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ABSTRACT

Distributed amplifiers, while having uniform gain over a broad fiequerrcy

mfrge+ WpicWy have nonrmiform power perform~ce. The Computer

Aided Design technique described here was applied to an MMIC

distributed power amplifier design with the result that improved efficiency

(10-13%) and constant output power (> 25 dBm) was achieved over the

6-18 GHz band, while the conventionally designed circuits show 4-6 dB

power degradation.

INTRODUCTION

Since their rcvivrd in popularity [1] due to the MMIC

revolution, distributed amplifiers have been targeted for a wide range of

applications. Their ease of design, good input and output return lusses,

flat gain over large bandwidths, and relative insensitivity to processing

variations have been given as reasons for their popuknity [2].

The large signal performance of distributed amplifiers has not

been as favorable, but this is a consequence of using inappropriate

optimization goats in the design.

In this paper we present an alternate design methodology,

examples of performance improvements expected from using the new

design technique, mrd application of this technique to an MMIC amplifier.

We afso discuss performance tradeoffs associated with designing

distributed power amplifiers.

CONVENTIONAL DESIGN APPROACH TO POWER

AMPLIFIER CIRCUITS

The technique often reported [3,4] for designing power

distributed amplifiers is to optimize tie circuit for smatl sigmrf gain and

input and output return losses, using the lmgest possible gate periphery

that will simultaneously provide the requisite output power with the

desired gain at the highest frequency of operation. Regardless of the

scheme used to increase the gate periphery, thr power performance of

conventional circuits is not optimaf. Typicatly power output and

efficiency will decrease with increasing frequency.

Figure 1 shows the smalf signaf gain, and input and output

retom losses of a distributed ampfifier stage consisting of SIX identicrd

cells, each with a 200 pm FET, that has been designed using conventional

methodx.

Figure Z shows the calculated output power of rfns cmnrn at

approximately 2 dB gain compression. The cause of the power

degradation kcomes apparent if the load impedance seen by each device

is calculated versus frequency. Figure 3 is a composite plot of the shunt

resistance loading the FETs, and Figure 4 is a composite plot of the shunt

ciapacitarrces loading each FET. The impedances deviate significantly

from the optimum power load which is a parallel RC circuit with R-

130 S2 and C- -0.08 pF. The result is generafly a rapidfy increasing RF

drain current with increasing frequency [5,6].

POWER DISTRIBUTED AMPLfFIER DESIGN TECHNIQUE

The optimum load resistarrce for maximum output power in

class-A operation of an iderdized FET is

R- (Vbr+Vp-Vfmee)/Imax

where Vbr is the gate-drain breakdown voltage, Vp is the pinch off voltage,

Imax is the m.axirnrrm open channel drain current, and Vknee is the drain

voItage at which Imax is reached, The reactive component of the optimum

power load is a shunt capacitor, C- -Cds. These are only approximatious,

though, because of the non-ideaf nature of GaAs Ff3Ts.

Using a circuit designed for small sigrraf gain and low return

loss as a starting point, the relative individual FET drain voltages and

curmrrts versus frequency should first be examined. While the goal of the

design is to provide the proper impedance to each device, presently

avaiIable microwave CAD software restricts consideration to voltages and

currents for its analysis and optimization. Nevertheless, a decreasing

voltage with constant current versus frequency, or an increasing, current

with constant voltage versus frequency impties a decreasing impedance,

and vice versa, su the end goat is attained indirectly.

In addition to sbntdtaneously optimixmg voltages and currents,

the amplifier gain must remain flat and at an acceptably high level. Atso,

since all of the devices should be driven equafly hard to optimize power

output and overall efficiency, their drain currents should be approximately

eqrrsf to each other.

In order to achieve the proper power match, it was found that

the conventional design approach, where the amplifier stage is composed

of identical cells, had to be modified. fn general, gate and drain tine

lengths and impedances, as well as FET peripheries, have to be vnried.

