
V OI
.

39 N O
,

17 CH !N ES E SC IENC E BU LLET IN Se P te m be r l空对
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Z H O U Y o
ng 一

o
ng (周咏东 )

,

JIN Y i一in (金亿鑫 )
,
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a n d Y U A N Jin 名ha n (元金山 )

(C ha n

gch
倪。 Io stit u te of p hy

、ics
,

A ca d , 止a Sio ica
,

Cha n g ch u n 13以)2 1
,

P R C)

R e ce ive d l无优 m 忱r 16
,

199 3
.

Ke 州优d s : Por 皿
5 5泌e o 残 flu 瞬

s份 n t Po w d er ,

户
o t日u m in es倪n理

,

SE M
,
x PS

.

S inc
e C a n ha m rePo r te d tha t the Po r o us sili c o n c a n e

而t e
ffi c ie n t vi sible li g ht

,

m any
r ese a r e h g r o u Ps have be en eo nc

e n tr a tin g their wo
r k o n the v isible l

unu ne
s ee nce

o f the

Po ro us silic o n
.

As
silico n has a n ind ir ee t b and g a P o f o ul y 1

.

1 e V
,

it 15 d iffi
e
ult to

o b ta in e
ffi c ie n t lig ht e m issio n fr o m th is s”te m

·

N gw
,

p eo p le Wa nt t o p us h the

fr o nt ie r o f th e silico n 七a se d ma
te r ia l int o the

o Pto e le c tr o ni es te r rito ry and
a eh ieve the

e n tire sili e o n o Pto e lee tr o n ie in te g r a tio n b y us ing Po r o us sili c o n
.

Th
e ve ry che aP effi

-

e ien t d isPla y d evi ee ma y als o
be ma d e o f vi sible lig h t e

而 tting Po r o us sili eo n
.

Th
e cur

-

r e nt 一nd uee
d li g ht em itting d ev iee o f Po r o us sili e o n and the hig h ly sens itive

Ph o t o d etec to r o f Po ro us s ilico n ha ve be en fa b ric a te d in so

me la b o r a to r ies
.

B u t the

me
e ha ni sm o f v is ible lu m ine

s ee n ce fr o m Po r o us s ili co n 15 still un d e r stu dy
.

Th
e m a in

e u r r e n t Po int o f v iew 15 the qua nt um
e o
nfi ne me nt o f th e r e c o m b in ing ele ct r o ns a n d

助le s in t玩 o ne 吐ime ns io n a l q ua nt um 诚
r e sll]

.

B u t so

me
o the

r re sea rc h g r o叩
5 be lieve

tha t
·

the
v isible u g址 15 rr o m t址 sifo x ene

a
nd its d er iva tites [2]

.

T h e r e a r e still so

me
o th e r Po in ts o f vi e w to o

.

T五e ex a c t o r ig in o f the vi s ib le hg ht fr o m the Po r o us s ilieo n

15 still a e o n te n tio us s u bj
e et

.

T he Pho to lu m ine
see n ee sPee tr

um
o f the Po r o us s ili eo n

us ua ll y Pe a kS be twe e n 600 一 70() nm wi th the fu ll wi d th a t h a甘 m a x im u m 于W HM )
rr o m 10 0 nm

to l钓 nm
l3]

.

T he R a m a n sc a tter in g sp ee tr

um
o f the p o r o 证 sili e o n

has
a typ ic a l p e a k ne a r slo cm

一 l‘4]
.

T h e d e p th o f the a
no d iz e d la界 r o f p o r o us si五c o n is a t

而e r o

me te r se a le
.

In thi s
no te

,

we r ePo r t the Pho to lu m ine see n ee 口L )
e x Perime nt s o n

the 户o r o us silie o n fa b rica ted 诚th the
sta nd

a r d a n o d iz a tio n

me tho d a
nd the

o bta in r n en t o f the fl u o r ese en t Po

wd
e r fr o m the sur fa ce o f the Po r o us s ilie o n

.

T he PL

sPec tr

um
o f the fluo

r esee nt Po 认d e r sho 稀 a sim ila r Pe a k Po sitio n
,

a sim ila r sha Pe

a n d a sim ila r FW HM to th o se o f the Po ro us sili c o n
姗fe r

.

A n d th e Po wd
e r ca n n o t be

d is so lve d in wa ter
, a lc o ho l

, a ee to ne and s o

me
o th er c o r n r n o n s o lve llt s

.

