52 9

2003 9

1000-3290/2003/52 09 /2284-06 ACTA PHYSICA SINICA

Vol.52 No.9 September 2003
(©2003 Chin. Phys. Soc.

HgS/CdS/HgS

*
400715
2002 8 7 2003 1 27
HeS/CAS/ HeS .S s
PACC 7170E
910
1.
HgS/CdS/HgS
. 1994
1
CaAs-Ca,_ Al As Schoos
News 23 CdS/HgS
CdS/HgS/CdS 2.
HgS
HgS CdS CdS HgS
HeS CdS
.1997 Tkach 1"
4 HgS/CdS/HgS — —
CdS V=0 P
H [ ]
gS > =400 1
5 2 i Hgs cds ]
IN ! ]
-800 | 1
6 _ i
.2001 7 Vi= -1200 -5ty apes? , ]
CdSe/CdMnSe 0.0 2.0 4 Or/nmﬁ 0 8.0 10.0
2002 s
CdSe/ HgSe/ CdSe 1 Hgs Cds

10147207



2285

9 HeS/CAS/HgS
HgS s
CdS Vor [=0 x=2m U-E Ik
k=«/ 2m0E/h2 X r :R r r
v 0 O<r<R, r=R, | R
" Tl Ry<r<R,. d()lfzr +EXr =0 O<r<R, r=R
r
HgS  CdS 2
dX
HgS m = m, drzr -'Xr =0 Ry <r<R.
CdS m=m, 3
Boglg,y .y 2
T2 * rl¢or o=k ik ikr
ae” + be 0<r<R
3 Xr * =(Vae” + B R, <r< R 4
) ce + de ™ r= R,.
g r0 ¢ =RrY, 0 r> R,
gD Rr Ylmegp d:O C=1 abalg
I m
s
pd
|
a = e RorRi Ri-Ry e?f7h Y Am 4+ g -Am+q - Am+gq, -Am+ g
- 4imom, Ry R, kx
b ik Ry+ Ry Ry —FRy et Am o+ i —Am+gq, - Am+q; -Am+ qo
- 4imym, Ry R, kx
a = _Rl x-ik _Am + qr ﬁ _ C_Rl x+ik Am + (11_
- 2my R, x B 2my R, x
|
Am = my —m; qo = myx + ikm; R,
qo = myx — ikm; R, 4.
gi = myx + ikm; R, qi = myx — ikm, R,.
X~ r E,
X" r "=X"r 3 S EzEl
1 _ + ~
sziim[—x r +S kX" orl vk, K=k - ik,
5 6 €k =0 S k
S k 5 S £k =0 k,
Sk = k, §k =0
ar - Am ( ~2x R -R, qzr - Ams L ) my kRyctg kR, + moRyx + Am = 0. 7
o 2R, qi +Am (ﬁ) k k,
qr - Am ( 2 k-ky o _Ams k ) Ro f k =mkRyctg kR, g k =
T+ A
g +am —moRox—Am f kg k k,
6 7 S k S k
£k = m, kRyctg kR, + myRyx + Am ’ g
T mkRyctg Ry — moRyx + Am’



2286

) 8

S €k Kk,
x, = g = my kL Imy g =
2m, UIK> 8
ook (91 =Am) 1 (mk,  Am o m
crt (q; —Am)zk,l(moxi m Rox, T m,
x 1+ Ryx, k-Fk =0
AR=R, - R, 'S

K=k +ik, &k Kk

—-2xAR -2x AR
[§ =e n

{k] =k,
9
ky, = 16k,/D R, R, &*f
Am)\?
D R, R, =[mfk2" + (moxn +R—1) ]
2 2 272 myAmx,
x| mox,, + mik, + —(5—
R,
x 1+ x,R, Imimixk, .
E, T, S
S E=E, +iE,
E =t k& -k 2my 7, = mg/2tk, k,. 9
E,l T’l
h? ( 16 )2 2
k. = 2mo[1 “\D Ry R, & fifo ]k"
10
z, = 32";220 R, R, &% " Fo 11
5.
11
Vr HgS/CdS/HgS
0o ( R + i) R
EIZ€1R0 Ré - r2 &€, r< 0
Uels [ RS Rﬁ)
Vr :%(Rg—rz ? RO<I‘<R|
O 2 R? R?
neo ( I 71)
[Re, R, Rf—r2+ r r> R
12
€, & HgS CdS 0=

52
e—e, | e, +¢, Vr
5 o=R r Yyo=X r /vVAaxr
2
1 _ ) 2
E _451R0n5k{ Ska-b"Ry+ Skob
_azRO_ZS Ea-b Sk —a
k
. 628 2
xs1n2kR0} +4€1ROTL'S A Sk -1
x[i M — @ 1208 R, - R,
XQ% e—ZxR] _e—ZxRO]
62(5\ 2
+4751R1n5k 1+8 &k } 13
= (o e | o e
Ev=am V" \D Ry R, & hih | [Ret E

14

my

=R K 4 2mE Tk

2x R, -R
—D R, R &'k .

