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Abshact - A new power amplifier topology which can 
achieve improved efficiency at power backoff region is 
demonstrated in this paper. In this topology, the output stage 
of the amplifier is appended with a secondary transistor in a 
parallel way through a j-port interstage matching circuit and 
an impedance transforming network. By careful selection of 
the ratio of device active area, this appended transistor 
achieves earlier saturation at lower output power level than 
the output transistor, which is a basic requirement in 
achieving high efficiency. The power amplitier has been 
realized with InGaPiGaAs HBT technology and showed 
effciency improvement of 81% at output power of 16.7 dBm. 
The proposed topology enables one-chip integration, hence is 
very attractive for portable communication terminals. 

I. INTRODUCrION 

Power amplifier is the one of key elements in 
communication systems, such as PCS and CDMA, since it 
directly determines the spectral purity of the output signal. 
At the same time, due to its high power consumption rate, 
it is most effective to use a statistically efficient power 
amplifier on a time scale to increase the overall 
functionality time [l]-[2]. Especially in mobile 
communication system such as wireless phone terminal, 
the efficiency of power amplifier directly affects the talk 
time, therefore it is highly recommended to use a 
dynamically efficient one. 

A power amplifier with dc-dc converter was introduced 
in [3]-[5], where the output supply voltage is varied in 
accordance with the input power level. This makes the 
transistor operate in near saturation at all power’ levels, 
hence generates higher efficiency. However, the additional 
circuitry restricts the applicability in handheld terminals 
where the increased complexity results in the increased 
manufacturing cost. A power amplifier with switched gain 
stage [6] bypasses the output transistor in power backoff 
operation with an aid of additional switches which are 
inserted in the input and output sides of output transistor. 
As a result, the driver transistor alone generates output 
power with increased efficiency in low power mode. This 
is a direct benefit from the innate tradeoff between 
efficiency and output power when the driver transistor with 
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a smaller active area than the power transistor is used. 
However, the linearity can be degraded if the switches are 
integrated with the amplifier circuit monolithically. 

In this paper, a new power amplifier configuration which 
exhibits improved efficiency at power backoff operation is 
described. The design aims at a single-chip MMICbolution 
without significantly increasing the number of components. 
The operating principle as well as measurement data will 
be shown to demonstratq the benefit of the proposed circuit. 

II. OPERAnNo PRINCIPLE 

The conceptual topology of the proposed power 
amplifier is described in Fig. 1. It is very similar to the 
conventional multistage power amplifier with typical 
impedance matching circuits except for the appended stage 
and the impedance transforming network illustrated with 
the thick lines. The power stage is appended with an 
auxiliary stage which is connected in parallel with the 
power stage. This appended stage is constructed with 
another transistor other than power transistor, but shares 
the fame output matching circuitry with the power stage. 
Only the appended stage is turned on with the power stage 
being turned off during low power mode operation. 

To drive the appended stage at low power mode, the 
output signal from the driver stage should be directed to 
the appended stage. At the same time, the signal into the 
power stage should be blocked so that it does not turn on 
the device accidentally. This can be done easily by using 
monolithic switches since they can be made to exhibit a 
low loss under ON state and a high isolation under OFF 
state. However, if one tries to avoid the use of switches, the 
output signal from the driver stage should be divided into 
two different paths through the interstage matching circuit. 
In this case, the sufficient amount of signal isolation cannot 
be achieved easily with the conventional matching 
elements. Nevertheless, due to the fact that the turn-on 
voltage of a C&As HBT is usually high (> 1.1 V), it is 
feasible to assume that the power device remains at OFF 
state up to the signal level that saturates the appended 
device. Since the power stage is not completely isolated 
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Fig. 1. CO~IC~U~ mpd~gy of the proposed power atIIPlifier. 

from the appended stage in this case, the input impedance 
of power device should be properly accounted for when 
designing interstage matching circuit. This can be 
troublesome compared with the circuit using switches. 

On the other hand, to exploit the single output matching 
circuit, the output signal from the appended stage should 
be merged into the output side of the power stage in such a 
way that the output matching also provides the optimum 
load condition for the appended device. In this case, a 
direct connection between two devices can hardly produce 
the optimum load condition. However, it is best to place 
the merging point as close to the power device as possible 
to simplify the output matching circuit. The output 
impedance of the ‘OFF’ state power device should be also 
considered here to successfully design the output matching 
circuit. 

