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ABSTRACT

We report on a 2.1 mW low dc power GaAs HBT LNA with

2.o dB noise figure and 8.9 dB gain at 2 GHz. This emplifier

achievea a Gain/N F*Pdc ratio figure of merit of 2.10 (1/mW)

which IS the highest reported at S-band. Under low dc power bias

of 2V and 0.46 mA (0.92 mW), the amplifier achieves 5.2 dB gain,

3,01 dB noise figure and a Gain/Pdc figure of merit of 5.65

(dB/mW) which is also the highest reported in this frequency band.

The HBT LNA consumes an area of 1.05x0.82 mm2 and is fabricated

using a relaxed 3 ~m emitter width low cost GaAs production

foundry process. The high performance obtained from HBTs at

very low dc bias makes them attractive for portable wireless

consumer applications.

1. Introduction

GaAs HBTs are attractwe for portable consumer

applications because of their high device transconductance under

low dc bias, small size, and low device noise figures at L- and S-

band frequencies. A previously reported ultra-low dc power GaAs

HBT amplifier achieved 13.1 dB gain with 5 mW of dc power, and a

record gain to dc power ratio (Gain/Pdc) of 2.8 dB/mW at X-

band[l]. However, no previous results on the nowe and gain

performance of an ultra-low dc power HBT L- or S-band amplifier

has been reported until this work. Fig. 1 shows a graph of Gain:pdc

ratio plotted veraua noise figure for several state-of-the-art L-

and S-band LNAs [2-9]. A Gain/Pdc ratio of 19.1 was

demonstrated with MESFET technology and is the highest reported

to date. However, this is at a frequency of 1,25 GHz (L-band) and

the corresponding noise figure is 6 dB[2]. The HBT LNA of this

work obtained Gain/Pdc ratios of 4.2 and 5.65 at 2.0 GHz which are

the highest reported at S-band, and achieves noise figurea of 2.0 dB

and 3.01 dB, respectwely.

For portable consumer applications there is a performance-

size(cost) trade-off which can be Illustrated by plotting chip size

versus Gain/N F.Pd~ ratio which IS a figure of merit measuring the

utility of an LNA for low power applications[6]. Fig. 2 shows a plot
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Gain to dc power ratio plotted versus noise flgura for

state-of-the-art L- and S-band LNAs.

of chip size versus Gain/N F*Pdc ratio for the various L- and S-

band LNAs. This figure dlustrates that higher performance is

achieved at the expense of larger chip size. Fig. 2 also shows that

a MESFET LNA achieves a Gain/N F*Pdc ratio of 3.0 (1/mW) which

is the highest reported at L-band. The GaAs HBT LNA of this work

achieves a Gain/NF*Pdc ratio of 2.1 (1/mW) which is the highest

L- and S-band LNAs
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Fig. 3 Minimum noise figure of both 2- and 3-~m HBT quad-

emitter devices as a function of collector current at 2 GHz.

reported at S-band, and is 4-5 times smaller in area than the L-

band MESFET LNA. The HBT LNA IS < lmm2 and is comparable in

size to several of the other L-band LNA ch!ps which have much

poorer Gain/N F*Pdc ratio figure of merits Thus, the HBT LNA of

this work compacts high performance In a much smaller area.

