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Laser interferometer with isolator function
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Abgtract : A laser interferometer with iolator function isproposed. It can be used to carry out interference
measurement , and at the same time can be prevent reflected light from returning into the laser source to
stabilize the source as an iolator does, thus the measurement accuracy can be guaranteed. S, the structure
of the device isformed by organic combing two structures of the conventiona interferometer and two-stage
ilator , in which some elements can be combined two into one with double function. And the optical paths
of the interference measurement and ilating are overlgpped. Theoretic analyss and experiment results
show that the device isefective, the islation isagrees with that of a two-stage ilator , about 48 dB up to
now. The resultsal show that the accuracy of the interference measurement dependson the wavelength of
the laser like that of the genera interferometer. But with compact structure, it dmplifies the measurement
system and is convenient for practica uses.
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teristics of norrcontact measurement. It has been
1 Introduction used in many measurement fields'*2. But in many
dtuationsof measuring with laser interferometers,

A laser interferometer isone of the high-accu-
e.g. the measurement of surface roughness and of

racy-measuring instruments, and it has the charac-
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intraocular pressure, etc. , ome reflective light
from the surface of object returns inevitably into
the laser source and influences the stahility of the
laser ource, © that the measurement accuracy is
bound to decline. Usualy, the method to prevent
reflective light from returning into the laser ources
isto use optica imlators** | but this method in-
creases complexity and cost of the equipment.

A novel laser interferometer isproposed in this

paper.
used to make interference measurement , but a

This laser interferometer not only can be

can prevent reflected light from returning into the
laser urce. Its structure is compact , and its star
bility is higher. In addition, the cost of the equip-
ment decreases because the optica islator is saved.

2 Structure

The structure of the laser interferometer pro-
posed in this paper is shown in Fg. 1, together
with the Cartesan reference coordinate system of
the three axes, x, y,and z. InFg.1, Pisapo-
There are two ports on P, one is L,
which is the input port of incident light , and the

larizer.

P\ BC R R)
_—Ij‘ ! ! BC, M,
L0'°x ¥
F4
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Fg.1 Sructureof the laser interferometer with islator
function

otherisLo, which is the output port of emerging
light. TheBC;, BC,, and BC; are al birefringent
crysals. If thelength of BC;(dlong z) isshown by

a, the length of BC, and BC; are al a/Jé. FR,
and FR; are Faraday rotators. Mjisamirror that is
connected with the measured object , or represents
surface of the measured object. M, isas a mirror
that reflects reference light. The figures (1-6) in-
dicate the podtionsof 6 boundaries, regectively.

3 Interference principle

The interference principle of the laser interfer-
ometer isshownin Fig.2. Thecirclesand bisecting
linesin Fg. 2 show regpectively the gatia pos-
tions and the polarization directions of the beams,
which are on the cross sections of 9x given bound-
ary postionsin Fig. 1. Suppose that an unpolarized
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(b) Transmission in the direction fo negative z
Fig.2 Interference principle of the interferometer

light beam getstotheinput port (postion 1in Fig.
2 (a)). After pasing through P, the beam has
changed into a linearly polarized beam in y direc
tion (podtion 2 in Fig.2 (a)). Then, the beam
passes through BC; and is divided into two linearly
polarized beams (podtion 3 in Fig. 2 (a)), in
which oneis an ordinary (o) ray and the other is
an extraordinary (e) ray that waksoff by distance
d dong - 135° direction from the x-axis. And
then the two beams pass through FR; , and the po-
larization directions are rotated by 45° (position 4 in
Fig.2 (a)). Afterward, the two beams pass re-
spectively through BC; and BC3, in BC; the beam

ise ray which waksoff by distance /2 along -

y direction (postion 5in Fig.2 (a)). Then, the
beams pass through FR; , and their polarization di-
rections are rotated by 45° (posdtion 6 in Fig. 2
(a)). After that , the two beams are reflected by
M and M, regectively , and they return dong - z
direction (podtion 6in Fig.2 (b)) . Then, the two
beams pass through FR; and their polarization di-
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rections are rotated by 45° (podtion 5 in Fig. 2
(b)) . Next, the two beams pass through BC; and
BC; regectively ; in BC; the beam is e ray , which
walks off by distance /2 dong - vy direction
(podtion 4 in Fig. 2 (b)). Afterward, the two
beams pass through FR; and their polarization di-
rections are rotated by 45° (postion 3 in Fig. 2
(b)) . After that , the two beams pass through BC;
and e ray waks off by distance d aong 45° direc
tionsfrom x-axis,  that the two beams with dif-
ferent polarization directions combine into a Sngle
beam (postion 2in Fig.2 (b)) . Finaly, the beam
passes through P and two polarization components
of y direction produce interference. The interfer-
omic light beam emergesfrom output port (postion
lin Fig.2 (b)). Suppose the dectric fied intens-
ty of the linearly polarized beam (postion 2 in Fig. 2
@) is

