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Design of Broad Band Amplifier Using Feedback

Technique

Tae-Shin Kang and Jin-Koo Rhee

Abstract -In  this paper, an MMIC broadband
amplifier for wireless communication systems has
been developed by using an active feedback method.
This active feedback operates at much higher
frequencies than a method by a spiral inductor
feedback and its size is independent of the inductance
value. The MMIC breoadband amplifier was designed
using a 0.5 ym MESFET library. The fabricated chip
area was 1.4 mm x 1.4 mm. Measurement showed a
gain of 18 dB with a gain flatness of £ 3 dB in a 1.5
GHz~3.5 GHz band. The maximum output power
and the minimum noise figure were 14 dBm and 2.5
dB in the same band, respectively.

Index Terms-broad band amplifier, feedback,

common-source FET, MMIC active

feedback

amplifier,

I. INTRODUCTION

Recently, wireless communication market has shown
explosive growth. Services in a 800 MHz~2.5 GHz
band are especially important because PCS (Personal
IMT-2000, and WLL
(Wireless Local Loops) are all serviced in this band. A

Communication  Services),
compact, low-priced and lightweight transceiver is one
of the most important elements for in these services, and
the MMIC (Monolithic Microwave Integrated Circuit)
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technology is the key to realize such a transceiver. A
broadband amplifier is very attractive because it could
replace narrowband amplifiers targeting each specific
service frequency, for example, 1.8 GHz (PCS), 2 GHz
(IMT-2000), and 2.4 GHz (WLL), and thus reduce
development efforts and costs substantially [1]. In this
work, an MMIC broadband amplifier for wireless
communication systems was developed using an active
feedback technique.

I1. DESIGN AND FABRICATION OF THE
AMPLIFIER

1. Active Feedback Technique

In an MMIC design, one of the major difficulties is to
realize a high inductance with a small size spiral inductor.
Due to the inter-segment fringing capacitance, however,
realization of broadband spiral inductors is very difficult.
And furthermore a
capacitance of the spiral inductor to ground [2-5]. In this

serious problem is a shunt

work, the use of an active feedback technique instead of
a spiral inductor feedback circuit improves the operating
bandwidth while reducing the loss and the size of the
amplifier [6-9]. Recently, a publication [8] has shown
that its active feedback circuit is composed of a
common-drain FET. In this paper an active feedback
using a common-source FET is proposed. Specifically,
the chip size is reduced by 75 % using an FET instead of
a 6.5-turn spiral inductor with similar impedance. A
basic configuration and a simplified equivalent circuit
for the proposed common-source active feedback loop
are illustrated in Figs. 1 and 2, respectively.

In order to calculate S,; gain and inductance, we used
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.. FET for Feedback
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Fig 1 Proposed basic configuration of the Active Feedback
with a common-source FET.
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Fig2 A simplified equivalent circuit of the Active Feedback
loop.

FET’s small signal parameters. The Y, matrix of the
FET for amplification is

AN

8ma  Gau (1)

The common-source FET in the feedback path is
shown as Yy

s 0]

gmr Gur 2)

The total Y matrix of the equivalent circuit is

7] :[ja) Coea + jo Cyep 0 }
8ma *+ &mF Gyq + Gar 3)

From the Y matrix of equation (3), the first stage S,
gain is obtained as following equation (4)

B =212
(1+ X, Zy)(1+ Xy Zy) —(h2 Zy) (Vs Z)
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The above expressions show that the gain of the
proposed active feedback stage can be changed by
controlling of gate-source capacitance (Cgr) and
transconductance (gyr) the feedback path FET. For
example, if Cu,r and g,r decrease and increase,
respectively then S, gain is increasing. However, the
performance of this proposed method is seriously
affected by increasing Cgr. Because, Cyr of the active
feedback path FET is decided by inductance of the active
feedback path and operation frequency of whole circuits.
The inductance of active feedback path is calculated by
equations (5), (6) and (7)

I -1
[Y]:{jwcg.sA+gmA(l+}T§Z—F)][ j

osF -1 1
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Equation (5) is rewritten as equation (6) by
considering only the imaginary part,

)
gsF -1 1 (6)

Y= jo Cuy+
[] {/w gsA4 ij

The maximum operation frequency is calculated by
equation (7)

_r ,gmA 8mr_ _
Jmax 27\ Cort Coor NJS1aST8B )
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Fig3 Calculated transconductance and inductance versus S,
gain of the active feedback stage.
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Fig4 A schematic of the designed two-stage Feedback
Amplifier.

