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Non-linear Modeling Speeds HBT Power Amplifier Design

by Nidhi Vashisht, Applications Engineer and John Bellantoni, Director of Applications Engineering, TriQuint Semiconductor

Introduction

odern RF design
techniques increas-
ingly take advantage

of improvements in modeling
and device characterization
to speed time-to-market and
reduce costs. In particular,
the area of power amplifier
design has progressed rapidly
from the days of simple imped-
ance calculations and endless
empirical adjustments. When
linear simulators first made
their appearance in the design
community, power amplifiers
were developed using load-pull
data to synthesize matching
networks entirely within the
simulator environment.

The development of powerful
non-linear simulators based on
numerical methods such as har-
monic balance has spurred the
need for accurate, non-linear
models that can be used to pre-
dict spectral content due to non-
linearities inherent in microwave
power devices. As the tele-
communications industry has
migrated toward complex digi-
tal modulation schemes, multi-
carrier base stations and highly
efficient handsets, the ability to
accurately predict linearity and
efficiency of the power ampli-
fier is now one of the real keys
to remaining competitive in the
marketplace.

Equipped with an accurate
non-linear model and some soft-
ware, an RF designer can simu-
late all critical power ampli-
fier performance parameters.
Once a design has been estab-
lished, the simulation can be
optimized for an application’s

complete the amplifier.

Figure 1: A generic circuit diagram for the active bias
topology used in HBT amplifiers. The active bias is a
buffered current mirror circuit that supplies bias to the
base of the RF transistor. Matching and bias networks
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Figure 2: Layout of basic building block (1BB)

particular requirements, or re-
tuned for operation in a dif-
ferent frequency band. Trade-
offs between performance
parameters can be examined in
detail, and time-to-market can
be improved by reducing the
amount of energy and hours
spent empirically optimizing
and tweaking RF circuits.
Non-linear models in gen-
eral are developed for specif-

ic devices. This article pres-
ents the models that have
recently been released for the
TriQuint AP60X series of
High Voltage Heterojunction
Bipolar Transistors (HV-HBT).
Exhibiting superior efficiency
and back-off linearity com-
pared to silicon solutions, the
TriQuint AP60X devices are
ideal for meeting the demand-
ing requirements of multi-car-

rier power amplifiers in base
stations and the final stages of
cellular repeater amplifiers.

The AP60X HV-HBT Product
Family
TriQuint’s AP60X HV-HBT
products are ideal for pre-driv-
er and driver stages in mobile
infrastructure equipment. This
product family includes three
devices released so far: the 2
watt AP601, the 4 watt AP602
and the 7 Watt AP603. These
devices have integrated active
bias networks, as shown in
Figure 1. The quiescent cur-
rent (Icq) is set by an exter-
nal resistor, allowing the bias
mode to be adjusted for the
target application. Matching
for a specific band is done
externally. The use of external
surface mount matching net-
works allows a single printed
circuit board (PCB) to be bill
of materials (BOM) populated
for the desired band of opera-
tion, greatly reducing the cost
of producing a separate PCB
for each band in a multi-band
product line. All three AP60X
devices maintain high efficiency
while providing excellent back-
off linearity performance over
the 400-2200 MHz frequency
range, as shown in Table 1.
The good linearity performance
in the back-off region makes
AP60X devices ideal for use
in systems employing digital
modulated signals with high
peak-to-average ratios (PAR).
The AP60X HV-HBT series
is designed applying a build-
ing block approach. Figure
2 shows the layout of a basic
building block (1BB) of 28V
GaAs HBT with its related

