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each of the Virtual regions and the tilt mirrors in each of the 
fixed regions are related to each other So as to make pairs. 
The angle control of reflecting Surfaces of the tilt mirrorS is 
performed in parallel for each related regions, and the angle 
control within each regions is performed in a time-division 

C. 

EABODMENT OF CONTROL CIRCUT OF OPTCA 
2 SWITCH ACCORDING TO PRESENT INVENTION 

MRROR DRWING SECTION 
1 (E1-1) - 11 (F1-N) 

CONRO 
CRCT SELECOR A. 2 Eos 

fD 

MIRROR DRVNG GROUP 2 (2-B) 
(MIRROR NUMBER. b=5-8, 3-6,2-24, 29–32) 

4x64 X 
Mix; D/A DRY 
SWCH y MEMS 

D/A -- DRW - MERROR 

0. 

NO. 64 

MIRROR DRWING GROUP 21 (IF2-A) 
(MIRROR NO, a 1-4,912, 1720.25-28). 

MRRORDRVNGSECTION (2-5 

A/D-NON 

MIRROR DRIVING GROUP 21 (f2–C) 
(MIRROR NUMBER. c-33-36, 41-44, 49–52, 57-60) 

MIRROR DR WING GROUP 2 (A2-D) l 
(MIRROR NUMBER. d=37-40, 45-48,53-56,61-64) 

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  



Patent Application Publication Mar. 25, 2004 Sheet 1 of 21 

12 CONTROL SYSTEM a 

13 MRROR DRWING SECTION 
SWITCH 
CONTROL 
CIRCUIT 

11 (if 1-1) - 11 (#1-N) 

y MEMS 
MIRROR 

101 
11 (2-1) MEMS MIRROR DRWING SECTION 

#2 
MEMS 
MRROR 

102 NO. 1 

CONTROL 
CIRCUIT 

CONTROL 
CIRCUIT 

10N 
11 (it 2-N) 

CONTROL 
CIRCUIT H i2 

MEMS 
MIRROR 

US 2004/0057655A1 

  

  

  





Patent Application Publication Mar. 25, 2004 Sheet 3 of 21 US 2004/0057655A1 

y : 

O 

  



41 AWHH W 
HOLWINI TÍ00 QN00BS 

US 2004/0057655A1 Mar. 25, 2004 Sheet 4 of 21 

(QEZHTWNO 19EH ÅTGEX | -!) ZZ )\WHHW HOHH||N (NOOBS8–| 

Patent Application Publication 

  



US 2004/0057655A1 

@ @ @ @ @) @ @ @ @ @) @ @ § @ @) 

• • • 

• • • •„~~~~ 

* • • •|-----N.) 
• • • 

• 

• • • • ** • • • 

• • • 

§ @ @ @ @ • • • 

(93) (g) (0) 
(@) @) G) () 

Patent Application Publication Mar. 25, 2004 Sheet 5 of 21 

  



Patent Application Publication Mar. 25, 2004 Sheet 6 of 21 US 2004/0057655A1 

EMBODMENT OF CONTROL CRCUT OF OPCAL 
NPUT IF 12 SWITCH ACCORDING TO PRESENT INVENTION 

23 

MING MIRROR DRIVING SECTION 
CONTROL 
CRCU El 22 (#1-1) ~11 (E1-N) 

4x64 
MATRX 1 

HSWC MEMS 
MIRROR 

MIRROR DRWING GROUP 21 (2-A) 
(MIRROR NO, a 1-4,912, 1720.25-28). 

MIRRORDRYING SECTION 11 (2-a) 

1:16 
SELECTOR 

MRROR 

1:16 SELECTOR 

MIRROR DRIVING GROUP 21 (2-B) 
(MIRROR NUMBER. b=5-8, 13-16, 21-24, 29-32) 

2OB 

CONTROL 
CIRCUIT 

2OC ag 

CONTROL --- As 
CRCUT MIRROR DRIVING GROUP 21 (2-C) 

2OD (MIRROR NUMBER. c-33-36,41-44, 49-52.57-60) 
CONROL ! 
CRCU MIRROR DRIVING GROUP 21 (#2-D) 

(MIRROR NUMBER. d=37-40, 45-48, 53-56,61-64) 

20A 

CONTROL 
CRCUT 

  

  

  

  

  

      

  

  



Patent Application Publication Mar. 25, 2004 Sheet 7 of 21 US 2004/0057655A1 

FIG.7 
N PIECES OF 
TWO-DMENSONALLY 
STRUCTURED MIRRORS 

FIG.8 
TWO-DMENSIONALLY 
STRUCTURED MIRRORS oc 
(NUMBER OF CHANNELS) 

SPATAL 
PROPAGATION THREE-DMENSIONALLY 
D STANCE STRUCTURED MIRRORS oc 

(NUMBER OF CHANNELS); 

NUMBER OF CHANNELS 

  



US 2004/0057655A1 

SEJDOBOOJA ONI TIOHIN00 H0 HH8N[NTOH1N00 EW11 1SH|=| 

[] 

(EnTWA TWILINI) | NHW1S?][^QW H9008 SEHIYOBOOHd 9NITT0H1N00H0}}}}|W 
H0 HE8|N?IN B000EH 

............__.__ _ _ ..... - - - - - - - - - - - - - - - - - - - - - • • • • • • • ************ ~~~~ ********* T 

ET10NW WT||N||d0~———” 
(TOJINOO XOVGOEBA NOISIQH8d 8BH0lH) 

INE|N|SITTQW EN Í H 

Patent Application Publication Mar. 25, 2004 Sheet 8 of 21 

  

  



US 2004/0057655A1 

- - - - - - - -E-EI?TEJ-lÇETE. ~ ¡ ¿ 

Patent Application Publication 

  



US 2004/0057655A1 Mar. 25, 2004 Sheet 10 of 21 Patent Application Publication 

  





US 2004/0057655A1 Patent Application Publication Mar. 25, 2004 Sheet 12 of 21 

  







Patent Application Publication Mar. 25, 2004 Sheet 15 of 21 US 2004/0057655A1 

FIG.17 

TMNG CONTROLLING 
SIGNAL 11 MIRROR DR WING SECTION 

CONTROL 
CIRCUIT 

MIRROR 

- - - - - - - - - - - - - 

  

  



Patent Application Publication Mar. 25, 2004 Sheet 16 of 21 US 2004/0057655A1 

FIG.18 
TIMING CONTROLLING 
SIGNAL 

MIRROR DR WNG SECTION 

CONTROL 
CIRCUIT 

MIRROR 

- - - - - - - - - - - - - - r - - - - - - - - - - - - - 

FIG.19 
TMING CONTROLLING 
SIGNAL 

ON/OFF MIRROR DRVNG SECTION 

CONTROL 
CIRCUIT 

MIRROR 

ss esse - - - - - - - r - - - - - - - - - - - - - 

  

  

  

  

  

  

  



Patent Application Publication Mar. 25, 2004 Sheet 17 of 21 

CONTROL 
CIRCUIT 

1000 

100 

CONTROLLING 
TIME T (ms) 

10 

CONTROL 
SYSTEM b 

FIG.20 

SW 
CONTROL 

t 
ANALOG go 

FIG.21 
CALCULATIONAL EXAMPLE WHERE N=1,024 

10 100 
m IN NUMBER OF REGIONS 

US 2004/0057655A1 

MEMS 
MIRROR 

1000 

100 

NUMBER OF 
CONTROL 
CIRCUITS 

10 

1 
1000 

1. 
CONTROL 
SYSTEM a 

  





Patent Application Publication Mar. 25, 2004 Sheet 19 of 21 US 2004/0057655A1 

FIG.23 
(A) 

FEPREGION 01020304.09101112 it is 1920 25262728 
VRA REGION Los |37 |2|0|2|0|25 |s|szlo is to is alse|st 

-e: 
ONE FRAME : 

STOP CONTROL(HOLD CONTROL VALUE DURING ONE FRAME) (B) 
F5, EGIO |ol localolos (oil 12|7|19||19|2|25 ||cola Ize 
VIRTA REGIONo.33724090202551.520s 56.1016283857 

ONE FRAME 

CUT DOWN WACANT TIME SLOTS (C) : au- am- -- 

FEPON 010204 log 12|17|18 |19|2025 27:28 
vity. REGION o3|37 |olo251 52 lossel to 1638 |57 

- -<= ONE FRAME 

CUT DOWN WACANT TIME SLOTS (D) 
FIXED REGON : -H WAIT UNITL RESONANCE 

2-A 01 020409|12|17|18 |1920) IS"covERED 
vity. REGIO o3 ||37 |oso251 52 los Iss|10 => SHORTEN TIME 

ONE FRAME 

VACANT TIME SLOT 
-e- 

  

  

  



Patent Application Publication Mar. 25, 2004 Sheet 20 of 21 US 2004/0057655A1 

- 
O 

5 e- CMP 
H e 

e 2 CN a 
f a vas g 

s 5 H 
a CD 

2 
st s 

C ZZ 

of 9 h 
LL Z o 

2 C2 : ZAFA s 
CD of a 272 t 2 or 
O or C 

c is we Fa 9 

to do 
-- a- S-1 

V 2 e - 

CN S 2. 
O 

CD v. a 
- 

LL re 

A L Oc ass 1 Na 
of Va., sexes 

saw - 

= NN 5>- 
- of -a as 

ls of a Him a O A 
2 = E C a 

a - H 

s 2. 
as 2 
X - - C 

s 
> 

V 

C - 5 

2 2u 
e s 

e 5 
- - 

al H 
CD a C 
- 
CO 
? 

