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Interchannel Interference in 
Multiwavelength Operation of Integrated 

Acousto-Optical Filters and Switches 
F. Tian and H. Herrmann 

Abstract-Multiple wavelength filteringkwitching can be ob- 
tained using integrated acousto-optical wavelength filters and 
switches in LiNbO3 by driving them with several RF signals si- 
multaneously. As a consequence, interchannel interference occurs 
due to the interaction of several acoustic waves within the same 
mode converter resulting in an intensity modulation of the trans- 
mitted optical waves. System performance can be degraded as this 
interchannel interference leads to a power penalty equivalent to 
an additional cross talk. We present the coupled-mode analysis 
of the interchannel interference in the multiwavelength operation 
of acousto-optical filters and switches. Theoretical models are 
developed and confirmed by experimental results. Furthermore, 
the impact on WDM system performance is studied by measuring 
bit error rate characteristics and comparing the results with the 
theory. 

I. INTRODUCTION 
Integrated acoustwptically tunable filters (IAOTF) and 

switches (IAOTS) in LiNbOs have potential applications in 
wavelength division multiplexed (WDM) optical networks 
[1]-[3]. They offer unique properties for the construction 
of new WDM- network architectures: broad and electronic 
tunability [4], narrow channel spacing 171, simultane- 
ous multiwavelength filteringlswitching [8], [9], and gain 
equalizing [ lo]. 

The basic element of such integrated acousto-optical devices 
is the acousto-optical mode converter (Fig. 1). Via an interac- 
tion between a surface acoustic wave (SAW) and the optical 
waves, a polarization conversion can be achieved. As this 
process requires phase-matching, it is strongly wavelength- 
selective. 

An important aspect for WDM applications of IAOTF’s and 
IAOTS’s is the cross talk induced by these devices. There are 
two kinds of cross talk in multiwavelength operation of such 
devices: The first one is an intensity cross talk which is appar- 
ent in single channel operation, too. Its source is some residual 
conversion at the wavelengths of the neighboring channels due 
to sidelobes of the acousto-optical conversion characteristics. 
Similar to the single channel operation, this kind of cross talk 
can be greatly reduced by using double-stage IAOTF’s [5]-[7] 
or by using weighted coupling schemes [ 1 11, [ 121. The second 

cross talk is generated by the interchannel interference of two 
or more acoustic waves simultaneously travelling along the 
acousto-optical interaction region, which results in an intrinsic 
modulation of the transmitted signal. It has been observed 
experimentally that this interchannel interference degrades the 
bit-error-rate (BER) of WDM systems using IAOTF’s [13], 
especially at narrow channel spacing. 

A qualitative interpretation of the phenomenon of inter- 
channel interference is given in [13]. It is assumed that 
two SAW’s at frequencies fi and f2 are excited in a mode 
converter yielding a conversion at the wavelengths XI and 
X2, respectively, as indicated in the right diagram in Fig. 1. 
Due to sidelobes of the conversion characteristics a residual 
conversion resulting from the SAW at fl is induced at A2 

and vice versa. As the acousto-optical conversion process is 
accompanied by a frequency shift of the converted wave by the 
frequency of the SAW, the optical wave at XI is mainly shifted 
by f1 but a small fraction is shifted by f2. This results in a 
beating of the transmitted amplitude, which can be interpreted 
as an amplitude modulation of the transmitted optical wave. 
But this interpretation can not explain the experimental results 
that a relatively large power penalty occurs even if the second 
channel is placed at the first channel transmission null and that 
there exist higher order harmonics in the modulated signal. 

Another picture for a qualitative explanation of interchannel 
interference is based on the interference of two travelling 
gratings. Each SAW generates a travelling grating with a 
period given by the acoustical wavelength. If two SAW’s 
are excited the corresponding gratings (with different periods) 
interfere with each other resulting in a time-dependent acousto- 
optical coupling strength and, therefore, in a time-dependent 
efficiency of the conversion process. As a consequence, the 
power of the converted wave must be modulated. 