The S,; gain and inductance of active feedback stage
are plotted in Fig 3.

As a result, we selected the active feedback path FET
with 200 gm gate width with 200ms/mm transcon-
ductance to obtain maximum S,; gain and f,,, by simu-
lation.

2. Topology of the Amplifier

The amplifier was designed by using a 0.5 um
MESFET library. The design of the two-stage MMIC
amplifier included the input and the output matching
networks to avoid the use of off-chip matching circuits.
Enhancement-mode (E-mode) MESFETs were used in
the first stage, the second stage, and the feedback circuit.
For the best performance of our MMIC, we designed the
second stage using conventional feedback method. To
determine the gain, bandwidth and frequency of the
second stage, we used resistor and spiral inductor in
feedback path [10]. The gate widths for each stage were
6 x 100 gm, 10 x 100 zm, and 2 x 100 um, respectively.

29-Mar-01 000004 WD17.%9mm 15.0kV x50

Fig5 A photograph of the fabricated chip.

Fig 6 The MMIC amplifier module.

The bias conditions were [g; = 50 % Iy, Vo = 0.6V, and
Vs = 3V, for optimum performance. Fig. 4 shows the
feedback

Simulation results showed a gain of 21 dB with a gain

schematic of the two-stage amplifier.
flatness of + 1 dB. And the maximum output power was
17 dBm, and the noise figure was 2.5 dB in the 600 MHz

to 3 GHz range.

3. Fabrication

To minimize coupling effects between signal lines, a
minimum gap of 20 um was maintained. The use of a
right-angle bend was avoided to reduce signal distortions.
The widths of the signal and the ground lines were
designed to be wider than estimated values by simulation
in order to reduce parasitic inductances. The size of the

fabricated chip is shown in Fig. 5is 1.4 mm x 1.4 mm.
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A gold-plated test PCB was specially designed and
fabricated to match our measurement setup. The MMIC
chip was mounted and then bonded to the test PCB. The
module size is 40 mm *x 40 mm x 18 mm. Fig. 6 shows
the MMIC amplifier module.
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Fig7 Measured S parameters of the amplifier.
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Fig 8 Power performance of the amplifier.
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Fig 9 Results of the two-tone test.

11I. MEASUREMENT OF THE AMPLIFIER
MODULE

The module has the measured maximum gain of 18
dB at 2.5 GHz. Both the input and the output return
losses are better than -10 dB in the .0 GHz~3.5 GHz
range. The chip operates at the 3 V supply voltage, and
the current consumption is 50 mA. Fig. 7 shows the S-
parameter characteristics of the two-stage feedback
amplifier.  The measurement results show some
discrepancy from the simulation. This 1is partially
attributed to the fact that the effects of the bonding wires
between the MMIC chip and the external bias circuits
are not sufficiently considered in the simulation. The
proposed MMIC chip used the common-source active
feedback, and our proposed MMIC design showed high
gain compared with a amplifier of the common-drain
active feedback by Kenjiro et al. [8].

The power amplification performance of the amplifier
is shown in Fig. 8. The 1 dB compression point (P1,p) is
14 dBm of output power with an associated gain of 17
dB. The result of the two-tone test is shown in Fig. 9.
The OIP; is about 20 dBm.

I'V. CONCLUSION

In this paper, an MMIC broadband amplifier for
wireless communication systems has been developed by
using an active feedback method, which resulted in
reduced chip size and broadband RF characteristics. The
fabricated amplifier shows the gain of 18 dB with the
gain flatness of £ 3 dB in 1.5 GHz~3.5 GHz band. P14
is 14 dBm of output power with the associated gain of
17dB. This MMIC broadband amplifier could be an
effective solution to various mobile communication

systems.