  



Patent Application Publication Mar. 25, 2004 Sheet 21 of 21 US 2004/0057655A1 

FIG.25 

MEMS MIRROR MEMS MIRROR 
OF FIRST MIRROR OF SECOND MIRROR 
ARRAY 21 Y ARRAY 22 

/ - 
/ N 

OPTICAL 
SIGNAL 

OUTPUT SIDE 
OPTICAL FIBER 

- 
INPUT SIDE 
OPTICAL FIBER\ 

  

  



US 2004/0057655 A1 

OPTICAL SWITCH CONTROL METHOD AND 
APPARATUS THEREOF 

BACKGROUND OF THE INVENTION 

0001) (1) Field of the Invention 
0002 The present invention relates to a technique for 
controlling an optical Switch to be used in optical commu 
nications, and more particularly to a control method and an 
apparatus of an optical Switch of three-dimensional Structure 
using reflective-type tilt mirrors. 

0003) (2) Related Art 
0004. It is a known fact that data traffic has been explo 
Sively increased due to the recent rapid expansion of the 
Internet. Therefore, Since the constitution of optical net 
WorkS is shifted from a ring-type to a mesh-type, it is 
required to set and release (provisioning) optical paths in a 
more dynamic manner. To attain it, a large-scaled optical 
cross-connecting (XC) device is required. However, cur 
rently used XC devices do not have Sufficient capacities, and 
are restricted by the limitation of electrical process due to the 
increased signal bit rate. Thus, there is demanded realization 
of a large-scaled optical Switch. For Such a demand, atten 
tion has been directed to those optical Switches of three 
dimensional Structure adopting tilt mirrorS Such as fabricated 
by applying a micro machining (MEMS: Micro Electric 
Mechanical System) technique, as constitutions Suitable for 
realizing a large-scale Such as from a viewpoint of coupling 
loss or the like. 

0005 For the optical switch of three-dimensional struc 
ture using the aforementioned MEMS mirrors, for example, 
as shown in FIG. 24, there is known an optical Switch 
constituted by combining: first and Second collimator arrayS 
1, 1 connected with end portions of first and Second optical 
fiber arrays disposed with two-dimensionally arranged N 
threads of optical fibers, respectively; and first and Second 
mirror arrays 2, 2 disposed with two-dimensionally 
arranged N numbers of MEMS mirrors. As shown in FIG. 
25, for example, in Such an optical Switch of three-dimen 
Sional Structure, an optical Signal emitted from one of the 
first collimator array 1 is reflected by the corresponding 
MEMS mirror of the first mirror array 2, and the thus 
reflected light is further reflected by the corresponding 
MEMS mirror of the second mirror array 2 to thereby input 
to the corresponding output Side optical fiber through the 
corresponding collimator of the Second collimator array 12. 
0006. In the optical switch of three-dimensional structure 
using tilt mirrors such as MEMS mirrors, as aforementioned, 
there is a possibility that, due to angle deviations among the 
mirrors, the optical signals are input to the output side 
optical fibers in a deviated manner, thereby causing a factor 
to increase a loSS within the optical Switch. Such a coupling 
defect is caused by a slight angle deviation, even when the 
input and output ports are determined the angles of the tilt 
mirrors at the input and output Sides are known values. AS 
Such, it is desired to control, with high precision, the angles 
of the input Side and output Side tilt mirrors with respect to 
paths of optical Signals corresponding to the input and 
output channels. 
0007. However, for the aforementioned optical Switch of 
three-dimensional Structure, no specific techniques concern 
ing the angle control for tilt mirrors have been convention 
ally proposed. 
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SUMMARY OF THE INVENTION 

0008. The present invention has been performed in view 
of the points as described above, and has an object to provide 
an optical Switch control method and an apparatus thereof, 
capable of controlling, at a high Speed, angles of a plurality 
of tilt mirrors of an optical Switch of three-dimensional 
Structure, by a simplified circuit Structure. 

0009. To achieve the above object, the present invention 
provides an optical Switch control method which comprises 
a plurality of mirror arrays each arranged with a plurality of 
tilt mirrors each having an angle-controllable reflecting 
Surface, and reflects input optical Signals Sequentially by the 
respective mirror arrays, to output the optical Signals from 
particular positions, for controlling an angle of the reflecting 
Surface of each tilt mirror on each of the mirror arrayS, 
wherein the tilt mirrors on one mirror array of the plurality 
of mirror arrays are divided into a plurality of fixed regions. 
Further, the tilt mirrors on the other mirror array of the 
plurality of mirror arrays are divided into a plurality of 
Virtual regions, in accordance with connection States of 
optical paths, Such that the tilt mirrors in each of the Virtual 
regions and the tilt mirrors in each of the fixed regions are 
related to each other So as to make pairs. Then, an angle 
control of reflecting Surfaces of the tilt mirrorS is performed 
in parallel for every related regions, and the angle control of 
reflecting Surfaces of the tilt mirrors in the related regions is 
performed in a time-division manner corresponding to the 
optical paths. 

0010. According to such an optical Switch control 
method, the angle control of the tilt mirrors on the plurality 
of mirror arrays is performed in parallel and independently 
for every related fixed and Virtual regions in accordance with 
the connection States of optical paths, and the angle control 
of the tilt mirrors in each of the related regions is performed 
in a time-division manner. Therefore, it becomes possible to 
Simultaneously realize the miniaturization of circuit Scale 
and the shortening of controlling time. 

0011 Further, in the above control method, the power of 
each optical Signal after Sequentially reflected by the tilt 
mirrors of the mirror arrays may be detected, to feedback 
control the angles of reflecting Surfaces of the tilt mirrorS So 
that the detected optical Signal power is increased. By 
performing Such a feedback control, it becomes possible to 
control the angles of tilt mirrors with higher precision, 
thereby enabling to reduce a loSS within the optical Switch. 

0012 Moreover, the angle control of reflecting surfaces 
of the tilt mirrors may be performed by conducting the fine 
adjustment by the feedback control after conducting the 
rough adjustment based on a previously Set initial value. By 
applying Such a control method, it becomes possible to 
further Shorten the controlling time. 

