2 3}
o 8 adlzeld o odxel
el Fokell 2 el Agsg Al
(100) =} Aelstoll A& (110) whake] %MEMI%
7b b ach weba] sabd el 9

® O

o O

[

[o}
5

mlo

o|

- o]o}

o

}“‘ An g

cholo} i



Mk gPAE THE

Fodoll A oWl ZhgAl HAAIF| L A
hake (110) whaksl Qx| A]7)= Aeo] g
ol i3 #H=E woliul b3l Fasich

et shst Al vhebebis 4 ol 4 )9 ziih;
SlA ) 210, 4 Aol M Foll 4 vhololiialol wof
Jagh 2 el dge Fold asw ZOYIZO,um ol
v}, ubg i okdol], 7t wloff4] °F 40um o S 4
aL ezjalelen) wlol galel 2 70e) A whwis ok
Holl, 2t ol &) 20pm 2| HAE Far 9 ekelrh
o] Hare -1/]/F 20x60um Al 2 Mol Aghe] 4z
20pm ol xl A doelbsko oGl oAl Folck Al
g Alal el 27145 3.0%3.0%0.17mm® o]v]  vle|o} oL
ol 4o 1 o« 1mm?olch

5. Auk obAgry 44

a2 ol 4] oF 4 Ql¥iol Mub-gx vle|oiLal o

Wo] Fofoll A L el bk ol Fufliliz )
ach whebd 3t gk 3
S RS I B o i I I A R e

A A E) skab A abe] Hold= 113um olv], -2 85um
Azoleh, o A% cholofizale) W] Fofoll4] ZLH
3} 45° % (100 whsko i A Al FAlS o wioﬂ
A 80pm o) S o gl A el 4] o] -
7]4= 3.0%3.0%0.17mm* 0w}, vjolo}izul 2] :.s,olf.}
1 ¥ 1 mm* o] cf,

shabdgrel ol aw gboll ik 544 =4kl S
stol shabefabel Fale] clolofszedo] W el Fofoly
120pm 0 160zm ol A4 gt 4 4x AAlsked
o,

7he B ol ] 9Jal iz - o]

ow

m & &

2|3t vholof el el A 4
stk aH-g of Eabin Al el hEas gfeol
Z#jol Wshgol elalldct wWstEE A skl ¢

3= 2 W g o] Wlaehu wlg2 ke o) A
droll Mbelell &bk wpepa] FAlob sfolehan gk b

ol-&shiz Aol mpubal sl of & sl A Held-&

Al sbof the ]o} LLH ]

Boaldlol A3 pon M gHE o) &gk M)A S
Abg-sbol 4lel i chelopalg ubgalv ofuf bR
gk B-4lol 2 NH,(CH,),NH, : C,H(OH), : H,0
75ml:12g 1 24ml & Tk oluby FAlololn], -4
o) &= 110 +0.5C & =l stadch HAanel 4
bz & glal A A Euel gbe N2 Rl

ndg Aleli ol Co3b Ay & el 5004 2
1um Ao AR A Faksted (+)HAF23 6

(310)

ol g4 Ale) gheiAl

73

a (- AFegE 3 x 3o WEILE A4 ol F

Aololl oF 0.4V ol HHS

A shed ot

2. e Az

v

-22Q - cm, #7Ael 3l

=
beted pd AEjEE 4

Hodgiol A AR delst dlelslie A gae] 18-

L= 7}{] 1} 160 tm ol 31 ‘/3 Xé

ol (100) 2l p3l 7Isbell #Habf ol 15-28Q - cm, 7
A7 10pm % 20um 7F S 5F% nE S oludld 4

AAZ 2 FFolvh

a3 e axe Az

i

o —-r.

HAe Ao v A
olch WA 4elE dWelHE

2 x2.3e] 2717} =

% 10, wae s Agkeh olAS 3 EAHEHo
A

upe} Al Mg b2 1100C ol 4 FA A o2 Si0,
E 4000A Hx A g4k

1. Inftial clesnting
2. Initial oxtdation
4 510,

f 7. |
I /P-S‘ Tn-51 l

3. Align-sark etching
[ e

R

4. Intecconnect layer
diffusion
+

ot

]

5. Sensing resistor
diffusfon
+

L4

]

6. Substrate contact
diffusion

n*

— ]

a3, Al el A

7. Cr-Au

deEmnion Cr-Au

§. Disphrage
tabrication

7 ]

9. Fleld oxidation

7\

10, Metal contsce window
opening

7 ]

11, Al deposition and
delineation

!

