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1　Introduction

The bul k mobilit y of 4 H2Si C is app roxi mately

two times highe r t ha n t hat of 6 H2Si C. Theref ore ,

t he 4 H2Si C MOS F E T is a p romisi ng ca ndidate f or

high2p ower devices wit h high sp eed a nd low loss .

However , t he rep orte d c ha n nel mobilit y of 4 H2
Si C surf ace c ha n nel MOS F E Ts is ext re mely

low [ 1 ,2 ] , wit h a typ ical value of 5～40cm2 / (V ·s) .

I t is believed t hat t he c ha nnel mobilit y [ 3 ] is low2
e red by t he high de nsit y t raps at 21 9eV a bove t he

vale nce ba nd e dge at t he SiO 2 / 4 H2Si C inte rf ace .

Rece ntly , 4 H2Si C MOS F E Ts f a brica ted on ot he r

crystal f aces have de monst ra ted highe r mobili2
t y [ 4 ] , but f ew i mp rove me nts have bee n ma de on

com me rcial Si f aces . It has bee n rep orted t hat oxi2
dation i n N 2 O or NO ca n i mp rove mobilit y notice2
a bly [ 5 ] , but t he p rocess has not bee n ref i ne d a nd

needs t o be f urt he r studie d .

O ne p ossible way t o raise t he c ha n nel mobili2
t y is t o keep t he t ra nsp orted elect rons away f rom

t he SiO 2 / 4 H2Si C i nte rf ace . Some resea rc h groups

have rep orted t hat a burie d cha nnel (B C) st ruc2
t ure ca n i mp rove t he cha nnel mobility in 4 H2SiC

MOS F E Ts [ 6～8 ] . A n ef f ective mobilit y i n a 4 H2SiC

B C2MOS F E T of 230c m2 / ( V ·s) was rep orte d [ 9 ] .

This result s hows t hat t his B C2MOS F E T st ruct ure

has i mp orta nt p ote ntial i n high sp ee d ci rcuits .

We have f ound [ 10 ] t hat i nte rf ace states a nd

se ries resist a nces still inf lue nce t he t ra nsconduct2
a nce a nd cha nnel conducta nce of t he device a nd

t he ref ore af f ect t he f ield2ef f ect mobilit y a nd ef2
f ective mobilit y . A se ries resist a nce decreases t he

voltage across t he cha nnel a nd ma kes t he meas2
ured cha nnel conducta nce smalle r t ha n act ual val2
ue . L a rge de nsities of i nte rf ace sta tes wit hi n t he

ba ndgap p ossibly aff ect t he obse rved drai n cur2
re nt a nd t ra nsconducta nce because i nte rf ace states

cap t ure ca r rie rs a nd c ha nge t he mobile ca r rie r

de nsit y. At p rese nt , t he ef f ects me ntione d a bove

have not bee n rep orte d .

In t his p ap e r , t he ef f ects of i nte rf ace states

a nd se ries resist a nce on ef f ective mobilit y a nd

f ield2ef f ect mobility a re st udied qua ntita tively.

Seve ral a nalytical models a re deduce d t o describe

t he ef f ects . The dep e nde nce of p ea k f ield2ef f ect

mobilit y on se ries resist a nce a nd i nte rf ace states is

obtai ne d. M ri nal et al . [ 11 ] p oi nte d out t hat t he in2
te rf ace state de nsity i ncreases rap idly wit h e ne rgy

nea r t he ba nd e dges . So t he ef f ect of non2unif or m

i nte rf ace sta te dist ribution on f ield2ef f ect mobilit y

is also discussed i n t his p ap e r .
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2 　Device fabrication and main pa2
rameters

　　The detailed f a brication p rocesses of Si C B C2
MOS F E Ts a re describe d i n Ref . [ 8 ] . The mai n p a2
ra mete rs of a 4 H2Si C B C2MOS F ET a re listed i n

