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Fig. 1. p-type polysilicon structure (5],

% i ik [ T e BELASE AL DA S L g 1R A R ASE Ao
] I REHT 70 L, 2% BEH B R B B, B kL
P X LT 2R FER X (B 22 X)) B FR S R
HLJAE AT oL B (i FY) BB T8 FRL SRS, 7 AR s LA
i [15,18—20]

fE— R TARREE S, 2 5N R+ G, K&

EFH 1]
R Ry,
Co = R, +gRb Gt Rg + Ry,
A, Ry NESEAHEIE, Ry, = Rq + Rs, HH Ry
2 AR FLIR PR E B R S HLRH, R A2 BE TE HLIR U
JE (I FEIE HLFH; Ry A2 bk R R X R HLPH; G AT Gy,
N Ry, M Ry [ NAZ AT, J3 ) H O 821X F) 6 BH 22 3
Fa I S H R E .

AR AL 2B R R A R A o OK
A4k, 200 T L iR AR, BT B s
5o w22 K. ik, AR SR A Toriyama A
Sugiyama (%1 45 Hi () p BUEEAN 7 BE LR HL S S =2 5

Gh, (1)

IR F# A& (R fEC R R E), b p B2 fniiE
AP (4 I AR BdE AT HE S, JF N 8 2
TV fEE.

2.1 @HAPMHEXERERE

p 24 2 e B A A R R X EH — )
(B AR RE ARG A, PRI, R P X BEL R 08 2 p
TR B R ) R B R %5 1),

i1 T Toriyama 1 Sugiyama [23] & 45 45 H 56 %
JE R R EFRR A, ASCE H p B ke e FH &R 2

2GR o KB N )

2 2
o= oi=) (QQT:;), (2)
i=1 i=1 g
A, T AT TE]; my NSNS i =1, 2
3 Sk 8 H A R py R TIREE; g AR
FA ff FL B2

IR ps RiE XN
2 Eyi — By
i = Nvi—=Fipo| ——— |, 3
p=Naeha( ). ©

XF, Ny N A RORE EE, Fy[(Ew —
Er)/(koT)] 295 ¥ BOKRIRIY, ko & BIR 262 % 4L,
T NI, By it TR, Br & POKRELR.

AR i it TR N 18] o % 1) [ 1 HL AN B S 4 F 1
AL, 52 B e -PUER G REHT R MR/, MR 7y X
TERIE, p B 5 f ek FE B R 8y Oy B9

1A
g -X pg
_ 1l As
N -X o
2
1 1
)
1o i mi 4
- = T 2 1 ) ( )
> pi—
: m;
=1

X, me AR XIS, AR IER T
BB E.

¥k RE RN (4) b, B EI7E X|[001] H.
J||[001], X]|[001] H. J||[010] A1 X||[110] H. J||[110]
= LT R B R AL T001]> Te[001] M if110]- X
B X NS, JNHEREE.

HRAE

T™oo1] = 711, (5)

Ttjo01] = 712, (6)

247201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 247201

(7)

1
T10] = 5(7711 + T2 + Ta4),

EV - EF
()
! Mol J | 11,043

2 E, — Er
Fio (kOT )

x 107 pa~t,

Trg12 = T£[001]

r E, — Ep
1 F—1/2< koT >
= - —5.971
2423><2F TR 5.9715
I 1/2 ko
x 107 Pa~t, (9)
r E,—E
F1/2< T F)
Tgaa = |46.717 x = 2 + 56.4625
2 F Ev - EF
I 1/2 7]{011
x 107 Pa~t, (10)

:_EQEF', ™11, T12 *ﬂ T44 jﬂ%ﬁtﬂgﬁﬂ%iﬁ

M (3) Rt FAF S ZWRE T 1 PR 58, AR
A (8), (9) A1 (10) AT B IR FE S R R HOC R
i 2k.

2.2 BABLXHERERE

2 0 I 5 22 DONTER R PP AP X 52 391 8 0 18 R
s R PR XA s TS 7 ) 0, 25 ORI 28 U BE AT
w2 R A, TN R R AR L, R
A T T A X IR S LA

B Vg, A2 & A 1 e, Vi A1 VR 20 55 9 57
Je AN 5 22 X E A4 s, U0 A A s Ve (3R

i3ty 10
Vo = Vap + V1 + WR. (11)

TEAML Vo AR T 35 22 X 3R S LI g 3R
i 117
J o k‘oT % qu
d =4qp 2Tcm; exp | — m
1% Vi
oo (5) —ew (BF)) 02
A, Vi, A2 HE, ms N R .

