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Abstract — A new design methodology o non-uniform
distributed power amplifiers is reported in this paper. This
method is based on analytical expressons of the optimum
input and output artificial lines making up the non-uniform
distributed power amplifier. These relationships are based on
the optimum load line requirement for power operation. To
validate the proposed design methodology, a non-uniform
distributed power amplifier has been manufactured at the
TriQuint Semiconductor foundry using a Q25um power
PHEMT process This sngle stage MM IC amplifier is made
of six non-uniform cdls and demonstrates 1W output power
with 7dB assciated gain and 20% PAE over multi-octave
bandwidth.

|. INTRODUCTION

MMIC power amplifiers are highly necessry for
broadband microwave mmmunication systems and radars.
Criteria like maximum power and maximum efficiency,
but also high reliability and high integration, are the most
important isues.

Distributed amplification has already demonstrated high
performances for ultra broadband operation but its power
behavior must be caefully optimized using suited design
methoddogies. The basic principle of distributed
amplification overcomes the limitations related to finite
gain-bandwidth product by parall eling devices © that their
gate and drain cgpadtances are @sorbed into artificial
transmisgon lines. Unfortunately, several power-limiting
medhanisms can be identified within distributed amplifiers.
Indeed, ead transistor demonstrates a strongly frequency-
dependent power behavior so that the overall output power
isonly asmall fradion of the cmbined power capabiliti es
of al adivedevices[1].

A design methoddogy of non-uniform distributed
power amplifiers is proposed in this paper. This work is a
generali zation of our previously published design method
of uniform distributed amplifiers [2]. The design
parameters of artificial gate and drain lines are expressed
as afunction of the optimum power load of ead FET size
providing both the initial values and right diredions in
which the optimum trade-off can be readed between wide
band and high power operation.

I1. DESIGN METHODOLOGY OF NON-UNIFORM
DISTRIBUTED POWER AMPLIFIERS
A. Optimum Power Load
The first important step in all power amplifier designsis
the determination of the optimum power load of the device
that maximizes its output power. The optimum load can
either be determined by nonlinea simulations or by load-
pull measurement [3]. As generaly confirmed by
experimental results on FETs, the onjugate of the
optimum power load is almost equivalent to a cnstant
conductance Gopr in parallel with a constant cgpadtance
Copr Over very wide bandwidths. Therefore, this optimum
load can be used to design distributed power amplifiers
with equal control voltages and ogtimum power loads e
by ead adive device In the cae of transistors T(i) with
different gate widths, the optimum load will be cdled
(Gopr(y//Corr(y) in the foll owing design relationships.

B. DrainLine

Figure 1 shows the achitedure of a non-uniform
distributed amplifier where the n transistors of different
sizes are cdled T;. The optimum charaderistic
conductances of input and output transmisson lines are
respedively cdled Gggg and Gepgy while the input and
output dumping loads are respedively cdled Gg. and Gp, .
It should be noted that the optimum output capadtances
Copr(i) are asorbed into the atificia drain line to

synthesize the required opimum charaderistic
conductances Gepg.
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Fig.1: Non-uniform distributed power amplifier (n cdls).
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In the cae of uniform distributed amplifiers, we have
already determined and reported the analyticd expressons
giving the optimum charaderistic conductances of the gate
and dain lines [1-2]. In this paper, we report new
generalized expressons giving the optimum charaderistic
conductances in the cae of non-uniform distributed
amplifiers (Fig.1).

For very wide bandwidths, the drain load Gp, cannot be
omitted. Consequently, the first device T, provides a
reduced power Poyryy in comparison with its maximum
output power capability Pray ). Nevertheless in the same
manner as previously described for the uniform distributed
architedure [1-2], the daraderistic conductances Gepy
can be successvely determined so that the other transistors
Tii>2 supply their maximum output power Prayg). Finaly,
the generdized optimum power matching structure is
determined to add the individual power contributions in
the diredion of the output port.

G Q= Gopr o @

H oPT (1)

GCD(izZ) G Z Gopr (k) @
EGDL *+ Gopr)
P _ GOPT(l)
ouT(@) — max(l)
L +G OPT(l)

T I:)OUT(l) Z max(k)

where Goptg, and Pmax are respedively, the optimum
output conductance and output power of the k™ transistor

T while Gp_ is the dumping drain load, GCD(.) is the
optimum charaderistic conductance of the i drain line
and Poyr isthe overall output power (Fig.1).

It should be noted that in the cae of moderate
bandwidth applications, the dumping load Gp. can be
omitted so that ead FET is matched on its optimum power
load and yields its maximum output power.

I
GCD(i) = ZGOPT(k) ; Pour Z max(k)

C. Gateline

In the same manner as in the drain line cae, the
optimum charageristic conductances Geg; of the gate line
can be determined to match the input equivalent
conductances Gy of transistors T, so that equal gate
voltage amplitudes can be ohbtained over the frequency
band. The equivalent input capadtances Cyy) are ésorbed

into the atificial gate line to synthesize the required
optimum charaderistic conductances Geg).

To adieve the eual gate voltage ndition, the
charaderistic conductances are given by:

n

GIN(k)
=l

It should be noted that the input equivalent
conductances Gy are frequency dependent, which makes
the gate matching acairate & a single frequency. However,
when the charaderistic conductances Geg) are determined
at the maximum operating frequency, almost constant gate
voltage anplitude can be readed over a wide frequency
band.

