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Abstract—We report experimental and analytical results of has received increasing attention in fiber networks since infor-
a fiber-optic link that supports simultaneous transmission of mation can be transmitted and recovered in parallel without a
baseband data and subcarrier multiplexed control-data chan- g, o4 ¢iock or timing relationship between the data and control
nels. A novel transmitter design is used to optoelectronically . . .
combine baseband and subcarrier channels onto the optical chgnne-ls. Detection of sqbcarrler coded ch-annels is performed
carrier using a differential Mach—-Zehnder (MZ) interferometer ~ using simple photodetection followed by microwave bandpass
modulator. Microwave direct detection of the subcarrier data filtering.
channel simplifies the receiver design and network architec- |4 this paper, we describe results of our work in OSCM
ture. An approach to optimize the transmitter parameters for a . - . . )
given transmitter/receiver configuration is presented. A discrete links for_ transm_lttlng digital baseband data in parallel with ‘_'J‘
component link is implemented and its performance compared Subcarrier multiplexed control-data channel and the potential
to analytical results and discrete-time simulations. Insertion of for monolithic-microwave integrated-circuit (MMIC) technol-
monolithic-microwave integrated-circuit (MMIC) technology is  ogy at the photonic/microwave interfaces. Baseband/OSCM-
investigated by utllizing a MMIC mixer for control-channel —onio| fiber links can support various functions for dif-
upconversion and envelope detection in the link transmitter and . . .
receiver, respectively. High signal-to-noise ratio (SNR) of the ferent netWQrk ar.chltec'ture.s Inc_:ludlng the setup of end-to-
control channel demonstrates that MMIC technology is a viable end connections in a circuit-switched network [5], [6], con-
approach to integration of subcarrier multiplexed fiber links. tention resolution in circuit- and packet-switched networks [7],

Index Terms— Communication system signaling, micr- and to support header transmission in packet-based networks
owave devices, microwave modulation/demodulation, MMIC [8]-[11].
receivers/transmitters,  optical  communications,  optical Important issues for these links currently include component
modulation, optical subcarrier multplexing. and subsystem integration and performance limitations due

to fiber dispersion and nonlinearities [12]. The integration

|. INTRODUCTION aspects involve fabrication of basic circuits for microwave
. signal generation, upconversion of digital data streams, and
IBER-OPTIC networks offer the potential to SlJpporEombining baseband and subcarrier multiplexed signals onto

very wide-band flexible communications for future analogn optical carrier. New techniques are needed to efficiently

and digital applications. The large available bandwidth Of_ ifiterface microwave and photonic components at the trans-

fiber network can support multichannel communications using. : o . .
wavelength division multiplexing (WDM), optical subcarrierrge'trzirrrsggcéezerge:el[;g(’j [tlr:i}]éucgc?r;tec?:?oﬁ:;x'tgf asnudb(l:rljier
multiplexing (OSCM) [1], [2], and combination wbM-0scmP t dulation f ¢ incoh 9 i h t detection. th
techniques [3], [4]. A primary advantage ofmultichanneltrang—"’t1 a—mt(_) u ? 'or:] olrma, mgotheren or ”CO e:en € erc]_|ton:{ €
mission in the fiber is that the network interface electronicg c9ration technology, and the overall systems architecture.
can be operated at the individual channel rate. The differeHf€Se techniques should ultimately support digital baseband
channels (wavelength, frequency, or optical subcarrier) cKH{es beyond 40 Gbps and subcarrier signals beyond 50 GHz.
be used to support independent users or to transmit out-ofi" this paper, we report new experimental and theoretical
band signals, e.g., routing or timing information. The lattdsults of a digital baseband/OSCM-control transmission link
for optical and all-optical-fiber networks. A novel transmitter
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Fig. 1. General architecture of baseband/OSCM link with differential MZ interferometer modulator together with the power spectrum of com@igie 2.5
PRBS baseband with 100-Mbps PRBS control on 5.5-GHz subcarrier.