15

6. HgS/CAS/HgS

HgS/CdS/ HgS 5
my,=0.036m, m, =0.2m, m,
HgS  CdS aps =0.50851nm  acy =

0.50818nm. 11 HgS CdS
e, =11.36 ¢, =5.5.

6.1.
Ry = 15ay, fk gk
2 k, k, =5.87978 x
10°m™" k, = 2.79809 x 10°m™" k, = 9.1208 x
10°m™". 9 R,
D R, R, D R, R, 10 11
AR: Rl - RO ‘0
3 4
3 4



9 HgS/CdS/HgS 2287
1.0 nm
1.0 nm
6 a.
S
~
XY
2 -
§ o1t
2
< G \
= 0F
i 4
= k
N -1k g(k)
14 15
-2 . . . . .
0 4 6 8 10 12 "
k/103m—1 2 X 10_ m 10
x 10" "m E, E, E, 65% 17%
2 gk [fK 9.6% 6 75% 35% 10%
E3 TR E RN . .--.-
L4F cocecgrtttt 6.2.
L2t AR= R, - R, =5acgs
1.OF
> -Ro
o
& 00T El ’ R, [k k ko7
La Ceeaes ,
0.6 F i 3 . 0 g n
0.4 | - 10 11
02k .2 crereeneg E - 1
0.0 s 1 1 1 1 1 5 kn 14 15
2 4 5 8 10
P/lO_mm En Ty RO
5
1 AR =S5Sacgs k, E, Tn Ry
Ro/ angs 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
n=1 3.61502 2.65781 2.19706 1.84777 1.57238 1.32891 1.13801 0.94592 0.84047 0.76724
K,
=2 — — 4.87669 3.79612 3.14777 2.65781 2.40186 2.1701 2.0073 1.84777
/10°m™!
n=3 — — — — 4.90077 4.18834 3.63127 3.23701 2.87077 2.67987
n=1 0.2222 0.119999  0.0820002 0.0579998 0.0419997 0.0300001 0.022 0.0151999 0.0119998 0.00999985
Jev n=2 — — 0.404 0.2448 0.16832 0.119999  0.0980001 0.0800001 0.0684472 0.0579998
e
n=3 — — — — 0.408 0.297999 0.224 0.178 0.14 0.122
n=1 0.830064 3.83932 10.6012 24.8043 52.3328 107.442 205.674 419.196 689.778 1031.04
Tn
) =2 — — 1.06042 3.21908 7.20629 14.5167 23.5425 37.1589 53.857 77.821
/10~ “ps
n=3 — — — — 1.96289 4.11111 7.60127 12.434 20.1084 27.7338




2288

52
5
E, T
5 0.41 1200
d 800 =
S o.z2f &
6.3. 2 4
N
400
0.0F
5 Rr =Xr/r .
W r = Rz r2 -
|XA r 2. E'1 6
5
0.10
0.10
(@)

(®)

60 120 180
r/10%m

0 60 120 180 0
r/10%m

6 Ry =15apgs a AR=5acs b AR=10a¢gs

2x107"m  10x10™""m

65%
10

1.Hg/CdS/HgS



HgS/CdS/HgS

2289

Chen X and Zhu J L 1994 Acta Phys. Sin. 43 1008 in Chinese 7 Zhang X Q 2001 Acta Phys. Sin. 50 1167 in Chinese
1994 43 1008 2001 50 1167

Schoos D Mews A Fychmuller A and Weller H 1994 Phys. Rev. 8 XuL MaY LiMH2002 Acta Phys. Sin. 51 877 in Chinese
B 49 17072 2002 51877
Mews A Kadavanich A V and Banin U 1996 Phys. Rev. B 53 9 Liang X G Jiang D S and Bian L F 2002 Chin. Phys. Lett. 19
13242 1203

4 Tkach M Holowatsky V  Voitsckivska O and Minkova M 1997 Phys 10 ChenZ Q Chen H Cheng N P and Zheng R L 2002 Acta Phys .
Stat . Sol. B 203 578 Sin. 51 649 in Chinese

5 Tkau H B Tonosankuit B A 1999 OTT 41 2081 2002 51 649

6 Yakimov A et al 2000 Phys Rev. B 62 16283 11 Boituyk BM  Ky6ait P 10 2001 OTT 43 2226

Electronic energy and life span probability distribution of
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Abstract
The physical Model for the spherical HgS/CdS/HgS nanometer system and equations satistied by the electron motion are
built. The energy and life span of s-electron and the variation of the probability distribution with the width of the potential barrier
and well are probed. Some important results indicate that the energy and life span of the electron increase with the increase of the
potential barrier width electronic energy decreases with the increase of the potential well width however the electronic life span

is increased. The interaction between layers has an important influence on the results.

Keywords spherical nanometer system electronic energy life span and probability distribution potenlial barrier width poten-
tial well width
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