T lle fl u o r e see 址

Po

wd
e r ea n als o em it the effi c ient vi s ible li g ht a ft er fu rthe

r g r ind ing
.

T he

而
c r o s truc tur e stud y o f th e S E M

a
nd the e o m Po s itio n s tud y o f the X PS su g g es t th at

the
e
ffi eie nt v isib le li g ht fr o m the Po r o us s ilie o n e o

me
s fr o m the fluo

r esc en t Po wd
e r

fo r

me d d u ring the Pr o c ess o f a
no d iz a tio n

.
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1 E x pe r
加en t

1
.

1 P rePa ra tio n

of the Sa m PI召s

S ili c o n
wa fe r s us e d in th e e x Pe rime nt s we

r e n 魂yPe s in sle
c rys ta ili ne

silie o n

(2
.

4一 3
.

6 。
·

cm in the
r e sistivi ty) 初th a m ir r o r sur fa e e and

a n un p o li she d r eve r se

sid e
.

Th
e fa b r ieat ing

e o nd itio n a n d Pr o ee ss o f th e Po r o us silico n
we

r e 5 1而Ia r to tho
se

ind ie a te d in R ef
.

[3』
.

D ur ing
a
no d iz a tio n the

sur fa ee o f th e s ilic o n
wa fe r

wa
s ill u m i

-

na ted un ifo r
lnl y b y a 2 50一 infr

a 一ed la m P
.

T he P o

wd
e r一ike fl u o r e see n t rna te rial was

b rus he d d o wn d ir ect ly fr o m the sur fa ee o f Po r o us sih c o n
.

Th
e m a n u a l g rind in g to the

日u o r es ee nt Po

wd
er

was fu州lle d in a n a g a te m o r ta r
.

1
.

2 S Pe e 艺ra l M
e a su re m e n t

1
.

2
.

1 PL me
a sur e

me nt s
.

Th
e sa m Ple s

we
r e ex eited b y the 3 3 7 -n 〔n em issio n o f a

p u ls e wi d th o f a b o ut 10 ns fr o m a n N Z la se r
.

Th
e p ea k p owe

r o f th e la se r

wa
s seve r -

a l h u lld r e d
、

k ilo wa tts 区W)
.

Th
e lu m in esc enc

e o f the
sa m p le s

wa
s d e te eted by us i雌 a

SPex 一

14 0 3 mo
n o c hr o m a to r , a n R 一2 8 Pho to m ul tiPlie r a

nd
a Pa r c 一

162 b o x { a r

int eg r a to r
.

A n the d a ta we
r e in Put int o a e o m Pu ter and the PL sPee tr a we

r e dr a
wn

O tlt
.

1
.

2
.

2 R a m a n sPec tr

um m ea s ur e

me
n ts

.

T ll e sa m Ple s
we

r e ex e ite d b y

o f A r +
la se r

.

卫le R a

ma
n sea tte ring m e as u r e

me
n t wa

s

la ser R a

ma
n sPec tro me ter

.

c a r ried o u t

the 科8们 rn hne

us in g a JY 一80 0

A ll the sPe c tr a l me
a sur e

me
n ts we re a eh ieve d a t r o o m tem Pe ra t

ure
.

1
.

3 A n a ly
se s

of the M ic ro s trU c tu re S

丁b e SE M Pho to g r a p hS o f the sa m Ple
”
5 sur fa c e

mo
r ph o lo g y

,

the sa m Ple
’
5 c r o ss

-

sec tio n m ie r o struc tur e and the Po

wd
er m o rPh o lo g y we

r e o bta in ed us ing the 10 0 0B

SE M
.

1
.

4 A n a ly
sis of rh e

CO m Po s itio n s

们le e x a c t c o m Po sitio ns o f the fl u o r ese en t Po wd
e r in the sur fa c e o f th e Po r o us

silieo n
wa fe r

we
r e e a r ried o ut th r o u g h the Es e a la b一K ll X PS aPPa r a tus

.

2 R e sul ts a n d D is eu ssio n

Th
e PL sPee tr

um
o f th e Po r o us silie o n 15 sh o

wn in

a t 1 7 2 6 0 cm
一 ‘

(5 8 0 n m ) wi th a n FW H M
o f 36 0 0 e m

一 ‘

te rin g sPe e trum
o f the Po r o us s ilie o n 15 sh o

wn in F ig
.

ne
ar 5 2 0 em

一 1
wi th a

诚d th o f 15 cm
一 1

.