upconversion and envelope detection, respectively. The the transmitter complexity and alleviating the need for an
ceived signal-to-noise ratio (SNR) is comparable to resukdectronic summing circuit which introduces excess resistive
obtained with discrete component implementation and demdass. One arm of a differential-input integrated-optic MZ
strates that MMIC technology offers a viable approach toterferometer modulator is driven by dc-biased baseband data
photonic/microwave interface integration for this type of linkand the other arm is driven by the microwave subcarrier
Analysis of the differential nonlinear transmitter is presentetbntrol data. Differential driving of the two arms acts to
and includes optimization of the relative SNR for the receivetbmbine the baseband and subcarrier multiplexed signal onto
baseband/OSCM channels. This analysis extends the resthies optical output of a continuous wave, distributed feedback
of prior work in optimum modulation for baseband/OSCMDFB) semiconductor laser. Differential MZ interferometer
transmission by direct linear modulation of a semiconductarodulators are typically used to minimize optical chirp at very
laser [9]. high data modulation rates. An example experimental com-
posite baseband/OSCM electronic-power spectrum is shown
in Fig. 1 with actual data rates and subcarrier frequency used
The fiber-optic link investigated in this paper is capabli the experimental section of this paper (2.5-Gb/s baseband
of supporting simultaneous transmission of baseband digitilta rate and 100-Mb/s control-channel data rate multiplexed
data and microwave subcarrier multiplexed digital control datato a 5.5-GHz subcatrrier).
on a single optical carrier. The general link architecture is The baseband and control-channel receivers each detect
shown in Fig. 1 with a digital baseband/subcarrier transmittex, portion of the optical power determined by the network
optical-fiber transmission channel and baseband and subcari@hitecture requirements. A fiber splitter is used to tap a
control receivers. The baseband and control-data receivers @ogtion of the optical signal for the subcarrier receiver and
located after a variable optical-power splitter. The introductiosutput the remaining signal to the baseband receiver. The
of a variable splitter accommodates multiple network architebaseband receiver consists of a simple optical-to-electrical
tures including header detection receivers for packet routif@/E) converter and a low-pass filter to pass the digital
[8], [15]-[17] and end-node detection for connection-orientdaaseband and reject the subcarrier channel. The subcarrier
transmission [18]. direct-detection receiver consists of an O/E converter followed
The transmitter consists of two data sources, one for digitay a broad-band traveling-wave amplifier, a bandpass filter
baseband and the other for the digital control channel. A nowantered at the subcarrier frequency to reject the baseband
optoelectronic technique is used to combine the basebatata, a microwave envelope detector, and finally, a low-pass
data with the microwave-subcarrier control data [15], reducirfiter.

Il. LINK ARCHITECTURE
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I1l. LINK DESIGN AND OPTIMIZATION r ; ; . . : , . .

In this section, we develop an analytical model which allows PHMM L SR LRI IUE SR
the optimization of the input transmitting parameters given
a certain link and receiver configuration taking into account
the nonlinear transfer function of the modulator. The signal L
applied to the electrical port of the modulator can be written
as

V(t) = Va(aa(t) + bB(t) cos(2n fut + ) +¢) (1)

whereV; is an arbitrary voltageg(t) = 0,1 is the baseband  pp £l | [ IR
data at bit-rateBy,se = 1/Thase: () = 0,1 is the control- |

channel data at bit-rat8.qn; = 1/Tcons, fs IS the subcarrier , ]
frequency,¢ is a constant phaseV, is the baseband input b % »
amplitude bV, is the control-channel input amplitude, atid; ; : ‘ ; .
is the bias voltage. Vo Vi )

We assume on-off keying (OOK) modulation on both T BETIN

baseband and subcarrier control channels. Other modulation I i

techniques (PSK, FSK) for the control channel can be easily e

taken into account by choosing different values forand Fig. 2. Representation of baseband- and subcarrier-signal operating points
letting ¢ change at the control-channel bit-rate. We alsg' the MZ transfer function.

assume that the electrical bandwidth of the modulator is greater . ) .

