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Abstract In this work, we report a novel andegtly
simplified approach to control the modulator bias,
For analog fiber optic links using electro-as depicted in figure 2, which is basedpon the
absorption modulators, the correlation between tlgerrelation between the RF link gain and the
RF link gain and the modulator photocurrent ismodulator photocurrent. We show that, under
investigated both theoretically and experimentally.various operating conditions, the modulator bias at
Based on this correlation, a self-bias contrevhich the modulator photocurrent experiences the
scheme of the electroabsption modulator for largest change with incremental bias tracks closely
maximum RF link gain is proposed. This schemiie bias for the maximum RF link gain. Therefore,
can simplify the bias control of modulator arrays. using the modulator photocurrent, we can find the
optimal modulator bias for maximum RF link gain
Introduction and multi-octaveSFDR.

Analog fiber optic links can be used to

transmit microwave signals in applications such as Laser| o |[Wodumo]  [Covme} AKZL, remote
cable TV, antenna remoting, and active phase l

arrays. Semiconductor egitroabsorption (EA) —- #

modulators are useful in these links in view ofsourcd ==

their potential for low voltage operation, large L - J Figure 1. Conventional
bandwidth, and monolithic integration with other Chatie bias control scheme.
componentél.] RF efficiency and spurious free _

dynamic range §FDR) are important figures of Transmitter

merit for analog links and are mainly limited by
the modulator. For EA modulators, the RF
efficiency and the multi-octave SFDR can be
optimized at the same modulator bAsdowever,
the optimum modulator bias needs to be adjuste@ser | [ a0 D, 5| Remote
during operation, as the transfer cloeaistics can 2" Recelvgr
change in response to changes in ambient
temperature, polarization, and optical powerre
levels. Figure 1 shows a conventional modulatagource
bias control scheme, in which a coupler is used to
tap off a portion of the modaled light for

Bias

examining the RF signal so that the optimal bias Control Figure 2. New bias control scheme

Circuit

can be maintained. However, for modulator
arrays, it is highly desirable to employ an
approach which can reduce the number of optical
components in view of sge and fiber alignment
considerations.

Transmitter
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The above mentioned bias coincidence R m U
comes from the correlation among the RF link W€ obtain i/vm from the modulator transfer
gain, the modulator transfer curve and thgharacteristic.  The ~transmission of an EA
modulator DC photocurrent. The RF link gain ignodulator can be witen as:
proportional to the square of the slope efficiency eTl=S,,* ~™ (6)
of the modulator transfer cuiNe which depicts where S, is the optical loss of the modulator due
the modulator transmission versus bias voltag@ scattering; Ln is the loss due to Fresnel
The modulator transmission is proportional to theflection and fiber oupling at each facetf is the
modulator absorption, which in turn ispptical confinement dctor of the modulator
proportional to the modulator DC photocurrentapsorption  layer; a is the  corresponding
Consequently, the RF link gain is proportional tgpsorption coefficient; L is the waveguide length.
the square of the change in modulator  The optical power reaching thenput facet of
photocurrent with respect to bias. the modulator is & and the optical loss from the
The following summarizes the main stepsnghulator to the detector (excluding the
the derivation. modulator) is K, the total optical power coupled
The total voltage across the modulator is:  into the detector is:

V:Vm+Vm (1) e KLSD(B: o m 2m -alL (7)

where Vi is the modulator DC biasim is the AC ~ with the detector DC current calculatefiom
modulation voltage. For an ideal modulator which

. . . |E’=ﬂ d out (8)
can be_ treated as an open circutt, the RF.'np\%erend is the detector rgzonsivity, we obtain
power is totally reflected, a standing wave builds adl. O
up in the input transmission line. Thereferewill iy = ——Vm
be twice the input microwave voltage. The DAV, O
relationship between the input RF powetRand -~ nPSLKE o da y 9)
vm can be written as: oo av,, "

_ V3 ) Substituting (9) into (5), the RF gain becomes
RFin ~ o 2
in _ U 2 -ro. o [
wher® R, is the chdfacteridtic impedance®ofithe &R =fonm  NQ r av b

input transmission line. In pactice, since the
modulator has a finite impedanogy is less than (10)
twice the input voltage. We use a facios to
account for this modulation reduction edt, and
Eq. (2) becomes:

2

Next we derive the modulator DC
photocurrent . The total optical power absorbed
by the EA modulator is:

— _ oL
WV @) Py = PS, L{l- ™) (11)
RN 40 R This gives rise to photocurrent, |
If iq is the detected AC @rrent at the end of I, =n,Ps=n mPOSan(l— e“’L) (12)
the fiber link, the output RF power right after th