Ta ble 1 , i n w hic h d is t he t hick ness of t he oxide

laye r , N
+
D t he cha nnel ca r rie r conce nt ration , V FB

t he f la t ba nd voltage , a nd x i t he impla nted c ha n2
nel dep t h . They a re ext racted f rom C2V measure2
me nts . Qsc is t he i nte rf ace ef f ective cha rge de nsit y

obtai ned f rom t he rela tion Qsc = - Cox (V FB -

<ms ) / q , Q ds is t he de nsit y of deep level t raps in t he

Si C/ SiO 2 i nte rf ace esti mate d by t he voltage shif t

i n f orwa rd2 a nd reve rse2 sca nned C2V curves . The

t h res hold voltage of MOS F E Ts is dete r mi ne d by

ext rap ola ti ng t he p oi nt of maxi mum slop e on t he

ID～ V G curve t o t he gate2voltage axis . A sp ecif ic

contact resist a nce of 51 5 ×10 - 4Ω ·c m - 2 is ob2
t ai ned by t he measure me nt wit h t he t ra nsf e r

le ngt h met hod.

Table 1　4 H2SiC B C2MOSF ET p arameters

NA / cm - 3 N +
D / cm - 3 W/ L

d

/ nm

V T

/ V

xi

/μm

V FB

/ V

Qsc

/ cm - 2

Qds

/ cm - 2

2. 3×1016 7. 64×1016 100/ 3 44 2. 29 0. 19 5. 7 - 2. 7×1012 1. 2×1011

3　Extraction of effective mobil ity and
f ield2effect mobil ity

　　The Si C surf ace ca n be in t he dep letion , accu2
mulation , a nd f lat ba nd states at dif f e re nt gate bia2
ses . Dif f e re nt surf ace states allow t he B C MOS2
F ETs t o op e ra te i n seve ral modes :surf ace c ha nnel

mode , buried2cha nnel mode , a nd surf ace2buried

cha nnel mixed mode . The a nalytical exp ression of

t he drai n cur re nt is dif f e re nt i n each op erational

mode . The surf ace/ burie d c ha nnel mixe d mode

ca n be ignore d if t he drai n voltage is ve ry s mall ,

a nd t he drai n cur re nt i n t he li nea r region f or a

B C2MOS F E T ca n be describe d by

ID = -
W
L

qμn Qch VD (1)

w here W a nd L a re t he cha nnel widt h a nd

le ngt h ,μn is t he ave rage mobility in t he cha nnel ,

a nd Qch is t he elect ron de nsit y p e r unit a rea in t he

cha nnel ,w hic h i ncludes t he i mpla nte d c ha rge Q I ,

t he c ha rge QS i n t he surf ace dep letion/ accumula2

t ion region , a nd t he dep letion laye r c ha rge QB of

t he p n junction

Qch = Q I + QS + QB = -
1
q qN

+
D xi +
　

C ( V G - V
3
FB ) -

2εsε0 qN
-
A N

+
D

N
-
A + N

+
D

( Vbi - VBS ) 1/ 2

(2)

He re xi is t he c ha nnel dep t h , N
+
D a nd N

-
A a re t he

ionize d donor a nd accep t or de nsities resp ectively ,

V bi is t he built2i n p ote ntial of t he c ha n nel2sub2
st ra te junction , a nd VBS is t he subst ra te/ source bi2
as . V

3
FB is a f unction of t he surf ace p ote ntial VS if

i nte rf ace sta te cha rge ca n not be neglected .

V
3
FB = V FB -

qQ it ( VS )
Cox

+
qQ it ( VS = 0)

Cox
(3)

He re Q it ( VS ) is t he cha rge d i nte rf ace sta te de nsi2
t y w hich va ries wit h surf ace p ote ntial . Qit (V S) =

- qD it (V S + <B ) if t he i nte rf ace states a re dist ribu2
ted unif or mly i n t he f orbidde n ba nd. Equation (3)

ca n be rew rit te n as

V
3
FB = V FB +

q2 D it VS

Cox
(4)

　　V
3
FB equals t he f lat ba nd voltage V FB if t he in2

te rf ace state de nsit y is ve ry s mall . C is t he ave rage

cap acit a nce . W he n V GS - V FB > 0 , t he surf ace is i n

comp lete surf ace accumulation , t he device op e r2
ates i n t he surf ace c ha nnel mode , a nd C≈ Cox . A t

a gate bias of V GS - V FB < 0 , t he surf ace is i n com2
p lete surf ace dep letion a nd t he device op e rates i n

burie d c ha nnel mode . I n t his case , C ha rdly va ries

wit h drai n voltage i n li nea r region , a nd t he ave r2
age cap acita nce ca n be calculate d by

C =
Cox

1 -
2 C2

ox ( V G - V
3
FB )

qεsε0 N
+
D

1/ 2
(5)

　　Accordi ng t o Eq. ( 1) , t he ef f ective mobilit y

a nd f ield2ef f ect mobilit y ca n be ext racted by

μeff =
gD

-
W
L

qQch

(6)

μFE =
gm

W
L

CVD

(7)

w here gD is t he cha nnel conducta nce , a nd gm is t he

t ra nsconducta nce .

