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Fully Monolithic Four Channel Transmitter IC for
RF/Optical Subcarrier Multiplexed Communications

S. Han, C.-H. Lee, B. Matinpour, J. Laskdtember, IEEEand D. J. BlumenthaBenior Member, IEEE

Abstract—A compact four channel RF/optical subcarrier
multiplexed (OSCM) transmitter MMIC has been implemented
in a commercial 0.6um GaAs MESFET process. The designed
MMIC consists of four voltage controlled oscillators (VCO) with a
frequency range of 3.8-5.5GHz for subcarrier generation and four
modulators for on-off keying (OOK) subcarrier modulation. This
MMIC supports up to 200 Mb/s data rate per each channel. This
transmitter IC occupies a die area of120 x 120 milZ. We present

120 mils

design and characterization of the first fully monolithic four | vcq
channel transmitter IC for multichannel OSCM link applications. | & |
Index Terms—MMIC, oscillator, subcarrier multiplexing. ‘ G B

|I. INTRODUCTION

UE TO the large available bandwidth of fiber-optic
networks, multichannel communication can be supportt
over the fiber using wavelength division multiplexing (WDM)
[1], optical subcarrier multiplexing (OSCM) [2], and combi-
nation WDM-OSCM techniques [3], [4]. These ml"Itid‘]armqjﬁig. 1. Picture of four channel OSCM transmitter MMIC.
multiplexing techniques allow the network interface electronics
can be operated at the individual channel rate [5]. Two main ) _ .
advantages of OSCM are 1) OSCM link requires only one In this paper, we pr_esent the _f|rst_ fully mpno_llthlc four
terminating element, such as a distributed feedback (DFgjannel OSCM transmitter IC design in the TriQuint TQTRx
semiconductor laser, and a photodetector at each node; and-9y!M GaAs MESFET process. The developed MMIC is fully

supports simple detection of control channels that carry contf@dl2racterized and demonstrated. This work can contribute to
or timing information. However, one major problem is théolvmg major issues with the complexity and cost of multi-
complexity and the cost of the electronics channel OSCM network by leveraging low cost GaAs MMIC

The designed four channel OSCM transmitter MMIC corf€cnology.
sists of four voltage controlled oscillators (VCO) with buffer
amplifier which can cover a frequency range of 3.8-5.5 GHz Il. CIRCUIT DESIGN

for subcarrier genera’[ion and four modulators for on-off keylng The fu”y monolithic four channel OSCM transmitter IC con-
(OOK) subcarrier modulation. Realization of OSCM interfacesists of four VCO’s with buffer amplifiers for subcarrier fre-
in monolithic technology is very important because it provideguency generation and four switch-type FET mixers for OOK
circuit simplicity with improved reliability, decreased sizemodulation in120 x 120 mil? die as shown in Fig. 1. The
lighter weight, and reduced manufacturing cost compared d@signed MMIC has been fabricated using TriQuint semicon-
using hybrid technology. In addition, monolithically integrate@uctor TQTRx MESFET process. All the functionality of six
devices have much less parasitic reactance than discief@IC chipsets used in four channel MMIC-based multichip
packaged devices. Circuit flexibility and performance can al$9sCM transmitter module work [6] have been combined into
be enhanced with little additional cost since it is very easy thAis Sing|e Ch|p Dc power Consumption has also been reduced
fabricate additional FET's in a MMIC design. by more than 50% from 2.1 W to 1 W. The fully monolithic im-
plementation is critical due to great advantages over multichip
Manuscript received April 10, 2000; revised May 24, 2000. This work weéO'UtiO”_S in terms of cost, size, interconnect losses, and ease of
supported by a grant from ARO’s Young Investigator Award, NSF Care¢ntegration.
Award, and DARPA NG| Grant MDA972-99-1-0006. _ Al four VCO'’s have a common gate single FET topology
S. Han, C.-H. Lee, B. Matinpour, and J. Laskar are with the Micro- . . .
electronics Research Center, School of Electrical and Computer En}ﬁ{—'th a varactor diode at the source for frequency tuning as
neering, Georgia Institute of Technology, Atlanta, GA 30332 USA (e-mai8hown in Fig. 2. Depletion mode MESFET's antl overlap

