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Abstract — A broadband Darlington amplifier has been
successfully developed using commercial 2-pm GaAs HBT
process. In contrast to conventional Darlington pair, a
modified triple Darlington configuration is employed to
achieve a bandwidth of half f; and equalizer-type matching
network is used to substitute the conventional feedback for
wide bandwidth. This circuit demonstrates a measured gain
of 12.8 dB from 0.3 to 19 GHz.

I. INTRODUCTION

The transmission capacities of optical communication
systems and wireless applications in the millimeter-wave
range have increased rapidly. Broadband amplifiers are
key components of broadband communication systems,
e.g., the preamplifiers in fiber-optical applications and
general gain blocks in wireless systems. High gain and
wide bandwidth are required for systems operating at
high data rates. The high gain of Darlington pair allows
circuit designers using feedback or other techniques for
flat power gain over wide bandwidth.

Several architectures of Darlington pairs including
two-transistor pair and three-transistor pair have been
reported [13]. The most common used Darlington pair
consists of an emitter-follower and a common-emitter
bipolar transistors. In the earlier published Darlington
amplifiers [2]-[5], the conventional Darlington pair was
used as the amplifier core. However, the conventional
Darlington pair suffers from the Miller multiplication of
base-collector capacitance and thus resulting a narrow
bandwidth. In order to resolve this problem, a common
collector transistor was used to replace the emitter
follower transistor [6]-[9]. In order to achieve higher
gain at high frequencies, another type of Darlington pair,
which is the triple Darlington configuration (or triple
Darlington), was reported [14], but it still suffers from
the Miller effect.

In order to achieve a flat power gain performance over
wide bandwidth, some circuit design techniques are used
in broadband amplifier design. Resistive feedback
method is the most commonly used for flat power gain
response. Another method is to use equalizer-type
matching network [15]. This matching network
eliminates low frequency gain and keeps the gain at high
frequency for a flat gain over wide bandwidth.

In this work, a modified triple Darlington is employed
as the amplifier core. Two common collector transistors
are used to replace the two emitter-follower transistors to
reduce the Miller effect. From the simulation results, it
also demonstrates higher maximum available power gain
(Gmax) than that of other Darlington pairs. In addition, an
equalizer-type matching network is also used for flat gain
over wide bandwidth. This circuit demonstrates a 3-dB
bandwidth with 12.8-dB gain from 0.3 to 19 GHz, which
is almost half fr.

II. DEVICE TECHNOLOGY

The MMIC process is a standard 2-um GaAs power
hetero-junction bipolar transistor (HBT) process
provided by WIN Semiconductors. The HBT device
used in this design has an emitter area of 1 finger X 2 um
X 10 pm. It has a peak fr of 40 GHz and peak f;,,x of 100
GHz when biased at 3.5-V Vg and 5-mA I.. Other
passive components including thin film resistor, MIM
capacitors and spiral inductors are also available. The
wafer is thinned to 4-mil for the gold plating of the
backside and reactive ion etching via holes are used for
dc grounding.

II1. CIRCUIT DESIGN

Fig. 1(a) shows the triple Darlington, which is suitable
for wide bandwidth (up to half fr) design with moderate
power gain [14]. However, the transistors Q1 and Q2 in
triple Darlington still suffer from the Miller
multiplication of its base-collector capacitance. The
modified triple Darlington is shown in Fig. 1(b). The
collectors of Q1 and Q2 to the output are not connected.
The capacitor in the collector of Q1 and Q2 is the RF
bypass capacitor to provide RF ground for the collectors
of Q1 and Q2. Fig. 2 presents the Gy, simulation results
of three types of Darlington configurations. It is
observed that triple Darlington improves the Gy,,x only at
higher frequencies and the modified triple Darlington can
improve the Gy, from dc to high frequency significantly.

The equalizer-type matching network is composed of a
series inductor and a resistor shunt at the input port of
triple Darlington. This matching network at the input
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(b)

Fig. 1. The schematic diagram of the (a) triple Darlington,
and (b) modified triple Darlington.

port has flat G,,,x characteristics of the triple Darlington.
As frequency increases, the inductor prevents the current
flowing through the resistor while the current at the input
of triple Darlington increases. As a result, the total
power gain of the triple Darlington remains constant for a
wide frequency range.

