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Abstract—The photovaractor for remote optical control of mi- 06 - v oo REEREEREE RERRERERE e s
crowave circuits was studied. The photovaractor was fabricated as : : : : : :
a p-i-n photodiode placed in a pigtailed fiber optical module. The
study of the impedance in the frequency range up to 3 GHz in dark-
ness and under illumination has shown that the photovaractor ca-
pacitance strongly depends on the incident optical power. The ca-
pacitance variation of the photovaractor diode under illumination
is discussed.

Index Terms—Optical control, photovaractor, p-i-n photodiode.

Responsivity, A/W

I. INTRODUCTION

N MICROWAVE circuits, the various varactor diodes are
usually used for control of active devices. In recent year ; s : : ; :
the applications of optoelectronic devices for optical control i 0 0.5 1.0 1.5 20 25 3.0
area of microwave photonics are widely discussed in literatu Frequency, GHz
[1]-[3]. The advantages of the optical control are high tuning
speed and range, good accuracy, and isolation between confrgl-1. Photovaractor responsivity for 1,3n wavelength versus frequency
ling and microwave signals. Moreover, it gives the possibilitw‘iit‘)’izrs'ogilre"erse bias voltages: 1—bidsV, 2—bias—2V, 3—bias—1
of remote optical control by means of fiber-optic links, which’ '
is important for phase array antennas and fiber-optic microwave
subcarrier systems. The main goal of this paper is experimental study of the pho-
One of the effective methods of optical control of microwavtovaractor parameters’ behavior under various bias voltages and
circuits is usage of nonlinear regime of the photodiode, whid#umination powers.
is achieved under bias free condition. In this regime, the capac-
itance—voltage and the current—voltage photodiode characteris-
tics are changed under illumination. We have proposed to call [l. PHOTOVARACTOR DIODE
such a device as photovaractor [4]. In the photodiode and pho- _ N ) )
tovaractor, the optical radiation should produce the maximum "€ Photovaractor described in this paper is the p-i-n pho-
possible value of the photocarriers. But, in the photovaractédiode with frontilluminated p-region placed in the pigtailed
the significant change of the impedance should be receivedf'ﬁeropt'f:al module. To reduqe reflecnpnfrom t.he f|ber_—a|rand
contrast to the photodiode where the maximum responsivity aiti-chiP interfaces, the special matching medium, which has a
bandwidth should be achieved. This is the main difference Hg_fractlve mdex.close t‘_) that of quartz flber, has been placed
tween the photovaractor and photodiode which determines tH¥gWeen the chip and fiber [5]. The photodiode has been fab-
design and operating regime. Itis necessary to note that if a suffated into rf-InP/n-InGaAs/n-InGaAsP hgteros;ructure. The
cient reverse bias voltage is applied to the photovaractor, thefifitaxial layer is composed of 140n, 1.2- 101; c¢m”* undoped
begins to operate in the linear regime like common photodiodk"GaASP top layer, 2.5m, 1.2- 10°> cm~* undoped n-In-

. i 8 am—3
and its impedance practically does not change under iilumir@aAs absorption Iaygr, 40@m, 3. 10'% cm™" Te d‘?pe(?' -InP
tion. substrate. The Pregion was formed by local diffusion of Zn

into the wide band gap n-InGaAsP top layer. The diameter of
the photosensitive area is 40n [6], [7].
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Fig. 2. Change of the photovaractor impedance at the various frequendiég 4. Capacitance-voltage characteristics of the photovaractor under various
(1—0.5 GHz, 2—1.0 GHz, 3—1.5 GHz, 4—2.0 GHz, 5—2.5 GHz, 6—3.®ptical powers and frequencies: (a) 0.5 GHz and (b) 2.5 GHz.
GHz): (a) under variation of the reverse bias voltage in darkness, and (b) under

i I iati f the illuminati . . . . o
zero bias voltage and variation of the illumination power and CapaC|tance, series resistance, para3|t|c Inductance, and ca-

