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High-Gain Frequency-Tunable Low-Noise
Amplifiers for 38—42.5-GHz Band Applications

A. Miras and E. Legros

Abstract—High-performance tunable low-noise amplifiers for
38-42.5-GHz applications are presented based on a fully sta-
bilized GaAs pseudomorphic high electron mobility transistor
(PHEMT) 0.2-um technology. A single 1.5x 3 mm? chip, in- )
corporating six amplifying stages, shows a measured gain of H
36-42 dB depending on the center frequency. Both maximum gain
frequency and input impedance of the amplifier are accurately
tunable on the chip. This means that the amplifier provides a
narrow-band filtering function and can be matched to a fast p-i-
n photodiode as well as to a 582 load. This is the first time such
performances are reported for single chip narrow-band tunable
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Index Terms—GaAs PHEMT, high-gain, low-noise, millimeter-
wave amplifier, narrow-band.
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IGH-PERFORMANCE photoreceivers in the 38-42.5- ie J-'_I, -,
GHz frequency range are key elements for both high- 1 2

bit-rate optical transmissions and radio over the fiber distribu-
tion networks. Narrow-band amplifiers realize both functions
of amplification and filtering. Providing very high gain at
the working frequency on a single chip allows low-power
consumption, better compactness, and lower cost by sifly. 2. chip photograph (a-version).
plifying the packaging (avoiding to cascade chips [1]-[3]).
Frequency-tunable circuits allow reuse of the same circuit for L )
all applications in the same frequency range. In Europe, tRE9€: which is an excellent performance [3], [5], [6], with low
38-42.5-GHz frequency range is considered for civil wireleddPut and output return losses.
communications including radio on-the-fiber. In addition, for
clock recovery in optical time domain multiplexing (OTDM)
transmissions at 40 Ghit/s, the center frequency is 39.813 GHz. Il. CircuiTs DESIGN

Moreover, as the impedance of the first stage of our amplifierThe amplifiers designed on a single chip include six stages;
is adjustable, the amplifier can be matched to the impedanggch stage uses a 6@ GaAs PHEMT. The schematic of the
of a fast side-illuminated AlGalnAs/InP p-i-n photodiode [8]ampilifiers is given on Fig. 1. A photograph of the amplifier
as well as to a 5@ load, depending on the application. chip is shown on Fig. 2. Chip size is 16 3 mn®.

The GaAs pseudomorphic high electron mobility transistor The input and interstage matching networks are designed
(PHEMT) teChnOlOgy available in fOUndry iS now mature anﬂ) get low noise in the gain_peak frequency range. MIM
shows excellent repeatability [3], [4] which is a major poingapacitors and microstrip lines are used for the matching stages
when designing narrow-band amplifiers. We used the fully]. 1n order to improve the gain, to reduce the noise, and
stabilized DO2AH process with 0.2m gate length, developedto get the filtering function, the amplifier stages are matched
by Philips Microwave Limeil. The transistor hasfé of 61 on the aimed narrow-band frequency. The major difficulty is
GHz, with a transconductance of 470 mS/mm. In this |ett% accurate|y tune the center frequency_ A tuning procedure
we report on the gain characteristics of monolithic six-stagfas been developed and validated. It consists in adjusting the
tunable amplifiers. The maximum gain is as high as 7 dB pRingth of an open stub for each stage. The open stubs are made

with repeated sections which can be disconnected, starting
from the end and moving toward the PHEMT. Each section

Manuscript received May 2, 1997. , includes an air bridge, removable by a pin, followed by a MIM
c The authors are with FT-CNET, Laboratoire de Bagneux, 92225 Bagneg)épacitor (several femtoFarads), whose size is chosen to obtain

edex, France. ’
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Fig. 3. Measureds-parameters for tuning at 38 GHz (a-version). ]
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The output impedance of the chip is 5B Adjusting the Frequency (GHz)

length of the open stub in the first stage allows to matahy. 4. Measured gain for different center frequency tunings (b-version).
the amplifier to the impedance of a fast side-illuminated Al-
GalnAs/InP p-i-n photodiode (characterized by a capacitance
of typically 60 fF), but also to a 50 load. Except for the first
stage, the matching tee junction at the input of each transistor
[7]is replaced by a high value resistance. A negative drain-gate
feedback on the PHEMT's improves the gain on a larger tuning
frequency range. This gain value is limited by the feedback
resistance and the length of the stabilizing lines between the
PHEMT sources and the via-holes, designed to avoid circuit 10
oscillation at the peak frequency. These elements are designed

for an amplifier bandwidth of about 3 GHz.
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I1l. M EASURED CIRCUIT PERFORMANCES

Two versions of the amplifiers have been designed following |
the same schematic. The difference between them is essentially '1%2 ‘ 0 4‘8
a frequency shift of 2 GHz. The power consumption of each Frequency (GHz)
circuitis 126 mW ¥ = 2V —14i6ta1 = 63 MA). The measured .