4 　Effect of interface states and S/ D
series resistance

　　For Si C devices , t he i nf lue nce of i nte rf ace
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states a nd source2drai n se ries resist a nce usually

ca nnot be neglected . It is believe d t hat t he nega2
t ive inte rf ace eff ective cha rge wit h a de nsit y of a2
bout - 21 7 ×1012 cm - 2 show n i n Ta ble 1 is dete r2
mi ned by t he i nte rf ace sta tes t ha t cap t ure elec2
t rons . C a nd V

3
FB in Eq . (2) a re rela ted t o t he i n2

te rf ace sta tes , a nd t he existe nce of t he source2
drai n se ries resist a nce RSD ma kes t he voltage

ac ross t he cha nnel smalle r t ha n t he drai n bias . I n

p ractice , howeve r , t he measured mobilit y is i n2
cludes t he ef f ects of t he i nte rf ace states a nd RSD .

Assume Q
0
ch t o be t he c ha n nel elect ron de nsit y

wit hout t he ef f ect of i nte rf ace sta tes . The nμ0
eff (or

μ0
FE ) ref e rs t o t he i nt ri nsic ef f ective ( or f ield2

ef f ect) mobilit y wit hout ta ki ng i nt o account t he

ef f ects of t he i nte rf ace sta tes a nd se ries resist2
a nce . Equation (1) ca n be rew rit te n as

ID =
W
L

qμeff VD Q0
ch =

W
L

qμ0
eff ( VD - ID RSD ) Qch

(8)

The ef f ective cha nnel conducta nce is t hus ex2
p ressed by

gD =
W
L

qμeff Q
0
ch =

g
0
D

1 + RSD g
0
D

(9)

w here t he i nt ri nsic c ha n nel conducta nce g
0
D is giv2

e n by

g
0
D =

W
L

qμ0
eff Qch (10)

L et gD = 5 gD / 5 V G

gG =
g

0
G

(1 + RSD g
0
D ) 2 (11)

w here g
0
G = 5 g

0
D / 5V G . From Eqs . (9～11)

μeff =
Qch

Q
0
ch

×
μ0

eff

1 + RSD g
0
D

(12)

μFE =
μ0

FE

(1 + RSD g
0
D ) 2

(13)

Diff e re ntiati ng Eq . (13) , t he f ollowi ng exp ression

is obtained :

5μFE

5 V G
=

1
(1 + RSD g

0
D ) 2 ×

5μ0
FE

5 V G
-

2 RSD (μ0
FE ) 2

(1 + RSD g
0
D ) 3

(14)

　　We def i ne V
0
G , max as t he gate bias at w hich t he

i nt ri nsic f ield2ef f ect mobilit yμ0
FE is maxi mum ,a nd

V G , max is a t t he maxi mum of μFE . So 5μ0
FE / 5 V G = 0

at V G = V
0
G , max . From Eq. (14)

5μFE

5 V G V
0
G , max

= -
2 RSD (μ0

max ) 2

(1 + RSD g
0
D ( V

0
G , max ) ) 3

(15)

It ca n be see n f rom Eqs . (13) a nd (15) t hatμFE <

μ0
FE a nd 5μFE / 5 V G < 0 at V G = V

0
G , max , w hic h mea ns

t he existe nce of RSD not only decreases t he f ield2
eff ect mobility but also cha nges t he gate voltage

cor resp ondi ng t o p ea k f ield2eff ect mobilit y. We

conclude f romμFE <μ0
FE t ha t V

0
G , max > V G , max .

The eff ects of se ries resist a nce a nd i nte rf ace

states on ef f ective mobilit y μeff ca n be a nalyzed

wit h Eq . (12) . But Equation (13) is only used t o

a nalyze t he ef f ect of se ries resist a nce on f ield2
eff ect mobilit yμFE . L et g