0013 In addition, the angle control to be in parallel 
performed in each related regions may be performed with 
the Synchronization between the respective regions. Accord 
ing to Such a control method, it is possible to instantaneously 
conduct the eXchange of Virtual regions even in changing the 
optical path connection over different regions, to thereby 
avoid a delay of the angle control. 
0014) An optical Switch control apparatus according to 
the present invention is constituted by applying the control 
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method as mentioned above. The Specific constitution of the 
control apparatus shall be described in detail in the follow 
ing embodiments. 
0.015. Other objects, features and advantages of the 
present invention will become more apparent from the 
following description of preferred embodiments when read 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram showing an example of 
a basic control System conceivable for an optical Switch of 
three-dimensional Structure; 
0017 FIG. 2 is a block diagram showing another 
example of a basic control System conceivable for an optical 
Switch of three-dimensional Structure; 
0.018 FIG. 3 is a graph showing an example of a 
response characteristic concerning angle control of an 
MEMS mirror; 
0.019 FIG. 4 is a conceptual view for explaining a basic 
principle of a optical Switch control method according to the 
present invention; 
0020 FIG. 5 is a diagram showing a specific example of 
regions to be set for respective mirror arrays of FIG. 4; 
0021 FIG. 6 is a block diagram showing a constitution 
of an embodiment of an optical Switch control apparatus 
according to the present invention; 
0022 FIG. 7 is a view showing an example of an optical 
Switch using a general mirror of two-dimensional Structure; 
0023 FIG. 8 is a graph illustrating relationships of 
Spatial propagation distances of optical signals to the num 
ber of channels of optical Switches, concerning mirrors of 
two-dimensional Structure and mirrors of three-dimensional 
Structure, respectively; 
0024 FIG. 9 is a graph for explaining an operation of 
angle control for performing the rough adjustment and fine 
adjustment in the embodiment of the present invention; 
0.025 FIG. 10 is a diagram for explaining a preferred 
example of angle control taking account of resonance of 
MEMS mirrors in the embodiment of the present invention; 
0.026 FIG. 11 is a diagram for explaining another pre 
ferred example of angle control taking account of resonance 
of MEMS mirrors in the embodiment of the present inven 
tion; 
0.027 FIG. 12 is a diagram showing specific operations 
of respective control circuits, when the angle control of FIG. 
11 is applied; 
0028 FIG. 13 is a diagram illustrating exemplarily driv 
ing Signal waveforms and mirror response characteristics in 
one of the control circuits of FIG. 12; 
0029 FIG. 14 is a diagram showing an assumed example 
of a change of optical path connection over different regions, 
in the embodiment of the present invention; 
0030 FIG. 15 is a diagram for explaining a preferred 
Specific example of angle control taking account of a change 
of optical path connection over different regions, in the 
embodiment of the present invention; 
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0031 FIG. 16 is a diagram for explaining the angle 
control taking account of resonance of MEMS mirrors, in 
relation to the specific example of FIG. 15; 
0032 FIG. 17 is a diagram showing an example of a 
constitution where holding mechanisms are provided at 
respective mirror driving Sections, in the embodiment of the 
present invention; 
0033 FIG. 18 is a circuit diagram showing a specific 
example wherein the holding mechanisms in FIG. 17 are 
realized by utilizing D/A converters, 
0034 FIG. 19 is a circuit diagram showing a specific 
example wherein the holding mechanisms in FIG. 17 are 
realized by utilizing Sample-hold circuits, 
0035 FIG. 20 is a circuit diagram showing a specific 
example wherein the holding mechanisms in FIG. 17 are 
realized by utilizing analog-Switches and capacitance; 
0036 FIG. 21 is a graph showing a calculation example 
representing a relationship between the number of regions 
and the controlling time, in the embodiment of the present 
invention; 
0037 FIG. 22 is a diagram specifically illustrating the 
relationship between the number of regions and the control 
ling time in accordance with an order of angle control in the 
embodiment of the present invention, in which (A), (B) and 
(C) relate to situations where t>(n-1)xt, TM=(n-1)xt 
and TM-(n-1)xt, respectively; 
0038 FIG. 23 is a diagram for explaining a preferred 
Specific example of angle control taking account of a Situ 
ation of existence of vacant paths in the embodiment of the 
present invention, in which (A) represents a situation where 
all of the optical paths in one region are used, (B) represents 
a situation where the operations of control circuits are 
Stopped at time slots of vacant paths, (C) represents a 
Situation where the angle control is performed by cutting 
down the time slots of vacant paths, and (D) represents a 
Situation where the a controlling time for 1 frame is made to 
be shorter than a convergence time for resonance; 
0039 FIG. 24 is a perspective view showing an example 
of an optical Switch of three-dimensional Structure to which 
the present invention is applied; and 
0040 FIG.25 is a plan view showing a propagation path 
of an optical signal in the optical Switch of FIG. 24. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0041. There will be described hereinafter embodiments 
of the present invention, with reference to the accompanying 
drawings. In the drawings, those identical constitutional 
elements are denoted by the same reference numerals, 
respectively, and the repeated explanation thereof Shall be 
omitted. 

0042 Firstly, a brief description will be made for a basic 
control System conceivable as a technique for controlling an 
optical Switch of three-dimensional Structure using tilt mir 
OS. 

0043. As a system for controlling angles of MEMS 
mirrors of first and Second mirror arrayS 21, 2 in the optical 
Switch of three-dimensional structure shown in FIG. 24, 
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there can be conceived a System, for example as shown in 
FIG. 1, in which a control circuit is provided for each path 
(hereinafter called "optical path”) of an optical signal from 
a certain input Side optical fiber up to a certain output side 
optical fiber, So as to Simultaneously control the angles of the 
MEMS mirrors corresponding to all of the optical paths (this 
System shall be called a control System “a”, hereinafter); and 
the other system, for example as shown in FIG. 2, in which 
a single control circuit is provided for all of the optical paths, 
so as to control the angles of the MEMS mirrors in a 
time-division manner (this system shall be called a control 
system “b', hereinafter). 
0044) Here, it is assumed, for the control systems “a” and 
“b', that a feedback control is executed for monitoring the 
power of optical signal to be introduced into the output Side 
optical fiber to thereby reflect the monitored result to the 
angle control of the MEMS mirrors, in order to control the 
angles of the MEMS mirrors with high precision and to 
prevent a large change in loSS within the optical Switch due 
to fluctuations of environmental conditions Such as tempera 
ture changes, vibrations or the like. 
0.045. In the control system “a” of FIG. 1, assuming now 
that the number of optical paths of the optical Switch is N, 
for example, N numbers of control circuits 10, 10, ... 10 
are provided corresponding to the optical paths. So as to 
Simultaneously operate the control circuits 10 to 10N, to 
thereby control operations of mirror driving sections 11(#1- 
1) to 11(#1-N), 11(#2-1) to 11(#2-N) corresponding to 
MEMS mirrors (hereinafter called “#1-MEMS mirrors” as 
the case may be) of the first mirror array 2 and MEMS 
mirrors (hereinafter called “#2-MEMS mirrors” as the case 
may be) of the Second mirror array 2. 
0046) Note, since the specific constitution of the afore 
mentioned control circuits and mirror driving Sections are 
described in detail in U.S. patent application Ser. No. 
09/949,913 which is a prior patent application by the present 
applicant, the outline of them shall be explained here. 
0047. In FIG. 1, an input interface (IF) 12 is given with 
input and output channel information, Such as an optical path 
connecting command from the exterior. The information 
provided via the input interface 12 is Sent to a Switch control 
circuit 13 So that Such as the information concerning the 
connection Setting is provided to the control circuits 10 to 
10N and to an NxN Switch 14. This NxN switch 14 is an 
electrical Switch for Supplying control Signals corresponding 
to the connection Setting of optical paths from the control 
circuits 10 to 10, to the mirror driving sections 11(#1-1) to 
11(#1-N) at the #1-MEMS mirror side; in accordance with 
the information from the Switch control circuit 13. 

0048. Further, each of the mirror driving sections 11(#1- 
1) to 11(#1-N) at the #1-MEMS mirror side includes, for 
example, D/A converters and driving circuits (DRVs) cor 
responding to the two axes (X-axis and Y-axis) of the 
#1-MEMS mirror, respectively, and provides the control 
signals supplied via the NxN Switch 14 to the driving 
circuits after D/A converting the control Signals, to adjust the 
angles in the respective axis directions of the #1-MEMS 
mirror. Similarly to these mirror driving sections 11(#1-1) to 
11(#1-N), each of the mirror driving sections 11(#2-1) to 
11(#2-N) at the #2-MEMS mirror side includes D/A con 
verters and driving circuits (DRVs) corresponding to the two 
axes (X-axis and Y-axis) of the #2-MEMS mirror, respec 
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tively. Further, each of the mirror driving sections 11(#2-1) 
to 11(#2-N) is provided with a monitor circuit (MON) for 
detecting the power of optical Signal to be introduced into 
the corresponding output Side optical fiber, and an A/D 
converter, So that the optical power detected by the monitor 
circuit is fedback via the A/D converter to the corresponding 
one of the control circuits 10 to 10. 
0049. In the control system “b” of FIG. 2, a 1xN elec 
trical Switches 15 and 15 are inserted between a Single 
control circuit 10 for controlling the operations of the mirror 
driving sections 11(#1-1) to 11(#1-N), 11(#2-1) to 11(#2-N), 
and the mirror driving sections at the #1-MEMS mirror side 
and at the #2-MEMS mirror side, respectively. Operations of 
the 1xN Switches 15, 15 are controlled by a timing control 
circuit 16, So that the operations of the mirror driving 
sections 11(#1-1) to 11(#1-N), 11(#2-1) to 11(#2-N) are 
Sequentially controlled in a time-division manner. 
0050. Note, the constitutions of the input interface 12 and 
the mirror driving sections 11(#1-1) to 11(#1-N), 11(#2-1) to 
11(#2-N) in the control system “b” are the same as those in 
the aforementioned control system “a”. 
0051 Meanwhile, there are thought of the following 
defects, concerning the aforementioned control Systems “a 
and “b”. Namely, for the control system “a”, since N 
numbers of control circuits 10, to 10 are required for 
controlling the respective MEMS mirrors, there is caused a 
defect of an enormous increase of the whole size of the 
optical Switch including these control circuits. Further, with 
the enlargement of size of the optical Switch, the control 
System “a” is Susceptible to affections Such as exterior noises 
since the distances between the control circuits 10 to 10, 
and the mirror driving sections 11(#1-1) to 11(#1-N), 11(#2- 
1) to 11(#2-N) become longer. Thereby, there is also a 
possibility that the Selection of transmission cables requires 
a careful attention Such as in case of transmitting high-Speed 
control Signals, resulting in the installing limitations to 
become Severer. 

