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Figure 6 Transmission coefficient of a CPW discontinuity. W, = 0.3 
mm, W, = 1.5 mm, S ,  = 1.2 mm, S, = 0.6 mm, H = 0.635 mm, 
er = 9.6 

measured with the help of numerical magnetic matched loads 
placed at  each port of the discontinuities. We demonstrate 
thus that this method may be applied in the case of 
magnetic-current-defined structures, as well as in the case of 
microstrip lines defined with the presence of electric current 
densities. The different advantages of this method permit us 
now to consider simulating some hybrid, more complicated 
structures, where both magnetic and electric current densities 
must be taken into account. 
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ABSTRACT 
The embedded hybrid fiber-optic/coaxial CATV network can provide 
cellular mobile communications with a star ring fiber-optic network to 
distribute broadcasting cable TV programs and to provide the transmis- 
sion of a bidirectional wireless signal. There are two lasers at the head 
end. The down-link laser is split into two parts. One part is the local 
oscillator for the uplink coherent detection, and the other part is 
externally modulated by the combined TV and wireless signals. The 
up-link laser is connected to the ring network with the cascaded phase 
modulators scheme. For the location neighborhood and frequency reuse, 
we may apply the multistar ring CATV cellular network with the distance 
between the head end and the first-level hub of 5 k m  and the distance 
between the first-level hub and the second-level hub of 0.5 km. The total 
hub number of 42 for the multistar ring system can support 34,860 
wireless users for the IS-54 system with frequency reuse number of 7 
covering an area of radius 5 km. 0 1995 John Wiley & Sons, Inc. 

1. INTRODUCTION AND SYSTEM DESCRIPTION 
There is increasing interest in the provision of integrated 
CATV and telephone services, such as an integrated service 
using a system based on CT-2 (second-generation cordless 
telephone) [l, 21. A passive optical/coaxial hybrid network 
(POCN) can be designed, providing video as well as enhanc- 
ing telephone and data services, while providing all of the 
customers with an optical/coaxial cable architecture [3]. The 
introduction of a microcellular system reduces power con- 
sumption and the size of the handset. However, acquiring 
suitable real estate for the establishment of an antenna tower 
in a city is currently serious problem. Therefore we need to 
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design a small cost-effective antenna tower with an optical- 
fiber microcellular distribution system [4-71. 

We propose a star ring fiber-optic network to distribute 
broadcasting cable TV programs and to provide simultane- 
ously duplex transmission of wireless signals. This network 
employs the star topology for the down link with the direct 
detection and the ring structure for the up link with coherent 
detection as shown in Figure 1. The proposed system has 
some benefits: 

!;,clita Upstream and voice, ~-~ ~ 

Polnriution Coupler 
Control lar  

1. It can provide wireless bidirectional communication via 
the existing hybrid optical-fiber/coaxial CATV net- 
work. 

2. A fiber to the hub system with M subscribers and X 
wireless users sharing the same photodetector and 
phase modulator. 

3. A hybrid fiber-optic/coaxial system is more economi- 
cal. 

4. While transmitting the wireless signals to and from 
the hub based on the common rf band, up-down 
frequency-converting techniques for the transmission of 
the multiple hubs’ wireless signals with the same fiber 
cable between the head end and hubs can be used. 

There are two lasers at the communication head end (as 
shown in Figure 2). The down-link laser has power Po and 
the up-link laser has power P,,. A 1 X 2 coupler is connected 
to the output of the down-link laser to split the light into two 
parts. One part is used as the local oscillator for up link by 
coherent detection. The other part is externally modulated by 
the combined TV and wireless signals, then distributed via a 
1 X N star coupler to N hubs. The up-link laser is connected 
to the ring network to provide an optical carrier to all hubs 
for up-link signals. The optical signal carrying the upstream 
messages from the other side of the ring is mixed with the 

Head End 
Zone N Zone 1 

P1 

#1 
#2 
%M 

#1 
#2 
#M 

- :optical fiber 
:coaxial cable 

Figure 1 
network 

Schematic diagram of the star ring fiber-optic CATV 
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Figure 2 Communication head end structure 

Ring for 

Wireless Data 

and Voice 

Transmission 

(Upstread 

local oscillator and detected by the photodetector to recover 
the messages. Each hub uses a photodetector to detect the 
TV programs and down-link wireless messages via subcarrier 
multiplexing (SCM) [S], and distributes the TV programs by 
coaxial cable to subscribers and wireless messages by antenna 
to wireless users. The hub utilizes a phase modulator 
to transmit the up-link wireless data from an antenna via 
the fiber ring network with the cascaded phase modulators 
scheme [9]. 