N T AR A TR AR ELAE R, K (12) Ui
TR P 2 1% 3P A 285 B BOIR S T E A U &,

HAnA R o T P, W S ORI
BE Jq RIEXA

J kol %e aWb
g X —_
d1 = gp1 2memy p koT
w exp (DL _exp (IR
P kT P kT
koT \? i
p— A D —
i () (- 15)
X | exp Ly exp i
koT koT
= (p10 + Ap1)(Jaro + AJa1),
J koT %e aWy
- «p [ — Lk
dio = ¢ oy p kT
qVL, qVr
X [exp <k0T> exp (k:OT)]’ (14)
g LAY A1), (T
2\ mq mi 27
aW
X exp ( k‘OT>
qVL qVr
X [exp <k0T> exp <k0T>]’ (15)
A, pro NN T B TORE, Apy A NI
B IORESR R, Ja0 NARX TN 1t —ANEH
2RISR, Adqn N2 IXH N I —
AN 23RO S HE A P U
[FIEE, A PLRASE 25 7R S IR T T 40.

EH BR8I35 22 X HLBH %6 pg IR IE K
3 3]

W

- . 1
Pd 2wy (16)
mm AR X K R B g N
o Apg  AJyg
1T “Xpa X4

_ Ap1Jaio + p1AJar + Apadaso + p2Adgs 1
p1(Ja10) + p2(Jaz0)

<
(17)
o, Ape NAE R TIHE 2 O B E & Jaa0 N
TC LTI, — AN 2 IR T R B, Adas WA
I T — AN B2 3 AR B FL I R U
K AL A P XAH [F) 7 9245 21 s 5 35 22 [X Ok
fii e BH R 2 a1, maie M maqs BIRIE AN

Ev - EF
i\ kT

247201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 247201

x 107 Pa~1, (18)
r E,— E
1 F—%( T F>
T2 = |1.151 x = 0 —3.201
F Ev - EF
I I\ kT
x 107 Pa~t, (19)
F_l Ev - EF
1 2 IC()T
Taaa = |19.947 x — +40.520
2 P E, — Ep
I i\ kT
x 107 Pa~t. (20)

2.3 FhEEEEERRY

TS A P RE T A ELAE, AU R E
[F 2.2, NAMERTT, REHY B8 AE 2% 7K FE 5 5T
GG, I HHL T 5T R SR A 7S R R IR R
A, UG BRI R B s P — A X B T H R A
& Jso 739

koT \ % exp(—bo)
Js = V,
g qp(znm,-> (1 — cokoT) 018"
= pJ507 (21)
1
koT \? exp(—bg)
= V. 22
J(SO q<2nmz> (1 — CokoT) coq &b ( )
4o 1 1
bo = == (2ma)* (a0 — aVA)*, (23)
2710 1 _1
Co = T(2mi)2 (g0 — qWb) "2, (24)

Kb, ¢ e fRiIL A 2

SE B b Js A H A T AN R BE A R A
2RI R, A ORVE 22 X RE AT A B2 T8 HRL O
FETr A s AN Jos 2275, U TE s B 2R B s 1O 3R

~ Aps A
e ~Xps  XJs
1 ApiJsio + prAJsi + Apadsag + p2Adsy
X p1ds10 + p2Js20 ’

(25)

A, ps NERRLIA R X R, Js10 F1 Ts00 N m AL
1 5 X TG BE 77 i) — AN B 23 ORI A 2 O B% T HAL L 2%
B, Adsy Kl Adso A NI —ANE 25 R 25 X
B T PR P U B

K F AL A PR XA [ 7R T B 9215 i b i 5t
[X 20 g IE St H B S B R B 7511, ms10 A msaa N

511 = T41{001]

E,—E
1 F—%< R F)
= |-104 - 0 22.861
095><2F BB T 86
S\ kT
x 1071 Pa™!, (26)
512 = T51[001]
I E,—E
1 F—1< kT F>
J— J— 2 O —
= |525x 5 BB 11.431
I s\ koT
x 1071 Pa™, (27)
F,l EV - EF
1 2 koT
Tsas = |115.522 x — +24.144
2 o (B~ Br
I s\ koT
x 1071 Pa~! (28)