0052 For the control system “b', it is considered that 
there may be caused Such a defect of an excessively 
extended controlling time for when the connection Setting of 
all of the optical paths is to be performed at once at the initial 
actuation, Since the operations of the mirror driving Sections 
11(#1-1) to 11(#1-N), 11(#2-1) to 11(#2-N) corresponding to 
the respective optical paths are controlled Sequentially in a 
time-division manner. Meanwhile, generally a changeover 
from a troubled optical path to another optical path is 
conducted in an optical transmission apparatus. AS the 
controlling time for Such a changeover between optical 
paths, it is required 10 ms or less, for example, So as to 
ensure the transmission quality. It may be difficult for the 
control system “b” to satisfy such a requirement for the 
controlling time. 

0053 Moreover, as an essential problem in optical Switch 
adopting MEMS mirrors, there can be mentioned a consid 
erably long time required for convergence of the mechanical 
resonance of MEMS mirrors in a case of controlling angles 
of the MEMS mirrors at a high speed, since Switching 
elements mechanically operate in themselves, commonly in 
the control systems “a” and “b'. 
0054 FIG. 3 is a graph showing an example of a 
response characteristic concerning angle control of a MEMS 
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mirror. As shown in the figure, when the angle of MEMS 
mirror is changed at a high Speed, there is caused resonance 
of amplitude corresponding to the magnitude of the changed 
angle, Such that the amplitude is converged to a certain angle 
while being gradually attenuated. Thus, the controlling time 
may be further prolonged in the control system “b', for 
example, Since this control System “b' requires a time period 
until the convergence of the resonance of the MEMS mirror, 
in addition to the calculation time period for the control 
circuit 10. 

0055. In addition, in the optical switch using MEMS 
mirrors, each MEMS mirror itself is very small and has a 
Small mass, thereby causing another essential problem that 
the MEMS mirror is strongly affected by vibrations in the 
environment where the optical Switch is arranged. AS afore 
mentioned, in the case of the optical Switch of three 
dimensional Structure, the optical coupling characteristic 
between the input and output is largely fluctuated by a slight 
angle deviation between the mirrors. Therefore, there is a 
possibility that the optical power is momentarily reduced. 
This may deteriorate a transmission quality Such as an error 
rate characteristic in an optical communication System uti 
lizing Such an optical Switch. 
0056 Accordingly, there will be described in detail here 
inafter the optical Switch control method and apparatus 
thereof according to the present invention, for diminishing 
the circuit Scale while keeping the controlling time Substan 
tially equivalent to that in the control System “a”, and for 
realizing a downsized optical Switch having a stable char 
acteristic against the affection Such as a fluctuation of the 
external environment. 

0057 FIG. 4 is a conceptual view for explaining a basic 
principle of the optical Switch control method according to 
the present invention. Further, FIG. 5 is a diagram showing 
a Specific example of regions to be set for respective first and 
second mirror arrays 2, 2 of FIG. 4. Here, the number of 
switching elements (MEMS mirrors) to be arranged in one 
optical path is Set at two, for example, for Simplifying the 
explanation. However, the present invention is not limited 
thereto, and it is possible to arrange three or more Switching 
elements within one optical path. 
0.058 As shown in FIGS. 4 and 5, the optical switch 
control method according to the present invention is con 
Stituted, for example, in an optical Switch of three-dimen 
Sional structure as shown in FIG. 24, Such that for one of the 
first and Second mirror arrayS 21, 2, a plurality of fixed 
regions are previously Set, and for the other of these mirror 
arrays, a plurality of Virtual regions are Set corresponding to 
the fixed regions Set in the one of the mirror arrays, in 
accordance with an optical path connecting command to be 
supplied from the exterior or the like. Specifically, for 64 
numbers of MEMS mirrors of the second mirror array 2 in 
the example shown in FIGS. 4 and 5, four fixed regions 
#2-A (single-line circle), #2-B (double-line circle), #2-C 
(dotted-line circle), and #2-D (broken-line circle) are pre 
viously set. Further, 64 numbers of MEMS mirrors of the 
first mirror array 2 are divided into any one of four virtual 
regions #1-A (single-line circle), #1-B (double-line circle), 
#1-C (dotted-line circle) and #1-D (broken-line circle) in 
accordance with the optical path connecting command, So as 
to correspond to the fixed regions. 
0059 Specifically explaining the region setting example 
of FIG. 5, for the second mirror array 2, the fixed region 
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#2-A includes the MEMS mirrors of No. 1 to No. 4, No. 9 
to No. 12, No. 17 to No. 20, and No. 25 to No. 28, the fixed 
region #2-B includes the MEMS mirrors of No. 5 to No. 8, 
No. 13 to No. 16, No. 21 to No. 24, and No. 29 to No. 32, 
the fixed region #2-C includes the MEMS mirrors of No. 33 
to No. 36, No. 41 to No. 44, No. 49 to No. 52, and No. 57 
to No. 60, and the fixed region #2-D includes the MEMS 
mirrors of No. 37 to No. 40, No. 45 to No. 48, No. 53 to No. 
56, and No. 61 to No. 64. Then, when a command to connect 
No. 1 MEMS mirror of the first mirror array 2 to No. 10 
MEMS mirror of the second mirror array 2 is transmitted in 
accordance with the optical path connecting command, for 
example, the No. 1 MEMS mirror of the first mirror array 2 
is rendered to be included in the virtual region #1-A corre 
sponding to the fact that No. 10 MEMS mirror of the second 
mirror array 2 is included in the fixed region #2-A. 
0060 Generalizing here the relationship between the 
number of optical paths and the number of fixed regions or 
Virtual regions, N in number of optical paths can be repre 
Sented by the following equation (1), by using “m” in 
number of fixed regions (or virtual regions) and “n” in 
number of paths within one region: 

N=nxin (1). 

0061. In this way, by setting a plurality of fixed regions 
(four fixed regions, here) for any one of a plurality of mirror 
arrays (two mirror arrays, here) in a optical Switch of 
three-dimensional structure, and by dividing the MEMS 
mirrors of each of other mirror arrays into a plurality of 
Virtual regions relating to the fixed regions, respectively, it 
becomes possible to dispose a control circuit for each fixed 
region So as to perform the angle control. Thereby, it 
becomes possible to provide an optical Switch control 
method capable of diminishing the circuit Scale and realizing 
the high Speed angle control. Namely, according to the 
control method of the present invention, the angle control for 
the respective MEMS mirrors of the first and second mirror 
arrayS 21, 2 is performed by four control circuits disposed 
corresponding to the previously Set fixed regions if2-A to 
#2-D, in parallel for the respective regions (fixed regions 
#2-A to #2-D and virtual regions #1-A to #1-D), and the 
angle control for the MEMS mirrors in the same region is 
performed in a time-division manner. Thus, it becomes 
possible to drastically diminish the control circuit Scale as 
compared with the aforementioned control System “a”, and 
to Sufficiently shorten the controlling time as compared with 
the aforementioned control system “b', thereby enabling to 
realize the high Speed angle control. 

0062) There will be described in detail hereinafter an 
embodiment of a control apparatus constituted by applying 
the aforementioned basic principle of the optical Switch 
control method according to the present invention. 

0063 FIG. 6 is a block diagram showing a constitution 
of the embodiment of an optical Switch control apparatus 
according to the present invention. 

0064. In FIG. 6, the control apparatus of the present 
embodiment includes four control circuits 20A, 20B, 20O 
and 20D corresponding to the four fixed regions #2-A, #2-B, 
#2-C and #2-D set in the second mirror array 2 similarly to 
the example shown in FIGS. 4 and 5, for the optical Switch 
of three-dimensional structure shown in FIG. 24. The con 
trol circuits 20A to 20D are connected, respectively, to 
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mirror driving groups 21 (#2-A), 21(#2-B), 21(#2-C), 
21(#2-D) provided by grouping the mirror driving Sections 
corresponding to the fixed regions #2-A, #2-B, #2-C and 
#2-D, for the MEMS mirrors of the second mirror array 2, 
and to mirror driving sections 11(#1-1) to 11(#1-64) for the 
respective MEMS mirrors of the first mirror array 2, via a 
4x64 matrix Switch 22. 