ACKNOWLEDGEMENT

This work was supported by KOSEF(Korea Science
under the ERC

(Engineering Research Center) program through the

and Engineering Foundation)

MINT(Millimeter-waver INnovation Technology) re-



46 TAE-SHIN KANG et al : DESIGN OF BROAD BAND AMPLIFIER USING FEEDBACK TECHNIQUE

search center at Dongguk University.

REFERENCES

[1] D. Robertson, MMIC Design, The Institution afElectr;'cal
Engineers, 1995.

[2] Geddes, et al, “Monolithic GaAs MM-Wave Transceiver
Chip Set for FMCW Radar Applications,” GoMAC
Conference, pp. 355-358, 1990.

[3] SHINJI HARA, et AL, “Broad-Band Monolithic
Microwave Active Inductor and Its Application to
Miniaturized Wide-Band Amplifiers,” IEEE Transactions
on Microwave Theory and Techniques, Vol. 36, pp. 1920-

1924, 1998.
[4] Guang Fei Zhang and J. L. Gautier, “Broad-Band,
Lossless Monolithic Microwave Active Floating

Inductor,” IEEE Microwave and Guided Wave Letters,
Vol. 3, 98-100, 1993.

[5] S. El Khoury, “The Design of Active Floating Positive
and Negative Inductors in MMIC Tecbnology,” [EEE
Microwave and Guided Wave Letters, Vol. 5, 321-323,
1995.

[6] Kevin W. Kobayashi, et. al., “A Novel Monolithic HEMT
LNA  Integrating HBT-Tunable  Active-Feedback
Linearization by Selective MBE,” IEEE Transactions on
Microwave Theory and Techniques, Vol. 44, pp. 2384-
2391, 1996.

[7] Eduardo Ballesteros, et. al., “Analysis and Design of
Microwave Active
Feedback,” IEEE Transactions on Microwave Theory and
Techniques, Vol. 36, pp. 499-504, 1998.

[8] Kenjiro Nishikawa, Tsuneo Tokumistsu, “An MMlIc
Low-distrotion Variable-Gain Amplifier Using Active
Feedback,” IEEE Transactions on Microwave Theory and
Techniques, Vol. 43, pp. 2812-2816, 1995.

[91 Wei Li, B.L. Ooi, Q.J. Xu and P.S. Kooi, “High Q active
inductor with loss compensation by feedback network,”
Electronics Letters, Vol. 35, pp. 1328-1329, 1999.

Linearized Amplifier Using

[10] Guillermo Gonzalez, Microwave Transistor Amplifiers:
Analysis and Design, Prentice Hall, pp. 334-340, 1996.

Tae-Shin Kang 1995. 03~2000. 02. :
B. S. Department of Electronic Engi-
neering, Dongguk University. 2000. 03 ~
2002. 02. : M. S. Department of Elec-
tronic Engineering, Dongguk University.
2002. 03.~: Ph. D. course, Department
of Electronic Engineering, Dongguk
University

He has been working on microwave device, circuit design

and device modeling.

Jin-Koo Rhee 1965. 03 ~1969. 02 : B.
S. Department of Electronics Engi-
neering, Hankuk Aviation Urniversity.
1973. 03~1975. 02 : M. S. Department
of Electronics Engineering, Graduate

‘ / School, Seoul National University. 1977.

’ 01~1979. 06 : M. S. Department of
Electric-Electronic Engineering, Oregon State University. 1979.
09~1982. 06 :
Engineering, Oregon State University. 1982. 04~1982. 11 :

Ph. D. Department of Electric-Electronic

Post-doc Department of Electrical Engineering, Oregon State
University. 1982, 11~1985. 02 :
Research Inc. 1985. 03~1985. 08 : Senior Engineer, Micro-
wave Semiconductor Corporation. 1990. 07~1991. 08

Research Scientist, Cray

Visiting Research Scientist, University of Michigan. 1985. 09
~present : Professor, Department of Electronic Engineering,
Dongguk University. 1997. 07 ~present: President, Millimeter-
wave INnovation Technology Research Center.

He has been working on millimeter-wave devices and
MIMIC’s