In this respect, a 3-port interstage network design is 
demanded as illustrated in Fig. 2. rsl and Tsz represent the 
source impedances of power transistor and appended 
transistor while rL3.10w and rlxmhigh represent the desired 
load conditions for the driver transistor at low and high 
power modes, respectively. rLSlow and rLlmhlgh can not be 
designed to have the same value for both modes since the 
power device is turned off at low power mode. This means 
that Tsl at low power mode ~s,_,.w) is different from rs, at 
high power mode (rsl_h& Fortunately, it is possible to 
design rL3.10w for maximum efficiency operation and 
rLl_h,gh for maximum gain operation for the driver device 
since these load conditions are usually different from each 
other. It is noted that matching TL310w for maximum 
efficiency is beneficial in maximizing the overall 
efficiency at low power mode. 

After determining the most suitable topology for the 
interstage matching, the components arc optimized with the 
remaining ports being terminated with the input impedance 
of the devices according to their bias conditions. Due to the 
complexity of the interstage matching, it is usually required 
to employ more elements than a conventional l-section 
LPF or IIPF topology. Therefore, the signal loss can be 
slightly higher in this type of interstage matching. 

As a consequence of the described design methodology, 

Fig. 2. Illustration of 3.port interstage network design in (a) 
low and (b) high power modes. 

the majority of output signal from the driver stage is’ 
applied to the power stage. Only a small portion of the 
signal, which is sampled through an interstage matching 
network, is applied to the appended stage. This sampling 
ratio is a major contributor in determining the gain 
difference between low power and high power modes. 

The transistor used in the appended stage usually has the 
smaller active zuea than the power transistor hence 
becomes saturated at lower power level. This is an 
underlying principle for improved efficiency at low power 
mode since a saturated device exhibits a higher efficiency. 
The area of the appended transistor can be chosen 
plausibly based on which power level the efficiency needs 
to be improved. 

The impedance transforming network is inserted 
between the two transistors to optimize the load condition 
for the appended transistor. Therefore, this network is 
usually configured to be in series with the output matching 
network, and provides higher load impedance to the 
appended transistor. As a result, the entire circuit 
experiences a premature saturation at sufficiently backed 
off region at low power mode. 

When the power stage is turned on at high power mode, 
most of the signal will be transferred to the output terminal 
via output matching circuit. The signal leakage back into 
the appended stage can be neglected since the impedance 
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Fig. 3. Schematic diagram of the fabricated InGaPlGaAs 
power amplifier. 

presented by the transforming network is much higher than 
the one by the output matching circuit. 

Since the proposed topology does not require additional 
components other than transistors, it is very practical for 
one-chip integration without much increasing manufac- 
turing cost. Finally, more stages can be appended when 
one needs to improve efficiency over a broader power 
range. 

The power amplifier was realized with InGaP/GaAs 
HBT technology. 12, 48, and 12 finger devices with a unit 
emitter area of 2x20 pm2 were used for the driver, power, 
and appended stages, respectively. The detailed schematic 
of the circuit is displayed in Fig. 3. The impedance 
transforming network is constructed with a series 
capacitance. This is very effective in terms of reducing the 
chip size as well as achieving dc blocking. Current mirror 
circuit was used for biasing transistors in each stage. The 
bias current level can be tuned to a desired value by 
controlling the reference voltage (Vreo in the bias circuit. 
Also, each stage can be turned off completely by setting 
Vref to 0 V. Input matching, interstage matching, and 
impedance transforming networks were integrated in a 
single chip while the output matching was done off-chip to 
minimize the signal loss. 

Fig. 4 shows the measured results of the fabricated 
power amplifier at 1.75 GHz. The bias current was set to 
10 and 40 mA for 12 and 48 finger HBTs, respectively, 
and Vcc was set to 3.3 V. In low power mode operation, 
P,,, of 16.7 dBm waS obtained with an associated PAE of 
16.4 % while in high power mode, PIdB was 27.6 dBm with 
PAE of 34.2 %. It is noted that PAE is improved by a 
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Fig. 4. The measured efficiency and gain of InGaPlGaAs HBT 
power amplifier at 1.75 GHz (tilled symbol - low power mode, 
open symbol -high power mode). 

factor of at least 1.81 over a broad range of output power. 
The maximum improvement of x2.75 was obtained at 
output power of 6.3 dBm. The measured small-signal gains 
of both modes were 10.8 dB and 20.5 dB, respectively. 
Consequently, it is proven that power amplifier can be 
designed to operate at higher efficiency over a broad range 
of output power levels by using the proposed topology. 

IV. CoNCLUsroN 

A novel architecture of power amplifier for improved 
efficiency at low power region is introduced. This has been 
verified with the fabricated InGaF’/GaAs HBT MMIC 
power amplifier. Efficiency improvement over a broad 
power range was achieved with a maximum improvement 
occurring at a Pout of 6.3 dBm. The design issues related 
to the interstage and the output matching circuits were 
discussed. This architecture is very attractive in mobile 
communication system such as handheld phone terminals. 
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