24 BEAEANEERY

2RI B A A TR SR S N B 22
DX S [RIAE) RSP X 3. 3 I BRSO S H
LRI S5 R4 R L B ) . 2 ot 71 T P 2R
my HIFRIE A 1)
V. V.
T = ( - ﬁ)ﬂd—l— Vi(;bﬂ(s
- NA(S NA(S
- < A NA(S)“ TN A (29
T, Ny RIBIIREE, N, A2 dihiid i b 2 B
Z AR AE LI AR R T R g 1)
R R
Gp:1+2u+ng7rg+ ( —Rg>Y7rb

2w + 0
— 142+ Kl— W >pg}y7rg
L Pp

O

A, Y OB RIS R iR IREEPER B, o s s Ay
HIARALE, pg Ty B REHIHAR, p, 2 did s BH .

3 #R5T#
3.1 Z@mEMAERNTET

% i feE 75 DR -0 3 Ol R R R A%
JEBR R g i 19,2020 R SOR A B vk (1L R
P 2 S REGOR AL R BRI L = 30 nm,
% SRRV IR I ORLI ) B AIRAS . RO A

247201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 247201

PARTEE 0 = 1 nm, qé — qVp = 0.66 eV, i A
N, = 10" em 2 ] BUAMA L v = 0.062 714
OB PR Y = 1.69 x 101 Pa, X} T 80 nm JE ]
Z e fE PRI, 25 =R 2 iR p, 5
BIARIRFE 2 200 1)

pp = 15.65¢ L7107 Na 10014 (- cm). (31)

AR A p 7Y B T R BE R 5 95 A R R SR AR
2R 201 o SR R R SRR L BE R p 5 B R IKEE
KEN

pg = 6.8741 x 10"°N " +2 x 107 (Q - cm).

(32)

F TR /N T 100 rum 14 25 5 ek v 11 5 o

I S BEAL A AR, O 1l RS 1) R BEL R 250 127)

19 41
m = 60 T4 + T12 + Tgml )
1
Tt :—E(W44—117T12—7T11). (33)

W dfok v X R A 5 X B R BN
(33) 15 2 4 1) A ) R P R 2, 5 (31) AN
(32) K — RN (30) KA, IR 2 5 ik 40 oK 8 L
O\ e AR ) AR R 55 4Rk o R X, RS
REE R, w2 fror. RAR R 755 WA
B 15 22 /N T AR [R5 20 B R 1 Ak 25 s 1 e K
R /N 1/2, B, R 5 548 51— 2ok
LIy S

60
50
40t e e
30} . = " T
K 201 ENE R SR
B ojo o B TR
B ol 7 ) A P -1 L
—10} _
_20} .‘.~0_0_‘——o_.__
—30 " "
1018 1019 1020 1021

BRIKE /cm—3
2 ZAnTEPUREIR AR K T 55 20 BE R R IK LA
SR b
Fig. 2. Comparion of calculated results with experi-
mental values of the polysilicon nanofilm gauge factors

as a function of doping concentration.

3.2 EZBRZREERNTETF

KA ZE R EA I 2 RN AR R T S
B AR E I R il 28, IF 5 French 1 Evans 81 ]

WAL, Kb SRE L = 135 nm, 7 8EJE
FE0.4 pm, @R X B g (311) @ (111) -
(110) = 49 : 31 : 2028 HAh 45 Fik £ FtEgh
K JHEFIEEAH ). 230 22 ek Y B P LR 5 9K O R
34y [28]

pp = 3055~ 116X107"Na 4 0 085 (0 cm). (34)

K5 2 SEEGURE AR 7 ik, RS a2
sy e VAR 1) 2 i) AR [ 2 A2 [R5 5 48 2 IR B SR &
X, I 2 SR T AR PR ) T AR B S
R EEn B 3 Fros. MG R BLE H — Bk R 4
NP RN e EA G

50
40 | L. |
a0l ’./4\\

v 20f

o Y] RARER T R R

Z 10f - BT A T

B RS -0

— R AR F A
—10}
------------------------ A
—20}
—30 g 107 107 102!

BRIRE /cm—3
K3 il SRS AR N T S B AR B R R T
LA LA
Fig. 3. Comparison of calculated values with experi-

mental values of the common polysilicon films gauge

factors as a function of doping concentration.