In order to transmit the dedicated signals to the destina- 
tion hub, we use the up-down frequency converter. For 
example, we transfer the wireless signal band into the ith hub 
frequency, fhubir by up converter and transmit these up-con- 
verting signals into the down-link fiber star network. At the 
destination hub, it receives those down-link signals (TV pro- 
grams and wireless signals). After the down converting, we 
can obtain the corresponding wireless signals at the output of 
the down converter, then transmit those wireless signals to 
the antenna. On the other hand, we have collected the 
wireless up-link signals from the antenna and up-converted 
them into the up-link fiber ring network. 

2. ANALYSIS 
2.1. Carrier-to-Noise Ratio for Up Link. For the up link, we 
use coherent detection: 

where R is the responsivity of the photodetector and f I F  is 
the frequency difference between down-link and up-link 
lasers. Ps and P,, are the received optical signal power 
and local-oscillator power given as Ps = Pu/( LrM L,) and 
P,, = aPD, respectively. a is the power ratio of the local os- 
cillator laser over the down-link laser. OJt)  is the up-link 
wireless signal given as 

N X  

354 MICROWAVE AND OPTICAL TECHNOLOGY LETERS / Vol. 10, No. 6, December 20 1995 

 10982760, 1995, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

op.4650100615 by T
am

kang U
niversity, W

iley O
nline L

ibrary on [11/04/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



where PUz,,, fuL,,,  and $,,,, are the modulation index, the 
subcarrier frequency, and phase for the up-link wireless sig- 
nals. lolog,, L,, is the insertion loss of the phase modula- 
tor, assumed to be 3 dB. L ,  is the propagation loss of the 
up-link fiber for ring topology, assumed to be (2nr + 2r)afiber 
dB. r is the radius between the head end and hub. afiber is 
the fiber loss. 

Assuming the upstream signals are a single-octave system 
(because the AMPS system’s up-link band is from 824 to 849 
MHz) then the carrier-to-noise ratio (CNR) at the upstream 
receiver is given by [lo] 

O.SR‘PLoP, P,” 
(us; + uti )Bu + h3K,R2PL,PSP$/32’ CNR, = ( 3 )  

where J,( and J,( Pu) have been approximated by P0/2 
and 1, respectively. Thermal and shot noises are given, re- 
spectively, by us: = 2eRP,, and u i  = NFkT/R,. e is the 
electron charge, B, is the transmission bandwidth for up-link 
wireless signals, NF is the amplifier noise figure (3 dB), k is 
Boltzman’s constant, T is the temperature (300 K), and R ,  is 
the load resistance. The largest number of the third inter- 
modulation distortion (IMD,), which falls on the central 
channel [11], is given as 

K ,  = NX(NX/2 + 1)/4 + ( ( N X  - 3)’ - 5)/4, (4) 

where NX is taken to be even. h, is the effective factor of 
IMD, power within the desired signal band and is equal to 
0.66 [lo]. The optimal modulation index for the up-link 
wireless signal is 

2.2. Carrier-to-Noise Ratio for Down Link. For the down link, 
the detected photocurrent at the hub is given by 

i,(t) = W r ( 1  + sin e,(t)), (6) 

where Pr is the received DC optical power as, Pr = (1 - 
a)P,/(L,L,L,). 10 log,, L ,  in decibels is the insertion loss 
of the BBI modulator [12], and 10 log,, L,  is the propagation 
loss of the fiber link for star topology. Both are assumed to 
be 3 dB and lafiber dB, respectively. lOlog,, L,  (dB) is the 
splitting loss of the 1 x N star coupler, with L ,  being equal 
to N .  e,(t) is the combined TV programs and wireless signals 
for the down link with the total number of P channels and 
NX wireless users, respectively, as given by 

