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�â Vernier �A��ÌÝJpÈÅìgd1Ì��ÚN���, �O
�«91�N�?é��ÈÅì. |
^DÑÝ
�{Úk���{lnØþO�
éu1�?���»� 48 µm, 1�?�»� 50 µm �?é��È
Åì�gd1Ì��ÚN����±�� 75.6 nm, õÑ=� 103.1 mW, ù´8c��·�¤��Äu����
n�7Ä91�N�ÈÅì¥���gd1Ì��Ú3Xd$õÑe���N���. |^k���{, �O�

�»� 50 µm ���91N��A�m, þ,÷�m� 3.5 µs, eü÷�m=� 0.8 µs.

'�c: PLC 1f8¤£´, ?é��ÈÅì, 91�A

PACS: 42.82.–m, 84.30.Vn, 78.20.N–

1 Ú ó

1�äuÐ���p�, �Nþ, p8¤Ý, ±
9Ð��§��. �Jp1�ä�(¹5Úg·A
Uå, Ä�Å©E^Eâ3�5�1�ä¥ò¤�
��'�Eâ. 3Å©E^XÚ¥�z��&�,

Å�þØÓ, I�ÈÅì\±��. ISÏÕéÜ
¬�IO´z�&�m�� 0.8 nm, 0.4 nm, $�
�Ä. XdÄ�&�m�é�N�ÈÅì�N�°
Ýäk�p��¦, d	�¦�&�U
3��
ó�Åã (~X C Åã!L Åã) S(¹N�, È
Åì�N����v
�±CX��Åã. éu
äk±Ï5ÈÅA5���.ÈÅì, ~X���
�nÈÅì, �
O�N�����¦Ùgd1Ì
�� (FSR) ���Ð. 8c, O� FSR ��{Ì�
k~�����», ~X, ®²k��¡®²U

�Ñ�»� 1.5 µm �ü��� [1], Ù FSR �±�
� 62.5 nm. ,	�«�{´|^ØÓ�»���
m� Vernier �A [2−4] 5��*Ð FSR Ú~�Ï
�ÅÌý���J.

,��¡, Äu SOI á��71f�Å�AO
·^up�Ý1f8¤, ���ó²Úyk��>

f CMOS IOó²oN5p, Ïd´�51f8¤
�¡�ÄÀEâ. Äu SOI 1f�Å����(�
du§^å�õ�5Úp8¤Ý, Åì¤�1f8
¤Eâ¥��Ä�ì�(�ü� [5]. |^7á
�91Xêp�`:, é SOI 1f�Å�����
¸?191N�, �±¢y5U`É��N�ÈÅ
ì [6−8].

�©�O
�«Äu SOI 1Å�?é���
91N�1ÆÈÅì, ^DÑÝ
{ïÄ?é��
���Ì, |^?é����Ì� Vernier �A5
O� FSR, Ó��±¢yp Q �Ú$õÑ. �
3
ØÓÅ��1�m¯�=�, ^k��{�[
�
�91N�«�9|©ÙÚ9D�A5, `z�O

��\9>4.

2 ì�(�9�n

ã 1 �ì��ó��nã, Ù¥Å��O�
B/Å�, °Ý� 0.4 µm, SBp� 0.34 µm, ²�
«pÝ� 0.1 µm, ù«(�3Å�� 1.55 µm �
÷vü�^� [9]. |^���ª��{ (FMM),

�Ñd(�Å��k�ò�Ç3 1.55 µm Å�?
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� neff = 2.832771. �JpN�°Ý, À��� 1 �
�»� R1 = 48 µm, K FSR1 ≈ 2.8 nm; �� 2 �
�»� R2 = 50 µm, K FSR2 ≈ 2.7 nm. ∆λFSR =

FSR1−FSR2 = 2.8–2.7 = 0.1 nm. ?é��� Venier

�AXã 2 ¤«.

lÐ©éOÅ� λ00 m©, b� MRR1 ²L N

���¸�Ú MRR2 ²L N+1 ����¸Å�
3 λ00 + ∆λmax ?2géO, = FSR1×N= FSR2

×(N+1), dd�� N = 27. Ïd��Å�N��
� ∆λmax = FSR1×27 = 75.6 nm.