In this paper we present a detailed analysis of in- 
terchannel interference in multiwavelength operation of 
IAOTF’s/IAOTS’s. In Section 11, two theoretical models based 
on coupled mode analysis will be developed--one is in the 
time domain and the other in the frequency domain-which 
describe the process of interchannel interference and allow the 
modeling for various configurations of filters and switches. 
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transmission will be given and compared with theoretical 
results. The influence on BER in transmission systems due 
to interchannel interference will be discussed in Section IV. 
Both, theoretical and experimental results will be given. 
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Integrated acoustooptical TE/TM converter in LiNbOs. By applying two RF-signals at frequencies f l  and f2 a conversion occurs at wavelengths 

11. THEORETICAL MODELS 

It is well known that in an IAOTFVIAOTS the selection of 
optical channels is accomplished by means of a narrow-band 
resonant acousto-optical polarization conversion of light. Both 
kinds of cross talk in multiwavelength operation are induced in 
the process of acousto-optic interaction. In the following, we 
will employ the coupled-mode theory to treat the interchannel 
interference in acousto-optical polarization conversion. 

In general, the differential equations that describe codirec- 
tional coupling of two optical modes due to their interaction 
with a single acoustic wave are [14] 

- a A  = - ~ K * B  exp ( - j 6 z )  
az 
- = - ~ K A  exp ( jSz )  
dB 
d Z  

where A and B are slowly varying amplitudes of TE- and 
TM-polarized waves which have propagation constants PTE 
and P T M ,  respectively. K is the coupling coefficient; it can be 
assumed to be constant for an acousto-optical mode converter 
with homogeneous coupling but will be a sinusoidal function, 
if a converter with acoustical directional coupler for weighted 
coupling is considered [ll],  1121. 6 = PTM -PTE - K (where 
K is the propagation constant of the surface acoustic wave 
with a space and time evolution proportional to exp Ij(R,t - 
K z ) ] ,  and =27rfu is the angular frequency of the surface 
acoustic wave). 

When several acoustic waves are travelling simultaneously 
along the acousto-optical interaction region, they interfere with 
each other. The Eqns. (1) and (2) have to be modified. The 
acousto-optical interaction for such situations can be treated 
theoretically in the frequency and in the time domain. For 
both, theoretical models will be described. For simplicity, we 
assume in the following that two codirectional acoustic waves 
are running with same amplitude but different propagation 
constants K1 and KZ and frequencies Cl1 and 02, respectively. 

The first model is based on an analysis in the time domain. 
The linear superposition of two acoustic waves creates a time- 
dependent interference pattern which can be interpreted as 
a modulated travelling diffraction grating with an average 
propagation constant KO = (K1 + Kz)/2 in the interference 
area: 

exp [j(Rlt - Klz)]  + exp [ j ( 0 z t  - Kzz)] = 

exp [j(0ot - KOZ] (3) 

Here, the abbreviations A 0  = 0 1  - 0 2 ,  00 = (01 +02)/2 and 
AK = K1 - K2 have been used. Direct comparison with the 
case of a single acoustic wave leads to the following modified 
coupling equations 

- = - j 2 ~ *  cos [ d A  
d Z  2 

z - E t] B exp ( - j 6 z )  (4) 

2 A exp ( j 6 z )  (5 )  dB 

with 6 = PTM - ,&E - KO. 
Comparing (1) and (2) with (4) and (5 ) ,  we see that the 

time-independent coupling is replaced by a time-dependent 
and space weighted coupling in (4) and (5) which results in 
an amplitude- and frequency-modulation of coupled optical 
waves. 

The wavelength selective characteristics of IAOTF’s/ 
IAOTS’s can be calculated numerically based on (4) and 
(5). The power transmission of converted and nonconverted 
light are periodic functions of time with a periodicity of TO = 
27r/A0. As we want to study the spectral properties in the 
subsequent section, we expand the transmission function of 
the converted light in a Fourier series, i.e. 