Il. GaAa l-fBT Low Noise Process Technology

The LNA was fabricated with TRW’s AIGaAs/GaAs HBT

foundry technology. The MBE profile of our standard GaAs HBT

process incorporates a base thickness of 1400~ uniformly doped to

1X1019 cm-3, a collector thickness of 7000~ lightly doped N-

type of 7X1015 cm-3, and an N+ sub-collector doped to 5X1018

cm-3, The HBT process incorporates a Self-aligned Base ohmic

Metal (SABM) technique for fabricating both 2- and 3-yin emitter

width HBTs. The resulting HBT transistors have an fT and fmax of

23 GHz and 50 GHz, respectively.

Noise parameters were measured for a 2x1O pm2 and a

3XI0 ym2 HBT quad-emitter dewce. Fig. 3 gives the minimum

noise figure of both the 2- and 3-Lm HBT devices as a function of

collector current at 2 GHz. Over bias current, a 0.5 dB

improvement in device minimum noise figure IS seen for the 3-pm

HBT over the 2-~m HBT device. The noise Improvement using the

3-Am HBTs may be explained by the lower emkter contact

resistance which results In lower thermal noisa. The drawback of

the 3-Lm HBTs is that they WIII have poorer amphfler frequency

capabtllty due to the larger junction capacitances and higher base

resistance. Fig 3 also illustrates that as the collector bias current

is decreased, the mlmmum noise figure of both HBT devices

decreases until a collector current of about 2 mA is reached. From

2 mA down to 0.5 mA the mlnlmum noise figure of the devices

levels off. This bias dependent characteristic was also observed at

1 and 3 GHz. For HBT devices, lower current generally means

lower minimum noise, however, for low noise amplifier design,

the source impedance required to achieve minimum noise (gamma

opt) needs to be considered over bias. This point is especially

important for amplifiers which extend into the microwave

frequency range.

Fig. 4 shows a plot of the optimum nolee source impedance

(gamma opt.) from 300 MHz to 3 GHz of a 3xI0 pm2 quad-emitter

HBT as a function of collector current, The impedance plot shows

that at lower currents the optimum Impedance has a large real

part, greater than 50 ohms, with a significant inductive reactance,

HBT3 x 10 ~m2 quad-emitter
Gamma Opt.
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+lcc=2mA

01cc=4mA

x lcc=16mA
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Fig. 4 Optimum noise source impedance (gamma opt.) loci plotted

from 300 MHz to 3 GHz of a 3x1O pm2 quad-emitter HBT device

for several differenf collector currents,

For higher collector currents, gamma opt. is mostly real and

decreases below 50 ohms, At 16 mA, the impedance IS close to 50

ohms over the frequency range. At this bias point, the gamma opt.

is nearly coincident with 50 ohms which makaa It easier to design

both good input return-loss and low noise figure over a broad band,

however the mlnlmum achievable nolsa figure at thle bias WIII be

higher than at lower bias currents. For low noise and low dc bias

operation, a design employmg series Inductive matching at the input

of the HBT device WIII result in optimum noise match over a narrow

band. The design of a 2.0 GHz L-band amplifler is described below.

Ill. S-band HBT Low Noise Amplifier

A schematic of the 2 GHz low dc power, low noise HBT

amplifier la shown in Fig, 5. Tha amplifier IS a one-stage narrow-

band design which IS matched for a centet frequency of 1 9-2.0

GHz. An input series inductor, Lb, IS used tc ma?cn the input of a

3XI0 ym2 quad-e mttter for minimum IIOISe .4 collector bias

current of 1 mA and a Vce=2.0 V was chosen m order to reallze a

gam greater than 8 dB and a minimum noise figure less than 2.o dB
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Fig. 5 Schematic of the 2 GHz low dc power, low noise HBT

amplifier.

Fig. 6 Microphotograph of the 1.9 GHz single stage low noise

amplifier chip. The total chip area is 1.05x0.82 mm2.

with a total power consumption of 2 mW at 2 GHz. An inductor Le,

in series with the emitter of the HBT device is used to tune gamma

opt so that it coincides more closely to the 50 S2 source impedance

in order to achieve optimum noise and input return-loss match.

This is a conventional low noise microwave matching technique

which is common among MESFET and HEMT LNA designs. The output

of the amplifier is matched using a series L-C matching network

comprised of Cout and TLINO. An inductive choke Lc, in series with

a small load resistance, Rload, provides both a high pass ac load and

a means for biasing the collector of the HBT device.

Fig. 6 shows a microphotograph of the 2.0 GHz single stage

low noise amplifier chip which is 1.05x0.82 mm2 in area. Square

inductors were used to minimize the required area of the passive

components. Much of the wasted area is consumed by 50 Q

transmission lines and on-wafer rf probe pad configurations. A

production layout of this chip can be reduced by 40 %, including the

self-biasing network.

Iv. Measured Results

Noise figure and gain were measured at different bias

conditions in order to find the optimum noise bias of the amplifiar,

Fig. 7 chows gain and noise figure performance at 2 GHz as a

function of voltage (Vcc) for a fixed collector current, Ice= 5 mA.

Vcc (v)

Fig. 7 Gain and noise figure performance at 2 GHzas a function of

bias voltage Vcc(lcc= 5mA).