XJÏL��\9 MRR2 5¢yd��Å

�N�, MRR2 ��Å�I�£Ä: ∆λFSR × N =

2.7 nm, ��±�� N+1 = 28 �lÑéOÅ� (�
Ò´ÈÅì�ÑÑÅ�), ù
lÑéOÅ��m�
� ∆λcoarse = FSR1 = 2.8 nm.

XJ2��\9 MRR1, ¦Ù��Å�o£Ä
þ� 2.7 nm, zg£ÄÚ�� 0.1 nm, ���±�
� 27 @ÎG1Ì, éuz�@�½�ÎG1Ì,

ÏL\9 MRR2 �±¼� 28 �lÑéOÅ�, Ï
dXJÓ�\9 MRR1 Ú MRR2, Ko��±¼
� M = 27×28 = 756 �lÑÅ�, ��Å�m�
� ∆λmax/756 = 75.6/756 = 0.1 nm.

ã 1 ì�ó��nã

ã 2 ?é�� Vernier �A�nã
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ã 3 ì��·�1Ìã (a) �NÅÌã; (b) ��Å�é'ã

� d ® ² ( ½ Ñ, � ¢ y � � Å � N � �
� ∆λmax = 75.6 nm, Å�m�� 0.1 nm � 756

�lÑÅ�, MRR1 Ú MRR2 þI�£Ä 2.7 nm,

£ÄÚ�� 0.1 nm.

3 ·�1Ì�nØO�

|^n� (3D) �¥þ��k��© (FDTD)

{O�Ñ��Ú�Å��mmY (Gap) � 450 nm

���ÌÍÜXê� 0.1. e¡ò©Û?é���
·�1Ì.

��¤Å��k�ò�Ç� neff ; ����»
©O� R1 Ú R2, KÙ±�©O� L1 = 2πR1

Ú L2 = 2upπR2; � � � D Ñ � Ñ � α0 ü  
� cm−1, K13�SDÑ�±��Ì�ÑÏf
� αi = e−α0Li/2, i = 1,2; ����Å��m�Í
Ü�Ç� κi, ßL�Ç� ti, �÷v κ2

i + t2i = 1, Ù
¥ i= 1, 2, 3, 4; Ø�Ä Gap ?��£, 3��SD

Ñ�±��� Cz� φi =
2π

λ
neffLi, i = 1, 2.

3�©�?é.ÈÅì�O¥,Add àÃÑ
\1, = Ea1 = 0, Ea2 = 0, K|^DÑÝ
�
{ [10−12] �±��1�����DÑÌ:

TThrough1 =
∣∣∣∣Et1

Ei1

∣∣∣∣2 =
∣∣∣∣ t1 − α1t2ejφ1

1 − α1t1t2ejφ1

∣∣∣∣2
=

(t1 − α1t2)2+4α1t1t2sin2(φ1/2)
(1 − α1t1t2)2+4α1t1t2sin2(φ1/2)

,

(1)

TDrop1 =
∣∣∣∣Ed1

Ei1

∣∣∣∣2 =

∣∣∣∣∣−κ1κ2α
1/2
1 ejφ1/2

1 − α1t1t2ejφ1

∣∣∣∣∣
2

=
α1κ

2
1κ

2
2

(1 − α1t1t2)2 + 4α1t1t2sin2(φ1/2)
, (2)

1�����DÑÌ:

TThrough2 =
∣∣∣∣Et2

Ei1

∣∣∣∣2 =
∣∣∣∣Et2

Ei2
· Ei2

Ed1
· Ed1

Ei

∣∣∣∣2 =
∣∣∣∣ t3 − α2t4ejφ2

1 − α2t3t4ejφ2

∣∣∣∣2 ·
∣∣∣∣∣−κ1κ2α

1/2
1 ejφ1/2

1 − α1t1t2ejφ1

∣∣∣∣∣
2

·
∣∣∣e−α0D/2+j D

L1
φ1

∣∣∣2
=

(t3 − α2t4)2 + 4α2t3t4sin2(φ2/2)
(1 − α2t3t4)2 + 4α2t3t4sin2(φ2/2)

· α1κ
2
1κ

2
2

(1 − α1t1t2)2 + 4α1t1t2sin2(φ1/2)