W 

z(t) = Cn exp(jnA0t) .  (6) 
n=-w 

Another possibility is to describe the conversion process in 
the frequency domain. The acousto-optical conversion is-as 
required by energy conservation-accompanied by a frequency 
shift of the converted optical wave by exactly the acoustic 
frequency; the direction of the shift depends on the polarization 
of converted light and the propagation direction of the SAW 
relative to that of the optical waves. If, for example, two 
SAW’S with angular frequencies 0 1  and O2 are involved 
in the acousto-optical interaction process, a series of optical 
waves at different discrete frequencies are generated. This is 
illustrated in Fig. 2. Starting, for example, with input A(O), 
i.e., polarization state A (TE) and frequency shift 0, the signal 
fans out to several components. Via the interaction with the 
SAW’s at 01 and 0 2 ,  optical waves B(R1) and B(R2) are 
generated. These waves couple again to the polarization state 
A with frequency shifts 0 2  - 01, 0 and 01 - OZ. And 
the acousto-optical interaction with these waves generates 
optical waves in the polarization state B with new frequency 
components and so on. This means, a set of optical waves in 
the polarization state A with frequency shifts 0, f 2(A0/2), 
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Fig. 2. Coupling scheme for the two frequency operation of an acousto-optical mode converter. 

f 4(AR/2),f 6(AR/2), . . . and in the state B with frequency 
shifts RO f (AW2) , R o f  3(AR/2), R o f  5(AR/2), ... are 
generated. One can introduce a vector A = (A,)  with 
m = . . .,-4, -2,0,2,4, . . . for the components at polarization 
A and another vector B = (B,) with n = . . .  ,, -5, -3, -1, 
1,3,5, . . for the components at polarization B. According to 
the coupling scheme only some of the frequency components 
are directly coupled. Extending the coupled-mode (1) and (2) 
to the presence of several frequency components, we get the 
following modified coupling equations 

- = -j~*B,+1 exp (-jS1z) - ~R*B,- - ]  dAm 
dz 

exp (-jS,z)  with m even (7) 

. exp (3’622) with n odd (8) 

with 61 = ,&M - PTE - K 1  and 6 2  = PTM - ,&E - K 2 .  

The differences of the wavenumbers ,&M and P T ~  for the 
various frequency components is very small and, therefore, can 
be neglected in a good approximation. We see from (7) and 
(8) that in the frequency domain, acousto-optical interaction 
induced by two acoustic waves creates many components with 
different frequency shifts for each polarization. 

The power of the transmitted optical waves in the polariza- 
tion state B is given by 

withi, kodd. (9) 

‘T2(t) is a real function in time as for each complex element, 
e.g., i = nl, k = n 2 ,  there exists its complex conjugated 
element in the sum as well ( i  = 722, k = nl). Numerical 
results show that (6)  and (9) are exactly equivalent. 

To get a better understanding of the mechanism of interchan- 
ne1 interference, we show in the following some numerical 
results for two-wavelength filteringkwitching based on the 
models developed above. It is clear that the transmission 

characteristics depend on the channel separation and the band- 
width of the acousto-optical mode converter. We define the 
normalized channel separation as 

where A1 and A2 are the center wavelengths of the two 
channels for which SAW’s at RI and Rz, respectively, yield 
phase-matched conversions. FWHMx is the full width at half 
maximum of the transmission characteristics if operated only 
with one SAW at a fixed frequency. FWHMn is the full width 
at half maximum in the acoustical frequency domain which 
can be obtained if the frequency of the SAW is varied and 
the transmission of the converted wave at a fixed wavelength 
is monitored. Similarly, a normalized wavelength (frequency) 
deviation can be defined as 

with SA being the deviation of the wavelength from the 
wavelength at which phase-matching is exactly fulfilled for the 
acousto-optical interaction with the SAW at RI and SR being 
the corresponding frequency deviation of the SAW frequency 
from RI. In Fig. 3 calculated time evolutions are shown as 
3-D diagrams, i.e., the transmission versus the normalized de- 
viation and a normalized time t/To. The interaction strengths 
rcl and ~2 have been assumed to be homogeneous and to 
give full conversion, i.e., ~1 = ~2 = 7d(2 L) ( L  interaction 
length), if only one of the SAW’s is switched on. The three 
diagrams have been calculated for a two wavelength operation 
with N S  = 1, N S  = 2 and N S  = 4, respectively. For 
larger channel spacings the overall conversion characteristic is 
(nearly) the sum of two individual characteristics which would 
appear if only one SAW is present. For narrower channel 
spacings, however, the individual characterstics are strongly 
distorted due to the presence of an additional SAW. This 
results in an amplitude modulation of the power transmission 
at each individual wavelength channel. Especially for the 
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Fig. 3. Calculated time dependence of the conversion characteristics of mode 
converter with homogeneous coupling strength driven by two SAW waves 
simultaneously. The frequencies of the SAW’S are adjusted to yield full 
conversion at two different wavelengths with (a) NS = 1, (b) NS = 2, 
and (c) NS = 4, respectively. 