12. Alioying

274

Fig. 3. Process sequence for the fabrication of

pressure sensor,

j=4
i %l"‘iﬂ p¥ *el_‘v’l%t%

§ argolet 2ok o] 4%

dolsiel ehid = ny A
sbababe] Aol 9 A 4) 7l et

Ao 1Rl Lolde) 7

A A Aok sluz Ae|E
= Q9
=)

2138} a2 Aed-g 3dz

ubi 7] 98] 4 Heinz 52

o] 7143l double-sided photolithography 7} 212}, o}
e Bl g Qaz ok X Agela A
L3 e Folg vpaa F4E ol &3l Aoz,



74 19885

S el HEEdel 225 deisE
Aol Eoli o] ol F&E vpAraE ¥
A7l F Al g 24 A 25 atee
Rolek, o8 A & 3 °F 15um o b7k d ek

ZatWel A 7 240 AAL whET) Ysle] ¥
A8hakg A5 A 1050C ol A 607 F4iE pre-
deposition kg o}, ouf ALE-EL 255212 BN 9l
(BN—-1250) elc}, %42l pre-deposition$-o 41 71B
S(; 2 700C oA 158 7F -4kt o7 A]2-4b3 8

o
% buffered HF &8 o 2 A A gt H-A 2] outdiff-

el

usion & Fol7] Ha 4] 1100C o b2 l/loM 10
Wk drive-in & F, 2 2xo) £33 7|/AR4 7]
ol 4] 307} drive-in i ek

el SRS AT $E oLat 90T 4] 35
7k BN $J|°]ﬁ‘] (BN-1100) & A H4% pre-depo-

flo} e wpyo g BSGE A7fdch ¥
£9) outdiffusiond Fo|7] a4 3 4] 1100C o] A
ARl 10487 e Eol 5571/4haE S
7lell A 9027} At AAHFE T
z] 5} o] v 7] & 200Q/1A = 242‘5¥g]

_‘iTr 2F 10" em* 9] Tk
d e fsted nd 7
950C OlIH 15%7F POC1,
PSG (phosphosilicate glass)
2 AAYe} ol /AL 4z

dtojol a2 FAA Fol] 7]

sition 8 §-

drive-in s} o] zHAb

o o Aol
1.

)
2

29l
pre-deposition
buffered HF £
lx] 7] 3}of] 051'
Aoleh,
7] Halwlo g Al
FCr it A

o

o

o

i

N

2= =
TE

4o o

ook

o
=

r

r_E_
2
o
g

o e
g
o ot ok :
a ol\ N]m
Acs

> 27T
-

A2 ALLF
1100C 9o 571 /
drive-in 8t ch. ol wy
o) & 2h9] ot

"'é};- °éJ’ Al S 2 pm A9 57
A3 F 450T ol 4 25278 A A&

pis

2N mn e oft ok

oot 32
ajo o to

oo
o

O
oftt
"4
Hr
e
o

=
B
a
o

o

A o
o o
2 rfi £
3 _‘r‘ lo
:ﬁ“_ |
M

O
-
o
i

e

2
T op

fu

ol

B3
pud

?*‘ B

&

37 EFIHEERGE

(311)

25 % B3O8

st
4

LR

Els AaiAte ghabx
slof ehi= ofe) &ol ek
viv] Al qb gk Al 4 of] 4
£/ o WA e

<]

xR AS

N

o|

A&
P

glAl x| golm Rs & Rt 3= offset 24 & o|ch

+Vee

Vv

AAAAA.
YYYY

R’t;sc
RO
Re

j “Vee

A
WWA
‘\/

4. e e
Fig. 4. Temperature compensation circuit,

2| | dbol) 42z & E-olxa] vhojo}iL
g} oled g Tz]x]ql obed 7}
F719bS 7kl A %*a‘%

chebdl Aol ek

B
= o

=2

Alr sealed box Manometer
Acess for
referenca
pressure

et =
n-outle

Keatsr

Therwmocouple

= 4.