0065. The mirror driving group 21(#2-A) includes mirror 
driving sections 11(#2-a; a-1 to 4, 9 to 12, 17 to 20, 25 to 
28) for driving the respective MEMS mirrors of No. 1 to No. 
4, No. 9 to No. 12, No. 17 to No. 20, and No. 25 to No. 28 
set in the fixed region #2-A, and 1:16 selectors 21a, 21b. The 
constitution of each mirror driving Section is the same as that 
explained in the aforementioned control system “a”. The 
1:16 Selector 21a is to transmit the control Signal output 
from the control circuit 20A to any one of the mirror driving 
sections. The 1:16 selector 21b is to selectively feedback any 
one of monitor Signals for the output optical powerS Sent 
from the A/D converters of the respective mirror driving 
Sections to the control circuit 20A. 

0.066. In FIG. 6, there the specific constitution has been 
described for the mirror driving group 21(#2-A) only. How 
ever, the constitutions of the mirror driving groups 21(#2-B), 
21(#2-C) and 21(#2-D) are the same as that of the mirror 
driving group 21(#2-A). 
0067. The changeover timings for the 1:16 selectors 21a, 
21b of the mirror driving groups 21(#2-A) to 21(#2-D) and 
for the 4x64 matrix Switch 22 are controlled in a time 
division manner in accordance with timing control Signals to 
be output from a timing control circuit 23, Such that the 
mirror driving sections for driving the #1-MEMS mirrors 
and #2-MEMS mirrors paired by the connection of optical 
paths, are simultaneously connected to the control circuits 
20A to 20D, respectively. 

0068 The timing control circuit 23 determines the con 
trol order corresponding to each region based on the optical 
path connecting command or the like to be Supplied via the 
input interface (IF) 12, to thereby generate the aforemen 
tioned timing control signals, and Supplies the information 
concerning the connection Setting of optical paths to the 
respective control circuits 20A to 20D. In response to the 
information from the timing control circuit 23, the control 
circuits 20A to 20D generate control signals for controlling 
the angles of #1-MEMS mirrors and #2-MEMS mirrors 
corresponding to the connection Setting of optical paths, 
respectively. 

0069. For example, as a method for determining the 
control orders by the timing control circuit 23, it is possible 
to previously set the control order for all of the optical paths 
within each of the fixed regions #2-A to #2-D, and then, to 
Set the control order for optical paths within each Virtual 
region corresponding to the optical path connecting com 
mand in accordance with the previously Set control orders 
for the fixed regions. 

0070. As the MEMS mirrors of the first and second 
mirror arrayS 21, 2 to be angle controlled by the control 
apparatus having the aforementioned circuit Structure, for 
example, it is preferable to use mirrors having three-dimen 
Sional Structure of a So-called beam Steering type Suitable to 
form optical Switches of three-dimensional Structure. 
According to the mirror Structure of the beam Steering type, 
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it is possible to freely control the angles of the reflecting 
Surface in the two axis directions, thereby allowing to 
connect a certain input port to any one of all output ports 
(i.e., path establishment). Such mirrors of three-dimensional 
Structure are optimum for forming a large Scaled optical 
Switch, Since these mirrors are able to downsize the optical 
System as compared with a situation for using mirrors of 
two-dimensional structure Such as shown in FIG. 7. Illus 
trated in a graph of FIG. 8 are relationships of spatial 
propagation distances of optical Signals to the number of 
channels of optical Switches, for the mirrors of two-dimen 
Sional Structure and the mirrors of three-dimensional Struc 
ture, respectively. In the relationships shown in FIG. 8, it 
can be seen that when the number of channels exceed 50, it 
becomes possible to form a Smaller sized optical Switch by 
using mirrors of three-dimensional Structure. 
0071. Further, the aforementioned mirrors of three-di 
mensional structure is be fabricated on a wafer of Si or the 
like by applying the MEMS technique, So that a large-scaled 
mirror array can be formed collectively making use of the 
existing process. Those mirrors are advantageous especially 
in the Size of optical System in optical Switch. Note, those 
mirrors to be used in optical Switches to be applied with the 
present invention are not limited to the aforementioned 
three-dimensionally structured MEMS mirrors, and it is 
possible to use known tilt mirrors. 
0072 Further, in the control apparatus of the present 
embodiment, as Specific methods for monitoring the output 
optical powers to be monitored at the respective mirror 
driving Sections at the Second mirror array 2 side So as to 
feedback control the angles of the MEMS mirrors, it is 
possible to apply a method for branching an optical Signal at 
a point upstream of the output Side optical fiber by using a 
prism or the like to thereby detect a power of the optical 
Signal, or a method for branching an optical Signal coupled 
to the output Side optical fiber by an optical coupler or the 
like to thereby detect a power of the optical Signal. Particu 
larly, in a case where the latter monitoring method for 
branching the optical Signal once coupled to the output Side 
optical fiber to thereby detect the power of the optical Signal 
is applied, it becomes possible to perform the feedback 
control for the respective MEMS mirrors with high preci 
Sion, Since there can be avoided Such a situation that the 
monitored optical power and the optical power of the optical 
Signal actually coupled to the output Side optical fiber are 
inconsistent with each other due to an affection by assem 
bling errors of the optical system or the like. Note, the 
monitoring method of output optical powers in the present 
invention is not limited to the above examples, and it is 
possible to apply a typical monitoring method of optical 
Signal power. 

0073. In the optical Switch applied with the control 
apparatus of the aforementioned embodiment as described 
above, the angle control for the MEMS mirrors of the first 
mirror array 2 and Second mirror array 2 is executed in 
parallel for every regions A to D (virtual regions #1-A to 
#1-D, and fixed regions #2-A to #2-D) by the four control 
circuits 20A to 20D, respectively, while the angle control for 
MEMS mirrors in each of the regions A to D is executed in 
a time-division manner. Thus, it becomes possible to provide 
a control apparatus for an optical Switch of three-dimen 
Sional Structure, realizing a diminished circuit Scale and a 
Shortened controlling time. 
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0.074 There will be hereinafter described in detail spe 
cific examples of angle control by the control circuits 20A to 
2OD. 

0075) Firstly, there will be described in detail a preferable 
Specific example of angle control taking account of the 
aforementioned resonance of MEMS mirror as shown in 
FIG 3. 

0076. As described above, since the MEMS mirrors 
constituting the first and Second mirror arrayS 21, 2 inher 
ently are Switching elements which operate mechanically, 
resonance is caused when the frequency of driving Signal is 
higher than the mechanical resonance frequency. Further, 
when the MEMS mirror is driven by a driving signal having 
the frequency lower than the resonance frequency, the 
controlling time until reaching a required angle is prolonged. 

0077. In an actual angle control of MEMS mirrors, such 
as shown in FIG. 9, it is possible to conduct rough adjust 
ment to control the mirror angles at all once at a first 
controlling time, in accordance with an initial value previ 
ously Stored in a memory or the like, and to thereafter 
conduct fine adjustment for finely feedback controlling the 
mirror angles, thereby reducing the control frequencies and 
Shortening the controlling time. In executing Such an angle 
control, assuming that the frequency of the driving Signal is 
constant, the larger the mirror angle is changed, the larger 
the amplitude of the resonance of the MEMS mirror 
becomes, resulting in a longer convergence time period of 
the resonance of the MEMS mirror. 

0078 Thus, it becomes possible to achieve the efficiency 
of the angle control, by rendering the control circuits 20A to 
20D to perform the angle control in accordance with the 
following Sequence, taking account of the aforementioned 
resonance behavior of the MEMS mirrors. Namely, for 
example, as shown in FIG. 10, each of the control circuits 
20A to 20D conducts the rough adjustment operations 
Sequentially for all of the optical paths within the same 
region during a first controlling period for conducting the 
rough adjustment of mirror angles, continuously conducts 
the fine adjustment operation for the same optical path until 
establishing an optical path during a Second controlling 
period and So forth, for conducting the fine adjustment of the 
mirror angles, and when one optical path is established, 
transferS to the fine adjustment operation of the next optical 
path. Note, the numerals in FIG. 10 correspond to the path 
numbers assigned to n pieces of optical paths in the same 
region, respectively. When each of the control circuits 20A 
to 20D performs the angle control in Such a Sequence, even 
if the resonance of large amplitude is caused by the rough 
adjustment operations for the respective optical paths, Such 
resonance is converged within a lapsed time until the fine 
adjustment operations are to be conducted during the Second 
controlling period and So forth. Thus, it becomes possible to 
effectively utilize the convergence time period of the reso 
nance to be possibly caused by the rough adjustment. During 
the fine adjustment operations, Since the angles of mirrors to 
be controlled are extremely Small, the amplitude of the 
possibly caused resonance is Small and the convergence time 
period is short, it is possible to continuously perform the 
angle control for the same optical path until the path 
establishment. 