∣∣∣e−α0D/2+j D
L1

φ1
∣∣∣2 ,(3)

TDrop2 =
∣∣∣∣Ed2

Ei1

∣∣∣∣2 =
∣∣∣∣Ed2

Ei2
· Ei2

Ed1
· Ed1

Ei1

∣∣∣∣2 =

∣∣∣∣∣−κ3κ4α
1/2
2 ejφ2/2

1 − α2t3t4ejφ2

∣∣∣∣∣
2

·

∣∣∣∣∣−κ1κ2α
1/2
1 ejφ1/2

1 − α1t1t2ejφ1

∣∣∣∣∣
2

·
∣∣∣e−α0D/2+j D

L1
φ1

∣∣∣2
=

α2κ
2
3κ

2
4

(1 − α2t3t4)2 + 4α2t3t4sin2(φ2/2)
· α1κ

2
1κ

2
2

(1 − α1t1t2)2 + 4α1t1t2sin2(φ1/2)
·
∣∣∣e−α0D/2+j D

L1
φ1

∣∣∣2 . (4)
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3�ÑÅ�DÑ�Ñ��¹e, ·��â±þ
�O�, À�Å�����m�ÍÜ�Çþ� 0.1,

�±�Ñì��·�DÑÌã, Xã 3 ¤«:

O�(J�y
·�nØþ�ýÿ, lã¥�
±wÑÈÅì� FSR � 76.5 nm, ÑÑÅ�� 3 dB

�°��uü����. ùÒy²
ì�3nØþ
´1�Ï�.

4 91N��[

|^ Si �91�A�±éÙ?1ò�ÇN�,

l�±UC�����Å�. §Ý3 300—600 K

�m, ¥%Å�3 1.55 µm ?,Si �91Xê�§Ý
Cz'X�²;úª [13] �

dn

dT
= (9.45 × 10−5 + 3.47 × 10−7T

−1.49 × 10−10T 2)/K, (5)

3~§e,
dn

dT
= 1.86 × 10−4/K.

1Å�91N�«î�¡(�Xã 4 ¤«.

ã 4 N�«(����.«¿ã

|^k���{¦)9D��§
∂T

∂t
− σ

ρc
∇2T =

Q

ρc
, (6)

ª¥, T ´§Ý, t ´�m, ρ ´�Ý, σ ´9�Ç, c

´'9N, Q XÚS9)9Ç, �Ò´ü �m
ü NÈS�)�9þ, éuõÇ� W , î�¡È
� S, �Ý� LElectrode �>4, Ù)9Ç�

Q =
W

S × LElectrode
. (7)

3O�¥, ·�Cq@� ρ, σ, c �~ê, À
� 50 µm×50 µm �O�«�, 3Y²��þb�
ü^ Direchlet >., 3ç���þÀ��í�þ>

.Ú�. Si �e>.� Direchlet >., ¿���
Ä9þ3�í¥�D�, �Ñ�í�é6ÚË�,

ùéu���SÃ�í6Ä��¹´v
°(�.

3ì��O¥, >4�á�� Al, þÝ� 1 µm,

°Ý� 10 µm, �Ý� 314 µm; þ�� SiO2 þÝ
� 3 µm; Si Å��B.Å�, SBp� 0.34 µm, ²
�«p 0.1 µm, °Ý� 0.4 µm; î�� SiO2 þÝ
� 2 µm.

�â±þ�ëê, ·�|^k���{, O�
��N�«�·�A�, Xã 5 ¤«.

d����n÷v��§ neffLi = mλ0, Ù
¥ m ��ê, �±���\9�����n¥�Å
�UC�

∆λ =
dn

dT
∆Tλ0/neff . (8)

±�»� 50 µm ����~, XJ��Å�
£Ä 2.7 nm, =Ù FSR ���, �â (8) ªO��
�, éu λ00 = 1.547724 µm ���Å��1, �«
I,§ 26.57 K. ²L·�©Û, >4�\9õÇ
� 103.1 mW, )9Ç� 3.283×1013 W/m3. 3]�
©Û¥, c 50 µs é>4\T)9Ç1Ö, � 50 µs