Moreover, in order to med the condition of equal phase
velocity on the gate and drain lines, the dedricd lengths
Bcs() and Bcpgy of the arresponding cete and drain line
sedions must verify:

Bcci) = Ocn(iy )

Finaly, improved output power performances can be
achieved by using ron-uniform distributed power
amplifiers with tapered gate and drain artificial lines
following the power load constraints expressed by the
precading relationships.

GCG(i) = ; GaL :GIN(n) (6)

Il. APRLICATION TO A SINGLE STAGE MM IC AMPLIFIER

A non-uniform distributed powver amplifier has been
designed in cooperation with Thomson laboratories
following this gedfic design procedure. The MMIC
circuit has been manufadured using a 0.25um power
pHEMT process from the TriQuint foundry. The singe
stage amplifier architedure integrates $x amplifying cdls
(Figure 2). The first transistor Ty is a 600um pHEMT
whil e the other transistors T(i=2) are 30Qum pHEMT.

Fig. 2: Schematic of the non-uniform distributed amplifier.
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In this case, the precaling optimum relationships of
drain line daraderistic admittances can be simplified
using the foll owing assumptions:

©)

Gopray = GOPT(6OO/,1m) =2 @OPTGOO,UD’I)
Gopr(is2) = Gopr (300um) 9

A. Nonlinear Modeling and Design Process

In afirst step, the 300um and 60Qum devices have been
modeled using pulsed 1-V and pulsed S-parameter
measurements. Then, the optimum power loads provided
by the foundry were cmpared to nonlinea simulation
results. Finally, the optimum power load of the 300um and
600um devices have been found sensibly constant and
respedively equal to (10ms, -0.18pF) and (18ms, -0.31pF)
in the frequency band.

Uniform and non-uniform distributed amplifiers were
initialy designed with the am to supply 1W output power
and 20% PAE over multi octave bandwidth. In this case, it
has been found that a non-uniform distributed architecure
(1% device of double gate width) offers the best trade-off
between the output power, the gain and the return losses.
Therefore, given the precaling optimum power loads, the
tapered drain line has been optimized so that the first
600um device supplies a reduced output power but
enables the five following 300um devices to be idedly
power matched. Figure 3 shows the obtained simulated
load lines of ead device d f, and f. IN acordance
with theory, it can be observed that the first device is
affeded by the dumping drain load and is not well
matched but enables the other devices to be quite idedly
power matched.

The optimum tapered gate line has been obtained
through a gate coupling cgpadtor profile dong the input
line (Fig.2). Discrete series capadtors couple eab adive
deviceto the input line axd ad as voltage dividers o that
to ensure equal drive levels on the transistor gates [4].
Implanted GaAs resistors shurt the series MIM cgpadtors
to supply gate bias.

B. Circuit Realization and Measured Performances

The non-uniform distributed powver amplifier has been
manufadured at the TriQuint MMIC foundry using a
100um-thick GaAs substrate and 0.25um power pHEMTS.
The main eledricd parameters of this wideband process
are typicdly 295mA/mm saturated current, -1V pinchoff
voltage axd more than 16V breskdown voltage for an
asciated power density of 800mwW/mm.

The final circuit layout is $hrown on Figure 4. It should
be noted that the smallest values of gate wupling
cgpadtances have been synthesized by two series
cgpadtors in order to med the minimum size @ndition on
MIM capadtors.

Fig.3: Simulated deviceload linesat fin and sy
[ T(1)=600um and T(2->6)=300um ]

: n ol

Fig.4: Non-uniform MM IC distributed power amplifier.

After wafer manufaduring, the non-uniform distributed
amplifier was tested for DC operation and RF
performances in classA operation (Vds=8V, |ds=270mA).
The figure 5 shows a comparison between small-signal on-
wafer measurements and simulations in the frequency
band. A good agreement is obtained for input and output
return losses that are lower than —10B in al the
bandwidth. The measured linea gain is 1dB lessthan the
simulated one and lies around 85dB before deaeasing to
7dB at the highest frequency.
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Fig. 5: Simulations and typicd on-wafer measurements of small -
signal gain and return loss.
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Fig. 6: Simulated and measured PAE and ouput power
@ Pin=23dBm, Vds=8V and |ds=270mA.

At an input power of 23dBm, on-wafer CW power
measurements exhibited 29 m output power. Test fixture
measurements have dso been performed. The MMIC
circuit was ldered on a Mo carier and interfaced to the
RF connedors with 13mm long 50Q microstrip alumina
lines. The measured circuit exhibited 30d8Bm CW output
power and more than 20% power added efficiency. Figure
6 shows the good agreament obtained between predicted
and measured output power and PAE.

All these results have been obtained after one foundry
passand without circuit tuning.

1V. CONCLUSION

A new design methoddogy d non-uniform distributed
power amplifiersisreported in this paper. This methodisa
generdlizaion d our previously pulished work on
uniform distributed amplifier [2]. It is based onanalyticd
expressons of the optimum inpu and ouput artificial
lines making up the nontuniform distributed amplifier.
These relationships are based onthe optimum power load
of ead devicesizein the frequency band. To validate the
propased design methoddogy, a nonuniform single stage
distributed power amplifier has been designed and
manufadured at the TriQuint Semicondwctor foundy
using a 0.25um pHEMT process After one foundry pass
this MM IC amplifier has demonstrated 1W output power
with 7dB asociated gain and a minimum of 20% PAE
over multi -octave frequency band.
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