Realization of an Amplifier in Slotline Technique
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Abstract— In this paper the realisability of a hybrid amplifier ~ the major problems with CPW lacks in slotline circuits, mode
using slotline technique is investigated. With the help of dinear  degeneration. This means, in a CPW circuit the mode of
circuit simulator and additionally implemented models for the propagation can easily degenerate from the quasi-TEM into

slotline and its short circuit stub a design of the amplifier br . . . L
a centre frequency of 5.8GHz is carriged out. The measure- & coupled slotline mode. This may happen at discontinuities

ments compared with the simulation show good agreement at and must be avoided by incorperating additional air-brédge
the frequency of operation. Discrepancies above this freqency underpasses between the ground planes making the fabricati
indicate that models for further slotline discontinuities have to  process more complicated. Thus, if an amplifier is design
be incorporated into the circuit simulator to reflect the measured using only slotline elements this drawback of CPW could
frequency response. B _ — - be circumvented. Up to now the use of slotlines was mostly
Index Terms— hybrid amplifier, slotline, slotline discontinuity, . ) S )
short circuit stub. restricted to the realization of mixers [5], couplers, othe
passive stuctures [6] or for spatial power combining [71, tou
the authors knowledge no amplifier was reported using only
slotline technique. In this contribution we will describeet
Since the initial demonstration of GaAs FET, microwaveesign, the realization and measurement results of a hydrid
amplifier design evolved from hybrid microwave integrateempilfier using the slotline as basic component.
circuits (MICs) to monolithic microwave integrated cirti
(MMICs) operating in the range from 1GHz to well over Il. DESIGN
100GHz [1]. At the beginning amplifier design was based In order to do the design of the amplifier in slotline
on distributed element matching techniques intensiveiggus technique we incorperated models to describe the slot8he [
microstrip lines (MSLs) as basic elements to realize thend slotline short circuit stubs [9] in our circuit simulaf@1]
MIC. At that time one of the most important topics was theapable of simulating lumped and distributed element dscu
accurate modeling of the inevitable microstrip disconties in the frequency domain. It was Cohn [10] who gave the
to stop the cut-and-try cyles in MIC design [2]. Approachinéirst second-order solution for the characteristic impegan
higher frequencies the poor ability to provide low inductan Z. of the slotline. Due to TE nature of the dominand mode
grounding of the active devices led to the use of the coplart@s based the definition of the characteristic impedance on
waveguide (CPW), an uniplanar waveguide on top of the ratio between the voltage across the slot and the power
dieletric substrate consisting of a centre strip conduetithh transported by the wave. Unfortunately the numerical smhut
two semi-infinite ground planes on either side of it [3]given by Cohn involves iterative processing, which is not
Compared to the MSL the CPW shows several advantagessagable for fast simulation. Instead we used approxinmatio
there are: it simplifies fabrication, it facilitates easyushas to Cohns solutions given in [8] for a variety of parameters to
well as series surface mounting of active and passive devicketermine its charateristic impedance. As already meetion
and it eliminates the need for wraparound and via holesbove, the slotline shows a strong dispersion which can be
As in the case of MSL the successfull design of circuits iaccounted for by a frequency depended effective relative
coplanar technique is essentially based on knowledge abpetmittivity €srt. To model the slotline with the help of the
CPW discontinuities. Recently accurate models for e.gnopeircuit simulator its behaviour is decribed by transmissio
circuits, short circuits, tee- and crossjunctions haveobrex line equations based on the characteristic impedaggand
commercially available [4] further supporting the desigh ahe effective relative permittivitgsss of the slotline.
MMICs in coplanar technique.

I. INTRODUCTION

As active device we chose the Transistor MGF 1302 from
Most of the advantages of CPW compared to MSL circuitditsubishi. It is a low-noise GaAs FET with an N-channel
arise from the fact that it is an uniplanar waveguide as f&chottky gate, which is designed for use in S to X band
example also the slotline is. In contrast to the CPW a sletlimmplifiers and oscillators. The recommended bias condition
consits only of a pair of ground planes with a narrow slaire:Vps = 3V andIp = 10mA. An investigation of Rollet’s
between them. While the CPW structure supports a quasiability factorK with the given s-parameter data set showed
TEM wave (transverse electromagnetic) as dominant mode that it is not unconditionaly stable for frequency below 76GH
basic mode of the slotline is of TE type (transverse electritn order to reach unconditional stability of the transistoz
resulting in a considerable higher dispersion [8]. But ofie ased parallel resistive loading with 1Q0at the transistors