��1Ö, 4Ùgde%. ã 6 � 50 µs \9�e
%���N�«¥%§ÝÚÑÑ1|Uþ�Ä�
�A�. éÐ©��Å� λ00, 3Ø\9�, ÑÑ
àk1ÑÑ, ,§L§¥duÅ��ò�Çu)U
C, ¦�����n���Å�u)ù£, ÑÑà
ÑÑ�1rÅì~�, ���Å�ù£�e�?�
�Å�?�, ÑÑ1rq¬ÅìO�����; 3
��\9ü§L§¥, ����n��Å�u)
7£, ��¸2g l, ¦�ÑÑà�1r2g~
�. ·�½Â1rCz 10%—90%éA��m��
A�m (�Ý), lã¥�±��Ð©��Å�1r
eü�m� 0.8 µs, e�?��Å�1rþ,�m
� 3.5 µs. þ,�m���ueü�m��Ï´:

3fm©\9�, §ÝCz×�, Å��k�ò�
ÇCz�é¯, l������n���¸u)
¯�¤£, ¦�ÑÑ1r�eü�méá; 3\9
�½�m±�, N�«�§ÝÅì½, §Ý�,
p�ÝÅì~�, �du§ÝUC���k�ò�
ÇCz¦�Ð©��¸Åì¤£�e�?��¸
�, duò�ÇC��ú, ¦�ù�Cz�é�ú,

l¦�ÑÑ1r�þ,�m'��.
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ã 5 \9>4�·��A(J (a) �§Ý|©Ù; (b) N�«¥%Y²��§Ý©Ù; (c) O�I�¥%ç���§Ý©Ù

ã 6 50 µs \9,�e%�9�A�

Ä u ± þ � O � ( J, · � 3 1 � ? � »
� 48 µm Ú1�?�»� 50 µm �����n

þ©O\9, Ù\9õÇÚÑÑ�Å�XL 1 ¤«.

L 1 \9õÇéÑÑÅ��K�
````````````R2 \9õÇ

R1 \9õÇ
0 W 0.03 W 0.06 W 0.10 W

0 W 1.54772 1.59752 1.57789 1.55046

0.03 W 1.5676 1.54851 1.59854 1.57314

0.06 W 1.58798 1.56839 1.54929 1.59365

0.10 W 1.61199 1.59473 1.57498 1.55034

lL 1 ¤��ÑÑÅ��\9õÇ�'X�
±wÑ, 3ü���\9õÇ�Ó��¹e, ÅÌ
ù£þ´�X\9õÇ�O\O\�; �1�?
��þ\9õÇ�u1�?��þ�\9õÇ�,

ÅÌ�X1�?��þ�\9õÇ�O\Åì
ù£; �1�?��þ\9õÇ�u1�?��þ
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�\9õÇ�, ÅÌ�X1�?��þ\9õÇ�
O\Åì7£.

5 ( Ø

·��O
�«Äu Vernier �A�91�N
�?é��ÈÅì, ÏLnØ©Û, d«ÈÅì�

gd1Ì��ÚN����±�� 76.5 nm, õ
Ñ==� 103.1 mW. ÈÅì�9�A�Ý�, þ,
�m 3.5 µs, eü�m=� 0.8 µs. ¿�uyü?�
�þ\9õÇØÓ�, �±¦ÑÑÅ�u)ù£½
ö7£, ù�±¦·�ÏL��ü?��þ�\9
þ5��ÑÑÅ�´�¥%Å���Å��£Ä,

�´áÅ��£Ä.
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Theoretical analysis of a thermal-optical tunable filter
based on Vernier effect of cascade microring

resonators∗
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Abstract

A thermal-optical tunable filter based on the Venier effect of cascade microring resonator, which can expand the Free-Spectrum-

Range (FSR) and the tuning range, is designed and simulated. The FSR of the filter with a radius of 48 µm for the first order and 50 µm

for the second order microring can be expanded to 76.5 nm, which is at present the largest FSR to our best knowledge. A tuning range

covering all of the above mentioned FSR can be reached under 103.1 mW heating power, which is also the largest one for silicon based

thermal-optic tunable microring resonator filers. The response time, calculated by finite-element-method, of the designed tunable filter

with 50 µm radius ring is 3.5 µs for the rise edge and 0.8 µs for the fall edge.

Keywords: integrated optics, filters, cascade microrings, thermooptic effect
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