=<1 —

pC Mulel -

%

power metar

a8ls.
Fig. 5.

el 5472

Pressure measurement set-up.

aAbe) tHZE S =
1 9V,
" Ve 9P

Hel e

(13)

A

T 4 0:‘ 7]/(1 Vcc :_T
Haeh, P abH e hebdc,

_ﬂ_
o

2

LN
T

Hetolud V,

b=

=



Adek skdgt &abE

#@n 5 o

el A o x:]»
2l o]

w92 5V el
Ae] s

7ol 7HE

[EIEE

t}o|o} st
FA7F 10pm &) Al = 424V/V - mHg
14 Rs ) "4 20 4m 9] lG/JV/V . mmHgﬂ
vk FA7F 10um 9l A4 o] ol# A4l 7= 50
puV/V - mmHg A Solch Al axpe] FHEef o] Al
gbzel el ALAl Axbwel shabA ghel 9t o
oA 7hd ek iAok A ay] Wil ol AE
ofs) uha A g Exol 2 Aol wiEsl Ao
A7k e

olul
4

50

25

Bridge unbalance (aV)

L) ‘/' a-
/ A/
a—
—
a—
A, - - L 1 A L
Q 50 100 150 200 250 300

Pressure (mmlig)

a2l 6. thojopzee} Fallrh bR Belx g 4o
7t e
Fig. 6. Pressure sensitivity of the full-bridge sen-

sors with different diaphragm thickness.

2. Ack shxgd el A4

287 2 cpolet o} A7} 10um
Ak st gd Qo) ghajol o
A slelch AL 10um QL A4 9 et
~mHg @ er, 20pm <l A4 A 14pV/V - m
Hg 4 =2lvh A4 &34k 5V shadeh cholo}
zeg o FA7E 10um ol Alx 2] ol el == 45
uV/V-mmHg A Eolch of 7l = Adael o] &4 <

= 20um <
2 e L)}
e 36uV/V

b glelen, ol odA melA g AAelAl ol
2 Uels gohm Az,
2308 ¢ chojopmalel a7t 10um Aul Ak 3

AgERE olGeh A B ol AT

A7 AE b Aolch wel Foeld el
ofzafe] F4alog itz grel FAlo] 80um "ol
& e e 364V/V - mHg A5G 2, 120um o

A ayef qbedol W EedtE

i

ofo
o
ok
>,
o
rh
I

75

25°c
60

&0

Output voltage (mV)

20f o ‘/'“—
/ ‘/‘/
0 ‘/
a—"
A L A A ' i
0 50 100 150 200 250 300

Pressure (mmlig)

287, cholobmalel Folst o Ak ghrare 4
el shezre
Fig. 7. Pressure sensitivity of shear piezoresistive
sensors with dif ferent diaphragm thickness.
10sm thicknass 25°C
6o | o’
s ° 80,m /
fuo ! o ;120nm /
o -
5 A ;l60wm / u/n
K] © / A
: / /ﬂ A/
gk °/°/A/
8 oéu/‘\
E/A
: . R L N N
[ 50 100 150 200 250 300
Pressure (mmHg)
a2l8. A e Ao ub Ak a4l A
o gt =
Fig. 8. Pressure sensitivity of shear piezoresis-
tive sensors on the different positions.
o] 4-g wii 244V/V - mHg A 502 160um o]

A& ol 17uV/V - mHg 3 9ok ohelba] el 7t

A AR Kol i HEE hehiu, olde 9
wz o) gt oA sec

3. =54

12 9 3= shabAgre] L ewstol wE Ak oy

5% viehd Aolch 0TS HgAz FEFYL
0T A oF 1292 Aol F745 vieblich
2310 9+ 04 100mHg 2 HsA| 2l 7
saAstel eeMshol WE APHEEe el
oleh, AeABEE L2t 45l we olzs
7k b,
cholopale] £A7k 10um 1 A LEASE

(312)



76 19884 3 H WL TAERIE 8 25 % ¥ 3
12 Al vhebrbs Aol HA gl 2000Q/0001w 27)7420
X120um Sl p ¥ Ak e A4 sho] mejAg e g}

o~
2ok _— 3 A% wbgoloh of AlMe) ZhEy cholopzasl
z — $A7F 10um 3 20pum Q1 S 77 424V/V - mHg
°‘/ , . ) 2 16uV/V - mnHg 4 =4 ch.

Yo w e 4 e wolel cholofmalgel wAgol 2x
Temperature (°C) :!_7]7} 113 X85 2l pég i,“:_ﬂ T:{,]'_?_i Xdrd_ OJ'X“I
a8l9. 0T A&z st gabaste & &2l °JE““HE abEdch o] #AbA e Achg
= 5 Hol ZEE W3l 45 9] 72 o]Folon] o R 4
Fig. 9. Variation of the resistance with tempera- SRy 7} JpRE 2 Fa) wo| Folol] ZlziAl 9%
ture for diffused resistor. The resistance s slelch cholelzaNe] EAsl 104m 3 20

values are normalized to the 0T value.