4 % #

BT 2 fi R R R BHAR A, SRR /TR p
PR B e 1) 0 et R L S B A ) s B AR AL B,
SEth 7 p A2 R R P AR R IR
T FEA S S AR H oy, oo Mgy RIS, AT T
LA I SR A 3 LR A8 ot e 27 11 25 i ek s B 28 £
ST p A 20 ek R PR 1) AN 1) AR R
Hieai

ARG T p L 2 T 0 oK TR 2
EEVEIRE N AR 7 5 B0k B R ih 2k, 5 080
XL, TS A R SRRy, RWIASSCR
(¥ [ BH 28 B SER & B RS 1 p B 2 S RE AN K
IR LG 388 22 o VB R LA 1

247201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 247201

S0k

(1]

2]

Niu D F, Wen W P, Ma L Z 1994 Inst. Tech. Sens. 6 13
(in Chinese) [, F ¥, B2 1004 EHA 5
& 6 13]

Zhang W X, Mao G R, Yao SY, Qu H W 1996 J. Tian-
jin Univ. 29 466 (in Chinese) [K4EHT, ¥, P& i,
HhZE 6 1996 KR4 29 466]

Mao G R, Yao SY, Qu H W, Li Y S 1997 J. Tianjin
Univ. 30 767 (in Chinese) [B#i, ghR e, Mz fh, 2k
A 1997 REER¥2#4) 30 767

Zao X F, Wen D Z 2008 Chin. J. Semicond. 29 45 (in
Chinese) [BXBE8E, TBUL 2008 - SRR 29 45)

Zhang D Z, Hu G Q, Chen C W 2009 Inst. Tech. Sens.
11 55 (in Chinese) [BKAZ, MIEE, R Eh 2009 (X EH
REHEES 11 55

Wang J, Chuai R'Y, Yang L J, Dai Q 2015 Sens. Actu-
ators A: Phys. 228 75

Chuai R'Y, Wang J, Yi C, Dai Q, Yang L. J 2015 IEEE
Sens. J. 15 1414

Wu Z Z, Ahn C H 2017 19th International Conference
on Solid-State Sensors, Actuators and Microsystems
(TRANSDUCERS) Kaohsiung Taiwan, China, June
1822, 2017 p256

Smith C S 1954 Phys. Rev. 94 42

Erskine J C 1983 IEEFE Trans. Magn. 30 796

French P J, Evens A G R 1984 FElectron. Lett. 20 999
Schubert D, Jenschke W, Uhlig T, Schmidt F M 1987
Sens. Actuators A: Phys. 11 145

Gridchin V A, Lubimsky V M, Sarina M P 1995 Sens.
Actuators A: Phys. 49 67

French P J, Evens A G R 1985 Sens. Actuators A: Phys.
8 219

Chuai R Y 2007 Ph. D. Dissertation (Harbin: Harbin
Institute Technology) (in Chinese) [fifis# 2007 1%
PLVESC (MR W IR Tl K %)

Suzuki K, Hasegawa H, Kanda Y 1984 Jpn. J. Appl.
Phys. 23 L871

Kleimann P, Semmache B, Le Berre M, Barbier D 1998
Phys. Rev. B 57 8966

(18]

20]

21]

23]

24]

[26]

27)

(28]

247201-6

Chuai R Y, Wang J, Wu M L, Liu X W, Jin X S, Yang
L J 2012 Chin. J. Semicond. 33 092003 (in Chinese) [#i
Hon, T, RIER, XN, Hibeiy, HEEL 2012 ik
4R 33 092003]

Chuai R 'Y, Liu X W, Huo M X, Song M H, Wang X L,
Pan HY 2006 Chin. J. Semicond. 27 1230 (in Chinese)
[HisRa, XUy, A, R, Tk, WS 2006 F
SRR 27 1230]

Chuai R Y, Liu B, Liu X W 2010 Chin. J. Semicond.
31 032002 (in Chinese) [fiizes, XK, XHey 2010 F 5
AR 31 032002]

Pikus G E, Bir G L 1974 Symmetry and Strain-Induced
Effects in Semiconductors (New York: John Wiley &
Son, Inc.) pp110-150

Ma J L, Zhang H M, Song J J, Wang G Y, Wang X Y
2011 Acta Phys. Sin. 60 027101 (in Chinese) [S# 7, 7K
g REZE TS, TR 2011 Y#%4Rk 60 027101]
Toriyama T, Sugiyama S 2002 J. Microelectromech. S.
11 598

