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Tuning a Bandpass Filter by Optical Control
of a Negative-Resistance Circuit
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Abstract—A novel tunable active bandpass filter is presented resistance and a variable reactance. However, the tuning
in  X-band. Basically, this is an end-coupled half-wavelength circuit including the MESFET negative-resistance circuit was
microstrip bandpass filter coupled by a high« value negative- o igina|ly designed for wide-band use [2]. Therefore, tuning
resistance circuit, which is optically tunable. In this filter, one ing th ti ist ircuit i t ticularly
MESFET works both as a tuning element and negative resistance. YS!N9d the négative-resistance circuit 1s not easy, par lc“u arly in
To increase the tunability of the active MESFET circuit compared  Optical tuning [6]. This type of filter can be called a “three-
with the half-wavelength resonator, the port of the negative terminal MESFET filter.”

resistance is connected to the open stub through one side line |n this paper, it is noticed that the reactance of the negative-
in the quarter-wavelength coupler. Tuning range of 123 MHz iS  regjstance circuit can be changed steeply from a negative
achieved by optical tuning. This optically tunable range of the o - .
active bandpass filter exceeds 1% of the center frequency. value to a positive value depending on the frequency in the
X-band [2]. If the reactance can also be changed by laser
irradiation, it is possible to use the negative-resistance circuit
for optical tuning. In Section Il, the optical tunability using
the input reactances of the MESFET negative-resistance circuit
|. INTRODUCTION is shown. The following sections report on the principle and
UNABLE filters have a wide application in Commu_available teqhnique of us_ing the MI_ESFET in the nega_tive-
nication systems, and various kinds of tunable filtef€SiStance circuit for tuning, especially for optical tuning.
have been proposed. The yittrium—iron—garnet (YIG) sphefgPerimental results are also given.
is usually used in a tunable filter, but its tuning speed is slow.
A varactor diode can be used in a filter for high-speed tuning.
On the other hand, an active filter is suitable for increasing |- OPTICAL CONTROL OF S2; FOR A MESFET
the @ value of the filter. Chang and Itoh proposed the coupledin a real circuit, the negative resistance is realized by
negative-resistance method in an end-coupled bandpass fidtecircuit looking into the drain of the MESFET and in-
for this purpose [1], [2]. cluding feedback networks. Therefore, the imaginary part of

The Schottky contact in a MESFET forms a depletion laygéhe impedance corresponding to tt$g,-parameter for the
and works as a variable capacitance under the reverse bMESFET is important for using the circuit not only for
Therefore, the MESFET device is also able to be used for filtamplifying, but also for tuning.
tuning. If the depletion region of the MESFET with its cover Fig. 1 shows theS,,-parameters for an NE72084B type
removed is irradiated by a semiconductor laser, electron-htM&ESFET (NEC) measured by a Type-360 network analyzer
pairs are created in the depletion layer, and the size of tfWwiltron), when the drain voltagel{) is 3.0 V and its
depletion layer is effectively decreased. Consequently, tberrent (;) is 10.0 mA. The curve marked byl and the
active bandpass filter, which uses the gate—source capacitamoe marked byt+ show theS»-parameters with and without
of a MESFET instead of a varactor diode, can be tuned rater irradiation, respectively. The semiconductor laser is an
only by the gate—source voltage, but also by the light intensitgDL-5311-G1 (SDL) whose wavelength is 827 nm and output
Based on this concept, an optically tunable active bandpassver °;) is 47 mW. Using a small lens, the light is focused
filter was developed by one of the authors [3]-[5]. We caon the gate—source gap area of the MESFET with its cover
call this type of filter a “two-terminal MESFET filter.” removed.

The MESFET can also be used as a three-terminal varactoAs shown in Fig. 1, theSss-parameters can be widely
by employing all three of the variable capacitano€s,( Cya, changed by laser irradiation. We have measured other
and Cys), which are between two of the three electrodeS-parameters,S;;, Si2, and So;, but they are not shown
(drain, gate, and source). Lin and Itoh tried to use oriere because, on the contrary, the otbgrarameters are not
MESFET circuit in the active mode to generate both a negatigchanged much by the laser irradiation. The input reactances

_ _ , looking into the drain of the MESFET are shown in Fig. 2,
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Fig. 3. The basic structure of a one-pole three-terminal MESFET filter with
an open stub.