narrow spacing corresponding to NS = 1 the modulation 
depth is nearly 50%. 

In Fig. 4 similar calculated time evolutions as in Fig. 3 
are shown. However, here we have assumed a sinusoidally 
weighted coupling of the interaction strength. It becomes 
apparent that for this case the distortions are strongly re- 
duced resulting in a lower modulation depth of the power 
transmission than in the case of homogeneous coupling. 

Fig. 4. Calculated time dependence of the conversion characteristics of mode 
converter with sinusoidally weighted coupling strength driven by two SAW 
waves simultaneously. The frequencies of the SAW’S are adjusted to yield 
full conversion at two different wavelengths with (a) NS = 1, (b) NS = 2, 
and (c) NS = 4, respectively. 

111. SPECTRAL ANALYSIS OF POWER 
TRANSMISSION CHARACTERISTICS 

To study the effects of interchannel interference we have 
performed some experiments investigating the characteristics 
of the power transmission. The results will be discussed in this 
section and compared with predictions from the theoretical 
models. 
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In our experimental setup two RF signals of around 174 
MHz have been combined, amplified and applied to an in- 
terdigital transducer to excite SAW's at two frequencies (see 
Fig. 1). The acousto-optical mode converter has been fab- 
ricated in X-cut, Y-propagating LiNbO3. The 20-mm-long 
device consists of a single mode optical waveguide ( X x 1.55 
pm) embedded in a low loss ( ~ 0 . 5  dB/cm) acoustical wave- 
guide resulting in a (nearly) homogeneous coupling strength. 
A TM-polarized optical wave from a DFB-laser (A =1556 
nm, cw-operation) has been coupled into the converter. The 
frequency and driving power of the RF1 signal have been 
adjusted to yield complete polarization conversion for that 
optical wave without RF2. Afterwards the R F 2  signal (with 
the same power level as RF1) has been switched on and we 
have measured the power of the converted optical wave (i.e., 
the TE-polarized wave) behind a polarizer using an InGaAs 
photodiode. With an RF spectrum analyzer we monitored the 
frequency components within the signal from the photodiode 
and observed discrete peaks at the beat frequency and its har- 
monics. The electrical power of these frequency components 
has been measured as a function of the frequency separation 
of the two SAW's. 

In Fig. 5(b)-(f) the electrical power of each frequency 
component is shown as function of the normalized channel 
separation. Additionally, in Fig. 5(a) the conversion character- 
istics are drawn as function of the normalized deviation which 
has been obtained by applying a single SAW and varying its 
frequency. The solid lines in all diagrams of Fig. 5 show the 
experimental results, the dashed lines the calculated results 
obtained from (6) and (9). 

The conversion characteristics (a) are sinc2-like functions. 
There are some differences between the theoretical and the 
experimental curves resulting in a slightly lower first sidelobe 
and a higher second sidelobe of the experimental curve. The 
origin of these differences is mainly due to inhomogeneities 
in the structure [ 151. In Fig. 5(b) the DC component is shown. 
The curves start at about -8 dB for narrow separation and 
increase toward 0 dB for larger spacings. (For N S  = 0 one 
gets exactly a complete back conversion into the original po- 
larization state; for the calculated results one has to add up all 
the frequency components with the correct phases to achieve 
this result.) The electrical power at frequency As2 [Fig. 5(c)] 
shows some oscillations. However, the function is not similar 
to the conversion characteristics as would be expected from 
the qualitative description of interchannel interference given 
in [13]. For narrow channel spacings the amplitudes are at 
about -14 dB. The functions for the 2 A 0  component start 
for narrow separations at about -13 dB and monotonically 
drop down toward larger spacings. The third and fourth order 
components are only significant if the channel spacing is very 
narrow ( N S  <1). There is an excellent agreement between 
the theoretical and the experimental results. 