007.9 Further, for example, as shown in FIG. 11, each of 
the control circuits 20A to 20D may conduct the rough 
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adjustment operations Sequentially for all of the optical 
paths within the same region during the first controlling 
period for conducting the rough adjustment of mirror angles, 
and may conduct the fine adjustment operations Sequentially 
for all of the optical paths within the same region during the 
Second controlling period and So forth, for conducting the 
fine adjustment of the mirror angles, Similarly to the first 
controlling period. When each of the control circuits 20A to 
20D conducts the angle control in Such a Sequence, it 
becomes possible to utilize the convergence time period of 
the resonance to be possibly caused by the fine adjustment 
operation, even if Such a convergence time period is to be 
considered. 

0080 FIG. 12 is a diagram showing specific operations 
of the control circuits 20A to 20D, when applying, for 
example, the procedures of angle control of FIG. 11 to the 
aforementioned control apparatus shown in FIG. 6. Further, 
FIG. 13 is a diagram exemplarily showing driving Signal 
waveforms and mirror response characteristics, in one of the 
control circuits of FIG. 12. Note, the numerals in FIG. 12 
correspond to the path numbers assigned to 16 pieces of 
optical paths in the same region, respectively. 
0081. As shown in FIG. 12, when the present control 
apparatus has received a channel changeover command or 
the like, So that the Start of the angle control is signaled, the 
control orders are firstly determined by the timing control 
circuit 23 and these control orders are notified to the control 
circuits 20A to 20D, respectively. Then, in each of the 
control circuits 20A to 20D, the rough adjustment operations 
are conducted for the MEMS mirrors corresponding to the 
respective optical paths during the first controlling period, in 
accordance with the determined control order, here, in the 
ascending order of the optical path number. Note, a time 
required for the angle control for each optical path is 
represented by there. 
0082 In the aforementioned rough adjustment opera 
tions, Specifically, driving Signals having waveforms as 
shown at the lower section of FIG. 13 are output from the 
control circuits 20A to 20D, and the corresponding MEMS 
mirrors are driven Sequentially by the respective driving 
Signals, So that the angles of the mirrors are Sequentially 
changed by displacing by one time slot tas shown at the 
upper section of FIG. 13. The resonance of MEMS mirrors 
is converged before the fine adjustment operation for the 
next controlling period is started, to become Stable at a 
Substantially constant value corresponding to the initial 
value. Note, the convergence time period of the resonance is 
represented by there. Then, the fine adjustment operations 
are Sequentially repeated by the feedback control, So that the 
angles of the respective MEMS mirrors are controlled to the 
optimum values, respectively, to thereby establish the 
respective optical paths. 
0083. As described above, each of the control circuits 
20A to 20D is to perform the angle control in accordance 
with the Sequence taking account of the resonance behavior 
of the MEMS mirrors, thereby enabling to more effectively 
Shorten the controlling time. 
0084. There will be hereinafter described a preferred 
Specific example of angle control taking account of Such a 
Situation where the connection Setting of optical paths is 
changed, over different regions. 
0085. In the control apparatus of the present embodiment 
as described above, since the angle control for MEMS 
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mirrors corresponding to the optical paths is performed in 
parallel for the respective regions A to D, there may be 
caused Such a situation as will be described in the following 
where the controlling time is delayed, in a case where optical 
paths having the established connections are changed, over 
different regions. Namely, if the timing of angle control of 
one region is deviated from that of the other region in case 
of changing the optical path connection over different 
regions, the angle control of the one region is started after 
the Start of the angle control of the other region, for example. 
AS a result, there is a possibility of prolonging a time 
required for changing the connections of optical paths. To 
avoid Such a Situation, it is effective that the angle control to 
be in a time-division manner performed for each region is 
achieved with Synchronization between the respective 
regions. 

0.086 Specifically, an assumption is made for the optical 
path connection change such as shown in FIG. 14. Namely, 
for the second mirror array 2 side, No. 1 and No. 2 MEMS 
mirrors are set to be included in the fixed region #2-A 
(single-line circles) and No. 3 and No. 4 MEMS mirrors are 
set to be included in the fixed region #2-B (double-line 
circles). Further, before the connection change as shown at 
the left side of FIG. 14, there are set optical paths for 
connecting No. 3 and No. 2 MEMS mirrors at the first mirror 
array 2 side, to No. 1 and No. 2 MEMS mirrors of the fixed 
region #2-A, respectively, and optical paths for connecting 
No. 1 and No. 4 MEMS mirrors at the first mirror array 2 
side, to No. 3 and No. 4 MEMS mirrors of the fixed region 
#2-B, respectively. Contrary, after the connection change as 
shown at the right side of FIG. 14, there are set optical paths 
for connecting No. 3 and No. 1 MEMS mirrors at the first 
mirror array 2 side, to No. 1 and No. 2 MEMS mirrors of 
the fixed region #2-A, and optical paths for connecting No. 
2 and No. 4 MEMS mirrors at the first mirror array 2 side, 
to No. 3 and No. 4 MEMS mirrors of the fixed region #2-B. 
Namely, according to the assumption here, there shall be 
conducted Such an optical path connection change requiring 
an exchange over the regions A and B, for No. 1 and No. 2 
MEMS mirrors at the first mirror array 2 side. 
0087. In a case of conducting such an optical path con 
nection change, if the angle control by the control circuit 
20A corresponding to the region A and the angle control by 
the control circuit 20B corresponding to the region B are 
performed in a full synchronization state as shown in FIG. 
15, it becomes possible to instantaneously conduct the 
exchange of virtual regions set in No. 1 and No. 2 MEMS 
mirrors at the first mirror array 2 side, when receiving the 
optical path connection change command as shown at the 
right side of FIG. 15. Note, the numerals in FIG. 15 denote 
MEMS mirrors to be angle controlled, and 1 frame indicates 
a time period (controlling period) required for Sequentially 
controlling all of the MEMS mirrors in the respective 
regions. 

0088. In this way, the angle control to be in a time 
division manner performed for each region is performed 
with Synchronization between the respective regions. Thus, 
it becomes possible to conduct the optical path connection 
change, over different regions in a short time. 

0089. Note, in performing the angle control with syn 
chronization between the respective regions as described 
above, in order to perform the control taking account of the 
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aforementioned resonance of MEMS mirrors, it is possible 
to perform the angle control by Such a procedure as shown 
in FIG. 16. 

0090 According to the procedure of FIG. 16, when 
receiving an optical path connection change command, there 
are firstly conducted the rough adjustment operations for the 
MEMS mirrors, accompanying the connecting State change. 
Further, as a method for waiting for the convergence of 
resonance of the MEMS mirrors, which is caused by these 
rough adjustment operations, the angle control for each 
MEMS mirror subjected to rough adjustment based on the 
connection change is put into a waiting State (that is, a State 
where no control is performed) once (or multiple times) in 
the next frame (controlling period) and So forth, and the fine 
adjustment operation is started after the resonance of Such 
MEMS mirrors has been converged. Such an angle control 
including the waiting State(s) can be processed in each frame 
unit, thereby capable to be realized by the following simple 
circuit structure. 