0
m be t he int ri nsic t ra ns2

conducta nce wit hout ta king int o account t he

eff ect of i nte rf ace states

gm = g
0
m 1 -

Cit

Cox + Cs + Cit
(16)

μFE =
μ0

FE 1 -
Cit

Cox + Cs + Cit

(1 + RSD g
0
D ) 2 ×C 3

C
(17)

w here Cs is t he cap acit a nce of surf ace dep letion

laye r , Cit = - 5 Q it / 5 VS is t a ke n as t he i nte rf ace

state cap acit a nce ( Cit = q2 D it ) , a nd C 3 a nd C a re

t he ave rage cap acit a nce wit h a nd wit hout t he

eff ect of t he i nte rf ace state cap acit a nce , resp ec2
t ively.

5　Results and discussion

5. 1　Effect of average capacitance

Chung et al . rep laced C wit h Cox t o ext ract

t he f ield2eff ect mobilit y [ 6 ] :

μFE =
gm

W
L

Cox VD

(18)

This si mplif ication is suita ble i n t he surf ace c ha n2
nel mode , but a n e r ror occurs i n t he buried2c ha n2
nel mode . Figure 1 s hows t he ext raction results of

t he f ield2eff ect mobilit y wit h Eqs . (7) a nd (18) .

The f ield2eff ect mobilit y a t V G < V FB is unde resti2
mated if C = Cox . From exp e rime nt data , t he p ea k

f ield2ef f ect mobilities a re 41 a nd 241 3cm2 / ( V ·s)

resp ectively. W he n V G < V FB , t he device op e rates

i n t he burie d2cha nnel mode , a nd t he act ual gate

cap acit a nce should be smalle r t ha n t he oxide ca2
p acit a nce Cox . W he n V G > V FB , t he device op e r2
ates in surf ace2cha nnel mode . In t his case , t he sur2
f ace of t he se miconduct or is i n accumulation , so

t hat C = Cox , a nd t he tw o curves matc h well .

5. 2　Effective mobility

The measure d s heet resist a nce of t he source/

582
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Fig. 1 　Eff ect of average cap acitance on f ield2eff ect

mobility

drai n region is a bout 41 5kΩ/ □a nd t he source (or

drai n) se ries resist a nce calculate d accordi ng t o t he

designed size of 16μm ×100μm is a bout 01 72kΩ.

The ref ore t he t otal source/ drai n se ries resist a nce

RSD is 11 44kΩ. The exp ression f or i nt ri nsic ef f ec2
t ive mobilit y is obtai ned f rom Eq. (12) .

μ0
eff =

Q
0
ch

Qch
×
μeff

1 - RSD gD
(19)

　　I n our calcula tion , t he i nte rf ace state de nsit y

is obtained t o e nsure t hat V
3
FB = V

3
FB ( V G = V T ) a t

t he t h reshold voltage . In our sa mples , V
3
FB ( V G =

V T ) is a bout 41 33V , a nd D it = 11 16 ×1012 cm - 2 ·
eV - 1 . The i nte rf ace sta te cha rge de nsit y Q it de2
p e nds on t he be ndi ng of t he surf ace ba nd qVS ,

a nd t he rela tion betwee n V
3
FB ( or C) a nd VS ca n

be dete rmi ned only by solving Poisson’s equation

numerically.

Figure 2 s hows t he ef f ective mobilit y ve rsus

gate bias at a ve ry small drai n voltage . The p a2
ra mete rs used i n calcula tion a re listed in t he inset .

The ef f ective mobilit yμeff ca n be ext racted easily

wit h Eq . (6) . The n t he i nt ri nsic ef f ective mobilit y
μ0

eff ca n be calculate d f rom Eq. ( 19 ) .μ1
eff a ndμ2

eff

exp ress t he ef f ective mobilit y i n te r ms of dif f e r2
e nt i nte rf ace states a nd t he se ries resista nce re2
f e r red t oμ0

eff . A t V G = 4V ,μeff is a bout 38cm2 / ( V

·s ) a nd t he int ri nsic ef f ective mobilit y μ0
eff ca n

reac h 77cm2 / (V ·s) . Also it ca n be see n i n Fig. 2

t hat t he i nte rf ace sta te a nd se ries resist a nce bot h

decrease ef f ective2mobilit y noticea bly a t a lowe r

gate voltage . The eff ect of t he se ries resist a nce be2
comes more obvious at a highe r gate voltage be2
cause t he drai n cur re nt i nc reases greatly wit h t he

gate voltage , a nd t he voltage dropp e d ac ross t he

se ries resista nce becomes more se rious , so RSD is

Fig. 2　Dep endence of eff ective mobility on gate volt2
age

t he one of mai n f act ors t hat decreases mobilit y a t

a la rge r ga te voltage .