To overcome or to reduce intensity cross talk cascading 
of two filters has been successfully demonstrated [5]-[7]. 
We have investigated such a filter concerning interchannel 
interference. The filter consists of two acousto-optical mode 
converters in series separated by an integrated optical 'I'M-pass 
polarizer. With additional integrated optical TE-pass polarizers 
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Fig. 5 .  Electrical power of different frequency components (b)-(f) versus 
normalized channel separation and the conversion characteristics (a) of a single 
stage acousto-optical mode converter with homogeneous coupling strength 
versus normalized frequency deviation. The solid and the dashed lines show 
experimental and calculated results, respectively. 

mt-4 

at the input and output of the device, a polarization dependent 
double stage filter is formed. It allows filter operation for 
TE-polarized input waves. The interaction lengths of the 
two acousto-optical mode converters are 10 and 13 mm, 
respectively. The spectral properties of the device pigtailed 
with single mode fibers have been investigated using the setup 
described above. 

In Fig. 6(a) the conversion characteristics and in (b)-(f) the 
electrical power of several frequency components versus the 
normalized channel separation N S  are shown. The solid and 
the dashed lines show experimental and theoretical results, 
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Fig. 6. Electrical power of different frequency components (b)-(f) versus 
normalized channel separation and the conversion characteristics (a) of a 
double stage acousto-optical wavelength filter with homogeneous coupling 
strength versus normalized frequency deviation. The solid and the dashed 
lines show experimental and calculated results, respectively. 

respectively. The experimental conversion characteristic has 
a baseline floor slightly below -20 dB whereas from the 
calculated curve a stronger suppression of the sidelobes is ex- 
pected. The origin of the baseline floor is mainly the nonideal 
operation of the polarizers allowing a small transmittance even 
for unconverted waves. The curves for the DC components 
start at -12 dB for NS = 0 and drop down to about -20 
dB and afterwards increase monotonically to 0 dB for larger 
spacings. The other frequency components show always a 
pronounced dip in the interval between NS = 0 and NS = 

1. The components at 3AR and at 4AR have significant 
amplitudes for NS < 2 but decrease for larger spacing below 
-50 dB. The amplitudes of the components at AR and 2AR, 
however, are remarkably strong even at large separation. For 
instance, at a separation of NS M 4 the amplitudes of the AR 
component are still in the range of -20 . . . -30 dB. Therefore, 
some residual amplitude modulation of the transmitted signal 
occurs even for large channel spacings. 

By comparing the experimental results with the calculated 
curves for the single stage converter as well as for the 
double stage filter, it is obvious that the predictions from the 
theoretical models agree well with the experimental results. Of 
course, there are some residual differences between the curves, 
but they are mainly due to the nonideal performance of the 
components, i.e., the polarizer and waveguide homogeneity. 
Experiments using devices with weighted coupling have not 
been performed yet, but we expect an improved behavior with 
a similar good agreement as for the devices with homogeneous 
coupling. 

IV. BER CONSIDERATIONS 

The interchannel interference of several acoustic waves 
in multiwavelength operation of IAOTF’ s/IAOTS’s generates 
an intrinsic modulation of the transmitted signal of a given 
wavelength channel. As a consequence, a degradation of the 
BER occurs resulting in an increase of the required received 
optical power to maintain the BER. Such a power penalty has 
already been observed experimentally [ 131 for a two frequency 
operation of an acousto-optical mode converter. In this section 
we analyze the influence on the BER both theoretically and 
experimentally. 

