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©Û
16fßÝ!ÜACþ��!þf²²°Úþf²^«á�|©éþf²(� TE �Ú TM �ò�Ç
Cz�K�. nÜN�±þëê�� 1530—1570 nm Å���SÓ�äk��ò�ÇCzþ (10−2 þ?) Úò�Ç
Cz$ ��' (10−4 þ?) �þf²(�. ïÄL², ØÓ�N�ëê|Ü�±��Ó�Å���SÄ����
ò�ÇCzÌ.
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1 Ú ó

16f�Ú�ò�ÇCz´Nõ#.1nÏ
&ì��ó�Ån, X: ¢y1���õU�1�
�:m1 [1,2]!Å©E^XÚ¥æ^�����
ì [3] ÚÅ�=�ì [4,5] �. ��yþãì�3¢
SA^¥k�ó�, �¦ì�316f5\�7L
Ó�äk��ò�ÇCzþÚò�ÇCz$� 
��'5. ®k©zéNá� [6]!ACNá� [7]

Úþf²(� [8] �16f�Ú�ò�ÇCz?1

©Û, �"yé16f�Ú�ò�ÇCz$� 
��'5�ïÄ.

�©Ä k é 16f ß Ý ! Ü A C þ �
� ! þ f ² ² ° Ú þ f ² ^ « á�| © é In-
GaAs/InGaAsP þf² TE �Ú TM �ò�ÇCz
�K�?1©Û. ,�, nÜN�±þëê, �O
Ú©Û�½ó�Å���SÓ�äk��ò�Ç
CzþÚò�ÇCz$� ��'�ÜACþf
²(�.

2 nØ�.

æ ^ �Ô� C q � � � � � � � §, |
^ Lowdin’s 8�znØ���Ä­�Ç� (HH)!
��Ç� (LH) Úg^-;�©�� (SO) �m�p
ÍÜ�^�d����§ [9,10], ÏLk��©{¦
)���§����Úd��U�(� [11]. 3U
�(�O��Ä:þ, Ú\�°O°Ïf��áÂ
Xê�êÆ�., ?
|^ Kramers-Kronig C��
�ò�ÇCz�êÆL�ª [11,12]:
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(1)

ª¥ e�>f>þ, nr �²��éò�Ç, ε0 �ý
�0>~ê, m0 ´gd>f�þ, γ �âÕ[��
°, Lz �þf²²°, Eσ

cn,vm ����d���[
Uþ, σ = U ½ σ = L ©OL«U�O�¥�þM
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�î�Î½eM�î�Î; fc Ú fv ©O���>
fÚd��Ç�O¤�©Ù:

fn
c (kt) =

1
1 + e(Ecn(kt)−EFc)/KBT

,

fσm
v (kt) =

1
1 + e(Eσ

vm(kt)−EFv)/KBT
, (2)

EFc Ú EFv ©O���Úd��O¤�U?, Ecn

Ú Eσ
vn ©OL«��Úd��UþÚÑ'X, KB

�À�[ù~ê, T �9åÆ§Ý. Mσ
n,m(kt) ´�

[ÄþÝ
�, éu TE �Ú TM �, ©O�

|Mσ
TE|2 =

M2
b

4

{
3 |〈Fσm,HH |ϕn 〉|2

+
∣∣∣〈Fσm,LH +

√
2Fσm,SO |ϕn 〉

∣∣∣2} ,

|Mσ
TM|2 = M2

b

∣∣∣∣〈Fσm,LH − 1√
2
Fσm,SO |ϕn 〉

∣∣∣∣2 , (3)

Ù¥, Mb L«Ná���[ÄþÝ
�, Fσm,HH,
Fσm,LH Ú Fσm,SO ©O�d� HH �!LH �Ú SO
���ä¼ê, ϕn ´����ä¼ê. O�¥^�
��'U�(�ëê�L 1[13].

L 1 �'U�(�ëê

¬�~ê �YUþ /C³U ¬N�5�þ >fk��þ Luttinger ~ê

a0/Å Eg/eV ac/eV av/eV b/eV C11 C12 me/m0 γ1 γ2 γ3

GaAs 5.6533 1.424 –7.17 1.16 –1.7 11.88 5.376 0.067 6.8 1.9 2.73

InAs 6.0584 0.354 –5.08 1.00 –1.8 8.329 4.526 0.023 20.4 8.3 9.1

InP 5.8688 1.344 –5.04 1.27 –1.7 10.11 5.61 0.077 4.95 1.65 2.35

GaP 5.4505 2.780 –7.14 1.70 –1.8 14.05 6.203 0.25 4.05 0.49 1.25

3 O�(JÚ©Û

ã 1 ¤«�ØÓ16fßÝéA�ÃACþ
f² TE �Ú TM ��ò�ÇCzÌ. Ù¥, §Ý
� 300 K, ²«á�� In0.53Ga0.47As, ²°� 8 nm,
^«á�� In0.18Ga0.82As0.40P0.60. dã 1 ��, �
X16fßÝ�O\, TE �Ú TM �ò�ÇCz
þO\. 16fßÝO\�, Ì�´ÏLUCO
¤�U?5K� TE �Ú TM ��ò�ÇCzþ.
L 2 �Ñ
O�L§¥���ØÓ16fßÝé
A���Úd��O¤�U?. lL 2 ¥�±wÑ,
�X16fßÝ�O\, ���O¤�U?Åì,
p, d��O¤�U?Åìü$, ¦�âfê�=
§Ý\�, É-Ë���\r, �����ò�Ç
Czþ.