Hong Y P, Liang T, Ge B E, Wang W, Zheng T L, Li
S N, Xiong J J 2014 Chin. J. Semicond. 35 054009 (in
Chinese) [HRT, BEE, BUkJL, T, MEW, =365, &
HZE 2014 - FHAEEHR 35 054009]

Li S N, Liang T, Wang W, Hong Y P, Zheng T L, Xiong
J J 2015 Chin. J. Semicond. 36 014014 (in Chinese) [4%
FEH, BERE, T, WEROF, KBEERN, RE4RZE 2015 k%%
R 36 014014]

Warner R M, Grung B L (translated by Lii C Z, Feng S
W, Zhang W R) 2005 Semiconductor-Device Electron-
ics (Beijing: Publishing House of Electronics Industry)
pl41 (in Chinese) [RIR M, #% =B L % (K&, B+
4, KT BF) 2005 PSSR (A BT Tk
JEAL) 58 141 1)

Shun Y C, Liu Y L, Meng Q H 2000 Design and Manu-
facture of Pressure Sensor and its Application (Beijing:
Metallurgical Industry Press) p62 (in Chinese) [#hEL#f,
X EWe, FPHE 2000 He /ot g it vt ilie 5 R (bt
e Tl iR aL) 5 62 5]

French P J, Evans A G R 1989 Solid-State Electron. 32
1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9495&filename=YBJS199406003&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTYyNzk4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZVplWnVGeTNnVzdySVBDL0JmYkt4RjlYTXFZOUZaNFI=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9697&filename=TJDX603.025&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTg1NTRvcUY1NE9mZ2c1emhBVTRqaDRPWDZUckgwM2ViT1RSTGlmWnVkckZTSG1WZz09TVNmUGRyVzRIYy9Nclk=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9697&filename=TJDX603.025&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTg1NTRvcUY1NE9mZ2c1emhBVTRqaDRPWDZUckgwM2ViT1RSTGlmWnVkckZTSG1WZz09TVNmUGRyVzRIYy9Nclk=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9697&filename=TJDX706.013&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTY0MTkzZWJPVFJMaWZadWRyRXk3blVnPT1NU2ZQZHJTNEdNL01yb3dxRjU0T2ZnZzV6aEFVNGpoNE9YNlRySDA=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9697&filename=TJDX706.013&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MTY0MTkzZWJPVFJMaWZadWRyRXk3blVnPT1NU2ZQZHJTNEdNL01yb3dxRjU0T2ZnZzV6aEFVNGpoNE9YNlRySDA=
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=07052102&flag=1
http://d.wanfangdata.com.cn/Periodical_ybjsycgq200911019.aspx
http://d.wanfangdata.com.cn/Periodical_ybjsycgq200911019.aspx
http://dx.doi.org/10.1016/j.sna.2015.03.008
http://dx.doi.org/10.1016/j.sna.2015.03.008
http://dx.doi.org/10.1109/JSEN.2014.2363481
http://dx.doi.org/10.1109/JSEN.2014.2363481
http://ieeexplore.ieee.org/document/7994226/
http://ieeexplore.ieee.org/document/7994226/
http://ieeexplore.ieee.org/document/7994226/
http://ieeexplore.ieee.org/document/7994226/
http://dx.doi.org/10.1103/PhysRev.94.42
http://dx.doi.org/10.1109/T-ED.1983.21212
http://dx.doi.org/10.1049/el:19840680
http://dx.doi.org/10.1016/0250-6874(87)80013-6
http://dx.doi.org/10.1016/0250-6874(87)80013-6
http://dx.doi.org/10.1016/0924-4247(95)01013-Q
http://dx.doi.org/10.1016/0924-4247(95)01013-Q
https://www.sciencedirect.com/science/article/pii/0250687485850046
https://www.sciencedirect.com/science/article/pii/0250687485850046
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFD9908&filename=2008194722.nh&uid=WEEvREcwSlJHSldRa1Fhb09jMjVzMytCWUJ4R3daZU9RNzBVZlFSV0tnMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MDA4MDBlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTDJlWmVadUZ5emdWcjNCVjEyN0ZyS3hHdGJPclpFYlBJUjg=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFD9908&filename=2008194722.nh&uid=WEEvREcwSlJHSldRa1Fhb09jMjVzMytCWUJ4R3daZU9RNzBVZlFSV0tnMD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MDA4MDBlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTDJlWmVadUZ5emdWcjNCVjEyN0ZyS3hHdGJPclpFYlBJUjg=
http://dx.doi.org/10.1143/JJAP.23.L871
http://dx.doi.org/10.1143/JJAP.23.L871
http://dx.doi.org/10.1103/PhysRevB.57.8966
http://dx.doi.org/10.1103/PhysRevB.57.8966
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=12021801&flag=1
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=20060715&flag=1
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=09073002&flag=1
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=09073002&flag=1
http://wulixb.iphy.ac.cn/CN/abstract/abstract18025.shtml
http://dx.doi.org/10.1109/JMEMS.2002.802904
http://dx.doi.org/10.1109/JMEMS.2002.802904
http://www.jos.ac.cn/bdtxbcn/ch/reader/view_abstract.aspx?file_no=13092601&flag=1
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFDLAST2015&filename=BDTX201501024&uid=WEEvREcwSlJHSldRa1FhdXNXYXFuU2lQdi9tZTIreFMyZWlpTHpxcngrQT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4ggI8Fm4gTkoUKaID8j8gFw!!&v=MjY1NDIxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZVplWnVGeXpsV3I3Skp5bmZkckc0SDlUTXJvOUhZSVI4ZVg=
http://dx.doi.org/10.1016/0038-1101(89)90041-5
http://dx.doi.org/10.1016/0038-1101(89)90041-5

