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High-Performance HEMT Amplifiers with a Simple

Low-Loss Matching Network

R. Peter, M. V. Schneider, and Y. S. WU

Abstract —We report on the design and performance of a K-band
HEMT amplifier whose passive circuit consists of low-loss suspended

stripline elements. The single-stage amplifiers were built at 4 GHz and
22 GHz by using readily available commercial HEMT devices. In the
desired frequency range from 21 to 23 GHz fo,r the high-frequency
design, the best spot noise temperatures were 150 K and 65 K at 21.5
GHz for room and liquid nitrogen temperatures, respectively.

I. INTRODUCTION

Recent advances in the performance of HEMT’s make it

possible to use the devices in low-noise applications, such as

front ends for high-data-rate communications links or remote

sensing circuits, instead of complex and expensive maser systems

[1]-[4]. The main objective of the work described in this paper

was to design and construct an amplifier at 22.235 GHz for a

water vapor radiometer. Another objective was to use inexpen-

sive and readily available chips embedded in a low-loss sus-

pended microstrip structure (air line) instead of the more widely

used coaxial air line design [5], [61.

Encouraged by the good results of a cryogenic IF amplifier at

4 GHz consisting of an air line structure, we used a similar

design at 22 GHz. The absence of dielectric losses and a

stripline to waveguide transition are the main features of our

low-loss tuned circuit design. Since these circuits do not have a

substrate, problems with thermal contraction of different mate-

rials will not occur when the amplifier is cooled, The air line

design offers higher flexibility in making changes and reduces

turnaround times for achieving optimized noise performance.
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Furthermore, no expensive substrates or precision photolitho-

graphic facilities are necessary.

II. AMPLIFIER DESIGN

A schematic drawing showing the top view of the single-stage

K-band amplifier is displayed in Fig. 1. The microstrip quarter-

wave transformer consists of a milled gold-plated brass strrip

(0.15mm thick) which is supported by two 0.25-mm-thick quartz

slabs. The end of the low-impedance section is tapered in order

to reduce the capacitive interaction between the air line and the

grounded ridge in which the HEMT chip (Fujitsu FHR02X) is

embedded (Fig. 2). In order to achieve a low parasitic induc-

tance we used short gold wires with a diameter of 18 Wm to

connect the chip to the circuit by thermocompression bonding.

The input and output matching networks do include the air

Iine-waveguide transitions, which are realized by a probe (50 Q

line section) extending 2.6 mm into the waveguide [71, [81. The

transitions have been tested with a 50 Cl trough line which is

1.1 mm wide and 0.25 mm above the ground plane of the

housing. We medsured a total insertion loss of the trough line of

0.5 dB (i.e., approximately 0.25 dB per transition) over a bartd-

width of 2 GHz. Since this simple transition has a relatively

narrow bandwidth, optimum turiing can be obtained at other

center frequencies in the K band by adjusting the broad-band

backshort.

The low-impedance sections of the transformers optimized for

room temperature operation have a width of 2 mm and a length

of 4.5 mm at the input and a length of 5.75 mm at the output,

respectively. For the bias circi$ts a 90° radial stub on a 0.25-

mm-thick alumina substrate was used with a A/4 high-imped-

ance bond wire. In order to improve the stability of the ampli-

fier we added a 50 Q series fesistor and a shunt capacitor of

10 pF to the bias network and filled the cavity of the bias

network with absorber material. In the following section we

consider a simple calculation of the different noise contributions

and the associated loss of the input matching circuit.

The noise performance of an amplifier is determined by the

ohmic loss of the matching network to the input of the transistor

and by the noise characteristics of the transistor. The noise

temperature of an HEMT amplifier with a 10SSYinput matching

network can be expressed as the sum of two terms:

TA = (L –l)TL + LTHEMT (1)

where L is the ohmic loss factor, TL is the physical temperature

of the network, and T~E~T is the noise temperature of the

transistor referred to the input of the matching network. THEMT

is characterised by four nofie parameters. T~lN, the minimum

noise temperature; ZOPT = R OPT + XOPT, the optimum source

impedance; and gN, the noise conductance. Over a narrow

bandwidth, T~EIWT of a well noise matched transistor is approxi-

mately equal to T~lN.

The totdl loss, L, of the matching circuit and transition at 22

GHz can be calculated with THEMT= 105 K (from the manufac-

turer’s data sheet for the FHR02X) and the measured amplifier

noise temperature TA = 170 K at room temperature (TL = 300 K)

using (l).