The complete circuit schematic diagram is shown in
Fig. 3. Two triple Darlington stages are cascaded for
high power gain. There are dc blocking capacitors at
both input and output ports. The chip photo is shown in
Fig. 4 with a chip size of 1.5 x | mm®.
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Fig.2. Simulated Gp, of three different
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Fig. 3.
triple Darlington amplifier with the equalizer-type matching

Complete circuit schematic diagram of the modified

network composed of a series inductor and resistor shunt at the
input of the triple Darlington.

IV. EXPERIMENTAL RESULTS

The broadband Darlington amplifier was measured via
on-wafer probing using Agilent 8510C vector network
analyzer. Fig. 5 presents the measured gain and return
losses to 30 GHz. The measured gain is 12.8 dB with 3-
dB bandwidth from 0.3 to 19 GHz. The input and output
return losses are better than 10 dB from 3 to 25 GHz.
The group delay calculated from the measured S-
parameter is shown in Fig. 6. The group delay of this
circuit is 48.5+7.5 ps. The small variation of group delay
over wide frequency range indicates low signal
dispersion and thus this circuit will have a good eye
opening in the eye diagram.

Fig. 7 shows the power performance of this circuit.
The output power versus input power at 5 GHz, 11 GHz
and 19 GHz are measured. The P4z at 5, 11 and 19 GHz
are 0 dBm, -4.3 dBm and —6.7 dBm respectively. In
order to have higher device fr and f., the device size
can not be too large and this limits the power
performance of this circuit.
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Fig.4. The chip photo of the modified triple Darlington
amplifier with a chip size of 1.5 x 1 mm®.
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V. CONCLUSION

A broadband monolithic HBT amplifier has been
designed, fabricated and tested. @A modified triple
Darlington is used to extend bandwidth. In addition, an
equalizer-type matching network is also employed for
flat gain over wide bandwidth of the triple Darlington
instead of resistive feedback. This chip achieves 12.8-dB
power gain with 3-dB bandwidth from 0.3 to 19 GHz
with a chip size of 1.5 x 1 mm?.
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Fig. 5. The measured gain and return losses from 0.3 to 30
GHz.
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Fig. 6. The group delay calculated from measured S-

parameter. The group delay is 48.5+7.5 ps to 19 GHz.
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Fig. 7.  The output power versus input power at 5, 11 and 19

GHz. The Pygg at 5, 11 and 19 GHz are 0 dBm, -4.3 dBm
and —6.7 dBm respectively.

ACKNOWLEDGEMENT

The authors would like to thank Hong-Yeh Chang and
Kun-You Lin on circuit testing. This work is supported
in part by National Science CouncilNSC 93-2752-E-
002-002-PAE, NSC 93-2219-E-002-016, NSC 93-2219-
E-002-024 and NSC 93-2213-E-002-033). The chip is
fabricated by WIN semiconductors.

REFERENCES

[1] K.W. Kobayashi, D.K. Umemoto, T.R. Block, A.K. Oki,
D.C. Streit, “A novel monolithic LNA integrating a
common-source HEMT with an HBT Darlington
amplifier,” [EEE Microwave and Guided Wave Letters,
vol. 5, pp. 442-444, Dec. 1995.

[2] K.W. Kobayaski, D.C. Streit, D.K. Umemoto, T.R. Block,
AK. Oki, “A monolithic HEMT-HBT direct-coupled
amplifier with active input matching,” IEEE Microwave
and Guided Wave Letters, vol. 6, pp. 55-57, Jan. 1996.

[3] S.P. Voinigescu, M.C. Maliepaard, “5.8 GHz and 12.6
GHz Si bipolar MMICs,” IEEE International Solid-State
Circuits Conference, pp. 372-373, Feb. 1997.

[4] Y. Suzuki, H. Shimawaki, Y. Amamiya, N. Nagano, T.
Niwa, H. Yano, K. Honjo, ”50-GHz bandwidth base-band
amplifiers using GaAs-based HBTs,” Gallium Arsenide
Integrated Circuit Symposium, pp. 143-146, Oct. 1997.