6
> 4 -0 o ° °
= ©0——0-
o 2k
=
4 1 J 1 L
0 20 4o 60 80
Temperature (°C)
210, ¢+ -2 0ol 100mHg & #3A 7] %9

shabA kel & x o slol gk Aghdslg

Fig.10. Variation of & R/R with temperature for
diffused resistor when the pressure was
changed from 0 to 300 mmHg.

55ppm/TC A5 2 ow, o| 72 1.7mHg/T ol sfdsl
ok o] AL Akt ety A MolA Tz Fof
= 6mmHg/C A 52 yrolzch %2 0.17mHg/
CToll g5l ZHole] 10THAl 60T 2 25420

SRR EERE PR

o

v.d &

2 ATl E Arerd G an s o)8a kAl
% w5 ole] B4 zapaladeh of A4 A
of melA g el At 4] s 2 v
o shvbel @S AW, BEE cha gol
Avh eEwabel 4lche 24e 7hx . glek

AelE cfololzal & wbE /l A& p-nHE H
AR YL ol &dlct olu Ale]E slo)ale}l WA
= Abolell <k 0.4V el AHE 7Fsigdch A2bR cho)
ofzalol Yol 1 X lmm?olmw F7):= 10um 2} 20
um o 5 FFAch

cholofmall Abof 4 SHE T ol Zolol4
Azrelol 7A2g4E A eyl

7
THEEN 2

(313)

b7k 36pV/V- mmHg™ 144V/V-mmHg 2|
vrelWlel, chololZal o] FA 7} 10umel
Al 4-+= Boppm/TC A E9dow, oA L&
Foll&= 6ppm/TC A= 2 Srolgrh
0.17mmHg/TC ol s-g=l+ ZHeolm 10T oA 60T 7}
Aol Zx 9ol 4 Al A 52

Al el ofe 7 E = Al A= 7+ 4010}2
o] W ol Fofoll A wol 7}7hg4E rlojolsLal o)
Azt kg g A ebxkes, gheiol ok
o] W= 0 -300mmHg 2l e sfals] w5
AAAE Hgdeh

4 e

o] Zte

ol

o] of
LAl z

7|

[

1o

4
[e]
g2 2
Lo
=
o

Z.
?
ES
TS'

2 % X M

[1] W.G. Wolber and K. D. Wise, “Sensor
development in the microcomputer age,”

{EEE Trans. Electron Devices, vol. ED-26,
no. 12, pp. 1864-1874, Dec. 1979.

[2] R. Allen, “New applications open up
for silicon sensors: a special report,”

Electronics, no. 6, pp. 113-122, Nov. 1980.
K.E. Peterson, “Silicon as a mechanical
material,” IEEE Proc., vol. 70, no. 5, pp.
420-457, May 1982.

F.T. Geyling and J.J. Forst, *“Semiconductor
strain transducers,” Bell System Technical
Journal, pp. 705-731, May 1960.

W.G. Pfann and R.N. Thurston, “Semicon-
ducting stress transducers utilizing the
transverse and shear piezoresistance effects,”
J. Appl. Phys., vol. 32, no. 10, pp. 2008-
2019, Oct. 1961.

O.N. Tufte, P.W. Chapman and D. Long,
“Silicon  diffused-element piezoresistive
diaphragms,” J. Appl. Phys., vol. 33, no. 11,
pp. 3322-3327, Nov. 1962.

[3]

(4]

(5]

(6]



[7]

[8]

{10]

(1]

[12]

[13]

[14]

[15]

[t6]

7

l_tl].-

R

&z

O.N. Tufte and D. Long, “Recent develop-
ments in  semiconductor piezoresistive
devices,” Solid-State Electronics, vol. 6, pp.
323-338, 1963.