Table 1: AP60X HBT PA performance table

- - P1dB Power e — Vod | 1 bias circuit. The building block
requency| Pavg . iciency | Vcc=Vbias p cq . .
Model Gain o is composed of 32 fingers of
(MHz) |(dBm) | (dBm) (dB) (dBc) %o (V) (V) (mA) power HBT, an input pre-
AP601 900 +24 32.5 15.8 -50 17 45 match circuit connected with
1960 +24 32.7 15 -49 17 the base and a small transistor
2140 +24 32.5 13.5 -51 17 used as an emitter follower in
AP602 900 +27 35.7 15.5 -47 17 the bias circuit. Each emitter
1960 +27 35.7 14.2 -50 17 +28 +5 85 fineer of 32 fingers of power
2140 | +27 | 357 13 -50 15.7 get 5 po
HBT incorporates the required
APEO3 900 +30 38.2 17 -51 16.6 ball ) imize th
1960 | +30 | 382 12 49 14 165 | DATASt TESISTON to mimmize the
2140 +30 38.2 e 49 146 p0351b.1hty of 'thf.:rmal runaway.
Arraying building blocks in
Note 1: WCDMA 3GPP test model 1+64DPCH, 65% clipping, 8.6 dB PAR @ 0.01% probability.




PAGE 2 « JUNE 2009

FEATURE

ARTICLE

WWW.MPDIGEST.COM

Vipd Vbias Vee
N
Acfive Blas
PORT
COLLECTOR
<
HBT
BASE ; TYPE=NFN
D s |  Prematch Circuit & 4
B L 51
5| Th E
Figure 3: HBT Model for AP60X product family
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Figure 4: Simulation (blue) vs. measurement (red) Gummel
plot of the 28 V HBT building block.

parallel on the same die results
in higher power performance.

Model Development
Non-linear scalable models for
the AP60X family were devel-
oped by the TriQuint modeling
team in both Agilent Advanced
Design System (ADS) and AWR
Microwave Office (MWO).
These encoded, non-linear
models are now available to RF
designers on a limited basis.
The Agilent HBT (AHBT)
model in ADS, which is a gener-
ic IlI-V heterojunction bipolar
non-linear model, was employed
to develop the AP60X series [1].
Two device models are included
in the AHBT model card: one
for 32 fingers of power HBT
and the other for the small
transistor used as an emitter fol-
lower in the bias circuit.
TriQuint’s modeling team
used the UCSD HBT model

in AWR to develop the scal-
able non-linear models, includ-
ing an internal pre-match and
transistor used as the emit-
ter follower in the bias cir-
cuit. Both the UCSD HBT and
AHBT model have been shown
to provide similar results for
I-V curves and RF performance
predictions. Figure 3 illustrates
the HBT model, including the
internal prematch circuit and
bias circuit.

The models were verified
based on extracted device
parameters and by comparing
the results of simulation with
measurements. Parasitic capac-
itance and inductance associ-
ated with the multi-finger HBT
as well the package parasitics
are taken into consideration.
The 1BB model precisely fits
the measured results for the
Gummel plot and various I-V
plots, as shown in Figure 4
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Figure 5: Simulation (blue) vs. measurement (red) I-V plot
of the 28 V HBT building block: (top) High voltage/low
current, bigh voltage set for Vcc=35 V and low current set
for Icc = 85 mA; (bottom) Low voltage/high current, low
voltage set for Vcc=10 V and high current set for 320 mA.

and Figure 5. Successful veri-
fication of S-parameter up to 8
GHz under 17 bias conditions,
junction capacitances (Cbe and
Cbc) as a function of voltage,
and measurement over temper-
ature has been performed on
the models. Careful determina-
tion of transit time parameters,
Kirk effect parameters, and cut-
off frequency (ft) model is vital
for simulation of intermodula-
tion distortion (IMD). The
simulated ft matches the mea-
sured results reasonably well
in a wide current and voltage
range, which confirms accurate
prediction of IMD.

The scalability of the model
was verified with both small and
large signal performance mea-
surements on multiple building
blocks used to construct the
AP60X series of devices.