Joy.Laskar@ece.gatech.edu). _ diodes have been used for active devices and varactor diode, re-
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neering, University of California, Santa Barbara, CA 93106 USA. spectively. S are designed to have wide frequency tuning
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Fig. 2. Schematic of the transmitter IC.

channel transmitter with the same frequency offset between TABLE |
the four subcarriers. This wide frequency tuning range allows MMIC OUTPUTFREQUENCIESTUNING RANGE AND OUTPUT POWER
to support more than four channel OSCM link applications k

using more than one designed MMIC. Frequency Tuning Range[GHz] Power Range [dBm]
The buffer amplifier is designed to facilitate better outpu Channel A 3.78~4.73 033~267
matching and desensitize the VCO to the external lo¢ Channel B 3.95~4.82 0~333
impedance. Since the VCO is followed by an OOK modulato Channel C 442~542 0.17~4.33
the external load impedance will change greatly betwes Channel D 455~548 133~3.83

the on- and off-state of the modulator. A simple single-stag.
common source, class-A depletion MESFET amplifier, using
resistive feedback, is designed for the buffer amplifier. S
The modulator is a key component in upconverting the digit|s
data onto the subcarrier. The OOK MMIC modulator consists |
two GaAs MESFET switch-type FET mixer, which makes usjf

of the gate bias dependence of the FET’s channel resistancii|
H I

and no drain bias is needed. Hence, the dc power dissipation \Jjj
be miniscule. This FET mixer topology provides layif noise
and low unwanted intermodulation product for high RF drivii
levels [7]. It also provides good inherent isolation between tt
gate and source as well as between the drain and source injj
off-state. The data input is applied to the gate to OOK modulal} : _ :
the RF subcarriers generated by the VCO in the same chanr{ggisi i iURL | i | H A AT L

I1l. M EASUREMENTS o ‘go'o’mg;'g o B R sIgons

All four channels of the MMIC have been fully character- |Gy
ized. As summarized in Table I, the frequency tuning range of ' ‘
approximately 900 MHz with an output power df+ 2 dBm  Fig. 3.  OOK modulator output from oscilloscope with 200 Mb/s input.
were measured for each individual channel while the OOK mod-
ulator was in the on-state. Harmonic outputs were lessthign pseudo-random bit sequence input data streams, the conversion
dBc. The phase noise was measuredto be lessthi@h dBc at  loss and extinction ratio were measured to be approximately 7.2
1 MHz offset. With 2 V peak-to-peak 50 Mb/s and 200 Mb/sIB and 20.5 dB, respectively, as shown in Fig. 3 and Table II.
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TABLE I
OOK MODULATOR CONVERSION LOSS AND EXTINCTION RATIO
VERSUSRF INPUT POWER

50Mb/s Data Input

200Mb/s Data Input

RF Input
P 4B Conversion Extinction Conversion Extinction
ower [dBm] Loss[dB] | Ratio[dB] | Loss[dB] | Ratio[dB]
-5 722 20.54 722 20.54
0 7.24 20.93 7.13 21.04
5 7.15 20.00 7.15 20.00
8 7.99 20.81 8.00 20.80
9 8.10 20.36 8.10 20.36

The input 1 dB compression point of the modulator was 9 dBm,
which can be calculated from Table II. 3

We presented the first fully monolithic four channel trans-
mitter IC implemented in GaAs MESFET technology. This

IV. CONCLUSION
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MMIC is well suited for multichannel OSCM communications
applications.
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[4]

(5]

transmitter MMIC helps to reduce cost, size, complexity
and power consumption of the transmitter in multichannel
OSCM communication link. The measurements show that thisjg
MMIC is capable of generating four subcarriers from 3.8-5.5
GHz. It was also demonstrated that the on-chip modulator

could modulate up to 200 Mb/s digital data onto each of the[7

subcarriers. Measured characteristics show that this transmitter
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