E = Al (1)
where A isthe amplitude and&y is the unit vector
in y direction. The beam passesthroughBC; andis
divided into two beams (podtion 3in Fig.2 (a)).
One beam is the measurement beam and the other
is the reference beam. When they reach the output
port passng through different paths, the eectric

p
fidd intensty ( En) of measurement beam and
P
dectric fidd intendty ( E;) of reference beam are

Em :‘;‘ A, 2

Er:%Aé(Wt1+u)&y, (3

where a is the phase difference between two
beams. And according to the beam pathsit is

2

200s 6° ned +

a :% 4l +

_2
oS 6°

L2 2

> nod - 200560ned- NpW - ZlJ =

a1
A | cos8®

where n; and n, are the refraction index of FR and

2 nod+

ned + npw +2v - 4ngl - 2nod -

ned- nod+ v- J , (4)

P regectively; np and n are the refraction index

of oray and eray in BC' s, regectively; |, d and
W ware the length of FR, BC; and P in z direc
tion, regectively; the degree 6 is the sze of the
slitting angleinBC; ; A isthe wavelength in vacu-
um; uand v are the disgance from M; and M to
FR, , regectively.

The intendty of emerging light from output
port is

P P p o,
| =(Em+ E) X(En+ E) , (5

where * indicates complex conjugation.
Substituting Eq (2) , (3) and (4) into Eq.

(5)yieds
ned
o~ Modr V- IJ]

=~ A%0¢ 2;\T(v- uw o, (6)

Only uisavariablein Egq. (6) , it means that

the amount of | isperiodic variation with the varia

tion of the distance from M1 to FR,. S the inter-

ference fringes can measure the diglacement of
Mi.

_ A2 at
I—Aoosz)\

4 Islating principle

The isolating principle of the laser interferom-
eter issamilar to that of someoptical circulatorsand
imlators’®”!. The influence factors of ilation are
asfollows: (1) Rotation error of rotators; (2) Ex-
tinction radio of rotators; (3) Reflectionfrom com-
ponent facets.

Factor (3) can be eadly eiminated by apply-
ing an antireflection coating and usng dantwise
fabrication of each component to the direction of a
beam propagation!®’. Fig. 3 shows the influence of
factor (1) and (2). The postionsof the cross sec-
tionsfrom1to6in Fg.1areshownin Fig.3. The
circles show the podtions of beams in cross sec
tions. The long lines bisecting circles indicate the
polarization directions of main components of
beams. The shorter and shortest lines indicate the
polarization directions of the weak and very weak
components, regpectively which are caused by the
rotation error and extinction ratio of rotators.
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L-";"- ‘ """ ‘ """" Jé L(—Dé '@J.g Fig. 4 shows the results calculated with Eq.
O %"T" e l_ (10) for three extinction ratios ( Er = 35,40, 45

1 2 3 a4 5 6 dB) .
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Fig.3 Influence of the rotation error and extinction ratio
of FRon islation
st . . . N . \
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Fig.3 shows that only very weak components rotation error angle / degree
return into the input port along- z direction, < the
iolation i's very high Fig.4 Iolation vs rotation error
The mathematical expresson of ilation can
be obtained in terms of the components of beams. )
5 Experiment

In order to smplifying calculation the reference
beam can be used to calculate the islation. Sup-
pose the power of the reference beam behind BC;
(the lower beam in position 3in Fig.3 () isuni-
ty, itsJones Vector is

[ En] :-hg[ﬂ ) (7

Suppose that FR has no insertion loss, its extinc
tion ratio is er, its rotation error angle isA8 , the
Jones matrix of the FR is®!
1 ws(45° -A0)  dn(45°-A0)
[FI= s ol - sn(em . X
1+ g2k - 9n(45°-A0)  cos(45° - AB

io-er
e ®
er |

j in Eqg.8. istheimaginary unit. According to the
changesof the beam in propagation, the power of
the reference beam returning into input port (L)
can be derived from [ E;i] and [ F] step-by-step.
Itis
Pro :_8ﬂ(ezpoos4A9 +00sA0 §nAB)? |
(1+¢€%)