than the subcarrier frequengy, so that the transfer function Ofwhere the functiongf; are thei-order derivative of the func-

the modulating device can be expressed as an instantandififs /- We have verified, through time-domain simulations,
nonlinear relation of the form that the error introduced by truncating the Taylor series to

the third-order term is negligible in all cases of practical
P(t) = P f(V(1) interest.
= Pouef(Va(aa(t) + bA(t) cos(2n fot + ) +¢)) (2) For this transmission system we are interested in those
terms whose spectral components can pass through the two
whereP,,; is the maximum output power, provided thfl") receiving filters, i.e., in terms arounfl= f, for the control
is normalized such that its maximum value with respect'to signal andf = 0 for the baseband signal. Using the relations
is equal to 1. 3%(t) = p3(t) = B(t) and the expansions faros?(x) and
The relationship between the modulator transfer functiems®(z) we can rewrite (3) as
and the baseband and OSCM control signal is illustrated igj )
Fig. 2. The baseband data sets large signal quiescent operat'méf ~ flac(t) + c) + fi(ac(t) + c)bB(t) cos(2n fst + ¢)
points about which the relatively smaller subcarrier signal’ out
modulates. In order to increase baseband performance, the + 1f2(m(t) +c)b2/3(t)
on/off operating points should be separated as far as pos- 4
sible placing the quiescent points at theéax and min of + 1ﬁ,\,(m(t) + )b B(t) cos(2T fot + ). (4)
the modulator transfer function. However, these operating 8
points produce maximum nonlinear distortion of the subcarrier The first two terms can be interpreted as the useful base-
channel, reducing the overall SNR and increasing interfesand and control-data output components. The last two terms
ence between the baseband and subcarrier channel duedsount for nonlinear beating between baseband and control
intermodulation distortion. An optimum operating conditiorlata aroundf = 0 and f = f,. Several important conclusions
will specify the point at which both the baseband excursiagan be drawn from (4). The useful baseband tei{ac(t) +
and RF-signal strength can be maximized without producirg is dependent on the bias and on the baseband input
a severe SNR degradation of either channel. From anoth@mplitudea only. The useful control-channel terfia(aa(t) +
more physical, point of view, the small signal gain seen byb3(t) cos(2r st 4+ ¢) does not depend oh only, but on
the subcarrier signal reduces when increasing the basebanghd ¢ as well and is consequently affected by the values

signal amplitude. chosen for the baseband. Moreover, the output control-data
To analyze the effects of a nonlinear transfer function wastantaneous power is modulated by the baseband data, giving

expand (3) in a Taylor series arouhd— 0, obtaining rise to interchannel interference between baseband and control
P(t) signals. This interference can be minimized if

—= ~ flaa(t) + ¢) + fi(aa(t) + c)bB(t) cos(2x fst + )

Pout fila+c) = fi(o). (5)

1 2122 2
+ §f2(m(t)+c)b FE(t) cos™(2m fst + ¢) We show in a following section, that in the case of MZ

3) modulators, for anya, the optimal ¢ is always the one

1 3123 3
= 3 2 fs o o
+ — f3(aa(t) + )b>B°(t) cos® (2m fst + ) satisfying (5), and corresponds to a situation where the two

6
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baseband operating points are symmetric with respect to th -
i i : 2.5 Gbps

middle point of the transfer funcnon. . 1 enms N Lﬁngzss
Introducing the baseband operating poikis= Vy(a + ¢) Pattern Generator Filter

and Vp = V; ¢ corresponding to the transmission of a 1 or a
0 bit, the output useful baseband levels can be expressed as

-
P = Powf(V1), Po = Pourf(Vo). The control data has an DC Bias | Bias Tec |

instantaneous power oscillating aroufid or P with a peak-

to peak swing varying betweeR,,; f1 (V1) b and Poyt f1 (Vo) b

at the payload rate. A graphical representation of this condition
is illustrated in Fig. 2. Restricting attention to a MZ external

y

modulator, we have Differential Omical ©
1.55um Integrated-Optic t op!l;iiaer L‘i]r?l)cm
T V DFB - Mach-Zehnder -
P(t) — Poutf(v) — Pout C082 ~r (6) Laser ) Interferometer
2V,
with V. is the switching voltage of the modulator aiy,; is --
the output power whe¥ = 0. We assume that; = V. so 100 Mbps
that, substituting (1) in (6), we obtain 25.1PRBS  [——» Mixer
Pattern Generator -