[5] B. Agarwal, D. Hiensa, Q. Lee, R. Pullela, J. Guthrie, L.
Samoska, M.J.W. Rodwell, ”’A 50 GHz feedback amplifier
with AllnAs/GalnAs transferred-substrate HBT,” Electron
Devices Meeting, pp. 743-746, Dec. 1997.

[6] B. Aganval, Q. Lee, D. Mensa, R. Pullela, J. Guthrie,
M.J.W. Rodwell, “Broadband feedback amplifiers with
AllnAs/GalnAs transferred-substrate HBT,” Electronics
Letters, vol. 34, pp. 1357-1358, June 1998.

[71 Y. Suzuki, H. Shimawaki, Y. Amamiya, N. Nagano, T.
Niwa, H. Yano, K. Honjo, “50-GHz-bandwidth baseband
amplifiers using GaAs-based HBTSs,” [EEE Journal of
Solid-State Circuits, vol. 33, pp. 1336-1341, Sep. 1998.

[8] D. Mensa, Q. Lee, J. Guthrie, S. Jaganathan, M.J.W.
Rodwell, “Baseband amplifiers in transferred-substrate
HBT technology,” Gallium Arsenide Integrated Circuit
Symposium, pp. 33-36, Nov. 1998.

[9] S. Krishnan, D. Mensa, J. Guthrie, S. Jaganathan, T.
Mathew, R. Girish, Y. Wei, M.J.W. Rodwell, “Broadband
lumped HBT amplifiers,” Electronics Letters, vol. 36, pp.
466-467, March 2000.

333



[10] H.S. Tsai, R. Kopf, R. Melendes, M. Melendes, A. Tate,
R. Ryan, R. Hamm, Y.K. Chen, “90 GHz basedband
lumped amplifier,” Electronics Letters, vol. 36, pp. 1833-
1834, Oct. 2000.

[11] Delong Cui, D. Sawdai, Shawn Hsu, D. Pavlidis, “Low DC
power, high gain-bandwidth product, coplanar Darlington
feedback amplifiers using InAlAs/InGaAs heterojunction
bipolar transistors,” Gallium Arsenide Integrated Circuit
Symposium, pp. 259-262, Nov. 2000.

[12] M.C. Chiang, S.S. Lu, C.C. Meng, S.A. Yu, S.C. Yang,
Y.J. Chan, “Analysis, design, and optimization of InGaP-
GaAs HBT matched-impedance wide-band amplifiers with
multiple feedback loops,” [EEE Journal of Solid-State
Circuits, vol. 37, pp. 694-701, June 2002.

[13] D.A. Hodges, “Darlington's contributions to transistor
circuit design,” [EEE Transactions on Circuits and
Systems I: Fundamental Theory and Applications, vol. 46,
pp. 102-104, Jan. 1999.

[14] C.T. Armijo, R.G. Meyer, “A new wide-band Darlington
amplifier,” IEEE Journal of Solid-State Circuits, vol. 24,
pp. 1105-1109, Aug. 1989.

[15] Y. Sasaki, H. Kurusu, H. Hoshi, T. Hisaka, Y. Mitsui, “20-
30 GHz broadband MMIC power amplifiers with compact
flat gain PHEMT cells,” 200/ I[EEE MTT-S Int.
Microwave Symp. Dig., vol. 2, pp. 1067-1070, May 2001.

334 12th GAAS® Symposium - Amsterdam, 2004



	Welcome Page
	Hub Page
	Table of Contents Entry of this Manuscript
	Brief Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Detailed Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	------------------------------
	Abstracts Book
	Abstracts Card for this Manuscript
	------------------------------
	Next Manuscript
	Preceding Manuscript
	------------------------------
	Previous View
	------------------------------
	Search
	------------------------------
	Also by Ming-Da Tsai
	Also by Huei Wang
	Also by Yu-Chi Wang
	Also by Chung-Hsu Chen
	------------------------------

	pagenumber331: 331
	pagenumber332: 332
	blhs: 
	pagenumber333: 333
	pagenumber334: 334