The drain Iine termination impedance cart also play a significant role.

POWER DISTRIBUTED AMPLIFIER DESIGN EXAMPLE

The technique described was used to modify the 1.2 mm

distributed ampfifier described above and improve its power performance.

Figure 5 shows the shunt resistive components of the device lcmd

impedances, and Figure 6 is a composite of the shunt capacitances which

load the devices. In this destgn, the RF drain currents of the FNTs remain
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nearly constant with frequency and of eqtmf magnitude, and the RF

voltage builds as the signat propagates towards the load. Consequently,

the load impedance is natumfly lower on the device furthest from the load

than on the device closest to the load.

Figure 7 shows the expected small signaf gain and the

magnitode of the input and output return losses of the design. There has

been no significant sacrifice in bandwidth, gain flatness, or input return

loss as ii result of optimir,,ng the distributed amplifier for power

perfommrrce. The output return loss degraded, however. This is not

sm’pfising since tie FETs had to be mismatched for smatf signat gain to be

matched for output power; an analogous situation to that of singfe-ended

mnplifiers.

Figore 8 compares the predicted performance of the distributed

amplifier circuit examples when the conventional and the improved

methods am used. A 6 dB improvement in output power is expected at 18

GHz when the circuit ia designed using the technique just described hem.

EXPERIMENTAL RESULTS

A two-stage power distributed amplifier, shown in Figure 9,

was developed using the power optimization design technique. A first

stage consisting of six 120pm Ff3Ts was added to the six 200 pm FET

topology described above. The circuits were processed on 4-roil, ion-

impkmted, GSAS with a doping of2xI017/cm3. The PETs were etched to

have a pinchoff voltage of -4 V. The capacitors use 3000A of plasma CVD

Si3N4, and the thin film resistors are made of evaporated Ti/Pt, All dc

blocking and bias bypassing circuitry is on-chip.

Figure 10 shows a measured input return loss of less than -15

dB, and an output return loss which approaches -7 dB. Figure 11 shows

the smao signal gain and large sigrrat perfornxmce. The results are 9 dB

~0.5 dB of gain, 25.0-26.5 dftm (330-450 mW) of output power, and

10-13% power-added efficiency at 2 dB gain compression over the 6-18

GHz band. The pnwer performance is much flatter than that commonfy

observed in distributed amplifiers and agrees well with design predictions.

CONCLUSION

It has been shown that the power performance of distributed

amplifi.erx can be greatly improved by designirrg the circuit such that the

proper power match is presented to each device across the errtire frequency

range. This condition is usuatly not fulfilled when the amplifier is

desi~ed for optimal smatt signat chwacterisrics. Smafl signaf techniques

have been used, however, to provide the proper power performance load

impedance to each device.
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Figure 1. Gain and Return Loss of Distributed Amplifier Stage Designed

for Smatl Signat Performance.
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Figure 2. Predicted Power Performance of Distributed Amplifier

Designed for Small SigM Performance.
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Figure 3. Shunt Resistive Component of FET Load Impedam%sin
Distributed Amplifier Designed for Small Signal Performance,

PEN 89.468
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Figure 4. Shunt Capacitance of PET Load Impedances in Distributed

Amplifier Designed for Smsfl Signaf Perfornmrce.
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Figure 5. Shunt Resistive Component of FET Load Impedamxs in

Distributed Amplifier Designed for Small Sigmd Performance.
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Figure 6. Shunt Capacitance of FET Load Impedsmes in Distributed
Amptifier Designed for Small Signal Performance.
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Figure 7. Gain and Return Loss of 2-Stage Distributed A.rqplitier Circuit

Designed for Power Performance.
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Figure 8. Predicted Power Performance Improvement of Distributed

Amplifiers Designed for Power Performance.



Figure9. Photographof 2-StagePowerDistributedAmplifier.
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Figure 11. Measured SmallSignatGain,OutputPower,andEfficiencyof
Distributed.hpfiflerDesignedforPowerPerformance.
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