P(t) = P, cos? (g(aa(t) + bB(t) cos(2m fut + §) + c))
(7

5.5 GHz RF
Oscillator

wherea andb represent the input amplitudes, normalized to
V., for the baseband and control data, respectively. We restrict
our attention to the case in which the driving voltage is in the
range[—V, 0] (any other choicg(n — 1)V, n V] would lead

(@)

to identical results). If no control data is present, the optimalFrom Fiber Link Converer 1o Low Pace To scope
choice is ideallyVy = -V, and V; = 0 (corresponding withpreamp | Filter

to a =1, ¢ = —1) which givesP, = P,y and Py = 0,

i.e., an infinite extinction ratio. Under these circumstances, 50750 Coupler le

fitvo) = fih1) = 0.

For control data alone, the optimum point is clearly the one
that maximizesf, i.e., Vo = Vi = —V;/2. Consequently,

Variable
Attenuator

when both baseband and subcarrier are applied, a tradeoff
exists between the two extreme situations in terms of system B eiver —,T«.r:,ﬁir?e‘i Wav

performances. In [9], analytical formulas are obtained for the

5.5 GHzCF
S00MHz BW
BP Filter

digital SNR @ on both baseband and subcarrier for several
different receiver configurations. Here, tli¢ parameter is L

defined ag) = % wherem; (myg) is the average of the

g1

Microwave
Detector

detected signal at the receiver when a 1, (0) is transmitted and Diode)

Shottky

100 MHz

Low Pass | To scope
Filter

0%, (03) the corresponding variance. The probability of bit-

error (BE) can be approximated & ~ 1/2erfc(Q/v/2). A

value@ = 6 corresponds t@. ~ 10~°. Initially, we chose the and (b) receiver.
simplified model whose performances are limited by electrical

receiver noise. Let be the splitting ratio of the optical coupler,

Phases Peont the responsivities of the photodiodes, aNg,.., Whenb = 0) and Acon: is the average normalized output

N.ont the power-spectral densities of the equivalent noig@ntrol-data amplitude.

sources. The filters and the envelope detectors are assumddsing (4), the parametetdy,,s. and Acont Can be expressed

to be ideal (integrate and dump filters) to obtain an analytica$
expression. Following the steps outlined in [9], tevalues
of this receiver can be written as

_ prase-Pmc Abase

(b)

2

Fig. 3. Experimental setup for (a) differential baseband/OSCM transmitter

e =follae) = fole)+ 2 (falat o) o)

Qbase B \Y 2NbaseBbase
(1 - T)pcont-Pchcont

QCOHt - V 2Nc0nth0nt

Acon = (a0 )+ 1o Uslato)lfs(e) ©)

(8) where the baseband-rate oscillating tefiac(t) + ¢) in the
control-data signal was averaged @k,,; (usually Teon: >

whereP,, = P, L andL is the total link loss andi;, ... is the Tj,.s.) supposing thiaO b and 1 b on the baseband signal are
normalized output baseband swinduts. = fo(a+¢)— fo(c) equiprobable. On the baseband signal amplitude, a worst-case
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value was chosen for the control-channel induced-crosstaibltage V},;.s was set to obtain the best performances for
term. each point. The baseband SNR is strongly dependent,on
Using (8) and (10)Qpase and Qeont Can be expressed aswhile the dependence oh is negligible and is obscured
functions ofa, b, ¢ and can, consequently, be optimized unddryy measurement errors. On the contrary, control-data perfor-
given constraint. It is reasonable t0 ¥, = Qeont 10  mances are strongly affected by bathand b. Assuming we
have the same BE probability on control-channel and basebamaht the baseband and control-data error rates to be equal
data. The optimization process should, consequently, 10#),..c = Qcont), the choicea = 0.45, b = 0.08 leads to
for the set of parameters,b,c which give the maximum Q... = Qeons =~ 9.3, @ value giving a good system margin
Qrase Under the constrain€@pase = Qcons- IN Other words, over the targety = 6 corresponding to an error-probability
introducing @ = min(Qpase; Qcont)» We want to find the P, ~ 10-9.
maximum ofQ(a, b, c) as a function ofa, b, c. In one of the  The experimental results are compared to results obtained
following sections, experimental results will be compared tgsing the analytical formulation (shown in Fig. 4). The pre-
those obtained using this analytical formulation. dicted and experimental results are qualitatively similar il-
lustrating that optimal BER conditions can be achieved for
the baseband and control channels. The difference between
analytical and experimental results on control-data perfor-