input. Compared to the unstabilized transistor a calcdlat&Jsing this values results in a slot width of 0.587mm to get the
maximum stable gain of 15.6dB at 5.8GHz is now reducetksired caracteristic impedance. In order to find the apjatep
to a value 14.4dB, due to the resistive loading. The stgbiliphysical length of the transmission lines and the stubs for
factor K has now over the total frequency range positiv@atching we used the Smith chart and iterative simulation
dB values, indicating unconditional stability of the loddetechnique. Fig. 2 shows the results of the matching process,
transistor. leading to the following physical length of the slotlinedided
in Fig. 1:lg = 9.4mm,l = 6.9mm, |, = 2.3mm andp, =
2.6mm,lyp = 7.9mm lg, = 11.9mm. Both inpu$;1 and output
T / f S reflection coefficients show good impedance matching
I MGE1302 o resulting in a predicted gain of 13.6dB at the operation
L frequency. This is only approximately 1dB less compared to

l L

the predicted MAG.

1. LAvouT

To realize and also to measure the amplifier in slotline
_ technique we are faced with two problems. First, the traoisis

of the amplifier has to be brought into its DC operating point.

Second, the amplifier is designed for a @8lotline tech-

nigue, but the measurement equipment useadsaxial line
/ technique. How this problems are solved, will be explained
with the help of Fig. 3, showing the layout of the realized
Fig. 1. Transmssion line model of the used matching circuit amplifier. Clearly one recognizes the wide slots in the eentr

f'\ .

To demonstrate the feasibility of the slotline technique fo
reactively matching we chose 5.8GHz as operating frequency
for the amplifier. Fig 1 showes the equivalent transmissioa |
model of the matching networks. At the transistors input as
well as at its ouput we used a double stub tuner consisting
of a serial short circuit stublq, ls), a transmission line

LogMag >REF: 0dB 5dBDiv

Fig. 3. Layout of the realized amplifier

of Fig. 3. These are forming the input and output matching
circuits of Fig. 1. At the input (left hand side) as well as
at the output (right hand side) of the amplifier are shown
two narrow slots denoted with the letter T and two wide
slots denoted with the letter O. The purpose of slot T is to
form a quarter wave transformer at 5.8GHz transforming the
100Q impedance of the amplifier to the 80charactersitic
impedance of the coaxial measurement equipment. Thistsesul
in a slot width of 0.184mm to realize the 7@ €haracteristic
impedance of the quarter wave transformer. To operate at a
Fig. 2. Simulation results of the amplifier realized in 8lotline technique frequency of 5.8GHz it has to have a length of 6.8mm. The
slots O having a width of 0.5mm form short circuit stub with a
(lti, lto) and a parallel short circuit stubp(, 1p0) next to length of 7.3mm. At the operating frequency they are a quarte
the transistor to compensate for its parasitic capacitaimce wavelength long, transforming the short circuit to an open
order to end up with practicable slot width, we chose tharcuit at the plane of the coaxial transition. The purpofe o
characteristic impedances of all transmission lines tod1 the narrow slots connecting the wide slots of the matching
As substrate we used TMM 10i from Rogers Corporation wittircuits is to form conducting islands denoted by the Istt&r
a tickness of 0.635mm and a dielectric constang,of 9.8. and D, to which the bias voltage of the gate and the drain is
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applied. In order not to disturb the rf operation of the arfigli LogMgag >F52EF: ?dB S;daD'Y

surface mounted capacitors across the narrow slots aretwised | || Marker 835108,
form short circuits. Thus the circuitry to biase a transgisto Soon i B8IGHZ

slotline technique turns out to be less complicated contpare |- ... S P S
to microstrip line technique. S 1 1 o 1 o

IV. MEASUREMENTS

To measure the small signal gain, the input and output| %
reflection coefficient of the realized amplifier we used a stan
dard network analyser. Fig. 4 compares the measured result

LogMag >REF: 0dB 5dBDiv
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Fig. 5. Measured«) and simulated ) input reflectionS;; of the amplifier
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V. CONCLUSION

We realized a hybride amplifier using only slotline elements
The measured amplifier gain of 13dB was only 1dB lower than
its predicted value by simulation. Further comparison @& th
measurements and simulation showed that the implemented
modells are sufficient to describe the frequency behaviour
up to operation frequency of 5.8GHz. Beyond this value the
lack of appropriate models to describe slotline discoritiies!
becomes obvious, encouraging further research in this area