Shere Nm iS a conversionactor defined as the
) ) ratio of the modulator photocurrent to the
R Pheout=P a'a out (4)  absorbed optical power. Below saturatigm is

where Ru is the detector output resistances cjose to e/h, where e is the Coulomb charge, h

accounts for the RF _power loss including _th% the photon energy. Taking the derivative @f |
detector impedance mismatch loss. The RF link,:n respect to ¥, we get:

gain is obtained from the ratio of (4) to (3):

detector is:
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d,, _ rq. o 1 scheme in principle works well. When the optical
dav, NinFoS Lol L€ dv, (13) power approaches the modulator saturation level,
Combining Egs. (10) and (13), we get: this bias control method would need mochtion.
? Experiment
adl O
Gge = CWD (14)
m U An InGaAsP/InP  Franz-Keldysh effect
2 . . . ;
_ O Kn,O waveguide modulator is used in this work. The
where C—4pmdemRomDB n H (15)  waveguide has a 2fm thick InGaAsP Xq =

It should be noted in the expression for é;Z6 um) layer sanawiched between-mP and

that onlypm, Lm andnm have possible dependenc;r;]'lrlp Iaf’irs' In_ thde 2.5(11m tth'Ck Irter];aAs_(I:d:aygréS
on Vi, especially in the case of large opticaf'® 0P 1.1um is doped p-type, the middle O.
power coupled into the modulator. At high powetM 1S un_doped, the bOFtomN‘m is doped n-type.
a large density of photo-gersged carriers at the Y/aveguide mesa etching isopped after etching

absorption region can reduag,, especially at through_d the ungloped '(IjnGaAS: layer. OI'I.'he
small biad” Also the absorption layer dedtric Waveguide mesa is @m wide at the top, and is
permittivity can change due to the high density ¢80Hm long. This large optical cavity structure is
carriers, so that the modulator capacitance aAgSigned to allow a good coupling to lensed fibers.
optical mode can be affected. Thps and Lm At zero bias, the fiber-to-fiber optical insertion
However, when optical power is well below thvithout AR coating. We have also observed
modulator saturation power level, C is essentialfPlarization insensitive operation for maximum
a constant, and the bias for maximumkeG F gain at this wavelength. (See figures 3c and
coincides with the bias for maximum V. 3d)

Under this circumstance, the self-bias control
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Figures 3a-e & versus W, and dl/dVn versus W curves under different operating wavelength, optical power and
polarization. In each plot, the left axis is/dlVn (LA/V), the right axis is RF Gain (dB).

The RF link gain, @, and the modulator the bias point Wrmax (for maximum RF gain)
photocurrent, i, are measured as a function ofinder different operating conditions, the
modulator bias voltage W In order to compare measurement were repeated using different laser
the bias point W max (for maximum di/dVm) with  wavelengths (1.30, 1.32 or 1.34m), different
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optical power levels (0 and 5 dBm) and differeraptical power is close to the modulator saturation
input polarizations (TE and TM). The ambienpower level.
temperature change is simulated by laser
wavelength change, because the major effect of Conclusion
temperature change is to change the detuning
energy of the modulator. A 400 A wavelength ~ We have shown that for an electroabsorption
change can represent a temperature changenwfdulator, the bias point nVmax for the largest
approximately 80°C in this modulator aterial. slope in modulator DC photocurrent with respect
In figures 3a, 3b and 3c, the input light is TMo modulator bias, coincides with the bias point
polarized at 0 dBm optical power. The result§rr.maxfor achieving the maximum RF link gain.
show that although Mmax does change As Vgrr-max drifts due to changes in operating
substantially for a 400 A wavelength change, @onditions such as temperature, polarization and
can be tracked closely by mVax Similarly, optical power levels, it can be tracked by a circuit
figures 3b and 3e show thatnWax and \kr-max Which determines the bias voltagenMax This
coincide through the 5 dB optical power changepproach can fdltate the bias control of an
In figures 3c and 3d, the input light wavelength islectroabsorption modulator for maintaining
1.34pm, with 0 dBm optical power. The optimalmaximum RF gain in an analog fiber optic link.
bias point remains the same when the polarization

is switched from TM to TE, so the bias tracking of Acknowledgement
Vmmax and \kr-max is straightforward. These _ _ _
results are summarized in Table 1. This work is partially sponsored by

DARPA/AFRL, ONR, MICRO/Hughes programs.
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