0091. In order to put the angle control to be in a time 
division manner conducted for each region into a waiting 
State, the control apparatus is required to have a mechanism 
for holding any control values. Specifically, for example, as 
shown in FIG. 17, it is possible to dispose holding mecha 
nisms in the respective mirror driving Sections. 
0092 According to the holding mechanism to be pro 
Vided in each mirror driving Section, for example, as shown 
in FIG. 18, it becomes possible to hold control values, by 
utilizing chip-select (CS) input terminals of general DIA 
converters so as to control a write enable state by turning ON 
the CS input terminal and a State of holding the previous 
setting by turning OFF the CS input terminal. Each of these 
D/A converters is arranged between the control circuit 
(digital circuit) and the driving circuits (analog circuits). 
Further, for example, as shown in FIG. 19, it is also possible 
to utilize sample-hold circuits (SH) so as to hold control 
values. Since the Sample-hold circuits are capable of holding 
analog values, it is apparently enough to provide a single 
D/A converter for the same region, thereby allowing to 
diminish the circuit Scale as compared with the constitution 
of FIG. 18. Moreover, for example, as shown in FIG. 20, it 
is also possible to hold control values by inserting an analog 
switch between a driving circuit (DRV) and MEMS mirrors, 
and by providing Voltage-holding capacitance at MEMS 
mirror Side output terminals of the analog Switch, respec 
tively. In this case, the time-division control in the same 
region is performed by Sequentially Switching-over the 
analog Switch. The thus constituted holding mechanism 
makes it enough to provide only one driving circuit for the 
Same region, thereby enabling to further diminish the circuit 
scale as compared with even the constitution of FIG. 19. 
0093. There will be described hereinafter a method for 
Setting the fixed regions, So as to most effectively realize the 
diminished circuit Scale and the shortened controlling time. 
0094. In the control method according to the present 
invention, N in number of paths of the optical Switch can be 
represented by the product (N=mxn) of “n” in number of 
paths within one region and “m' in number of fixed regions 
(=the number of control circuits), as shown by the afore 
mentioned equation (1). Further, the time (1 time slot) t 
required for the angle control for each optical path can be 
represented by the Sum of a time period required for reading 
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out an optical power the feedback control, a time period for 
calculating the control value, and a time period required for 
D/A converting the calculated control value. Thus, the 
controlling time T required for establishing all the paths of 
the optical Switch can be represented by the following 
equation (2) or equation (3), using: “n” in number of paths 
within one region; one time slot t, a convergence time 
period TM required for the convergence of the resonance of 
mirror on an allowable value; and frequencies K for per 
forming the control until the optical path connection is 
established. 

0.095 FIG. 21 is a graph showing a calculation result, on 
the assumption that, for example, N in number of paths is 
1,024, for the relationships represented by the equations (2) 
and (3). Note, the abscissa in the graph represents “m” in 
number of regions by logarithms, while the left ordinate 
represents the controlling time T by logarithms. Further, the 
right ordinate represents the number of control circuits by 
logarithms, So as to reveal the relationship to the diminish 
ment of the circuit Scale. AS Seen from the calculation 
example of FIG. 21, the controlling time T is substantially 
kept constant within the range where the value of “m” in 
number of regions is large (i.e., within the range where “n 
in number of paths within one region is Small). 
0096. Further, FIG. 22 is a diagram specifically showing 
the relationships represented by the equations (2) and (3) in 
accordance with an order of angle control, in which: (A) 
shows a situation of t>(n-1)xt while assuming n=6 and 
K=3; (B) shows a situation of TM=(n-1)xt while assuming 
n=9 and K=3; and (C) shows a situation of TM-(n-1)xt 
while assuming n=12 and K=3. As shown in (A) of FIG.22, 
when the value of “n” in number of paths within one region 
is Small, each frame requires a time period for performing no 
angle control So as to wait for the resonance to be converged. 
Contrary, as shown in (C) of FIG.22, when the value of “n” 
in number of paths within one region is large, the controlling 
time for each frame becomes long proportionally to “n” in 
number of paths irrespective of the convergence time of the 
resonance. Thus, the optimum value of “m” in number of 
regions corresponding to “n” in number of paths within one 
region for most effectively realizing the diminishment of the 
circuit Scale and the shortening of the controlling time, is 
Sought out to be at a boundary points Such as shown in (B) 
of FIG.22 where the equation (2) transitions to the equation 
(3) or vice versa. Such an optimum value of “m” in number 
of regions can be obtained by the relationship represented by 
the following equation (4): 

0097. There will be described hereinafter a preferred 
Specific example of angle control taking account of a Situ 
ation where at least one path is unused in the optical Switch, 
or in other words, a Situation of existence of vacant paths. 
0098. In the optical Switch to be applied with the control 
apparatus of the present embodiment, there is not only a 
Situation where all of the optical paths within one region 
(region A, in the figure) are used Such as shown in (A) of 
FIG. 23, but also a situation where one or more (four, in the 
figure) optical paths are unused as shown in (B) of FIG.23. 
For the angle control in Such a situation of the existence of 
one or more vacant paths in the optical Switch, it is possible, 
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in a previously determined control order, to adopt Such a 
procedure to Stop the operation of control circuit during a 
time Slot without connection Setting of optical path, So as not 
to control the angles of MEMS mirrors corresponding to the 
vacant path; or to hold the previous controlling State. 

0099 Further, for example, as shown in (C) of FIG. 23, 
in a previously determined control order, the angle control 
order may be advanced Sequentially to the angle control 
order corresponding to the optical path requiring the con 
nection afterwards, when reaching the control order for a 
time slot assigned with no connection Setting of optical path. 
Thus, it becomes possible to shorten the controlling time for 
one frame, by performing the angle control by cutting down 
the time slots of vacant paths. For example, in a case where 
usage efficiency of the path connection of optical Switch is 
definite, Such an angle control method has an advantage in 
that it becomes possible to optimize “m” in number of 
regions in accordance with the aforementioned equation (4) 
including the usage efficiency. 

0100 Note, in a case where the time slots for vacant paths 
are cut down as in the above manner, for example, when the 
usage efficiency of the path connection is low as shown in 
(D) of FIG. 23 so that the controlling time of one frame 
becomes shorter than the convergence time period TM of 
resonance, it is enough to wait for the resonance of the 
mirror to be converged Such that the control is not transi 
tioned to the next frame until the lapse of the convergence 
time period ty. 

0101 Next, there will be described hereinafter a pre 
ferred specific example of angle control, after the aforemen 
tioned rough adjustment operation and fine adjustment 
operation for each region have been completed So that the 
connections of all optical paths have been established. 
0102) In the optical Switch to be applied with the control 
apparatus of the present embodiment as described above, if 
the MEMS mirrors are left alone without performing any 
angle control for the MEMS mirrors after once establishing 
the optical path connections, the control values may be 
changed by the occurrence of temperature drift of the 
circuits, characteristic changes of MEMS mirrors or the like, 
due to environmental fluctuations Such as temperature 
change, earthquake or vibrations by Surrounding construc 
tional operations. To avoid changes of control values due to 
Such environmental fluctuations, it is desirable to Sequen 
tially correct the angles of MEMS mirrors in accordance 
with the time-division manner time slots and the control 
order as those by which the optical path connections have 
been established. 

0.103 For such a correction control of mirror angles, it is 
preferable to set the controlling period (i.e., the length of one 
frame) in consideration of the environment where the optical 
Switch is installed, especially to Set the controlling period to 
be short Such that the correction is made on a vibration 
condition having a shorter period than temperature fluctua 
tion. By Setting the correction period in this way, it becomes 
possible to compensate for the affection due to environmen 
tal fluctuations Such as Vibrations, thereby enabling to keep 
in Stable the connecting States of all the optical paths of the 
optical Switch. 

0104. As a specific method of the aforementioned cor 
rection control, the angle in one axial direction of each 
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MEMS mirror is changed to one direction by a minute 
amount to monitor the output optical power. When the 
monitored result exhibits an improvement of the optical 
coupling State, the changed angle is kept. When the moni 
tored result exhibits degradation of the optical coupling 
state, the changed angle of the MEMS mirror is moved back 
in the opposite direction by an amount twice the above 
minute amount, during the next controlling period. By 
Sequentially repeating Such angle control for each axial 
direction of each MEMS mirror, the angle deviation due to 
environmental fluctuations is corrected. 

0105. In the above correction method, when the angle is 
moved back by the two-fold amount in view of the degraded 
optical coupling State, the optical coupling efficiency may be 
conversely degraded. Nonetheless, Since Such degradation is 
to be corrected during the next controlling period, the 
fluctuation of the optical output power is Small, and there is 
Substantially no necessity to take account of the affection 
due to Such degradation on the transmission characteristic in 
the System adopting the present optical Switch. Note, when 
the optical coupling efficiency is degraded after the angle has 
been moved back by the two-fold amount, the angle may be 
moved back to the original State during the further next 
controlling period. 

0106. In addition, in the aforementioned correction con 
trol, if the change in the optical output power by the angle 
correction of the MEMS mirror is large, there is caused 
deterioration of characteristics of optical devices, Such as 
optical receiver, to be connected to the Succeeding Stage of 
the present optical Switch. AS Such, it is desirable to set the 
controlling amount for moving the angle for correction at a 
Small value to the extent that deterioration of receiver 
Sensitivity or the like is not caused. The aforementioned 
Setting of the controlling amount can be easily attained, 
because the output optical power monitor circuit to be 
provided in the optical Switch control apparatus may have a 
monitoring band sufficiently narrower than the band of the 
main Signal So that the output optical power monitor circuit 
may be rendered to have a higher gain and a lower noise than 
the main Signal So as to Sufficiently detect Such a minute 
power fluctuation that no way causes deterioration of 
receiver Sensitivity of the main Signal. 
0107 According to the control apparatus of the present 
embodiment as described above, it becomes possible to 
readily realize the diminishment of the circuit Scale and the 
Shortening of the controlling time, and to effectively reduce 
the affection of the resonance behavior of MEMS mirrors on 
the controlling time and the affection of the environmental 
fluctuations on the optical coupling States. 