Table I shows the estimated losses of the input circuit (includ-

ing the trartsitions) for the 22 GHz amplifier and the 4 GHz

amplifier (similar construction).
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Fig. 1. Schematic drawing of the K-band amplifier with waveguide
input and waveguide output port. The microstrip–air line circuit is

connected by 18 ~ m bond wire with the bias network consisting of a

series resistor, shunt capacitor, and radial stub on ahrmina substrate.

The movable back-shorts allow fine-tuning of the transition.
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Fig. 2. Details of the microstrip–air hne, which is supported with
quartz slabs.

Since the noise parameters depend on frequency [9] and

temperature [5], [10], the first experimental approach of the air

line design was a 50 Q line with movable gold-plated brass tabs

( =2X 1 mm). This tunable design allowed easy corrections of
the matching networks in the cooled operation mode. We used

this tuning technique successfully in a matching network of a

cryogenic amplifier at 4 GHz. Even if the reproducibility and

the matching are not as good as with the quarter-wave trarls-

former, the method described above is useful for a rapid opti-

mization of an amplifier test circuit.

However, a theoretical approach for the CAD optimized

quarter-wave transformer of a cryogenic design can be obtained

by the noise model proposed by [10]. The optimum noise resis-

tance. ROPT, of the FHR02X at 12.5 K according to [10] and

TABLE I
LOSSESOFTHE INPUT CIRCUIT FOR Two SIMILAR AIR LINE AMPLIFIERS

4 GHz 22 GHz
Parameter FHR02FH FHR02X

TA (mess.) 40 K 170 K
G in dB (mess.) 13 6.2
Gain factor G (mess.) 20 4.17
TM,, (data sheet) 24 K 105 K
Loss in dB (talc.) 0.2 0.65
Loss factor L (talc.) 1.05 1.16

soo~ 10

G.+

t?

‘OOl=EHlo
!1.0 22.0 23.0

Freq. (GHz)

Fig. 3. Gain and noise performance at rooti temperature and 78 K.
The two upper curves represent the gain and the two lower curves
indicate the noise temperature of the amplifier.

[11] will decrease to approximately half of the room-temperature

value, while the reactance, XOPT, is not much different at low

ambient temperatures. Thus for a cryogenic design, the width of

the quarter-wave transformer has to be increased in order to

match ZOPT.

III. RESULTS

The single-stage amplifier has been experimentally optimized

by using an automatic noise figure and gain measurement sys-

tem. A calibrated noise source (HP 346C) was connected to the

amplifier input through a broad-band isolator in order to mini-

mize measurement errors caused by reflections. For an exact

calibration at the input of the amplifier, the losses of the

isolator, noise source transition, and waveguide section at differ-

ent ambient temperatures are taken into account.

Shifting of the noise figure minimum was achieved by adjust-

ing the back-short position of the waveguide transition. However

this changes only the transition tuning and does not affect the

quarter-wave transformer, which is designed for 22 GHz (room

temperature). Nevertheless, at 18 GHz (outside the desired

frequency range) a noise figure of 1.5 dB (120 K) and a gain of

8.5 dB (room temperature) were obtained. The results for the

desired frequency range of 21 to 23 GHz are given in Fig. 3,

By cooling the amplifier with liquid nitrogen, the noise figure

decreases to 1.0 dB (75 K) at 22 GHz, At 18 GHz we measured

a spot noise figure of 0.7 dB (50 K) with a different back-short

position, The bias conditions for low noise operation were 2.5

V/12 mA at 300 K and 2.5 V/8 mA at 78 K, respectively.

We also used a JS 8900 (Toshiba) HEMT instead of a

FHR02X, Although the stability of the JS 8900 was better, the

noise figures were 2.3 dB (200 K) and 1.05 dB (80 K) at room

temperature and 78 K, respectively.
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Fig. 4. Input and output return losses at room temperature without

isolator.

The input return loss and output return loss are shown in Fig.

4 for the room-temperature operation mode. Typical for a

low-noise amplifier is a bad input return loss because roP~ and

rll of the transistor are not identical. Owing to the partly

correlated gate and drain noise sources in the FET itself, noise

cancellation occurs by reflections at the slightly mismatched

input. However, for a better input match an isolator may be

necessary.

Our results indicate that in the range between 21 and 23 GHz

the waveguide–air line design is slightly superior to our more

conventional microstrip circuit on an alumina substrate (same

transistor) including coaxial transitions.
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