Active tank circuit

Fig. 1. Measured scattering parametéfs, normalized by 50€2 versus R. 5 5
frequency (gigahertz) of an NE72084B- or 2SK571-type MESFET (NEC). t P R Xn © R
The curve marked b{] and the one marked by show theS»»-parameters 4 P 4 ;
with and without laser irradiation, respectively. The drain voltage and drain £ £ §
current are 3.0 V and 10.0 mA without laser irradiation. When the gate region % Rn —',

is irradiated by the laser, they change to 1.85 V and 37.6 mA, respectively. T
The laser power is 47 mW and its wavelength is 827 nm. T

Fig. 4. The equivalent circuit of a one-pole three-terminal MESFET filter

with an open stub. The tank circuit loss is equivalent to a dissipating

// resistor Rp. The resistance and reactance of the negative-resistance circuit
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are represented bR, and X, , respectively.
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730 e resistance circuit. We can call this type of filter a “three-
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3_402’5’”/’( terminal MESFET filter with an open stub.

5_50 The equivalent circuit of the filter may be represented
8 s 10 11 12 by Fig. 4. All of the losses in the tank circuit such as the

Frequency (GHz) . . L
conductor loss, dielectric loss, and radiation loss can be

(Fig- 2. Me;ﬂswed i”]E’Ut feaCta“Ci’S'OOKing into ”Ile j:fgi” f(’jf the r':/'ESFhET included in a dissipating resistaR(). The quarter-wavelength
NE72084B) versus frequency. The curves markedlbynd + show the . ; . -
reactances whely; = 10 mA. The curves marked by and x show the cou_pler couples the negative res!stanEg)('to the tank C'.rcwt' .
reactances whet,; = 30 mA. The curves marked bid and ¢ show the If circuit parameters are appropriately adjusted, the dissipating
reactances when the laser irradiation power is 47 mW. The curves markedrBgistor Bp) can be canceled out by the coupled negative
+ and>x show the reactances without laser irradiation. resistance R,,) and a lossless tank circuit may be obtained.
On the other hand, the reactance componekitg {ncluded in
using this optically controllable reactance of the MESFEThe negative-resistance circuit can be controlled by the optical
which also works as a negative resistance. irradiation, as shown in Fig. 2. Therefore, the whole circuit is
a double-tuned filter, and its tuning response depends mainly

Ill. EILTER DESIGN CONCEPT on the high&) negative-resistance circuit.

The basic structure of the bandpass filter whose losses are
compensated for by a negative-resistance circuit is showdY: FILTER STRUCTURE AND EXPERIMENTAL PROCEDURE
in Fig. 3. This is an end-coupled microstrip bandpass filter, Fig. 5 shows the structure of the one-pole three-terminal
and half of the half-wavelength resonator is modified by BIESFET filter with an open stub. The filter is designed with
coupling circuit. Unlike the filter originated by Chang andh characteristic impedance of 82 The input and output of the
Itoh [1], [2], an open stub is used instead of the matchdilter are transformed to the characteristic impedance af250
load connected with the negative-resistance circuit throubly tapered microstrip lines. The MESFET for both tuning and
the coupling circuit, and the half-wavelength resonator is namplifying is an NE72084B(NEC) with its cover removed. The
divided up. Therefore, the half-wavelength resonator showsgyate of the MESFET is connected to the termination {82
fixed resonant frequency. On the other hand, a combinatitmough a low-pass filter whose cutoff frequency is 8.8 GHz.
of the negative-resistance circuit, quarter-wavelength coupléhe low-pass filter makes the MESFET produce a negative
and open stub composes another resonator, and its resonesistance at a frequency higher than the cutoff frequency.
frequency can be changed by the negative-resistance cirdiiis circuit was fabricated on a woven-glass-reinforced Teflon
parameters. The second resonator shows a highemalue substrate with a thickness of 0.76 mm and a dielectric constant
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Fig. 5. Circuit pattern of the one-pole three-terminal MESFET filter witfid- 6. Frequency shift of the passband as function of the gate-source
an open stub. voltage (/gs), Vas = 1.46 V, Ls = 9.6 mm, and the irradiated laser power

(PL) is 0.

of 2.55. By changing their open-stub lengths,), several

) : . Ve-=-0.06V1.321451.531.621.68 1.75
kinds of filters were made and their tunable ranges were ol4=17.3mA 7.0 5.7 51 47 51 53
observed. N

The S,;-parameters of the filters were measured by a [ \ \ 1
Type-360 vector network analyzer (Wiltron) with and without g " i NIV
laser irradiation. The light source was a semiconductor laser - l I A“fb‘*!: q \
[LTO15MDO (Sharp)] whose wavelength was 830 nm. Using a 0 -90 i
small lens, the light was focused on the gate—source gap area <~L ]
of the MESFET with its cover removed. The output of the 3o N, Y\ "
laser for irradiation was changed from 0 to 40 mW. \ ] / \[ \;\

9.95 10.12 10.29

Frequency (GHz)

V. RESULTS AND DISCUSSION Fig. 7. Frequency shift of the passband as a function of the gate—source volt-

age (/<) and the drain current/g), whichralso depends on the drain—-source
A. Voltage Tuning voltage ¥a.), Ls = 3.6 mm andP;, = 0.