O,(t) = C pl  sin(2.rrfTv,t + +TVl(t)) 
P 

f =  I 

N X  

i = l  j = 1  
+ C C ~in(2.rrf,~,~t + + D , , j ( t > > ,  (7) 

where ( Pr, Pol,,), (fTvl, fDL,,), and (ICITV,, are the mod- 
ulation index, the subcarrier frequency, and the subcarrier 
phase for the down-link TV and wireless signals, respectively. 
In general, the modulation indices for all channels within TV 
programs and wireless users are chosen to be the same as 
PI = PTV and = p,, respectively. For simplicity, we 

rewrite O,(t) as 

where q = N X  and ( f D k ,  +Dk(t))  is one-to-one mapped into 
( f D , , j ,  +Di,j(t)). Then we can express e,(t) in terms of 
Bessel-function extension as, 

Here the TV signal band is away from the wireless signal 
band; therefore their cross talk can be ignored. For example, 
the CATV band is from SO to 5.50 MHz, and the downlink of 
the AMPS system is from 869 to 894 MHz. The approxima- 
tions J o ( x )  = 1 and J , ( x )  =x/2, for x -=K 1, are used. We 
use the BBI (balanced bridge interferometer) modulator [12] 
as the external modulator. The BBI modulator uses two 
optical output ports in the modulator for solving the modal 
matching problem of the MZ (Mach-Zehnder) device and for 
eliminating the MZ intrinsic loss. For the BBI modulator 
biased at the quadrature points such that composite second- 
order distortion becomes negligible (121, the CNR for down- 
link wireless and TV signals [lo] is given as 

(10) 

where BD, h,,, KO,, and BTV, hTV3, KTV, are the transmis- 
sion bandwidth, IMD,’s power ratio, and IMD,’s number for 
down-link wireless and TV signals, respectively. K.: = 2eRF’r. 
U& = RIN R2 Pr’. RIN represents the relative intensity 
noise of laser. (Here it is -165 dBc/Hz for Nd:YAG laser 
[12].) And the CNR, of TV signals are the same as the 
above equation, except that P,,, B,, h,,, and KD3 are 
replaced with P,,, B,, hT3, and KW3, respectively. The 
largest numbers of the third intermodulation distortion 
(IMD,), which falls on the central channel [lo], are given, 
respectively, as 

- 

K,, = No(NO/2 + 1)/4 + ((N, - 312 - 5)/4, (11) 

Kn3 = Nw(N,/2 + 1)/4 + ( (N, ,  - 3)’ - 5)/4, (12) 

where NO and NTv are the number of down-link wireless 
signals and TV programs, respectively. 
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The optimal modulation index for the down-link wireless 
signals is 

3. NUMERICAL RESULTS AND DISCUSSIONS 

There are two kinds of conditions for breaking the total hub 
number N into groups with the number Z .  

1. Some hubs located in the same area may be considered 
as one group with their corresponding star ring subnet- 
work to interconnect the up and down links. 

2. Owing to the frequency reuse scheme, we may transmit 
the same frequency into different groups of the subnet- 
work. Therefore the whole network consists of multi- 
star ring subnetworks with the number of Z. 

Consider a system with the following parameters: up- and 
down-link lasers with optical power of 200 mW, the 1-km 
radius for the microcellular systems and 5-km radius for the 
macrocellular system, respectively. Now take the IS-54 system 
[13] as an example, with an up-link frequency band from 869 
to 894 MHz, and a down-link frequency band from 824 to 849 
MHz for channel spacing of 30 KHz. That is, the correspond- 
ing system parameters are X = 830 (wireless users per hub) 
with a transmission width of 30 KHz. In Figure 3, we have 
obtained the total hub number versus the CNR of up link, 
down link, and TV, respectively. The results show that the 
total hub numbers are 20 and 14 for r = 1 and 5 km, 
respectively. 