(9)

S the iolation gis

g=- 1OI({E85)4(e2FOOs‘hG +ooﬂes'n2A9)2} ,

The performance of the interferometer was
tested. The birefringent crystals (BC' s) in the
structure of the tested interferometer were fabricat-
ed with cacite crystals. A dan Taylar prism was
used asthe polarizer ( P). The bismuth-substituted
yttrium iron garnet crystals surrounded by cylindri-
ca SmCo permanent magnets were used as Faraday
rotators. The surfacesof these elements were coat-
ed with antireflection film and dightly tilted to the
propagation direction of the beams.

In order to measure the isolation of the inter-
ferometer , a laser beam was injected into the port
Lo, and the emerging power from the port L, was
received. SO the ilation could be caculated. A
number of experiments have been carried about
this, and the results are shownin Fig.5. Theisla
tion of this device isabout 48dB. From the experi-
ment results, some anayds can be made. Firg,
the experiment results reflects syntheticaly the
three factorsinfluencing i olation mentioned above.
After al , it isimpossble to separate the three fac
tors completely in practicad measurement. Second ,
the measurement value of the ilation is not very
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high compared with the theoretic value because the
precison of the art of facture is not very high.
Third, in theory, the value of ilation will keep
the same as the power of input and output beam
changes. But as we can se in Fig.5, the vdue of
the ilation in each experiment has changed dight-
ly, that is because some measurement errors exist

unavoidably.
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Fig.5 Experiment resultsof ilation
Output power-input power (solid line)
Ilaton-input power (dashed line)

In order to observe the interference fringes, a
laser beam wasinjected into the port L, , and the e-
merging beam from the output port (Lo) was de
tected by a PIN diode, and the detected sgnaswas
digplayed by a oscilloscope. Let the measurement
mirror M, ocillate , the waveforms of the interfer-
ence fringes can be observed from the ocilloscope.
The measurement accuracy of this device, like the
measurement accuracy of generd interferometer,
such as Michelson interferometer , depends on the
wavelength of the laser , i.e. the measurement ac-
curacy is the haf of the wavelength of the laser.
Adopt the method of photoelectricity receiving and
the pulse counting to measure, and whenever M;
moves half wavelength, count once. According to
the number of the pulse, the distance that M; has
moved can be figured out. The factors influencing
the accuracy of measurement , Smilar to that of the
genera interferometer, are manly the environ-
S the shockproof mea
sure ment and the measures ment for preventing

ments interferences ¥2 91,

the eectromagnetism interference and the back-
ground light interference need to be taken*?!. But
because this device is a compact structure, it has
certain ability of anti-interference itsf , which is
beneficial to reducing the influence of the environ-
ment.

In order to get the insertion loss of this de
vice , the measurement should be going on in the
condition of noninterference. Move the mirror M,
away at first, then input the linearly polarized
beam in y direction into the port L,, and then
measure the emerging beam from the port Lo. Ac
cording to the power of the input and output
beams, the insertion loss can be caculated. The
average result is 7. 78 dB through a lot of measure-
ments. Conddering that the mirror M; has been
moved away , the light power reflected by Maison-
ly the half power of the whole. So the insertion loss
is4.78 dB actudly. Intheory, theinsertion lossof
this device should be 3 dB at least, the same as
genera interferometers. It is caused by the factors
on the craft that the actual insertion lossof this de-
viceis greater. The greater insertion loss doesn’ t
influence the accuracy of measurement , just requir-
ing the input power to be alittle larger. Generaly ,
the request for the index of insertion loss is not
srict.

Anyway, the experiment demonstrates that
the structure proposed in this paper not only has
the function of interference measurement , but a
the iolating function.

6 Concluson

The laser interferometer proposed in thispaper
is a novel interferometer. In this interferometer ,
potentialities of some optica elements are fully
used; one element plays a double role in the struc-
ture. S the laser interferometer has two functions
of interference measurement and ilating reflected
light. In any dtuations of interference measure-
ment ugng thislaser interferometer , the iolator is

not needed and no reflected light can return into
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the laser source. Compared with conventiona in- lower. It d< has the advantage of convenient us

terference measurement system, the structure of €s.

thislaser interferometer is compact and its cost is
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