Designing an AP603 Power
Amplifier

Verification of the non-linear
model proceeded by developing

and characterizing an AP603
amplifier at 2140 MHz. The
device is mounted on PCB with
input matching tuned for opti-
mum input return loss and out-
put matching tuned for high lin-
earityatthe2140 MHz operating
frequency. Non-linear AP603
performance is simulated with
the same matching networks
placed on the board. In the sim-
ulations, parasitic inductances
(0.75 nH) were added in series
with the shunt tuning capacitors
to account for ground vias pres-
ent on the board. Figure 6 and
Figure 7 illustrate a good agree-
ment obtained between the sim-
ulated and measured ACLR1
and IMD3 plots of a AP603
power amplifier designed for
2140 MHz.

Non-Linear Model Verification
Using Load-Pull Data

Accuracy of the AP601 non-
linear model is demonstrated
by comparing actual harmonic
load-pull measurements to sim-
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ulations performed using the
non-linear model. A harmonic
load-pull varies the impedance
at the output of a device, with
separate control of the imped-
ance at harmonic frequencies.
Device characterization of an
AP601 was performed using a
harmonic load-pull at 2.5GHz
and quiescent currents of 14
mA and 40 mA. Figure 8 dis-
plays gain, efficiency and out-
put power plots for an AP601
device using a harmonic load-
pull setup on a simulator vs.
bench testing.

AP603 400-800 MHz Push-
Pull Amplifier Design

The non-linear AP603 model
was used to develop a wide
frequency range 400-800 MHz
match in a push-pull configura-

tion. A 50 Q push-pull amplifier
employs two similarly-matched
25 Q amplifiers working in 180°
phase opposition between bal-
uns, presenting 25 Q impedance
to each amplifier. The design is
based on the 50 Q single-ended
AP603 400-800 MHz reference
design that can be found on
the AP603 device page of the
TriQuint website. Utilizing stan-
dard transform techniques the
load impedance seen by AP603
in the single-ended 50 Q 400-
800 MHz reference design was
retuned to provide equivalent
load impedance with Z = 25
Q. Subsequently, the non-linear
computer model was used to
design and fabricate the push-
pull amplifier, as presented
in Figure 9. Good agreement
between simulated and mea-
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Figure 8: Simulation (blue) vs. measurement (red) of a Figure 9: Board layout of an AP603 push-pull amplifier.
APG601 device harmonic load-pull at 2.5 GHz with Icq = 40 Design tuned for 400-800 MHz. B1 and B2 are Anaren
mA, Vec =28 V. 3A325 baluns.

sured performance for the small
signal S-parameters and output
IMD3 is shown in Figure 10.

Conclusion

Based on Agilent AHBT and
AWR UCSD software, TriQuint
Semiconductor has developed
accurate and reliable non-lin-
ear HBT models for the AP60X
series of GaAs high voltage
power amplifiers. The models
can precisely simulate the full-
scale device characteristics of
multiple finger power HBTSs
such as DC, thermal, junction
capacitances, S-parameters,
output power, gain, operation
current, efficiency, IM3 and
ACLR. Excellent agreement has
been achieved between simulat-
ed and measured performance.
The unit building block model

for the HBT power device scales
well for the AP601, AP602 and
AP603 devices up to a P1dB
of 38.2 dBm. Based on the
success of the AP60X mod-
els, future design tool resources
will include non-linear models
for the TriQuint family of 5V
GaAs HBT amplifiers.
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More Information

Non-linear scalable models for
the AP60X family developed
by TriQuint in both Agilent
Advanced Design System
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(ADS) and AWR Microwave
Office (MWO) are available

to RF designers on a limit-
ed basis. Tell TriQuint about
your latest project by visiting:
www.triquint.com/hvhbt-mod-
els. Find additional RF design
information at www.triquint.
com/tech-connect.
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Figure 10: AP603 push-pull amplifier design tuned for

400-800 MHz. Simulation (blue) vs. measurement (red)

plots: (top) small signal S-parameter; (bottom) IMD3 at
800 MHz and 1 MHz spacing.