This figure shows that at a Vcc > 2.0 V, the amplifier achieves

minimum noise figure and maximum gain performance. This may be

explained by the fact that the collector-base capacitance is fully

depletad under reverse biases of greater than about 0.6 Volts which

corresponds to a Vcc -Vce= 2.OV, This characteristic is dependent

on the material structure of the collector and base of the HBT. At

this optimum collector voltage, the gain and noise figure were

measured as a function of collector bias current (Icc) at 2 GHz, and

is given in Fig, 8. This figure shows that the optimum low noise

bias current (Icc) is between 2 mA and 4 mA for the HEfT LNA. At

currents slightly lower than 2 mA the noise figure begins to ramp

up very quickly due to a rapid change in the gamma opt over bias.

A figure of merit which measures the utility of an LNA under Iowdc

power consumption is the Gain/NF*Pdc ratio (1/mW) and has baen

previously defined[6]. At an optimum collector bias of 1.04 mA

and 2.1 mW power consumption, the corresponding Gain/N F=Pdc

ratio figure of merit is 2.10 (1/mW) which is the highest reported

at S-band for any technology.

Fig. 9 shows the measured gain, noise figure, and return-

Ioss of the amplifier at optimum low noise bias (Icc= 2 mA and a

Vcc= 2,0V). The nominal gain is 11.1 dB at 2.0 GHz with a

corresponding input and output return-loss of -13.7 dE4 and -14.7

dB, respectively. The amplifier has a 40 % l-dB bandwidth from

1.5-2.3 GHz. Fig, 9 also shows the broadband noise figure

performance. Over a 1.5-2.8 GHz bandwidth, the noise figure

ranges from a minimum of 1.9 dB to a maximum of 2.2 dB. Under a

very low dc collector current bias of 0.48 mA and a total power

consumption of 0.92 mW through 2 Volts, the gain and noise figure

are 5.2 dB and 3,1 dB, respectively, at 2 GHz. At this low dc bias,

the gain:Pdc ratio is 5.65 dB/mW which is also the highest reported

for an S-band amplifier.

Fig. 10 gives the Pj-d B output compression and IP3

performance at 2 GHz as a function of collector bias current (iCc).

Ata Iownoise bias of 2 mA and Vcc = 2.0 Volts, the corresponding
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Fig. 8 Gain and noise figure performance at 2 GHz as a function of

collector bias current Icc (Vcc = 2.o V).
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Fig. 9 Measured a) gain and return-loss, and b) noise figure

performance at an Ice= 2 mA and a Vcc= 2.o V.

IP3 and Pi-d B are 11 dBm and O dBm, respectively. At an ultra-

Iow dc bias of 0.46 mA and Vcc= 2.0 Volts, the corresponding IP3

is -2.8 dBm. The PI -dB compression was measured for both a

Vcc= 2.0 and 3.0 Volts as a function of bias current (lCc). At a Vcc

= 3 Volts, the l-dB compression was found to be 3-4 dB higher at

the higher current bias. Fig. 10 also illustrates that for a fixed

VCC=2.0V, tha delta betwaen the IP3 and P1-dB IS 15 dB. This IS

greater than the “1O dB delta rule of thumb” assumed for

conventional FET amplifiers. This suggests that higher ampltfier

linearity can be achieved from HBTs at low dc bias.

Conclusion

A 2.1 mW ultra-low dc power GaAs HBT LNA with 2.0 dB

notse figure and 8.9 dB gain was achieved at 2 GHz. The

corresponding Gain/N F*Pdc ratio figure of merit IS 2.10 (1/mW)

which is the highest reported at S-band. Under low dc power bias

of 2V and 0.46 mA, or 0,92 mW of power consumption, the

amplifier achieves 5.2 dB gain, 3.01 dB noise figure and a Gain/Pdc

.,o~
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Icc (mA)

Fig. IO P,de output compression and IP3 performance at 2 GHz

versus collector bias current, ICC.

figure of merit of 5.65 (dB/mW) which benchmarks the highest

reported gam to dc power ratio (Gain/pdc) in this frequency band.

The high performance obtainad from HBTs at very low dc bias, and

tha low cost nature of GaAs HBT fabrication technology, make HBTs

attractwe for portable wireless consumer applications
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