Fig. 6 shows that the frequency shift of the passband . . i
depends on the gate-source voltagg.) of the MESFET NiNd ability due to both the gate-source and the drain-source
without laser irradiation. The lengthL() of the open stub is VOltages were aiso observed and are described below.

9.6 mm. The parameters of the MESFET are: the drain—sour(fé:'g' 7 shows that the frequency shift of the passband
voltage (/) is 1.46 V, and the drain current,) is changed dePends on both the drain—source voltagé,X and the
from 1.60 to 15.56 mA depending on the gate—source voltaae—source voltagé’f) of the MESFET without laser irra-
(V). The maximum center frequency is 11.065 GHz an ation. The_lengthl(s) of the open stub is 3.6 mm. The dra_un
the minimum is 10.976 GHz under the condition that thg!"eNt €4) is changed from 5.24 to 17.26 mA depending
transmission loss is no more than 3 dB, whénis —1.62 and 2" both Vys and Vi, The maximum center frequency is
—1.15 V, respectively. The center frequency of the passbahgd:200 GHz and the minimum is 10.019 GHz. Therefore, the
is shifted by 89 MHz with the change 6f,.. The difference MNY range of 181 MHz is obtained.

between the maximum and minimum center frequencies of the ) )

passband at the same open-stub length is deemed the tufindPtical Tuning

range. Therefore, in this case, the voltage tuning range isFig. 8 shows that the frequency shift of the passband de-
86.4 MHz. The 3-dB bandwidths are between 3.8 and 7p@&nds on the laser irradiation power. The open-stub lerdgth (
MHz. is 1.1 mm. The parameters of the MESFET a¥g; is 1.23

In Fig. 2, the optical changes of the reactance are shown V,, is —1.87 V, andl, is changed from 0.02 to 17.61 mA
by the shifts from+ to O and from x to {. On the other depending on the laser irradiation power. The maximum center
hand, the shifts from+ to x show the reactance change$requency is 10.789 GHz and the minimum is 10.675 GHz,
due to the drain current change. The optical changes avben the laser power is 0 and 40 mW, respectively. Therefore,
noticeable compared with the changes due to the drain currtéhe tuning range of 114 MHz is obtained. On the other hand,
shift. The drain—source voltage is constant in the experimenteé can see from Fig. 8 that the shift of the passband center
conditions, so the drain current is controlled just by th&equency is not proportional to the irradiated laser power.
gate—source voltage. The optical change of the reactanceDidly 1 mW of the laser irradiation occurs for the center
greater than the change due to the variation in the gdtequency shift of 74 MHz. This frequency shift is almost
voltage. Therefore, the optical tuning is more available thawice as much as the shift due to the 1-mW laser irradiation
the gate voltage tuning. To substantiate the above remarks, ithéhe two-terminal MESFET filter [5].
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passband center frequency (123 MHz) is observed by the
irradiation of the MESFET by a laser (830 nm, 40 mW). This
optically tunable range of the active bandpass filter exceeds
1% of the center frequency and exceeds the results of the two-
terminal MESFET filter and the three-terminal MESFET filter.

These improvements in optical tunability and the simplified
circuit configuration are realized by the use of the open-stub
terminated negative-resistance circuit.

Although the results presented here are preliminary, they
indicate the possibilities of fabricating an optically tunable
active bandpass filter using one MESFET both as a variable
reactance and a negative resistance.

Fig. 8. Frequency shift of the passband as function of the irradiated laser

power (P), Ls = 1.1 mm, Vs = —1.87 V, and Vg, = 1.23 V.

Tuning Range {MHz]
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Fig. 9. Optical-tuning region with the irradiated laser pow®r ) as function
of the open-stub lengtl.;. Depending onLs, the drain voltage ¥(y.) is
changed from 1.00 to 1.68 V, and,s is changed from 1.10 to 1.72 V,
respectively. The drain current ) is changed from 4.99 to 29.82 mA
depending onF;,.

C. Maximum Tuning Range
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VI.

A novel laser-controlled active bandpass filter Ahband
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