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Apéndice |

Nesta secdo, estdo anexos os trabalhos vinculados a esta dissertagao,

apresentados nos respectivos eventos:

|. “Caracteristicas de Transmiss&o de um Enlace Optico”

Il Escola de Verdo do Departamento de Fisica — PUC-Rio / 2011

é@: Deparltamentn Caracteristicas de tl:an.smlssao de um @
pi deFisica enlace optico CETUC
Carvalho J. B, Magri Vanessa P. R, Mosso Marbey M.

CETUC - Centro de Estudos em Telecomunicacdes / PUC-Rio — Pontificia Universidade Catdlica do
Rio de Janeiro

Rua Marqués de Sdo Vicente, 225/ 7° andar K — Gavea — Rio de Janeiro — RJ — CEP 22451-900

I. Introducéo
A conversdo Optico-elétrica implementada através de fotodiodos apresenta problemas associados a
relacdo sinal ruido e sua faixa de operacdo. Adicionalmente, detectores PIN e AVALANCHE possuen
tensbes de alimentacdo diferentes. A verificacdo e descricdo comparativa destas caracteristicas
constituem um item importante na avaliacdo de sistemas dpticos utilizados em distribuicdes locais,
metropolitana e de longa distancia.

Il. Conceitos Bésicos
O meio de transmissdo fornece os canais fisicos necesséarios para interligar os nds de uma rede ou
sistema de transmissdo.

Meio de Limitados ou Guiados: par trancado, cabo coaxial, fibra dptica...
transmissao Nao-Limitados ou Ndo-Guiados: radio, micro-ondas, infravermelho...

Como a fibra Optica tem capacidade de transmissdo até um milhdo de vezes maior do que o cabo
metélico, torna-se hoje entdo a base das relacbes de comunicagdo no mundo, apesar de que
recentemente, o espaco livre tem sido utilizado para comunicagdes Opticas “sem fio”. Ao propagar-Se, 0
sinal dptico sofre varios efeitos que o penalizam, destacando-se a atenuagdo e a dispersdo:

y

Atenuacio = 10log (%)
1

s L1t~
Dispersio = At

—J— S / \

T, Ty+ AT
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As fibras dpticas sdo constituidas basicamente de materiais dielétricos (isolantes) que permitem total
imunidade a interferéncias eletromagnéticas; uma regido cilindrica composta de uma regido central,
denominada nucleo, por onde passa a luz; e uma regido periférica denominada casca que envolve o
nucleo. O indice de refragdo do material que compde o nlcleo é maior do que o indice de refragdo do
material que compde a casca:

casca (N < n, ) ricleo A relagdo entre os angulos de incidéncia 6, e de
emergéncia 0, € dada pela Lei de Snell:

n,sen el =n,sen 02

casca

Na saida de uma linha de transmissdo Optica tem que existir um elemento receptor que interprete a
informacdo contida no sinal de saida. O primeiro elemento do receptor é o fotodetector. Este
dispositivo detecta a poténcia Optica e converte em variag@es de corrente elétrica. Como o sinal optico
¢ de amplitude reduzida e distorcido, é necessario que o fotodetector apresente um elevado
desempenho. Assim, deve possuir uma elevada velocidade de resposta e sensibilidade no
comprimento de onda de emissdo, introduzir o0 minimo de ruido no sinal de saida e deve ter uma
largura de banda suficientemente elevada para poder suportar o fluxo de informac&o. O dispositivo
deve ser também insensivel a variacGes de temperatura e ser compativel com as dimensoes fisicas do
canal de transmissao.

I11. Metodologia e Resultados Experimentais
A realizacdo deste experimento de caracterizacdo de transmissdo de um enlace dptico ocorre por meio
de uma série de etapas de testes e medidas de um transmissor e um detector éptico do laboratério
GSOM, com auxilio dos seguintes equipamentos e dispositivos:
»  Sensor infravermelho: modelo Q-32-R (QUANTEX).
» DFB Laser Module com isolador éptico: ORTEL 1540A — transmite sinais de microondas
analégico em fibras singlemode de comprimento de onda Optico 1300nm, podendo ser
modulado em amplitude na faixa de 10MHz a 10GHz. .
Conector SAAA-I: para conexdo nos terminais das fibras épticas,
que sdo terminadas por conectores FC/PC. E
Power meter dptico: pede a intensidade de luz de um sinal
Optico.
Fonte de corrente: dispositivo elétrico ou eletrénico que fornece
a corrente elétrica.
Network Analyser HP 8720C: equipamento capaz de determinar
resposta de frequéncia da perda de inser¢do e perda de retorno
em amplitude e fase na faixa de 50MHz a 20GHz

» LIGHTWAVE TEST SET HP 83420A: comprimentos de onda 1300 a 1550nm e modulacdo
de largura de banda de 130MHz a 20GHz.

