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Distributed amplifier of L-type network
with 2-pum GaAs HBT process
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Abstract: The characteristic impedances of L-type and T-type
networks are first investigated for a distributed amplifier design.
The analysis shows that the L-type network has better frequency
characteristics than the T-type one. A distribution amplifier based
on the L-type network is implemented with the 2-um GaAs HBT
(heterojunction-bipolar transistor) process of WIN semiconductors.
The measurement result presents excellent bandwidth performance
and gives a gain of 5.5 dB with a gain flatness of +1 dB over a
frequency range from 3 to 18 GHz. The return losses S, and S,,
are below - 10 dB in the designed frequency range. The output 1-
dB compression point at 5 GHz is 13. 3 dBm. The chip area is
0.95 mm’ and the power dissipation is 95 mW under a 3.5 V
supply.
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ith the rapid development of wireless and optical

‘ V communications, the continuous increase of transmis-
sion data rates gives the requirements fon higher bandwidths
for amplifiers. Distributed amplifiers (DAs) provide an ef-
fective solution to extend the bandwidths and, therefore,
they are widely used in the design of ultra-broadband ampli-
fiers.

The concept of the DA was first proposed in 1937 by Per-
cival'. In 1950, it was implemented by Horton et al. ™',
With the development of semiconductor processes, the
bandwidths of DAs is pushed to a higher bandwidth limit.
Ref. [3] reported a design of a DA with a bandwidth as high
as 750 GHz.

There are two kinds of lumped equivalent circuit models
for transmission lines, namely L- and T-type networks. If
the transmission line section is sufficiently small, these two
models are accordingly equivalent. The working mechanism
of a DA uses the parasitic capacitance of the transistors and
the on-chip inductors to constitute an artificial transmission
line for extending the bandwidth. The input impedance
characteristics of both the artificial L- and T-type networks
for DA design are first investigated in this paper. The
analysis shows that the L-type network has better frequency
characteristics than the T-type one.

Based on an L-type network, a distribution amplifier is
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fabricated with the 2-pum GaAs HBT process of the WIN
semiconductors. With the power dissipation of 95 mW un-
der a 3.5 V supply, the measurement result proves that it
has good small signal performance and shows the potential
prospects of application.

1 Principle of Distribution Amplifier with GaAs
HBT Process

The principle of DAs using discrete transistors is that the
input and output capacitances of the transistors are combined
with the lumped inductors to form artificial transmission
lines according to

7= ¢ (1)

So the gain-bandwidth product of an amplifier may be in-
creased.

In order to maximize the gain of the amplifier, the phase
delays of the input and the output transmission lines are typ-
ically matched. Therefore, the currents generated by the in-
dividual gain cells can be constructively added at the output
point of the amplifier. Assuming that the transmission lines
are lossless, the low-frequency gain of conventional DAs
can be estimated by

1
A, = jnngO (2)
where n is the number of the distributed stages; g, repre-
sents the transconductance of each stage; and Z, is equal to
50 Q typically.

Fig. 1 shows the simplified schematic of a classical DA
with four common-emitter stages'*'. The inductor values of
the base line are given by its characteristic impedance Z
and the base-emitter-capacitance:

_ Zgb Cbe

b — 2 (3)

The cut-off frequency of the base line can be expressed as

1

fo= (4)
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Fig.1 Distributed amplifier with four common emitter stages
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The characteristic impedances and the cut-off frequency of
the collector line are calculated analogically.

2 Frequency Characteristics of L- and T-type
Networks

The design of DAs is based on the transmission line theo-
ry. The small-signal equivalent circuit model of the tran-
sistor of an HBT can be described with the shunt of a resist-
ance and a capacitance "', With the on-chip inductors, the
artificial transmission lines with T- and L-type networks are
shown in Fig. 2 and Fig. 3, respectively. The T- and L-type
networks can be considered as an approximation of a contin-
uous transmission line. If the values of the inductance, the
capacitance, and the resistance tend to be infinitesimal, it is
completely consistent for the two models. However, the ar-
tificial transmission lines are composed of lumped elements,
and we consider that two models will express different fre-
quency characteristics in the design.
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Fig.2 L-type network
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Fig.3 T-type network

For the L-type network, the characteristic impedance is

. 2
w5

For the T-type network, the characteristic impedance is

joL

joC+1/r (5)
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ZT“‘\/ 4 TjeC+l/r (6)
We investigate the single stage of an L- and a T-type net-
work terminated by a resistive absorbing load as shown in