In Figure 4, we have shown the multistar ring CATV 
cellular structure with Z = 6. The distance between the head 
end and the first-level hub is 5 km, and the distance between 
the first- and second-level hubs is 0.5 km. The first-level hubs 
received the optical TV and down-link wireless signals by the 
photodetector, then distributed those signals to the second- 
level hubs by coaxial cable. The second-level hubs collected 
the up-link wireless signals by the fiber-ring subnetwork to- 
gether with the cascaded phase modulators, then concen- 
trated at the first-level hubs for transmitting toward the head 
end by one single pair of fibers. In this example, as shown in 
Figure 4, we must utilize one down-link laser (200 mW) to 
provide six first-level hubs and two up-link lasers (200 mW), 
each supporting 21 hubs (3 first-type hubs and 18 second-type 
hubs). Therefore, the number of the total hubs in Figure 4 is 
42 and this multistar ring system can support 34,860 wireless 
users with a frequency reuse number of 7 to cover an area 
5-km radius. 

In our network we may use the fiber hub (up link and 
down link both by fiber cable), the semi-fiber-hub (up link by 
fiber cable and down link by coaxial cable), and the coaxial 
hub (up link and down link both by coaxial cable). Because 
the fiber hub and the semifiber hub are more expensive than 
the coaxial hub by using the phase modulator for up-link 
transmission, we can extend the system capacity in this eco- 
nomical way. For example, there are six fiber hubs and 36 
semifiber hubs in Figure 4. Therefore, we may apply the 
coaxial hubs for the systems in Figure 4 to increase the total 
number of hubs and wireless communication users. 

alpha4 01 R=I,5Km. Pu=Pd=200mW Z=1 
60 

(a) 

alpha-0.01 BTV=GMHz R-1.5Km NTV=75 Pu=Pd=ZOOmW Z=1 

7 I 

so’ \ ,  I 
5 10 15 20 25 

the total hub number 

(b)  

Figure 3 (a) The CNR versus the total hub number for down-link 
and up-link wireless data transmission. (b) The CNR versus the total 
hub number for the down-link TV programs 

4. CONCLUSION 
A proposed star ring fiber-optic network to distribute broad- 
casting cable TV programs and simultaneously provide bidi- 
rectional transmission of wireless signals is investigated. This 
system employs the star topology together with an external 
modulator for down-link direct detection and a ring structure 
with cascaded phase modulators for up-link coherent detec- 
tion. At the head end, there are two lasers, the down-link 
laser being split into two parts (one being the local oscillator 
for the up-link coherent detection and the other being exter- 
nally modulated by the combined TV and wireless signals): 
the up-link laser is connected to the ring network with the 
cascaded phase modulator schemes. 

In consideration of the location neighborhood and fre- 
quency reuse, we may apply the multistar ring network. The 
multistar ring CATV cellular structure is shown in Figure 4 
with the distance between the head end and the first level 
hub being 5 km, and the distance between the first- and the 
second-level hubs being 0.5 km. The total number of hubs in 
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1x1 Head-End 

- : f iber-star d(Head-end ,0)=5km 
d ( O  ,@ ) = O  .5km 

@=the second level hub 

d i s  tr i bu t ion net work 
:fiber-ring O=the  f i r s t  level hub 
dis t r ibut ion network 

dis t r ibut ion network 
-e- :coaxial cable 

Figure 4 Multistar ring CATV cellular structure 

Figure 4 is 42, and this multistar ring system can support 
34,860 wireless users for an IS-54 system with a frequency 
reuse number of 7 to cover an area of 5-km radius. 

ACKNOWLEDGMENT 

This article is supported by the National Science Council of 
the Republic of China under Grant No. NSC 85-2213-E-032- 
002. 

1. 

2. 

3. 

4. 

5. 

6. 

REFERENCES 
D. W. Hardwich, “Integration of Cordless Telephony with CATV 
Distribution,” in Proceedings of ZCC’ 92, p. 304.3.1. 
G. Chan and A. Kim, “Measurement of CT-2 Signal Perfor- 
mance over Cable Television Facilities,” 1993 NCTA (National 
Cable Television Association) technical paper, San Francisco, pp. 