Generally, the bit error rate of a transmission system with 
odoff-modulation without interchannel interference is given 
by [I61 

BERo(P) = - 1 erfc 
2 

where P is the received optical power and Pnoise is the 
noise-equivalent power, which has been assumed to be equal 
for binary “0” and “1.” In the presence of interchannel 
interference P is modulated. As AR is typically in the range 
of several hundred kHz, the modulation frequencies are very 
low in comparison to the frequency components apparent in 
the transmission signal for moderate or high bit data rates. 
Therefore, the BER can be calculated by taking the average 
of BERo[P(t)] over one modulation period TO =2w/AR, i.e.: 

BER = 1 J” erfc (a) d t  (13) 
2To 0 Pnoise 

The time-dependence of P(t) can be calculated using the mod- 
els described in Section 11. In (12) and (1 3) we have assumed 
that the decision threshold is at P/2. In most practical receiver 
systems this decision threshold is regulated via a variable 
preamplifier in a feedback loop depending on the received 
power level. If its bandwidth is small, the feedback loop can 
not follow the modulation due to interchannel interference. 
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NS 

Fig. 7. Calculated power penalty AP at BER = lo-' of single stage 
acousto-optical mode converters for two RF-operation versus normalized 
channel separation (lower diagram). (b) and (d) converter with homogeneous 
coupling, (a) and (c) converter with sinusoidally weighted coupling. The solid 
lines have been calculated assuming a low bandwidth feedback loop in the 
receiver. The upper diagram shows the power penalty due to conventional 
cross talk, i.e., operation with a single SAW. 

In that case the decision threshold P t h  is determined by the 
average power level, i.e. 

1 To 
P t h  aT, 1 dt 

and the BER is given by: 

+ AT' erfc (2 P(t) - pth) d t ]  (15) 
TO Pnoise 

From (13) or (15) the power penalty, i.e., the additional power 
required to maintain the BER, in comparison with single 
wavelength operation of an ATOF/ATOS, can be calculated. 
Whether (13) or (15) must be applied depends on the receiver 
design of the transmission system. 

In the lower part of Fig. 7 the calculated power penalty A P  
at BER = lo-' is shown versus the normalized channel sep- 
aration for single stage acousto-optical mode converters. The 
curves (b) and (d) are for mode converters with homogeneous 
coupling, (a) and (c) for converters with sinusoidally weighted 
coupling. The dashed lines have been calculated using (13) 
and the solid lines using (15), i.e., assuming a low bandwidth 
feedback loop in the receiver. At narrow channel spacings a 
large power penalty occurs. The penalty for the device with 
homogeneous coupling is larger than that of the converter 
with weighted coupling. For receivers with low bandwidth 
feedback loop the penalty is higher. It is below 1 dB for the 
homogeneous and weighted coupling for N S  > 1.8 and N S  > 
1.6, respectively. The functions for the weighted coupling 
decrease monotonically toward 0 dB for larger separations, 
whereas the other curves have another slight maximum at 
about N S  = 2.3 resulting in a stronger power penalty even 
at larger separations. 

To compare the influence due to interchannel interference 
with conventional cross talk induced by residual conversion in 
a neighboring channel, we have calculated the power penalty 
due to this conventional cross talk. If a single SAW is adjusted 
to yield complete transmission for one signal, a residual part 

10-6 ' 

io-' 
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1o-et t \ \ i  
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- 36 -32 -28 
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p [mml 
Fig. 8. Measured bit error rate versus received optical power. (a) Opera- 
tion with single wavelength filtering; (b) and (c) operation with additional 
RF-signal separated 700 kHz (JVS = 3.9) and 500 kHz ('VS = 2.8), 
respectively. 

of the second signal is converted due to the sidelobes of the 
transmission characteristics resulting in a cross talk. The (worst 
case) bit error rate is given by 

1 Ps - Pc,o,, 

2 BER = - erfc 

with Ps and P,,,,, being the transmitted power of the de- 
sired and cross talk signal, respectively. In the upper part of 
Fig. 7 the calculated power penalties for homogeneous (e) and 
weighted coupling (f) are shown. It has been assumed that two 
optical signals are entering the mode converter with the same 
power level. It is obvious that the penalties due to conventional 
cross talk are smaller than that due to interchannel interference. 