Contudo, o sistema analisado possui Fonte de i e
seguinte estrutura: Eaties

Laser DBF

vV V V VY

NETWORK ANALYZER §720C

Na montagem deste sistema, o DFB Laser Module com corrente threshold igual a 23mA e operacdo
em 70mA, recebe sinal RF na sua porta de entrada. Em sua saida, um trecho de fibra monomodo
conecta o sinal éptico modulado em RF ao receptor Optico banda larga. Neste receptor ha conversao
Optica/elétrica, que pode ser analisada conectando-se o Optical Receiver RF Output na porta de
entrada de um Network Analyzer.
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Pot. Optica (dBm)

I(mA)
2‘3 _ll}

POXTO DE OPERACAQ

Na analise grafica a seguir, nota-se que, apesar do sistema comumente apresentar perdas entre os
cabos e também devido a extensao da fibra, estas sdo compensadas por haver amplificadores de sinal
tanto na conversdo eletro/dptica quanto na conversdo Optica/elétrica, ndo afetando, portanto, no bom
desempenho do sistema.

Cranho (dB)
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IV. Conclusbes e Comentarios
Verificou-se que o conjunto poderia ser utilizado como um sistema Radio-Over-Fiber até a frequéncia
de 8GHz. Este limite é determinado pela frequéncia de relaxacdo do laser. Dentro desta faixa, o ruido
de intensidade relativa é também consideravelmente melhor.
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Abstract — An ultra low cost bias unit operating
between 300KHz and 3GHz is simulated and
developed using commercial Printed Circuit
Board technology (PCB). All Scattering [S]
parameters describing transmission loss, reflection
and isolation between RF and DC ports are
presented. A set of models is realized and
characterized presenting excellent results.

Keywords — Bias Tee; S-parameters; Printed
Circuit Board; Inductors; Capacitors; Insertion
loss.

I INTRODUCTION

A Bias insertion network is the one that is
designed to combine both microwave and DC
signals without any transmission of energy
between the microwave and DC ports [1]. l.e.,
the three terminals circuits are used to combine
a high frequency with DC bias supply. One
terminal receives RF frequency only, a second
terminal is dedicated to receive DC signals and
the third terminal delivers RF+DC signals.

Due to insertion loss requirements and
operation stability, bias insertion unit is a very
important factor to achieve high performance of
microwave and optical components.
Commercial Bias Tee units are expensive and
generally supplied with connectors.

In this paper, an ultra low cost Bias Tee unit
able to be integrated with any circuit design is
presented using a LPKF™ Printed Circuit Board
prototyping machine with soft substrate, and is
organized as follows. In section I, the Bias Tee
basic operation and configuration is discussed.
In section Ill, a set of simulations using

Gelza M. Barbosa
DSAM - Diretoria de Sistemas de Armas da
Marinha
Brazilian Navy, Rio de Janeiro, Brazil

AgilentTM Advanced Design System (ADS)
software platform is presented [2]. Section IV
describes the prototype realization and indicates
the measurements results obtained. Finally,
section V shows the main advantages obtained
with this component, their applications and
presents final conclusions of this work.

1. BASIC OPERATION

A Bias Tee circuit diagram is shown in Fig.
1. The basic operation of this component is
achieved in the bandwidth specified when low
insertion loss between ports 1 and 2 is obtained,
DC bias is blocked at port 1 and emerges at port
2. Besides, high isolation between ports 1-3 and
2-3 has to be obtained. Another important
feature is low reflections in ports 1 and 2,
specified by their return loss.

3
DC

L1

—» —»
RF v 1 RF+DC
1 i 0 ) '
c2

Figure 1. Electrical Schematic.

The inductor L1 has to block RF signals and
be a short circuit for DC bias. Capacitor C2 has
to block DC bias and be a broadband short
including the low frequency domain. To achieve
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those functionalities high inductance and high
capacitances values are required. However, in
general large capacitances and inductances
present spurious resonances in high frequency
spectrum.

Then, capacitors, inductors and resistors have
to be carefully selected due their non-ideal
behavior. Physical dimensions should be at least
1/10 of the maximum frequency wavelength.

M. BIAS TEE CIRCUIT” DEVELOPMENT

Aiming to develop a bias unit able to operate
from few megahertz up at least 3GHz, a Murata
inductor BLM18AG102SN1D RF choke and a
capacitor Vishay Ceramic Chip Capacitors
VJ085Y104KXXCWBC is inserted in series
with a 50Q line. The Murata inductor presents
high inductance and high resistance values
above 2MHz, according to Fig. 2.

1200

)
'
d \
3
'

500

Impedance (%)
@
=1
5]

300

= 3
g "
LA - \
|- - \
[ |- I||
1 10 100 1000

Frequency {MHz)

Figure 2. Impedance-Frequency Characteristics
BLM18AG102SN1D [3].

It should be observed also that the RL
(resistor and inductor) values changes and
present a zero resistance/reactance in DC. Fig.
3 presents the series RL configuration.

SRL

—AALS A \/\ /\/_

Lm Rm
Figure 3. Murata inductor with resistance element [3].

