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ABSTRACT

This paper demonstrates the design of a high
efficiency amplifier employing a novel concept of

cascaded reactively terminated single-stage
distributed amplifier (CRTSSDA). In addition,
CRTSSDA  produces an available power gain

significantly higher than conventional distributed
amplifiers using the same number of active devices.
Three-CRTSSDAs wer e designed and fabricated for
EW application. The novel amplifier achieved an
associated gain above 26 dB with flatness of < £0.5
dB, an average power added efficiency in access of
27% at an output power of 25 dBm over the 218
GHz with an efficiency peak of 30% at 12 GHz.

[. INTRODUCTION

Electronic warfare applications or phase array radar
reguire wide and narrow band amplifiers where both high
power and efficiency ae dedred Smultaneoudy.
Didtributed amplifiers have been extensively investigated
previoudy [1]. They have dominated broadband
amplifier design for the last two decades and provide an
excdlent method for redlisng amplifiers for multioctave
band applications. The best reported [2][3] power added
effidency peformance achieved over 2-18 GHz
bandwidth has been about 15% to 17%. It has been
previoudy been shown that the concept of CRTSSDA
configuration offers the redisation of high gan
amplifiers however over a limited bandwidth [4].

Moreover, smulation results presented in reference [5]
show that with modifications to the CRTSSDA circuit,
the CRTSSDA can provide an improved power added
efficiency advantage over the conventiona distributed
amplifiers. This paper describes the design and measured
performance of a threeCRTSSDA usng DPHEMT
devices for redisng both high gain and high efficiency
performance over awide bandwidth (2-18 GHz).

[I. CIRCUIT DESSIGN METHOD

The schematic circuit diagram of the proposed
cacaded reectively terminated snglestage amplifier
(CRTSSDA), shown in Figure 1, is based on the
principle of cascading T-section network of amplifiersin
series. The signd power injected at the matched input
generator port is coupled and amplified by the
transconductance of the active device a each stage, and
findly terminated by the matched output load port. At
eech dage, the sgnd power can be improved by
terminating with a properly matched load resistor. The
CRTSSDA configuraion hes the advantage over the
conventiona distributed amplifier in tha it does not
require any phase equalisation due to the fact that the
total output current is not dependent on the phase
coherence of the individua current generators. The only
requirement isto equalise the characteristic impedance of
the input gate and the output drain port of the active
devices employed. The gate and drain inductance present
in the circuit however limits the amplifier bandwidth
performance. It is shown here tha the bandwidth
limitation can be compensated by the inclusion of the
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inductance, Ly, and resstance, R, asshownin Figure
1. The sdlection of the bias components Lyas and Gias
dso play a critica role in optimising the bandwidth.
These components should be chosen for minimum
intrinsic parasitic components in order to avoid in-band
resonance. Figure 2 shows the equivaent diagram of the
n-cascaded reectively terminated single-stage distributed
amplifiers.  This circuit has internd stages  of
characterigtic impedance Z,,, represented by the reective
dements Z(W) = Ra (W + WL, (W), and theinput and
output characterigtic impedance Z,. The output voltage
a the (n-1) Sageisgiven by [4]:

_1 (n-1)(n-1)
o(n-l)_zgm Zint Es )

The output voltage at stage niis:
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Therefore from equations (1) and (2) we have:
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The power ddivered to amaiched load is.
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Power available from the generator is given by:
E
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Power available from the generator is given by:

G = Poweravailablattheoutput ©)
cas™ -
Poweravail abl dromthegenerato

The sngle-stages are cascaded in series so thet the signdl
propagates forward from the input to the output ports.

The gain for the ided |0ss less n-CRTSSDA istherefore
given by:

1 2n_2(n-1)_2
Geas :zgm Zint Zg )

Equation (7) shows that substantialy higher gain level
can be redised from the CRTSSDA configuration. The
output power and efficiency of the amplifier can be
further improved by incorporating a large signd
impedance matching network, represented by the
impedance transformer (n:1) at the output of device T3,
as illugtrated in Figure 2. Low cut-off frequency (in)
performance of the amplifier is determined by the
components Lyas and Giias, ad can be determined from
the following equations:

25
Lpias = (nH) ®)
fmin(GHZ)
and
Coins = ———— (F) ©
bias i (GHz)

1. AMPLIFIER DESIGN

Devices LPD200, LP6836 and LP6872 manufactured
by Filtronic Solid State, which have gate length of
0.25mm and gate widths of 200mm, 360nmm and 720mm,
respectively, were employed. Smdl- and large-signd
models for these devices were developed using the CAD
progran LIBRAA. The design of the 3CRTSSDA
began with the cdculation, using equation (7) of the
number of devices required to achieve again leve of 26
dB. Three-active devices were required to achieve the
required gain. LIBRA& was used to carry out the smdll-
ad large-sgnd smulation and optimisation of the 3
CRTSSDA design. The optimised small-signd response
of the amplifier is shown in Figure 3. The predicted gain
level was 27 + 1 dB and the input return loss was better
than 2:1. Figure 4 shows the optimised large-sgnd
smulation of the amplifier for output power. Figure 5
shows the predicted power added efficiency over 218
GHz.
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IV. AMPLIFIER FABRICATION

The three-CRTSSDA wes fabricated on 15 mil thick
adumina substrate (€ = 9.8). Thecircuit layout is shown
in Figure 6. Thin-film resistors were redlised by etching
into the nichrome layer. Chip components were soldered
and al the dectrica connections were carried out using
0.7 mil diameter gold wires. The inductors were
fabricated using 1 mil diameter gold wire. The miniature
gold coils had the appropriate number of turnsto redise
the inductance' s requiired.

V. AMPLIFIER PERFORMANCE

The measured amdl-dgnd gain and input return loss
of the threee CRTSSDA is shown in Figure 3. The
measured gain was 265+ 1.0dB with a flaness of
<+0.5dB, and the input return loss was better than 9.6
dB (i.e VSWRs of hetter than 2:1). The measured
output power, shown in Figure 4, was greater than 24.5
dBm. Figure 5 shows that the power added
efficiency was geater than 27% across 218 GHz. A
comparison of the measured results with the smulated
responses shows excellent agreement.

VI. CONCLUSION

This paper demonstrates the desgn of a high
efficiency power amplifier using the concept of cascaded
reectively terminated single-stage distributed amplifier
(CRTSSDA). The average meesured PAE was 27% at an
average output power of 25 dBm over 218 GHz. The
CRTSSDA desgn implemented demondrates the
redisation of wide band power amplifiers having both
high gain and high PAE.
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Figure1l 3-CRTSSDA Circuit Schematic
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Figure2 Equivalent Circuit Diagram of n-CRTSSDA
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Figure5 Simulated & Measured 3-CRTSSDA Power
Added Efficiency

Figure3 Simulated and Measured 3-CRTSSDA
Smadl-Signa Response
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Figure4 Simulated and Measured 3-CRTSSDA Figure6 3-CRTSSDA Assembly
Output Power
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