ã 2 ¤«�ØÓÜACþéA� TE �Ú TM
�ò�ÇCzÌ. Ù¥, ÜACþ©O� 0, 0.2%,
0.4%Ú 0.6% (éA²«á� In1−xGaxAs ¥ Ga |
© x ©O� 0.47, 0.50, 0.52 Ú 0.55), 16fßÝð
½� 3×1018 cm−3,§Ý�Ù¦ëêÓã 1. L 3�
Ñ
O�L§¥����> (kt = 0) �[UþÚ
�[ÄþÝ
�. lL 3 �±wÑ, �XÜACþ
�O\, �>�[UþÅìO�, ù´á�|©�
CzÚå�á�B�°Ý�Ð°�ÜAC�A�

L 2 ØÓ16fßÝéA�O¤�U?

16fßÝ ��O¤�U? d�O¤�U?

/cm−3 EFc/eV EFv/eV

1×1018 0.8186 –0.0430

2×1018 0.8679 –0.0856

3×1018 0.9137 –0.1238

4×1018 0.9590 –0.1612

ã 1 ØÓ16fßÝéA� InGaAs/InGaAsP þf²(�
ò �ÇC z Ì ã ¥ TE (TM) � ­ � é A � 16f ß Ý
d 1×1018 cm−3 O\� 4×1018 cm−3, m�� 1×1018 cm−3

���YÂ ¿��(J. duá�|©Cz��
�B�Ð°�ruÜACÚå��YÂ , ¤±o
��[UþO\. �[Uþ�O\¦�ã 2 ¥ò�
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ÇCz�¸� áÅ���£Ä. lL 3 ¥��±
wÑ, 3ÜACþd 0.4%O\� 0.6%�L§¥, �
��­�Ç���>�[UþC�pu����
�Ç���>�[Uþ, L²d���Ç��L

­�Ç�¤�d�1�f�, ù��
ã 2 ¥ TM
�¸�ò�ÇCzþéA�Å�C�' TE ��.
�­�Ç� �'X�Cz, �¦���Ì�u
)3���­�Ç��m��[C�Ì�u)3
�����Ç��m, du�����Ç���[
é TM �kÌ��z, ¤±�> TM �ÄþÝ
�
Í,O�. éu TE �, �,éÙkÌ�K��´�
��­�Ç���[, ������Ç���[é
Ù�k�þ��z, ¤±d��> TE �ÄþÝ

�Eäk�½���.

ã 2 ØÓÜACþéA� InGaAs/InGaAsP þf²(��ò
�ÇCzÌ

L 3 ØÓÜACþéA�þf²�>�[Uþ

Ú�[ÄþÝ
�

ÜA ���­�Ç�� �����Ç�� �>�[ÄþÝ
�

Cþ �>�[Uþ/eV �>�[Uþ/eV /10−30 kg·eV

TE � TM �

0.0 0.7911 0.8269 2.3696 8.4357×10−30

0.2% 0.8143 0.8364 2.4088 2.7523×10−30

0.4% 0.8375 0.8454 2.4517 2.3722×10−29

0.6% 0.8608 0.8539 0.8275 3.7915

ã 3 ¤«�ØÓ²°� TE �Ú TM �ò�Ç
CzÌ. d�²«á�!^«á�Ú16fßÝ�
ëêÓã 2, O�L§¥����>�[UþÚ�
[ÄþÝ
��L 4. lã 3 �±wÑ, �X²°
�O\, þf���A~f, TM �ò�ÇCzO
r, TE �ò�ÇCzÉ�³�. dL 4 �±wÑ,
�X²°�O\, �>�[UþÅìü$, ��ã 3
¥ TE �Ú TM �ò�ÇCz�¸� �Å���

£Ä.