pacitance, respectively. The parasitic capacitafipas calcu-
lated from quasistatic capacitance—-voltage measurements of the
The change of the photovaractor impedance at the various fpftotovaractor diode in darkness. The parasitic inductdnce
guencies under variation of reverse bias voltage and unmodind series resistandes were directly measured.
lated illumination power at the 1,3m wavelength is shown in  Fig. 4 shows the calculated from measured reflection coeffi-
Fig. 2. cient capacitance—voltage characteristics in darkness and under
Comparing Fig. 2(a) and (b), one can see that the impedarila@nination at the different frequencies. In Fig. 4, one can see
change under zero bias voltage and variation of the opti¢ghht photovaractor capacitance can be strongly modified by illu-
power is more significant than under variation of the reversaination power. However, at the frequency 0.5 GHz [Fig. 4(a)],
bias voltage in darkness. this change is more significant than at the frequency 2.5 GHz
To determine the junction capacitance variation from the rfFig. 4(b)]. But in darkness, there is practically no capacitance
flection coefficient” the photovaractor equivalent circuit showrchange versus frequency. It is assumed that, at high frequencies,
on Fig. 3was used?j, Cj, Rs, Lp, Cp are junction resistance the generated photocarriers have no time to follow the change of

I1l. RESULTS AND DISCUSSION
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that the photovaractor capacitance is tuned by optical power
with high accuracy. It is necessary to note that, for such pho-
tovaractor design at the frequencies less than 1 GHz, the ca-
pacitance strongly depends on the frequency. It is connected
with influence of the diffusion mechanism of carrier transport,
which is much slower than drift mechanism, on the junction ca-
pacitance recharge time. At frequencies higher than 1 GHz, the
drift mechanism of carrier transport dominates and capacitance
change with optical power variation almost does not depend on
the frequency.

The photovaractor junction resistance strongly depends on
the frequency. Under illumination the junction resistance de-

: : : i ; :  creases, but in this case, the resistance dependence versus fre-

0 0.5 1.0 15 20 25 3.0 quency weakens. In any case, the photovaractor junction resis-
Optical power, mW tance under illumination is about units of kiloohms.

Capacitance, pF

2t various requencies: 1--025 Gz, 205 GH i, 315 Ghz. and 426 IV. ConcLusioN

GHz. The experimental characteristics of the photovaractor have
een presented and discussed. The significant change of the

ﬁﬁotovaraetor capacitance with the illumination power is

hieved by operation under bias free condition where the

b lel ol . 71 Und apacitance—voltage-characteristic is highly nonlinear. Using
,rlTay, € .reprezent as a paralle pc?t.e (t:)apacnor L 1 | naer Yeen photovaractor and fiber-optic links, it is possible to realize
llumination, photocarriers, |nJecte_ In et\{v_een_t ep ates, 'the remote optical control of microwave circuits.
duce the charge on the plates, which modifies junction capaci-
tance. There are the depleted region and space-charge neutrality
region in the absorption layer. For the low frequencies, photo- _
carriers generated both in the depleted region and space-chargl A- Nagra, O. Jerphagnon, P. Chavarkar, M. VanBlaricum, and R. York,
lity region modify the iunction capacitance. The time re- Ind|rect'0pt|cal con_trol of microwave circuits using monolithic opti-
ne_Utra| y region, g ) ) p : ) cally variable capacitors,IEEE Trans. Microwave Theory Techvol.
quired for the photocarriers to drift through the depleted region 47, pp. 1365-1372, July 1999.

is less than the time required to diffuse through the space-charg ﬁ-si\ézf%ﬁbga Jaro, ?}?;rg-c Efg%su;gggg'gf[‘t&'nf]f;ﬂ“di‘;g’é’vs?vﬁ l‘;ir']ters
neutrality region. Therefore, the only photocarriers generated in 4 "March 21-24, 1999, pp. 299-302. ’

the depleted region, can modify the junction capacitance at thg3] z. Szczepaniak and B. Galwas, “Optically-controlled microwave phase-

the microwave signal. The operation of the photovaractor dio
is based on the change of effective width of the space cha
region under illumination. It is well known that p-i-n structur
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