] ] ) . _. mance are due to several effects neglected in the analytical
The experimental transmitter and receiver shown in Fig. 3oqe| including intersymbol interference, nonideal filtering,

were constructed in order to verify the effect of operating P@gnideal response of the Schottky diode, and the approxima-

rameters on system performance as predicted by the analytiggls \ve used to model the MZ modulator and the receiver

model discussed in the previous section, and to compare mﬁse

experimental eye diagrams with the results of the discrete-timeThé resulting experimental eye diagrams at the baseband

smt;\laﬂgn. band , ¢ the sianal i 2 5-Gb/ OOand control-data receiver outputs are shown in Fig. 5. The
The baseband portion of the signal is a 2.5-Gb/s e closure is mainly due to receiver noise and partially to

pseudoran_cli_ﬁm p't stlr(_aam (PRBSJ W'Fh vangtéle ampBI:ItEu e interchannel interference between baseband and control
£Vpase/2- Is signal Is generated using a -rate ( hannel, due to the nonlinearities at the transmitter.

tester followed by a fifth-order Bessel low-pass filter with An interesting parameter to consider is the effect of bias

f?’dB = 1.8 GHz to reduce hlgh—frequency_compgnents—goltage on optimal operating points. This measure character-
bias-tee was used to allow addition of a variable bias-volta

#es link robustness to modulator drift and variation and is
Vbias- The OSCM control channel is generated by upcon; o

1as emonstrated through a second set of measurements with fixed
verting a 100-Mb/s PRBS OOK control channel to a 5.5- 9

. . : . = 0.45 andb = 0.08, and a varying input bias. The results
GHz subcarrier using a synthesized signal generator and a > ying \np

. ) - . € shown in Fig. 4, wher and are shown as a
microwave mixer. The extinction ratio between the 0 an?ir . 9 Phase Qeont
. nction of the parameter
1 states that the mixer output was measured to be grea{'ler Vi v
than 30 dB. The baseband and subcarrier signals are applied ¢ — ~bias — Yopt

to independent arms of an LINBOMZ modulator, with a ) ) VW S
V. = 3.0 V and a 3-dB modulation bandwidth equal to gvhere V¢ is the optimum bias voltage for this situation.

GHz. We verified thatl,,,; is the biasing point which satisfies (5),

The MZ output power is split to the baseband/oscnd correspond to a situation in which the two baseband
receivers using a 4:1 splitting ratio with the received opticQPerating points;, andV} introduced in the previous section
powers measured to bBbase = —10.4 and Pcont = —-164 are Symmetl’ic to the MZ middle pOIH%VW/Zl
dBm. The baseband signal is detected using a p-i-n FETConsidering the strong dependenceXfn: one, to ensure
photodiode, then filtered with a third-order low-pass filter withlcont = 6, the bias voltage should be kept closelfg, with
f345 = 1.8 GHz, and displayed on an oscilloscope to measufec = +£10% accuracy, showing that the analysis developed
the Q values from the resulting eye diagram. The control-dat@ this paper could also be used to determine the acceptable
signal is detected by following a photodiode with a travelingolerances on the bias-voltage fluctuation.
wave amplifier and fifth-order bandpass filter with cent .
frequency of 5.5 GHz andl; yg = 500 MHz. The electronic eé MMIC Experimental Results
subcarrier signal is further amplified and incoherently detectedSeveral MMIC components were fabricated for use in
using a Schottky diode followed by a low-pass filter witihe OSCM link presented in the previous section, and were
corner frequencyfsgg = 100 MHz to recover the digital realized using the Triquint Semiconductor HA2 and QED/A
control data. GaAs Enhancement/Depletion MESFET processes.