M. F. Mesiya, “A Passive Optical/Coaxial Hybrid Network Ar- 
chitecture for Delivery of CATV, Telephony and Data Services,” 
1993 NCTV Technical Papers, San Francisco, pp. 358-364. 
T.-S. Chu and M. J. Gans, “Fiber Optic Microcellular Radio,” 
ZEEE Trans. Veh. Technol., Vol. VT-40, No. 3, 1991, pp. 599-606. 
M. Shibutani, et al., “Optical Fiber Feeder for Microcellular 
Mobile Communication System (H-015),” ZEEE J .  Selected Areas 
Commun., Vol. SAC-11, No. 7, 1993, pp. 1118-1125. 
J. Wu, J. S. Wu and H. W. Tsao, “A Fiber Distribution System 
for Microcellular Radio,” IEEE Photon. Technol. Lett., Vol. 

38-46. 

PTL-6, NO. 9, 1994, pp. 1150-1152. 

7. W. I. Way, “Optical Fiber-Based Microcell Systems: An 
Overview,” ZEZCE Trans. Commun., Vol. E76-B, No. 9, Sept. 

8. R. Olshansky et al., “Subcarrier Multiplexed Broadband Service 
Network A Flexible Platform for Broadband Subscriber 
Services,” ZEEE J .  Lightwave Technol., Vol. LT-11, No. 1, pp. 

9. W. Domon et al., “SCM Optical Multiple-Access Network with 
Cascaded Optical Modulators,” IEEE Photon. Technol. Lett., 

10. R. Gross and R. Olshansky, “Multichannel Coherent FSK Exper- 
iments Using Subcarrier Multiplexing Techniques,” ZEEE J .  
Lightwave Technol., Vol. LT-8, No. 3, 1990, pp. 406-415. 

11. M. T. Abuelma’atti, “Carrier-to-Intermodulation Performance of 
Multiple FM/FDM Carriers through a GaAlAs Heterojunction 
Laser Diode,” ZEEE Trans. Commun., Vol. COM-33, No. 3, 1985, 

12. M. Nazarathy et al., “Progress in Externally Modulated AM 
CATV Transmission Systems,” ZEEE J .  Lightwave Technol., Vol. 

13. D. C. Cox, “Wireless Network Access for Personal Communica- 

1993, pp. 1091-1102. 

60-69, 1993. 

Vol. PTL5, NO. 9, 1993, pp. 1107-1108. 

pp. 246-248. 

LT-11, NO. 1, 1993, pp. 82-105. 

tions,” IEEE Commun. Mag., Dec. 1992, pp. 96-115. 

Receiued 5-10-95: revised 8-18-95 

Microwave and Optical Technology Letters, 10/6, 353-357 
0 1995 John Wiley & Sons, Inc. 
CCC 0895-2477/95 

GENERALIZED STOKES RELATIONS 
AND THE PROBLEM OF 
REVERSlBlLlN IN CRYSTAL 
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ABSTRACT 
This article is devoted to an operator generalization for elastoanisotropic 
case well known in optics of isotropic media: the scalar Stokes relations. 
The generalized relations connect Fresnel repection and transmission 
operators, which apply to problems of the direct and inverse incidence of 
a plane waue on a plane interface of two semi-infnite linear homoge- 
neous gyroanisotropic media. The tensor of surface impedance for the 
piezocrystals is introduced. Using the operator impedance method, feasi- 
bility conditions for stated relations are analyzed for oblique and normal 
wave incidence on the anisotropic layer. 0 1995 John Wirey & Sans, Inc. 

1. INTRODUCTION 

Stokes considered the reflection of light on a plane interface 
of two media, each transparent, homogeneous, and isotropic. 
For incident beam oscillations parallel and perpendicular to 
the plane of incidence, Stokes found coupling between scalar 
Fresnel coefficients of the reflection r ,  r’  and transmission 
t ,  t ’  of the boundary [l]. Values with a prime relate to the 
inverse beams. These scalars are the simplest examples of the 
scattering (coherent) operators of a plane wave on a plane 
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