ã 3 ØÓ²°éA� InGaAs/InGaAsP þf²(��ò�Ç
CzÌ

L 4 ØÓ²°éA�þf²�>�[UþÚ�[ÄþÝ
�

²° ���­�Ç�� �����Ç�� �>�[ÄþÝ
�

/nm �>�[Uþ/eV �>�[Uþ/eV /10−30 kg·eV

TE � TM �

7 0.7997 0.8403 2.3118 1.3499×10−29

8 0.7911 0.8269 2.3696 8.4357×10−30

9 0.7842 0.8159 2.4151 9.4331×10−29

ã 4 ØÓ^«á�|©éA� InGaAs/InGaAsP þf²(�
�ò�ÇCzÌ

L 5 ØÓ^«á�|©éA�þf²�>�[Uþ

Ú�[ÄþÝ
�

^« ���­�Ç�� �����Ç�� �>�[ÄþÝ
�

|© y �>�[Uþ/eV �>�[Uþ/eV /10−30 kg·eV

TE � TM �

0.2 0.7966 0.8341 2.4476 1.2481×10−31

0.4 0.7911 0.8269 2.3696 8.4357×10−30

0.6 0.7830 0.8135 2.2311 4.5003×10−30

ã 4 �þf²²«Ú^«�±¬���^
�e, ^«á� In1−x′Gax′AsyP1−y ¥ As |© y

� U C é TE � Ú TM � ò �ÇC z Ì � K
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�, d � Ga | © x′ Ú As | © y ÷v ' X ª
� x′ = 0.1894y/(0.4184−0.013y), Ù¦ëêÓã 2,
O�L§¥����>�[UþÚ�[ÄþÝ

��L 5. lã 4 �±wÑ, ^«á�|©�Cz
Úå
²«ò�ÇCzþ�UC, ù´Ï�þf²
²«��Úd�¥�f�©ÙÉ�
^«á�|
©Cz�K�. dL 5 �±wÑ, �X|© y �O
\, ���d���>�[UþÅì~�, ��

TE �Ú TM �ò�ÇCz�¸���Å���
£Ä.
�3�½Å���SÓ�äk��ò�ÇC

zþÚò�ÇCz$ ��', nÜN�16fß
Ý!ACþ!²°Ú^«á�|©�ëê. ÏL`
z�O, ��ü�3 1550 nm Å�NC�ÜACü
þf²(�, Ù�Oëê�L 6, �A�ò�ÇCz
ÌXã 5 ¤«.

L 6 1550 nm ÜACüþf²(��Oëê

²«á� ^«á� ÜACþ/% ²°/nm 16fßÝ/cm3

1�|
In0.48Ga0.52As In0.87Ga0.13As0.28P0.72 0.33 10 1.03×1018

(λg = 1.57 µm) (λg = 1.08 µm)

1�|
In0.49Ga0.51As In0.70Ga0.30As0.65P0.35 0.31 8 1.24×1018

(λg = 1.58 µm) (λg = 1.36 µm)

ã 5 ü|ØÓëêéA� InGaAs/InGaAsP þf²(�ò�
ÇCzÌ (a) 1�|ëê; (b) 1�|ëê

lã 5(a) Ú (b) ��, 3 1530—1570 nm Å�
��S, TE �Ú TM �Ñäk��ò�ÇCzþ,
3 1×10−2 �m; Ó�, TE �Ú TM ��ò�ÇC
zÌ�Ä�­Ü. ±ã 5(a)�~, �Ñ TE �Ú TM
�ò�ÇCzþ��3 1530—1570 nm ���Å
��AÌ, Xã 6 ¤«. dã 6 ��, TE �Ú TM �
ò�ÇCzþ��3 1.15×10−4 S, äké$� 
��'5. ±þ©ÛL², nÜN�16fßÝ!

ACþ!²°Ú^«á�|©�ëêØ=�±Ó
�����ò�ÇCzþÚò�ÇCz$ ��
', 
�æ^ØÓ�N�ëê|Ü�±��Ä��
��ò�ÇCzÌ.

ã 6 TE �Ú TM �ò�ÇCzþ���Å��AÌ

4 ( Ø

�©é16fßÝ!ÜACþ���!þf
²°ÝÚ^«á�|©é InGaAs/InGaAsP þf²
(� TE �Ú TM �ò�ÇCz�K�?1
©
Û. 3dÄ:þ, ÏLnÜN�±þëê, �OÑ
3 1550 nm ó�Å�NC 40 nm Å���SÓ�
äk��ò�ÇCzþÚò�ÇCz$ ��'
�þf²(�; ©Û(JL², æ^ØÓ�N�ë
ê|Ü, �±��Ä����ò�ÇCzÌ.
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Abstract

The influences of carrier density, tensile strain, well width and barrier material component on the refractive index changes of

TE mode and TM mode in quantum well are analyzed. Then the quantum wells having characteristics of both large refractive index

change (on the order of 10−2) and low polarization dependence (on the order of 10−4) in a wavelength range from 1530 nm to 1570 nm

are designed by comprehensively integrating the parameters above. The result shows that almost the same spectra of refractive index

change can be acquired by integrating different groups of parameters.

Keywords: refractive index change, carrier-induced, polarization dependence, quantum well
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