5. 3　Field2effect mobil ity

The f ield2ef f ect mobilit y ext racte d directly

f rom exp eri me ntal t ra nsconducta nce is show n i n

Fig. 1 ( black squa re ) . The i nt ri nsic f ield2ef f ect

mobilit y ca n be calcula te d f rom Eq. (20)

μ0
FE =
μFE (1 + RSD g

0
D ) 2

1 -
Cit

Cox + Cs + Cit

× C
C 3 (20)

　　To t he second2orde r , Eq . (13) ta kes t he f ol2
lowi ng f orm :
μmax = μ0

max [ 1 - 2 RSD g0
d ( V0

G , max ) + 3 ( RSD g0
d ( V0

G , max ) ) 2 ]

(21)

　　Figure 3 ( a ) s hows t he f ield2ef f ect mobilit y

ve rsus t he gate voltage f or va rious source2drai n se2
ries resist a nces RSD , a nd Figure 3 ( b ) illust rates

t he dep e nde nce of t he maxi mum mobilit yμmax a nd

its gate voltage p oi nt V G , max on RSD . The p ea k

f ield2ef f ect mobilit y dec reases f rom 75 t o a bout

53cm2 / ( V ·s) w he n t he se ries resista nce RSD in2
creases f rom ze ro t o 11 4kΩ , a nd V G , max dec reases

f rom 41 2 t o 31 7V . Moreove r , t he p ea k f ield2ef f ect

mobilit y calcula ted wit h Eq. (21) is also s how n i n

Fig. 3 ( b) . The qua dratic p olynomial ca n be used

t o exactly describe t he dep e nde nce of t he p ea k

f ield2ef f ect mobilit y on se ries resist a nce .

Figure 4 shows t he ef f ect of t he i nte rf ace

states on f ield2ef f ect mobilit y. U nif or m i nte rf ace

state de nsit y i n t he f orbidde n2ba nd is assume d.

The p ea k f ield2ef f ect mobilit y dec reases li nea rly

wit h i nte rf ace state de nsit y , a nd V G , max va ries only

slightly wit h i nte rf ace state de nsit y. This is be2
cause t he eff ect of t he i nte rf ace sta tes is sc ree ned

by elect rons i n t he accumulation laye r . Thus i n

682
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Fig. 3 　( a ) Dep endence of f ield2eff ect mobility on

gate voltage wit h RSD f rom 0 t o 114kΩ; ( b) Dep end2
ence of maximum mobility μmax and its gate voltage

p oint V G , max on RSD

Fig. 4 　( a) Dependence of field2effect mobility on gate
voltage f or various Dit ; ( b ) Dependence of maximum

mobilityμmax and its gate voltage p oint VG,max on Dit

t his case t he f ield2ef f ect mobilit y i n t he surf ace

cha nnel mode ha rdly cha nges wit h i nte rf ace

state .

As a mat te r of f act , t he exp e rime nt shows

t hat t he i nte rf ace state de nsit y in t he f orbidde n

ba nd is non2unif or m ,f ollowi ng a n exp one ntial re2
la tion wit h e ne rgy :

D it = D it0 + Dc e - ( Ec - E) /ξ (22)

He re D it0 is t he i nte rf ace sta te de nsit y i n t he mid2
ba nd ,a nd Dc is t he p ea k i nte rf ace sta te a t t he bot2
t om of t he conduction ba nd. Keep ing D it0 a nd Dc

consta nt , t he eff ect of i nte rf ace sta tes f or dif f e r2
e ntζ on f ield2ef f ect mobilit y is show n i n Fig. 5 .