Fig.4 and Fig. 5, respectively. The input impedance of the
L-type network is

1
Z, T jwC+1/r+1/(jwL +R) ~
joLr + Rr
-’ LrC +jwRrC + r + jwL + R

(7

And the input impedance for the T-type network is

1
wC+1/r+1/(joL +R) ~
jwLr + Rr
- @’LrC +jwRrC + r + joL + R

Z, =jwL +j

jwL + (8)

When w<1/,/L., Eqgs.(7) and (8) can be simplified as

. jwLr + Rr
jwRrC +r +jowL + R

(9
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Fig.4 L-type network with resistive end
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Fig.5 T-type network with resistive end

From Egs. (9) and (10), we obtain the impedance dia-
gram of the L- and T-type networks with a resistive termi-
nal, respectively, as shown in Fig. 6. We can see that the
input impedance of the L-type network has lower frequency
sensitivity than that of the T-type. We deduce that the L-
type network can have a better bandwidth performance in the
design for distribution amplifiers'” .

— T-type network
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W 80 ---- L-type network

Frequency:1 to 20 GHz

Fig. 6
resistive terminal

Impedance diagram of L- and T-type networks with

3 Circuit Design

As shown in Fig. 7, a distribution amplifier based on an
L-type network is fabricated with the 2-pm GaAs HBT
process of WIN semiconductors. Here, the common-emitter
gain cell is used to obtain high power gain because it simul-
taneously has the voltage gain and the current gain. In addi-
tion, with the more cascaded gain cells, the attenuations of
the gate and drain lines are increased. So, four stages are

_________________________ 370 pH L, =370 pH | m Output
0 =

L, =270p}gRb =24 Q
pH I
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Fig.7 L-type distributed amplifier with four emitter stages
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chosen as a tradeoff between the high gain and the attenua-
tions over the whole frequency range.

Considering the compromise among the gain, the band-
width and the power consumption, the HBT transistor type
of RQ1A201B2 in library is adopted. The cut-off frequency
f, of the transistor is 35 GHz. The width and length of each
emitter mesa are 2 and 20 pm, respectively. The base and
emitter fingers are with an inter-digital arrangement and the
base metal wraps around the emitter fingers.

The inductors in the design are tuned to meet the optimum
performance and their values are 620, 370 and 290 pH, re-
spectively. Since the inductor with a value of 370 pH is not
provided in the technology library, we design it using ADS.
Fig. 8 gives its layout. The inductance value and Q versus
the frequency are shown in Fig. 9 and Fig. 10, respectively.

Fig.8 Layout of 370 pH inductor
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Fig.10 Q value of the 370 pH inductance

4 Measurement Results

Fig. 11 gives the microphotograph of the distribution am-
plifier with an L-type network in our work. The chip area is
0.95 mm’ and the power dissipation of the amplifier is 95
mW under a 3.5 V supply.

The distributed power amplifier chip is tested via on-
wafer probing. The measurements of the circuit are carried
out using an Agilent E8363B vector network analyzer and an

E4440A spectrum analyzer. Fig. 12 gives the measured
small-signal gain of 5.5 dB with a gain ripple of +1 dB in
the band of 3 to 18 GHz. The measured input and output re-
turn losses are shown in Fig. 13 and Fig. 14, respectively.
The reverse isolation is illustrated in Fig. 15. Both the input
and output return losses are below - 10 dB over the entire
frequency range. The measured reverse isolation remains
under — 12 dB. Fig. 16 shows the output power at a fre-
quency of 5 GHz and the output 1-dB compression point is
13.3 dBm.
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Fig. 11 Microphotograph of the distributed amplifier with L-

type network
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Fig.12 Small signal gain S,,
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Fig. 13 Input return loss S,
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Fig. 14 Output return loss S,,

5 Conclusion

First, we investigate the characteristic impedances of L-
type and T-type networks for the distributed amplifier de-
sign. The analysis shows that the L-type network has bet-
ter frequency characteristics than the T-type one. Then, a
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Fig. 15
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Fig.16 Output power at 5 GHz

distribution amplifier based on the L-type network is imple-
mented with the 2-pm GaAs HBT process from WIN semi-
conductors. The measured results give a gain of 5.5 dB
with a gain flatness of + 1 dB over a frequency range of 3
to 18 GHz. It represents excellent bandwidth performance.
The return losses S,, and S,, are all below — 10 dB in the de-

signed frequency range. The output 1-dB compression point
at 5 GHz is 13.3 dBm. The chip area is 0. 95 mm’ and the
power dissipation of the amplifier is 95 mW under a 3.5 V

supply.
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