F ig
.

l
一

1
.

Th
e sP‘

(12 2 n m )
.

们le

2
.

们 le s Pe etr

um

R a r 以a fl

ha s a
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乏

刽 优夕口
.

幼 争 ! 了Of)犷)
.

}川

\V 之一v c r1L刀1llL) c r (e rn
l)

】3 ()( )O (j( ) 3 8 (j 4 8 日 弓习〔) 68 (夕 78 (〕

F lg
.

1
.

T he PL sPeCt r a

fluo
r es沈 n t Po w d e r (2)

,

‘ he d s u r fa 优 (3 )
.

o f the Po r o us silico n

the Po r o us 5 11一co n o n

(l)
,

the

un Po l
-

W 之Iv e n u lll l〕c r (e 日 1 1 )

T he R

axnan
s以 tt e r in g sPe ct r

um
o f the Po r o us

丫一l,�n

‘
.

1产,�O匕
.

l(二
.

州1、刊1�11

‘、F
.

叭

T he P L sPe e t r u m fr o m th e fl u o r e see n t Po

wd
e r 15 s ho

wn in F ig
.

1一 Th
e sPe e tr

um
p e a k s a t 17

,

0 0 0 c m
一 ’

(58 8 n m ) wi t h a n F W H M o f 3 4 8 0 c m
一‘ (12 2 n-m )

.

F ig
.

l-3

sho
姚 th e P L sPe c tr u m o f the Po r o us s ilie o n e te he d o n a n u n Po lishe d s u r fa ee o f t he

5 in g le e r” t a llin e s ili c o n
wa fe r

.

Th
e s p e e t r u m p e a k s a t 16

,

54 0 c m
一 ’(6 0 8 n m ) wi t h a n

FW H M o f 3 2 0 0 c m 一 ’
.

(1一8 n m )
-

f 19
.

3
.

T he S E M o bs e r讼t一o n o t
’

tlle s u r fa 沈 a n d t he c r o s s 书e ct io n o f t !le p o r o us s lllco n
.

( a ) T he sur fa Ce mo
rPh o lo gy o f th e Po r o us s一lico n o 忱 e r ve d w 一th SE M (b ) t he cr o s s -

s e ct io n
mi cr o s tr

uct ur e o f t he Po ro us s illco n o 比 e r ve d w i t h S E M

Fig u re 3 (a ) 15 t h e S E M Ph o t o g ra Ph o f t he s u r fa c e o f th e Po r o us s ili e o n
wa fe r

.

Th
e r e a r e la r g e n u m b e rs o f m ie r o Po r e s a t t he Pla c e

wh
e r e the s ur fa ce la ye r ha s b e e n

d r o p p e d o u t
.

F ig
.

3 (b ) sh o哪 t he S E M Pho to g r a Ph o f t he e r o s s s e e t io n 而
c r o s tr u c t u r e

o f o u r Po r o t is s ilic o n s a m Ple
.

Th
e s a m Ple ha s thl e e d iffe

r e n t la ye rs : th e sur fa ce la ye r ,

t he Po r o us la ye r a n d th e S in g le e r ys ta llin e s ilie o n s u bs tr a t e
.

Th
e le n g ths o f th e e le a r

m ic r o Po r e s a re n e a r ly 100 尸111
.
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F一9
.

4
.

T h e S EM

o f the flu o re s优 n t

印 n t Po

wd
e r al、e r

o 加 e 「Va L

男
“ o f the fl uo

re sCe n t p o w d e , (a ) T he 冬E M p no
‘o gr a p h “f th e

mo
rp h o , U‘少

Po

wd
er be fo re gr l

nd ing ; (b ) the SE M Ph o to gr a Ph o f the mo
rPh o lo gy o f the fluo

r es -

gr in d in g
.

F ig u r e 4 sh o
姚 the m o rPh o lo g ies o f the fluo

r e sc e n t Po

wd
e r o bse rve d w ith the

S EM
.

Fig
.

4 (a )
sh o

o the fluo
re息e en t Po

wd
e r b efo r e g r in d in g

.

Fig
.

4 仍)
sho 姚 the

fl u o r esce n t Po

wd
e r w hie h ha s be en g ro u n d

.

B o th the fl u o re sc e n t Po

wd
e r in F ig

.

4 (a )
a n d (b ) sh o w n o Pilla r一ik e s tr u etu r e s

.

Th
e m ie r o Po

wd
e r wi ll a g gl

o

me
r a te a ft e r

g rin d in g
.