What is claimed is: 
1. An optical Switch control method, which comprises a 

plurality of mirror arrays each arranged with a plurality of 
tilt mirrors each having an angle-controllable reflecting 
Surface, and reflects input optical Signals Sequentially by 
Said mirror arrays, to output Said optical Signals from 
particular positions, for controlling an angle of the reflecting 
Surface of each tilt mirror on each of Said mirror arrayS, 
wherein 

the tilt mirrors on one mirror array of Said plurality of 
mirror arrays are divided into a plurality of fixed 
regions, 
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the tilt mirrors on the other mirror array of said plurality 
of mirror arrays are divided into a plurality of virtual 
regions, in accordance with connection States of optical 
paths, such that the tilt mirrors in each of the virtual 
regions and the tilt mirrors in each of the fixed regions 
are related to each other So as to make pairs, and 

an angle control of reflecting Surfaces of the tilt mirrors is 
performed in parallel for every related regions, and the 
angle control of reflecting Surfaces of the tilt mirrors in 
the related regions is performed in a time-division 
manner corresponding to the optical paths. 

2. An optical Switch control method of claim 1, wherein 
the power of each optical Signal after Sequentially 

reflected by the tilt mirrors of said mirror arrays is 
detected, to feedback control the angles of reflecting 
Surfaces of the tilt mirrors So that Said detected optical 
Signal power is increased. 

3. An optical Switch control method of claim 2, wherein 
Said detection of optical Signal power is conducted by 

branching a part of the optical Signal introduced into an 
output optical path after Sequentially reflected by Said 
mirror arrays, to detect the power of the thus branched 
light. 

4. An optical Switch control method of claim 2, wherein 
Said angle control of reflecting Surfaces of the tilt mirrors 

is performed by conducting the fine adjustment by the 
feedback control after conducting the rough adjustment 
based on a previously Set initial value. 

5. An optical Switch control method of claim 1, wherein 
said angle control to be in a time-division manner per 

formed within Said related regions is performed by, 
during a first controlling period, Sequentially perform 
ing the angle control for a plurality of optical paths 
within Said regions, and, during a Second controlling 
period and So forth, continuously performing the angle 
control for one of the optical paths within Said regions, 
and after establishing the connection of the one optical 
path, continuously and Sequentially performing the 
angle control for other optical paths within Said 
regions. 

6. An optical Switch control method of claim 1, wherein 
Said angle control to be in a time-division manner per 

formed within Said related regions is performed by, 
during each controlling period, Sequentially performing 
the angle control for the plurality of optical paths 
within Said regions. 

7. An optical Switch control method of claim 1, wherein 
Said angle control to be performed in parallel in each 

related regions is performed with the Synchronization 
between the respective regions. 

8. An optical Switch control method of claim 1, wherein 
when resonance occurs due to a change in angle of the 

reflecting Surface of the tilt mirror, a control value of 
the tilt mirror is hold so that said angle control to be in 
a time-division manner performed within Said related 
regions is brought into a waiting State until the reso 
nance is Substantially converged. 

9. An optical Switch control method of claim 1, wherein 
the number of Said fixed regions is Set at a minimum value 

under the condition that the controlling time of the 
optical Switch is minimized as a whole, based on the 
number of all optical paths to be Set in the optical 
Switch, the number of optical paths included in one 
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region, a time period required for the angle control of 
one optical path, and a time period required until 
resonance of tilt mirrorS is Substantially converged. 

10. An optical Switch control method of claim 1, wherein 
the order of the angle control to be in a time-division 
manner performed within Said related regions is deter 
mined by previously determining the control order for 
Said tilt mirrors divided into Said fixed regions, and 
determining, in accordance with Said previously deter 
mined control order, the control order for said tilt 
mirrors divided into Said virtual regions, corresponding 
to connecting States of optical paths. 

11. An optical Switch control method of claim 1, wherein 
the angle control to be in a time-division manner per 

formed within Said related regions stops driving opera 
tions for the tilt mirrors where no optical path connec 
tions are Set, during controlling period Segments for 
these tilt mirrors. 

12. An optical Switch control method of claim 1, wherein 
the order of the angle control to be in a time-division 
manner performed within Said related regions is per 
formed by Sequentially cutting down controlling period 
Segments for the tilt mirrors where no optical path 
connections are Set, So as to perform the angle control 
for only the tilt mirrors where the optical path connec 
tions are Set. 

13. An optical Switch control method of claim 12, wherein 
when one controlling period after Sequentially cutting 
down the controlling period Segments for the tilt mir 
rors where no optical path connections are Set, becomes 
shorter than a convergence time period of resonance of 
tilt mirrors, an operation for the next controlling period 
is started after the lapse of Said convergence time 
period. 

14. An optical Switch control method of claim 1, wherein 
the angle control of the reflecting Surfaces of Said tilt 

mirrors is conducted Such that fluctuations of control 
values due to environmental fluctuations are corrected 
after establishing optical path connections. 

15. An optical Switch control method of claim 14, wherein 
Said correction process of the fluctuations of the control 

values is conducted in a period faster than the vibration 
frequency for the environmental vibration condition. 

16. An optical Switch control apparatus which comprises 
a plurality of mirror arrays each arranged with a plurality of 
tilt mirrors each having an angle-controllable reflecting 
Surface, and reflects input optical Signals Sequentially by 
Said mirror arrays, to output Said optical Signals from 
particular positions, for controlling an angle of the reflecting 
Surface of each tilt mirror on each of Said mirror arrayS, 
wherein 

one mirror array of Said plurality of mirror arrayS has a 
plurality of fixed regions divided from the tilt mirrors 
on Said mirror array, 

the other mirror array of Said plurality of mirror arrays has 
a plurality of virtual regions that have been divided 
from the tilt mirrors on said other mirror array in 
accordance with connection States of optical paths, 
Such that the tilt mirrors in each of the virtual regions 
and the tilt mirrors in each of the fixed regions are 
related to each other So as to make pairs, 
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there are provided a plurality of control circuits corre 
sponding to Said related regions, and 

each of Said control circuits performs an angle control of 
reflecting Surfaces of the tilt mirrors in parallel for 
every related regions, and performs the angle control of 
reflecting Surfaces of the tilt mirrors in the correspond 
ing related regions in a time-division manner corre 
sponding to the optical paths. 

17. An optical Switch control apparatus of claim 16, 
further comprising, 

an optical power detecting Section for detecting the power 
of optical Signal after Sequentially reflected by the Said 
mirror arrays, wherein 

each of Said control circuit feedback controls the angles of 
reflecting Surfaces of the tilt mirrors So that the optical 
Signal power detected by Said optical power detecting 
Section is increased. 

18. An optical Switch control apparatus of claim 16, 
wherein 

each of Said tilt mirrorS is a mirror having a three 
dimensional Structure of beam Steering System. 

19. An optical Switch control apparatus of claim 16, 
wherein 

each of said tilt mirrors is a tilt mirror fabricated by 
applying a micro electric mechanical System (MEMS) 
technique. 

20. An optical Switch control apparatus of claim 16, 
further comprising, 

a plurality of driving Sections for driving Said tilt mirrors, 
respectively, wherein 

among Said plurality of driving Sections, the driving 
Sections corresponding to the tilt mirrors divided into 
Said fixed regions are divided into groups for Said 
related regions, respectively, Such that operations of 
Said driving Sections of the groups are Selectively 
controlled in response to control Signals from Said 
control circuit corresponding to Said regions, respec 
tively. 

21. An optical Switch control apparatus of claim 20, 
wherein 

each of Said plurality of driving Sections includes a 
holding mechanism capable of holding control values 
for controlling a driving State of the driving Section 
itself. 

22. An optical Switch control apparatus of claim 21, 
wherein 

Said holding mechanism includes a D/A converter. 
23. An optical Switch control apparatus of claim 21, 

wherein 

Said holding mechanism includes a Sample-hold circuit. 
24. An optical Switch control apparatus of claim 21, 

wherein 

Said holding mechanism includes an analog Switch and 
capacitances connected to output terminals of Said 
analog Switch. 