We measured the SNR valu€s... andQ...; as a function A MMIC mixer designed for control-channel transmission
of the modulator input voltages. In Fig. 4 we show the result&s been realized and is shown in both MMIC and packaged
as a function ofa = Viaee/Vie andb = Voo /V, for two  form in Fig. 6. Dual-gate topology is employed for better
different values ofV,.,, corresponding to measured valuessolation between the local oscillator (LO) and intermediate
of b = 0.08 andb = 0.06. The b values take into accountfrequency (IF). The mixer was used in the transmitter part
the 2.7-dB rolloff of the modulator at 5.5 GHz. The biasef the OSCM link and the upconverted-header data signal

IV. EXPERIMENTAL RESULTS AND COMPARISON WITH THEORY

A. Hybrid Link Demonstration

(10)
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045 05 055
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(b)

Fig. 4. (a) Experimental measurement(@f ... (dotted lines) and)..n: (solid lines) as a function of for two different values ob. (b) Comparison with
analytical results. (c) Experimental measuremen€gf.. (dotted lines) andl..n¢ (solid lines) as a function of for a = 0.475,b = 0.08.

is shown in Fig. 7 together with the received eye diagramsed to allow an increased control-channel bit-rate, a reduced
The measured? in this case was 9.35, a value comparablgplitting ratio for the control-channel receiver to the advantage
to the one obtained in the previous section with a discredé the baseband channel, and/or relaxed photonic components
mixer. A MMIC mixer was used for envelope detection at theequirements. Moreover, MMIC realization has well-known
receiver, again achieving comparable results with the discretgvantages over discrete components in terms of size, inter-
component. connection losses, and ease of integration, particularly when
Oscillators for subcarrier signal generation have also beaged for very high baseband bit-rates (greater than 10 Gb/s)
realized. Common-gate single-FET configuration is used fand high subcarrier frequencies (greater than 15 GHz).
simplicity and compact design. These devices generate 2.5-\We used the Series IV communications design suite from
3.5, 4.5-, and 9-GHz carriers. One of these oscillators iHP-EESOF to analyze the link architecture described in Fig. 1.
shown in Fig. 8, together with its output spectrum. We arBhe parameters were chosen to match those used in the
currently designing and processing more MMIC componengperiment described in Section IV. We were able to use

to improve OSCM link performance. standard library building blocks for all the components (laser,
fiber, filters, amplifiers, mixers, etc.) with the exception of the
V. IMPACT OF MMIC I NSERTION MZ external modulator, which was modeled as a user-defined

In this section, we investigate the potential enhancement didock implementing (6), the photo-detector, whose noise is
tained through the use of MMIC's in the baseband/OSCM linkodeled with an ideal unity gain amplifier, and the Schottky
and show the discrete-time link simulation. The link simulatiodiode, which was modeled as an ideal RF envelope detector.
enables us to investigate the tradeoffs between complexity and’he Series IV discrete-time test bench is used to process
performance improvement using MMIC technology for thsignals and noise together and generates time-domain output
photonic/microwave interfaces at the transmitter and receiveignals, which can then be post-processed to obtain eye
MMIC insertion has the potential to impact performancdiagrams,, and power spectra. Simulated eye diagrams are
through greater system margins, which can consequently df®own in Fig. 9. The evaluate@ is 7.7, which is slightly
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L 60.0 ps/div 80.7977 ns
4.0 mU/div
(@)

Fig. 6. Photographs of MMIC mixer in chip and packaged forms.

009 d 30
3.0 mU/div H

(b)

Fig. 5. Experimentally measured baseband (a) and control-channel (b) eye
diagrams fora = 0.45, b = 0.08.

lower than experimental result. This discrepancy is primarily
due to differences in the turn-on characteristics of the Schottky
detector and in modeling of the MZ modulator. The obtained
eye closure is due to noise and nonlinear crosstalk introduced
between the baseband and subcarrier signals.

Finally, we have used the simulator to study the impact of
MMIC insertion on link performance. We have designed sev- =
eral MMIC-chip sets which are currently being processed. We
predict an improved link performance based upon the follow-
ing simulated MMIC characteristics. First, the LO feedthrough g
of the control-channel mixer is improved by 5 dB. Second,
the noise figure of the broad-band amplifier following the
photodetector is reduced from 8 dB, as in the discrete amplifie
used in the experiment, to 2 dB. |

In Fig. 9, we show the eye diagram of the simulated
control channel. The simulate@ is 8.3, which has been
improved with respect to the link simulation reported in
previous paragraph. This example shows how system margin
can be increased by MMIC insertion and how the potential
gains can be verified by simulation.