SK. Clark and K.D. Wise, “Pressure
sensitivity in anisotropically etched thin-
diaphragm pressure sensors,” IEEE Trans.
Electron Devices, vol. ED-26, no. 12, pp.
1887-1896, Dec. 1979,

M. Esashi, H. Komatsu, T. Matsuo, M.
Takahashi, T. Takishima, K. Imabayashi
and H. Ozawa, “Fabrication of catheter-tip
and sidewall miniature pressure sensors,”
IEEE Trans. Electron Devices, Vol. ED-29,
no. 1, pp. 57-63, Jan. 1982,

S.C. Kim and K.D. Wise, “Tamperature
sensitivity in silicon piezoresistive pressure
transducers,” IEEFE Trans. Electron Devices,
vol. ED-30, no. 7, pp. 802-810, July 1983.
Y.S. LEE and K.D. Wise, “A batch fabri-
cated silicon capacitive pressure transducer
with low temperature sensitivity,” IEFEE
Trans. Electron Devices, vol. ED-29, no. 1,
pp. 42-48, Jan. 1982,

D.E. Fulkerson, “A silicon integrated
circuit force sensor,” IFEE Trans. Flectron
Devices, vol. ED-16, no. 10, pp. 867-870,
Oct. 19689.

Samaun, K.D. Wise and J.B. Angell, “An IC
piezoresistive pressure sensor for biomedical
instrumention,” IFEE Trans. Biomedical
Engineering, vol. BME-20, no. 2, pp. 101-
109, Mar. 1973.

J M, Borky and K.D. Wise, “Integrated
signal conditioning for silicon pressure
sensors,” IEEE Trans. Electron Devices,
vol. ED 26, no. 12, pp. 1906-1910, Dec.
1979.

K. Yamada, M. Nishijhara, R. Kanzawa and
R. Kobayashi, “A piezoresistive integreted
pressure sensors,” Sensors and Actuators,
vol. 4, pp. 63-69, 1983.

H. Tanigawa, T. Ishihara, M. Hirata and K.
Suzuki, “MOS integrated silicon pressure
sensor,” IEEE Trans. Electron Devices,
vol. ED-32, no. 7 , pp. 1191-1195, July
1985.

i

ol &%

[(17]

[18]

[19]

[20]

[21]

[23]

[24]

[26]

[27]

(28]

A}
=4

2l qhE Al 77

C. Herring, “Transport properties of many-

valley semiconductor,” B.S.T.J., vol. 34,
no. 2, pp. 237-290, Mar. 1955.
C.S. Smith, *“Piezoresistance effect in

germanium and silicon,” Phys. Rev., vol.
94, no. 1, pp. 42-49, Apr. 1954,

F.T. Morin, T.H. Geballe and C. Herring,
“Temperature dependence of the piezoresis-
tance of high-purity silicon and germanium,”
Phys. Rev., vol. 105, no. 2, pp. 525-539,
Jan, 1957.

O.N. Tufte and E.L. Stelzer, “Piezoresistive
properties of silicon diffused layers,” J.
Appl. Phys., vol. 34, no. 2, pp. 313-318,
Feb. 1963.

D.R. Kerr and A.G. Milnes, “Piezoresistance
of diffused layers in cubic semiconductors,”
J. Appl. Phys., vol. 34, no. 4, pp. 727-731,
Apr. 1963.

O.N. Tufte and E.L. Stelzer, “Piezoresistive
properties of heavily doped n-type silicon.”
Phys. Rev., vol. 133, no. 6A, pp. 1705-
Al1716, Mar. 1964.

J.J. Wortman and R.A. Evans, “Young’s
modulus, shear modulus, and Poisson’s
ratio in silicon and germanium,” J. Appl
Phys., vol. 36, pp. 153-156, Jan. 1965.
Y. Kanda, “A graphical representation of
the piezoresistance coefficient in silicon,”
IEEE Trans. Electron Devices, vol. ED-29,
no. 1, pp. 64-70, Jan. 1982,

W.P. Mason and R.N. Thurston, “Use of
piezoresistive materials in the measurement
of displacement, force, and torque,” J.
Acoust. Soc. Amer., vol. 29, no. 10, pp.
1096-1101, Oct. 1957,

S. Timoshenko and S.W. Knieger, Theory of
plates and shells. McGraw-Hill Kogakusha,
pp. 197-205, 1970.

T.N. Jackson, M.A. Tischler andK.D. Wise,
“An electrochemical P-N junction etch-stop
for the formation of silicon microstructurs,”
IEEE Electron Devices Letters, vol. EDL-2,
no. 2, pp. 44-45, Feb. 1981,

R.A. Heinz, J.T. Chuss and C.M. Schraeder,
“Double-sided photolithography,” S.P.LE.,
vol, 135, pp. 147-152, 1978.

(314)