S-parameters of the first amplifier (a-version) tuned at 38 GH¥- 5 Repeatability test on two wafers.

is shown on Fig. 3. The measured gain is 42 dB over a 3-

GHz bandwidth, which means 7 dB per stage without alie have already validated this approach and demonstrated its
oscillation. The measured gain of the second amplifier (excellent repeatability. Fig. 5 presents the gain measured for
version) is shown on Fig. 4, for different tuning frequenciesleven circuits coming from two different wafers tuned using
the number of remaining cascaded sections on the tunable otfés tuning concept to get a maximum gain near 40 GHz. For
stubs is respectively six sections on the first stage and fitkee different circuits of a same wafer, the center frequency
sections on the other stages at 34 GHz, five/four at 36 GHmd the maximum gain are very close.

five/three at 38 GHz, five/two at 40 GHz, four/one at 40-42.5

GHz. With a single chip, different narrow-band amplifiers I\V. CONCLUSION

can be realized in the 34-42.5-GHz frequency range WithWe have demonstrated two versions of a six-stage tunable
more than 36 dB of gain above 38 GHz. Input and output

return losses are better thanlO dB over the whole tuning narrow-_ban_d am_pllﬁer for twc_J main appllcat}ons: clock re-

range. The equivalent input noise current density of previOC(S)very in high-bit-rate transmissions and radio over the fiber
ol . o 'dlstribution networks. One amplifier version shows a measured

versions of this type of amplifiers [3] has been measured on

an assembled photoreceiver. Less than 35#¥ is obtained gan of 36-39 dB. over the 38_425'6.'._'2 frequency range,
over a 3-GHz bandwidth, with a minimum of 23 pAHz, while another version of the same amplifier shows a measured

. L gain of 42 dB at 38 GHz. This is believed to be the highest

which corresponds to a noise figure of 3.5 dB. o : i ) -
; mplifier gain ever reported on a single chip at millimeter-

The tuning procedure may be advantageously used 10 . :

. : : wave, and with a very low power consumption (126 mW).
quickly and accurately characterize this type of narrow-ban
amplifier. When the demonstrator-circuit characteristics are
achieved, application-specific narrow-band amplifiers can be
put into production with the same layout except the removed The authors would like to thank R. L&fre and A. Scaven-
air bridges (only the interconnection mask has to be modifiedec for their constant support of this work.

ACKNOWLEDGMENT



IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 7, NO. 9, SEPTEMBER 1997 307

REFERENCES demonstrator,” iNnEEE MTT-S Dig, 1996, pp. 495-498.
[5] M.-H. Murgulescu, A. Boulouard, M. LeRouzic, P. Legaud, E. Penard,
[1] Y. ltoh, Y. Horiie, N. Nakahara, N. Yoshida, T. Katoh, and T. Takagi, and |. Zaquine, “38 GHz, coplanar waveguide GaAs MMIC amplifier,”
“A V-band, high gain, low noise, monolithic PHEMT amplifier mounted Electron. Lett. vol. 30, no. 21, pp. 1768-1770, Oct. 13, 1994.
on a small hermetically sealed metal packageEE Microwave Guided [6] M. Feng, D. R. Scherrer, P. J. Apostolakis, J. R. Middleton, M. J.
Wave Lett. vol. 5, pp. 48—-49, Feb. 1995. McPartlin, B. D. Lauterwasser, and J. D. Oliver, “Ka-band monolithic
[2] K. Maruhashi, M. Funabashi, T. Inoue, M. Madihian, and M. Kuzuhara, low-noise amplifier using direct ion-implanted GaAs MESFETIEEE
“A 60 GHz-band low noise HIFET amplifier module for wireless LAN Microwave Guided Wave Letvol. 5, pp. 156—-158, May 1995.

application,” inlEEE MTT-S Dig, 1996, pp. 13-16. [7] D.C.W. Lo, R. Lai, H. Wang, K. L. Tan, R. M. Dia, D. C. Streit, P.-H.

[3] A. Miras, E. Legros, S. Vuye, G. Wanlin, and L. Giraudet, “40 GHz- Liu, J. Velebir, B. Allen, and J. Berenz, “A high-performance mono-
narrow band photoreceiver for clock recovery in 40 Gbit/s optical lithic Q-band InP-based HEMT low-noise amplifietEEE Microwave
transmission systems,” ilEEE MTT-S Dig, June 1997. Guided Wave Lettvol. 3, pp. 299-301, Sept. 1993.

[4] U. Guttich, A. Plattner, W. Schwab, I. Telliez, S. Tranchant, P. Savary, P[8] G. Wanlin, L. Giraudet, J. P. Praseuth, A. Miras, and E. Legros,
Bourne-Yaonaba, B. Byzery, E. Delhaye, C. Cordier, and M. Chelouche, “High responsivity side-illuminated AlGalnAs PIN photodiode for 40
“60 GHz GaAs MMIC technology for a high data rate mobile broadband  Gbit/s—40 GHz applications,” ifProc. ECOC Sept. 1997.