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 24 (2017) 247201

Theoretical relationship between p-type polysilicon thin
film gauge factor and doping concentration”

Wang Jian"" Chuai Rong-Yan?

1) (School of Information and Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)
2) (School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

( Received 7 August 2017; revised manuscript received 1 September 2017 )

Abstract

The polysilicon thin film piezoresistors are widely used in semiconductor pressure sensors. The polysilicon thin film
has good piezoresistance properties, which are determined by the grain structure and doping concentration. The gauge
factor of the polysilicon thin film is usually modified according to the relationship between gauge factor and doping
concentration. The polysilicon thin films are classified into common polysilicon thin films and polysilicon nanofilms ac-
cording to their thickness. The common polysilicon thin film thickness is more than 0.3 pm, which has good temperature
characteristic, but its piezoresistance coefficient is small. However, the polysilicon nanofilm thickness is less than 0.1 pm,
which has good temperature characteristic and high piezoresistance coefficient. The existing piezoresistance theory of the
common polysilicon thin film cannot explain reasonably the experimental result of polysilicon nanofilm piezoresistance.
Therefore, the tunneling piezoresistance model and an algorithm for the p-type polysilicon nanofilm piezoresistance coef-
ficient were established in 2006. However, this algorithm presents an incomplete fundamental piezoresistance coefficient.
In order to improve the polysilicon thin film piezoresistance theory, based on the tunneling piezoresistance model and
the mechanism of silicon and the valence band hole conductivity mass with the change of stress, a novel algorithm for the
piezoresistance coefficient of the p-type polysilicon thin film is presented. The theoretical formulas for three fundamental
piezoresistance coefficients 711, w12 and w44 of the grain neutral and grain boundary regions, are presented respectively.
With these formulas for the coefficients, the longitudinal and transverse piezoresistance coefficients for arbitrary crystal
direction texture polysilicon can be obtained. According to the structure characteristics, the gauge factors of the p-type
polysilicon nanofilm and the common polysilicon thin film are calculated, and then the longitudinal and transverse gauge
factors are plotted each as a function of doping concentration, which are compared with the experimental results. Ac-
cording to the experimental results of the polysilicon nanofilm, the grain size is L = 30 nm, the grain crystal directions
are randomly distributed. The trap density in grain boundary region is Ny = 10*® em™2, the Young’s modulus of elastic
diaphragm is Y = 1.69 x 10*! Pa, the Poisson ratio of elastic diaphragm is v = 0.062, the grain boundary width is
6 = 1 nm, and the thickness is 80 nm. The comparison indicates that the gauge factor average error between calculation
and experiment is 0.5 times less than the average experimental difference between the maximum and the minimum for
each doping concentration. For the common polysilicon thin film, according to the experimental results, its grain size L
is 135 nm, thickness is 400 nm, the orientations of crystal grain neutral region are [311], [111] and [110] in the ratio of
49 : 31 : 20, i.e., (311) : (111) : (110) = 49 : 31 : 20, and the gauge factor calculated result is also good agreement with
the experimental result. Therefore, the proposed algorithm is comprehensive and accurate, which is applicable to the

p-type common polysilicon film and the polysilicon nanofilm.
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