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A 30 GHz Bandwidth AIGaAs-GaAs HBT

Direct-Coupled Feedback Amplifier
N. H. Sheng, W. J. Ho, N. L. Wang, R. L.

Abstract–A dc to 30 GHz broadband amplifier based on the

Darlington connected transistors with series and shunt resistive

feedback was implemented with self-aligned AIGaAs-GaAs het-
erojunction bipolar transistor (HBT) technology. The measured
performance shows 7.8 dfl of gain with –3-dB roll-off band-

width of 30 GHz. Measured at 1 GHz, the noise figure was 5.7
dB, l-dB compression power was 11 dBm and the third-order
intermodulation product intercept point (IP3) was 23.9 dBm.

I. INTRODUCTION

A lGaAs/GaAs HBT technology is now sufficiently ad-

vanced to demonstrate a variety of integrated circuits

covering high speed digital circuits, small signal analog

MMIC’S and high efficiency microwave power sources for

system insertion applications [1], [2]. In most cases, HBT

circuit design can take advantage of Si bipolar circuit topolo-

gies and experiences because there are few differences be-

tween the two (the base-emitter turn-on voltage is different

and the HBT has much higher j_~ and j~Ax to achieve better

performances). Excellent performance of broadband ampli-

fiers based on Darlington or cascode topology have been

demonstrated with HBT technology [3] [4]. In this letter, we

report an AlGaAs– GaAs HBT broadband amplifier with ul-

tra-wide bandwidth due to the superior device performance

using a self-aligned technology. The amplifier shows 7.8 dB

of gain with 3-dB bandwidth of 30.5 GHz. The measured

input and output VSWR are better than 2:1 across the whole

bandwidth. The ultra-wide bandwidth amplifiers will find

applications as general purpose gain blocks in advanced

microwave modules, lightwave communication systems and

testing/measurement equipments.

II. DEVICE TECHNOLOGY

The direct-coupled broadband amplifiers were fabricated

using AlGaAs– GaAs HBT technology with MBE grown

epitaxial layers on semi-insulating substrates. The base layer

was Be doped to 4 x 1019/cm3 with thickness of 700 & The
emitter layer was lightly doped to 5 x 10’7/cm2 with a

heavily doped cap layer to facilitate emitter ohmic contact

formation. The collector thickness was 7000 ~ with doping

concentration 3 to 6 x 1016/cm3. Self-aligned processing as
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described in a previous paper [5] was applied in the fabrica-

tion to reduce the base resistance. The gap between base

contact and emitter was O.2 pm, which lowers the base

resistance by 30% – 50 % compared with a representative 0.8-

pm gap using a nonself-aligned process. The extrinsic base

area was implanted with protons to reduce the extrinsic

base-collector capacitance. Typically, this capacitance was

reduced to half of its value without implant. High-frequency

characteristics of the fabricated transistors show measured f=
of 60 GHz and f MAXof 120 GHz. The detailed process

characteristics were shown in a previous publication [6].

HI. CIRCUIT DESIGN AND MEASUREMENT RESULTS

The circuit topology of the HBT broadband amplifier is

shown in Fig. 1, which consists of the llwlington connected

transistors as the active elements. The single emitter finger

size is 1.4 pm x 8.5 pm and the emitter area ratio of Q2

transistor to Q 1 transistor is 3 to 1. One of the design

requirements for microwave broadband amplifier is that the

input and output impedances should match the system

impedance, typically 50 ohm. The resistive feedback makes

the input and output impedance determined primarily by the

feedback resistance RF and RE, as analyzed in detail in [7],

which are more controllable in comparison with broadband

matching or distributed amplifier designs. Resistor R ~ia, is

used to bias transistor Q2, while R ~ is the emitter degenera-

tion resistor to optimize the bandwidth and output impedance.

The noise figure of the amplifier is mainly determined by the

feedback resistors RF, RE and base resistance of the input

transistor Q1. The typical values for RF and RE are 250

ohm and 10 ohm, respectively. The resistor R ~B determines

the collector voltage of Q 1 and Q2, which in turn determines

the microwave output power capability of the circuit. The

circuit layout was designed to fit into the general purpose 70

mil microwave package, which has only input, output and

two ground pins. External resistor R.= was used for biasing;

a single power supply was used to bias the whole circuit such
that the collector voltage of Q 1 and Q2 transistors is 3.4 V

and the total current is 33 mA. Total power consumption of

the chip is about 115 mW. Fig. 2 shows microphotograph of

the fabricated circuit with dimension of 211 pm x 490 pm

including the bonding pads. This size is extremely small in

comparison with MESFET distributed amplifiers. Fig. 3

shows the measured transmission power gain and input,

output return loss as a function of frequency. The flat power

gain of 7.8 dB was measured from dc to 16 GHz that rolls off

by 3 dB at 30.5 GHz. The input and output VSWR’S are

better than 2:1 from dc to 30 GHz. In comparison with the
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Fig. 1. Circuit schematic of the Darlington feedback amplifier.

Fig.2. Microphotograph of fabricated HBT broadband amplifier. Chip size
including the bondlngpadsis 211 pm x 490 ~m.

previously reported cascode HBT feedback amplifier [4], the

bandwidth of input and output return loss are much better.

The noise figure measured at 1 GHz was 5.7 dB, which is

comparable to the previous reported results [3]. The mea-

sured output power as a function of input power, as shown in

Fig. 4, has very good linearity with l-dB compression output

power of 11 dBm and third-order intercept point (IP3) of

23.9 dBm.

IV. CONCLUSION

A. dc to 30 GHz broadband feedback amplifier imple-

mented with AlGaAs – GaAs HBT technology was reported.

The performance of this amplifier presents significant im-

provements over previously reported GaAs-based HBT wide-

band amplifiers. This high performance is achieved by the

advanced device technology and optimization of circuit ele-

ment value. The bandwidth of this amplifier is comparable to

the cascode feedback design based on the AIInAs-GaInAs

HBT technology. However, using shunt-series resistive feed-
back offers much better input and output matching to the

50-ohm systems than the cascode approach. Only one single-

power supply is used to bias the whole circuit. In coupling

with the extremely small size, this circuit could easily be

inserted in various microwave and lightwave communication

systems and instruments.
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Fig. 3. Measured transmission gain S21, input return loss S11 and output
return loss S22 as a function of frequency.

Linearity of Broadband Amplifier
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Fig. 4. Output power of fundamental frequency and third-order intermodu-
lation product (IP3) intercept plot for the HBT feedback amplifier.
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