The calcula ted dist ribution a nd exp eri me ntal da2
t a [ 11 ] of inte rf ace states a re also p lot te d i n t he in2
set . The reduction of p ea k f ield2ef f ect mobilit y

cause d by non2unif or m i nte rf ace states is smalle r

Fig. 5　Eff ect of non2unif orm interf ace states density

on f ield2eff ect mobility

t ha n t ha t cause d by unif or m i nte rf ace states , as

s how n i n Fig. 6 . Usually t he surf ace of a se micon2
duct or is i n dep letion a nd t he Fe rmi e ne rgy level

is f a r f rom t he bot t om of t he conduction ba nd EC

cor resp ondi ng t o t he p oi nt of p ea k f ield2ef f ect

mobilit y ,w hile t he i nte rf ace state de nsit y is s mal2

Fig. 6 　Dep endence of f ield2eff ect mobility on gate

voltage f or diff erent interf ace state dist ributions
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le r t ha n t he ave rage i nte rf ace state de nsit y. Wit h

t he i ncrease of t he gate voltage , t he Fe rmi e ne rgy

level moves f orwa rd EC a nd t he relate d i nte rf ace

state de nsit y i nc reases exp one ntially , so a greate r

reduction of t he f ield2ef f ect mobilit y is obse rve d.

W he n t he gate voltage is la rge r t ha n t he f lat ba nd

voltage , t he Fer mi e ne rgy is ve ry close t o EC , a nd

t he i nte rf ace state de nsit y is so la rge t ha t t he

ef f ect of i nte rf ace states is not scree ne d complete2
ly by t he ca r rie rs i n t he accumula tion laye r .

6　Conclusion

A burie d cha nnel MOS st ruct ure ca n be used

t o reduce t he eff ect of surf ace scat te ri ng a nd i m2
p rove cha nnel ca r rie r mobilit y. B ut t he i nf lue nce

of t he i nte rf ace states on ca r rie r mobilit y i n t he

cha nnel ca nnot be completely avoided. Surf ace

ba nd be ndi ng va ries wit h gate voltage , as do

cha rged inte rf ace states . This p he nome non lea ds

t o t he dec rease of cha nnel conducta nce a nd t ra ns2
conducta nce a nd lowers t he ext racted ef f ective

mobilit y a nd f ield2eff ect mobilit y. The se ries re2
sista nce has also t he sa me role of decreasi ng mob2
ili t y.

A si mp le qua dratic p olynomial has bee n p ro2
p ose d t o a nalyze t he eff ect of se ries resist a nce on

p ea k f ield2ef f ect mobilit y . The p ea k f ield2ef f ect

mobilit y has a li nea r relation wit h t he ave rage i n2
te rf ace state de nsity . The gate voltage cor resp ond2
i ng t o t he p ea k f ield2eff ect mobilit y decreases li n2
ea rly wit h se ries resist a nce a nd va ries slightly a t

dif f e re nt i nte rf ace state de nsities . The ef f ects of

non2unif or m inte rf ace states ca n be ignore d at

lower gate voltages but become more obvious wit h

t he i ncrease of t he gate voltage .

O ur 4 H2Si C B C2MOS F E T has exhibited ex2
celle nt i mp rove me nt of mobilit y. The i nt ri nsic

p ea k f ield2ef f ect mobilit y ca n reach 75c m2 / ( V ·
s) , but it is still s malle r t ha n bul k mobilit y because

of t he surf ace rough ness . We conclude t ha t re duc2
i ng t he se ries resist a nces a nd i mp roving t he SiO2 /

Si C i nte rf ace qualit y a re also i mp orta nt f or a t t ai2
ni ng good p e rf orma nce of 4 H2Si C B C2MOS F ETs .
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4 H2SiC隐埋沟道 MOSFET迁移率的研究 3

郜锦侠　张义门­　张玉明

(西安电子科技大学微电子学院 宽禁带半导体材料与器件教育部重点实验室 , 西安　710071)

摘要 : 研究了几种因素对 4 H2SiC隐埋沟道 MOS F ET沟道迁移率的影响.提出了一个简单的模型用来定量分析串
联电阻对迁移率的影响.串联电阻不仅会使迁移率降低 ,还会使峰值场效应迁移率所对应的栅压减小.峰值场效应
迁移率和串联电阻的关系可用一个二次多项式来准确描述.详细分析了均匀分布和不均匀分布的界面态对场效应
迁移率的影响.对于指数分布的界面态 ,低栅压下界面态的影响基本上可以忽略不计 ,随着栅压的增加 ,界面态的
影响越来越显著.
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