厂|
l

⋯l
F igu

r e 5 sho 姚 the re su lt o f

the X PS s tud y o f the fl u o re s c e n t

Po
wd

e r in the su rfa ee o f th e Po
-

r o us sili e o n
.

Th
e sPe c tr u m s ho 姚

th a t the fluo
r es ce nt Po w d e r 15

e o m Po se d o f m a n y k in d s o f ele
-

n le n ts
, s u c h a s 5 1

,

C
,

O
, a n d F

.

Th
e 5 1 eo n te n t 15 o n-l y 5 2

.

7% (th
e

C c o n te n t 15 3 3
.

4 3%
,

the 0 e o n -

ten t
,

13
.

0 4 %
,

a n d the F c o n ten t
,

3
.

2 6%
,

b u t elem e n t H 15 n o t

e o u n ted in )
.

() (
‘

l )

5 1(2 /卜扮
2 自门

Co ns id e rin g th a t the P L

s Pe c tr a

an d the

o f the fl u o r esc ellt

Po r o us s ilic o n in

Po w d e r

Fig
.

1

F 19 5
.

T he X PS
th e s ur l,ace o f the

l 一 _ l } l

小川 以川 8幻‘) 川 阴 )

万
l。

(e V )

co m Po sitio n s t u d y o f the fl uo
re s忱n t p o w d e r In

Po rO US s一l一印n
.

have a s im ila r Pea k Po s itio n
,

a s im ila r sh a Pe a n d a s im ila r FW H M
,

we
s u g g est tha t

the effi e ie n t v isible lu而ne s c e n e e 15 fr o m the fl u o r e s c e n t Po

wd
er in the su rfa c e o f the

Po r o us silic o n fo rm e d d u r in g the Pr o ee ss o f a n o d iz a tio n
.

T he PL sPec tr u m o f the

s am Ple fa b r ie a te d o n the u n Po lis hed su rfa c e o f the sin g le e rysta llin e s ilie o n
wa fe r

任19
.

1
一

3) p r o ve s th a t the su rfa e e tr ea tm e n t (p o lis hed o r n o t) ha s n o e
ffe

c t o ri the
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Pho to lu m ine
sc en ce o f the Po r o us silie o n

.

T he fa ct th a t th e fl u o r esc ent Po w d e r ea n a ls o

e m it effi c ie n t vi s ible lig h t a ft er fu r the
r g rind ing sug g ests tha t the Po

wd
er 15 u llhke ly

to be co m Po se d o f o ne 吐ime ns io na l c rys ta lline s ilic o n qua nt um wi
r e s

.

T h e o bs e r
va tio n

o f the c r o ss se etio n o f th e Po r o us silico n su g g e sts tha t the fl uo
r e see nt Po

wd
er 15 mo

st

like ly fo r r n e d in the sur fa ee laye
r o ve r the Po r o us la yer

.

T七e stud y o f the X PS als o

s u PPo r ts th e Po in t o f v ie w a b o ve and ind iea tes tha t the c o m Po s itio n o f the

fluo
r esee nt Po

wd
e r 15 c o m Pli ea ted

.

3

Th
e v isible lig h t e m itting Po r o us s ili e o n ha

s th re e d iffe re nt la ye r s : the sur fa ce la y
-

e r ,

the Po r o us la yer a
nd th e sin g le c rys ta ll ine

silie o n su b str a te
.

Th
e su rfa ee tr ea tme nt

中o li she d o r n o t) ha s no thi ng to d o
诚th the fa b rie a tio n o f the vi s ible h g ht e而ttin g

Po r o us sili eo n
.

T五e e
ffi e ient v isib le lu m ines Ce n c e fr o m the Po r o us s ili eo n 15 fr o m the

fluo
r esce n t Po

wd
e r fo rm e d d ur ing the Pr o ee ss o f an o d iz a tio n

.

T h e c o m Po sitio n a
nd

the struc tu r e o f the fl u o r esee nt Po

wd
e r

ma y be ve ry e o m Pli c a te d a n d a r e
un d er fu r -

the
r stud y no w

.

Th
e a u tho rs tha n k P rQj: H u a n g Shi去u a a n d Yu B a o 召u i fo

r the ir helP w ith the PL

sPe e tr a l m ea su re m en t
,

an d Ji a n g Ji n 一iu a n d L iu N O i火a
ng

’

fo
r the ir he lP w ith the

S E八了 m e a s u re m e n ts
.
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