VI. CONCLUSION AND FUTURE WORK 3 mv/div

We have reported new results for the design, analysis, simu- (b)
|§.tl0n, and ?Xp'e”m?mal dgmonStrat'on of a hlgh-perforr_na'ng@. 7. (@) Subcarrier encoded control-channel signal at the output of the
fiber transmission link which supports parallel transmissiaransmitter MMIC mixer and (b) eye diagram of the detected signal.
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3 mv/div 5 ms/div

i

3 mv/daiv 5 mns/dAdiwv

(b)

Fig. 9. (a) Eye diagram of simulated recovered subcarrier control channel.
(b) Improvement due to MMIC insertion.

diagrams. Finally, we presented results of MMIC realization
of oscillators and upconverters for use in the described link
architecture.

Fig. 8. 3.5-GHz MMIC oscillator. Photograph of the chip and measured Ongoing and future efforts will focus on further devel-

output power spectrum. oping a methodology and procedure for inter-relating the
architecture, optimization, simulation, experimentation, and

of baseband data and out-of-band control data using OSCMMIC integration. Specific areas pertaining to parameter
Key features of the architecture include the use of a novptimization include evaluation of different modulator transfer
differential optoelectronic combiner in the baseband/oscfynctions, different modulation formats, and the impact of
transmitter and a direct-detection microwave subcarrier raetical amplification. With respect to simulation efforts, more
ceiver. These features greatly simplify the overall transmit®MPIex MZ electro-optic modulator and nonlinear electrical
ter/receiver implementation and make MMIC implementatiofoMmPonents models will be inserted. Monolithic integration of
more practical. In order to understand the link performan:.,‘@or?j j_y_stem comzo_nentsh onto a smbgle c(;np_wnl be pekr)form.ed
and impact of MMIC insertion, a new parameter optimizatiolfl addition to studying the Eppler oundaries on subcarrer
model for the transmitter was developed. Once the parametbfgluencies using MMIC technology.
were optimized, a time-domain simulation provided detailed
information about performance of the baseband and control-
data channels based on detailed knowledge of the devi¢g R. Olshansky, V. A. Lanzisera, and P. M. Hill, “Subcarrier multiplexed
parameters, operating characteristics, and noise parameters."glhtwa"e Syétzegns3f°f2bgad'bagggd'St”butlod”nght\Nave Technal.

. . . . . vol. 7, pp. 1329-1342, Sept. 1 .
We cor_npared the _dlscrete |mplgmer_1tat|on Of_the link W_'”IZ] T. E. Darcie, “Subcarrier multiplexing for lightwave multiple-access
MMIC implementation of photonic/microwave interfaces in networks,” inOpt. Fiber Commun. Conf. and Sixth Int. Conf. Integrated
the transmitter and receiver. This comparison was performed at Pis and Opt. Fiber Commun.—Tech. Digeno, NV, Feb. 1987, pp.
optimal operating points determined by our analytical modeli3] s. F. Su and R. Olshansky, “Performance of WDMA networks with
Both the analytical model and discrete-time simulation utilized baseband data packets and subcarrier multiplexed control channels,”
parameters obtained from an experimental demonstration. Thg ITFEEVF\)/Q%C,)”F%.TSFEg%ngTv:rl{d5é.pgf Kgfﬂ_nzy:’l%e'ﬁghslt?ft%n of & cost.
theoretical and simulation results were then compared to" effective, broad-band passive optical network systelEE Photon.
experimental results and found to be in good agreement. Technol. Lett.vol. 6, pp. 575-578, Apr. 1994. =
Simulation of the link with MMIC insertion also showed an [5] K.-I. Kitayama, “Subcarrier multiplexing based signaling and access
: . ! control in optical FDM networks,” presented at tReoc. IEEE Global
improvement in performance of the SNR of the received eye Telecommun. Confpt. 3, Singapore, May 1995.
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