We have experimentally studied the influence of inter- 
channel interference on BER performance with the double 
stage filter already discussed in the preceding section. Data 
transmission experiments with 1.14 Gb/s at A = 1.56 pm have 
been performed. In the transmission system a DFB laser was 
directly modulated with a 223 - 1 pseudo random bit sequence 
and the signal was detected using a pin-diode receiver. We 
measured the BER as function of the received power level; in 
Fig. 8 some measured results are shown. The curve (a) shows 
the BER versus received optical power for the operation with 
a single SAW, i.e., the frequency and the SAW power had 
been adjusted to yield maximum transmission at the given 
wavelength. After exciting a further SAW with the same power 
level and in frequency 700 kHz (b) and 500 kHz (c) apart 
(corresponding to N S  = 3.9 and N S  = 2.8, respectively), the 
results shown in curve (b) and (c) have been measured. At 
BER = IO-' a power penalty of 2.2 dB for the wider spacing 
and 4.8 dB for 500 kHz separation occurred. 

By evaluating several such BER-curves for various fre- 
quency separations, it is possible to determine the power 
penalty as function of the normalized channel separation. The 
result is shown in Fig. 9. The diamonds mark the experimen- 
tal results, the dashed and solid lines have been calculated 
according to (13) and (15), respectively. As our receiver has a 
low bandwidth feedback loop, the experimental results should 
be compared with the solid line. In the experiment a slightly 
larger penalty is observed than theoretically predicted. At 
about N S  = 3 the penalty is still 2.2 dB. The differences 
between the theoretical curve and the experimental results 
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NS 

Fig. 9. due to two RF-operation of 
double stage acousto-optical mode converters versus normalized channel 
separation. The diamonds show experimental results, the dashed and solid 
lines have been calculated assuming a high and low bandwidth feedback loop 
in the receiver, respectively. 

Power penalty OF‘ at BER = 

we attribute mainly to waveguide inhomogeneities resulting 
in larger sidelobes of the filter curve in each of the stages 
and, therefore, in a stronger influence of the interchannel 
interference on the BER degradation even at larger separations. 

The results presented in this section, both experimental 
and theoretical, confirm that interchannel interference strongly 
influences the system performance. A degradation of the bit 
error rate characteristics occurs if simultaneous filtering is 
applied. By comparing the results for single stage and double 
stage devices it becomes obvious that a stronger degradation 
occurs for the latter ones. One reason for this is that double 
stage devices consist of two acousto-optical mode converters. 
In each of them an amplitude modulation is induced. The 
overall amplitude modulation is determined by the product 
of both transmission functions and, therefore, has a larger 
modulation depth than the single stage transmission function. 
Similar arguments hold if several filters are cascaded within a 
transmission line (even at different locations). By comparing 
weighted and homogeneous coupled devices it becomes clear 
that with weighted coupling the power penalty is significantly 
lower for narrow channel separations. Therefore, for system 
applications in WDM networks devices with weighted cou- 
pling strength should be used preferably. 

V. CONCLUSION 
We have investigated the cross talk induced by interchan- 

ne1 interference in multiwavelength operation of integrated 
acousto-optical filters and switches. Two models based on 
coupled mode analysis have been developed to describe multi- 
wavelength operation in the time and in the frequency domain. 
An analysis of the frequency spectra of converted waves 
has been performed both theoretically and experimentally. By 
comparing both results it could be clearly demonstrated that 
the theoretical models are well suited to describe multiwave- 
length operation of IAOTF’sAAOTS’s. It has been found that 
the transmitted signal is amplitude modulated containing sev- 
eral frequency components at multiples of the beat frequency. 

Experimental and theoretical investigations of the influence 
of interchannel interference on system performance in trans- 
mission networks have been performed. System degradation 
resulting in a large power penalty of several dB occurs if the 
channel spacing is very narrow. The effect is more pronounced 
in double stage devices than in single stage devices. Especially, 
in single stage devices with weighted coupling the power 

penalty is expected to be neglectable for channel separations 
larger than about two times the half width of the filter curves. 

As the system degradation is a drawback for the applications 
of IATOF‘sAATOS’s in WDM networks, further investigations 
should be performed to reduce the cross talk. For the design 
of WDM systems with IATOF’sAATOS’s the interchannel 
interference must be taken into account. For dense WDM 
network nodes special concepts, such as e.g., wavelength 
dilation [17], must be used. 
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