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Abstract : Researches show that multilayer optica thinfilm stack can exhibit superprism effect due to their large abnormal
digpersons. We investigated and smulated this effect numerically in a 1-D non-periodic film structure- Fabry- Perot filters

(FPF) , which possess drastic change in phase and large group delay around wavelength of peak transmittance , and fabri-

cated this device to realize remarkable superprism efect. We tested experimentally with the maximum spatial separation

shift up to 6504 m, and the experimental result isin good agreement with the theory. Compared with the traditiona prism,

the total thickness of our structureisonly 3.3p m, and our prism shows a stronger angular resolution of 1.8/ nm.
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1 Introduction

Superprism effect is a gecia phenomenon

21 " Nowar

existing in photonic crystals (PCs
days, many researches demonstrate that PCs
possess anomalous digperson and anisotropy
properties near the bandgap, lead PCs achieve
huge disperson®*. For 1-D multilayer stacks,
which own peculiar properties, can act as PCs,
more and more people choose this structure to
investigate superprism effect’® . We have used
the smplest stacksperiodic high
coatings arranged by only 20 layers to achieve 22
M mof satial disperson before. We selected the

non-periodic structureFPF to get larger and

reflectance

more linear spatial shifts.

For conventional 1-D film stacks, we know
the beam spatial separation caused by super-
prism effect isonly proportional to the group de-
lay accumulated throughout the structure, while
As FPF
structure have the largest group delay at peak

it isindependent of the wavelengths ™.
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transmittance wavelength, we can get a large
gpatial separation around this wavelength when
the beam with different wavelengths is incident
obliquely. We desgned and fabricated smple
FPF structurein thispaper , smulated the group
delay and spatial digperson curve numerically ,
and experimentally observed remarkable and lin-
ear gatial shifts, which is in excellent agree
ment with theory. Moreover , the device shows a
stronger angular resolution, which goes up to
1.8°/ nm than the conventional component.

2 Principle

A Fabry-Perot resonator consstsof a cavity
between two partial reflectors usualy (but not

81 "and is not a

necessarily) of equal reflectivity
standard periodic structure, thus, the Bloch the-
ory commonly used for calculating the band
structure and the equi-frequency contour of the
photonic crystal , is not appropriate for the pres
ent case. Nevertheless, Martina et al have pres

ented other method to calculate the relationship
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between the spatial disperson and the temporal
disperson”. Now we operated the 1-D dielec-
tric film stack as depicted in Fig. 1 to analyze
this relation.

Asshownin Fig.1, thelaser (spolarization
Gaussan beam) isincident obliquely on the glass
substrate of the film stack, zaxisis the propa
gation direction while x is the direction perpen-
dicular to the propagation direction. As the re-
sult of anomalous dispersion effect in PCs, the
beams with different wavelengths propagate
throughout the stack twice to accumulate differ-
ent temporal dispersons and finally exit the die-
lectric stack at different positions along the x-di-
rection.

s-polarization

| Glass

substrate

- Thin film
N | stack

Fig.1 Schematic diagram of superprism effect in thinfilm

Now , we suppose the total stack thickness
isL,Bg is group propagation angle, and the
components of group velocity along x and z co-
ordinates arev o ,V & respectively , the shiftsin x-
direction for different wavelength will be

S« =2L xtan@gq) =2L x\\jﬂ Vg XTg , (1)
@z
where the group delay
o, @

Ty=

Herew isthefrequency of light wave. Then
we assume ni as the refractive index of the ith
layer , di asthe physcal thicknessof the ith lay-
er ,B as the tangential component of wave vec

tor ,c as the light speed in vacuum. Now the
phase change on transmittance could be ex-
pressed in W KB-type approximation as:

?.B w = - Z[ %niz-BZXdJ , (3)

z(oli/[ni2 - §n@)?1"?)
z(ﬁdu[ﬁ- sin@)*1Y?)

V= sn@) x

(4)

We obviously deduce from formula (2) that
Vg depends only on theincident angle and phys-
cal structure of the stack but not on the wave-
length, it is approximately constant for certain
incident angle and film stacks. Now , we can get
the final goatia separation after exiting the
stack. And®.also can be eadly calculated by the

Im(1)
Re(t)

efficient t, iscalculated by the characteristic ma
trix method™® .

formula®. = arctan ater transmittance co-

3 Desgn

We desgned 1-D superprism structures
based on the theory of thinfilm. The FPF struc
ture consst of alternating layers of high index
material (n=1.435 at 850 nm) and low index
material (n=2.06 at 850 nm) on a quartz sub-
strate (n=1.46) , and the stack is arranged as
Air] (HL) »5 H 4L H (L H) 75| Sub. For this
regular quarter-wave thin film stacks, gpatial
shift S« can be easly calculated from theformula
we presented before.