Another inductor, specified up to 4GHz
without spurious, with 5mm long and a ferrite
nucleus is added in series with the Murata choke
to improve isolation between RF ports and DC
bias port above 1GHz. More two capacitors are
added to the bias circuit. A capacitor C1, with
the same frequency behavior than C2, is located
between the DC branch output at port 3 and
ground to avoid interactions between power
supply reactance and the DC bias loop.

Another capacitor C3 in series with a 50Q
chip inductor is assembled between port 3 out
and ground. The main hole of this RC (series
resistor and capacitor) connection to ground is
to reduce low frequency gain of active
components as bipolar or FET’s devices and
avoid spurious oscillations.

96

Those passive components were integrated in
a RT/Duroid® 5880 substrate with three RF
connectors. The dielectric constant of the
substrate laminates is uniform and its low
dissipation factor extends the usefulness in J-
band and above [5].

Fig. 4 illustrates the electrical schematic of
the Bias Tee circuit.

3 RC circuit to avoid spurious oscillation

DC R1=50 Ohm

C3 -
Capacitor to avoid power suplly reactances

Cc1
L1 0.5uH / 4GHz Inductor

SRL1 Murata Inductor

) —

1 c2

RF+DC
.
2

Figure 4. Electrical Schematic Bias Tee

In Figs. 5 and 6, consider the RF connections
using 50Q lines in RT/Duroid® 5880 and H =
1.575mm, Lm = 1.07pH, Rm = 400Q, Cl1 =
0.1uF, C2 = 0.1pyF and C3 = 0.01uF. A first
ADS simulation of the capacitor C1 in series
with 50Q lines is presented in Fig. 5, and
indicates low insertion loss (S12) from 300KHz
up to 2.5GHz, similar to the measuments
realized.

DURCIDSS30
H=1.57f5 mm
B=220

Mu=1
Cond=5.88E+07
HF~1.0e+033 mm
TF0.070 mm
TanD}=0.009
Fough=0 mm

Slop=25 Gz
Step=10 MHz

Figure 5. Capacitor equivalent circuit simulated in ADS [2].
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Figure 6 Analysis in ADS of capacitor C1 = 0.1puF used for
DC isolation.

The complete Bias Tee circuit is simulated
according to Fig. 7, where all circuit elements
are considered.

LM HLIN LM

ns T4 m

Subst="DUROID5880" Subs="DUROIDS880"  Subst="DUROID5880"

W4.75 mm W4 75 mm W75 mm
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I Ay RE
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Figure 7. Bias Tee circuit developed — DC circuit model
simulated in ADS.

The line between ports 1 and 2 is the main
line of the configuration. The simulation of the
insertion loss (S21) between ports 1 and 2 is
presented in Fig. 8 and indicates that S21 is
better than 0.2dB from 0.1 to 2.5GHz.
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Figure 8. Simulated insertion loss (S12 and S21) of the Bias
Tee circuit developed in ADS.

S12 is also simulated and presents the same
behavior of its reciprocal parameter.

The parameters S11 and S22, associated with
return losses at ports 1 and 2, are also simulated
and the results presented in Fig. 9 indicate a
return loss better than 40dB in the 20MHz band.
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Figure 9. Simulated return loss (S22 and S11) of the Bias
Tee circuit developed in ADS.

V. EXPERIMENTAL RESULTS

A single PCB is designed using the substrate
RT/Duroid 5880 according to the specified
frequency operation. A set of Surface Mount
Devices (SMD) components is obtained through
simulation predictions, and then the inductor
and connectors were soldered on the PCB.

Figure 10. Fabricated prototype - PCB Bias Tee developed.
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The Bias Tee is measured using the Vector
Network Analyzer (VNA) whose operating
range is from 300KHz to 3000MHz.

These tests results show that the Bias Tee
operation agreed with the desired technical
specifications.
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Figure 10. Insertion loss between port 1 (the RF port) and
port 2 (the RF+DC port).
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Figure 11. Return loss in ports 1 and 2.
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Figure 12. Indicates the isolation between ports 1 and 3
(S31) and ports 2 and 3 (S32).

98

V. COMMENTS AND CONCLUSIONS

The device Bias Tee with extended
bandwidth using a commercial component
Murata specified at 1GHz and a homemade
microinductor at 4GHz, has a better
performance due to the parallel high impedance
offered by association of those two components.

Stabilization looping by combining of RC (R
= 50Q and C operating in RF) was extremely
important to prevent instability, not only at low
frequencies, but also the entire bandwidth
examined.

The capacitor C3 in parallel with the DC
source, presents very low resistance up to
250mA, able to isolate this power supply from
the circuit.

The Bias Tee has a unit cost bellow US$
12.00 when large scale production is
considered. Another version using the same
components over FR-4 substrate has a high
production price evaluated over US$ 7.00 and
0.5 vs. 0.5 inches dimensions besides, is suitable
to be encapsulated as a SMD component.

An insertion loss better than 1 dB in the
500KHz and 3GHz band, high isolation between
ports and return loss better than 15 dB is
achieved.
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