Calculation is performed when the incident
laser is in spolarization state and the incident
angle is 23.5° on the glassfilm stack interface.
The reflectance and transmittance group delay of
the device are got as shownin Fig. 2.

From thefigure we can easly find the group
delay increases when the reflectance reduces, in
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Fig.2 Reflectance and group delay ( GD/ ps) on transmit-
tance

other words, present the same variation trend as
transmittance, and achieve its peak values at
peak transmittance wavelength. The reason is
when a maximum amount of energy is stored in
the FPF cavity at its resonant wavelength, and
when it moves away from the resonant wave
length, the amount of stored energy decreases
rapidly. So the resonant wavelength, i. e. the
wavelength of peak transmittance, executes the
maximum number of roundtrips in FPF cavity.
Therefore, the total time elapsed from entering
the stack to exiting the stack (temporal group
delay) at peak transmittance wavelength is lon-
ger than the others.

4 Fabrication and experi ment

The sample of FPF was coated with e-beam
in vacuum by two materials of TiO: and SOz,
the whole physcal thickness of thin film stacks
was about 3. 34 m. The physical thickness for
each layer was monitored by an optical method
and the background vacuum was 3.0 x 10" ° Pa,
the partial pressure for oxygen was 1. 8 x 10°?
Pa, meanwhile, the heated temperature for the
substrate was set to 300

The experimental setup for measurement of
superprism effect in FPFis shownin Fig.3. The
beam from source (tunable laser) isfirst attenu-
ated by the multi-reflection of the group of

prisms, and the attenuated light beam focused
by lens is incident obliquely on our FPF, then
computer processes the images obtained by
CCD, that is used for recording the postion in-
formation of the light spot after exiting the thin
film stack with Gaussan fitting method. To a
chieved large beam gpatial separation, the CCD
is arranged at the same sde as the incident
beam , 0 the shift caused by superprism effect is
twice of the design, for the beam propagates
thinfilm stackstwo times. The spectrum of tun-
ablelaseris782 787 nminour experiment , and
detected images of the output spots at different
wavelengths are shown in Fig. 4, and Fig. 5
gives the comparison of theoretically calculated
and experimentally observed shift.

)(

Fg.3 Setup for the measurement of superprism effect

5 Discusson

As shown in Fig. 5, the satial dispersve
shift goes up to 65 m at the wavelength of
784.54 nm, which is the wavelength of peak
transmittance with maximum group delay as
shownin Fig. 2, that is in excellent agreement
with theoretically expected shift along the x-di-
rection, and the shift decrease gradually as the
wavelength moves away from the peak transmit-
tance. Some difference between the experimental
curve and the numerically smulated one, as de-
pictedin Fig.5, are caused by the unstableness



No. 4 SUN Xue-zheng ,et al : Study on superprism effect in the multilayer optical thin film stacks 457

Fig.4 Image detected by CCD arrays for the output
light spots at different wavelengths(nm)

70
60
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Shift/um
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Fig.5 Comparison between the measured shift curve
(+) of exiting position for different wave-
lengths and the theoretically smulated curve

of the light density in the tuning process of the
laser , which could introduce the error as the

References:

center podtion of light spots was calculated
usng the Gaussan fitting method.

Al , we can get from Fig. 5 that in the
band of 782 784.5 nm, together with 784.5
787 nm the shift of beam spatial separation is
proportional to the wavelength, which means
that this device can be used as demultiplexer.
Meanwhile, the device has a higher satia reso-
[ution than the conventional component , such as
grating and prism. For example, from 784. 54
nm to 786.5 nm, and it s easy to know the angu-
lar resolution can go up to 1. 8/ nm, which is
two orders of magnitude stronger than that of
the conventional component , such as grating and
prism.

6 Concluson

A smple multilayer optical thin film struc
ture-FPF with remarkable superprism effect and
linear spatial shift has been designed and fabrica
ted,and the maximum shift caused by super-
prism effect measurs about 654 m, which isin
excellent agreement with the theory. And our
design based on the optical thin film theory is
more smple and effective snce the structure is
eadser to desgn and fabricate than 2-D , 3-D pho-
tonic crystal structures. Besdes, our discusson
on superprism effect makes FPF possble to ex-
ploit new valuable applications in demultiplexer
and other optical communication system; it also
lays foundation for investigating superprism
effect in more complicated optical thin film
stacks.
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