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A CRYOGENIC 43-GHz-BAND LOW-NOISE AMPLIFIER FOR RADIO ASTRONOMY

ABSTRACT

This paper describes the first development of a cryogenic
millimeter-wave-band HEMT low-noise amplifier for radio

astronomy application. To ensure stable operation, the

amplifier was designed using S-parameters measorcd at a cryo-

genic temperature of 30 K, Very low noise Temperature is

obtained over wide frequency range from 41.3 to 44.5 G13z by
adopting a balanced amplifier configuration with a waveguicle-

type 3 dB hybrid. Minimum and maximum noise temperatures

within the frequency range are 65 and 95 K, at an ambient

temperature of 30 K and amplifier gain of 11.5 d13.

INTRODUCTION

Several papers have reported advantages of a

HEMT low-noise amplifier in lllilli]~~cter-wave-band

( 1 )-(3). Since radio astronomy application l<ecnly

required further reduction of a noise temperature, for

the requirement. The cryogenic HEMT amplifier,

however, has not yet been reported in millimeter-

wave-banci.

On the other hand, M. W. Pospicszalski, ct al.

have reported unstable DC characteristics of HEMT

devices at a cryogenic temperature (4). Though the

unstable DC characteristics suggest dc:radation of a

microwave performance, no report shows s-

parameters measured at a cryogenic temperature.

Authors have measured the parameters as well as

DC characteristics at a cryogenic lxmperature.

Using the parameters, a cryo.genie 43 -OJH z-band

low-noise amplifier has been designed. Thus tbe

fabricated amplifier has atkaincd ultra-low-noise

cha racteris tics.

DEVICE DESCRIPTION
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l’i~- 1 HEMT DC characteristics a~ d ifiicrenl
ambient temperatures in darkness.

The devices are low-noise HEMTs with a gate
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length of 0.25 pm and a gate width of 100 Iml (5).

The IX characteristics were measured in darkness

and under illumination. A whitelight (halogen lamp,

approximately 1000 LY) was used for illumination.

Fig. 1 shows the DC characteristics at different

ambient temperatures in darkness. At 150 K hys-

teresis are observed (Fig. lb). Under illumination

the drain-source currents of the device increase, but

hysteresis still present. At 32 K the hysteresis are

almost negligible and the mutual conductance is 1.5

times greater than that at room temperature.

The S-parameters were measured at room tenl-

perature using a wafer probe a 0.5 to 25.5 GHz

range. Fig. 2a shows the consequence of S-

parameter measurements. The cryogenic S-

parameters were measured on a chip carrier fixed on

a cold stage of closed-cycle helium refrigerator (Model

21S(2, CT1). Fig. 2b shows the calculated S-

paramcters at the cryogenic temperature used in the

experiments. Fig. 3 shows and equiva]cnt circuit O(

Lbe c{evice ancl Table 1 is a list of the circuit element

valLles.

43-GHz-BAND LOW-NOISE AMPLWIER

In order to achieve a stable amplifier, its sk]bil-

itv m LISL be considered at all frequencies. Chtput

stability circles and the 10CLIS of the output matching

circuit from O.5 to 2.5 C.HZ are shown in Fig. 4.

For sufficient input/ OLItpLlt impedance matching

at cryogenic temperatures, waveguide-type hybricls

have been used for the amphfier’s inpLlt/ output sec-

tions. An enclosure was made of Super-Invar, which

has a small coefficient of thermal expansion, and

constructed unit amplifiers on Kova r carriers that

have almost same thermal expansion coefficient as

that of the ahunina-ceramic substrate. lrig. 5 is a

schematic of the amplifier.

Fig. 6 is a block diagram of the measurement

system. The noise figure of the system is 7 dB from

40 to 46 GHz. The HEMT amplifier is enclosed in a

vacuum dewar and tied on a 30 K cold stage cooled

by a closed-cycle helium refrigerator (Model 350,

CTI). The ambient temperature dependence of the

gain and noise temperatures are shown in Fig. 7.
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Fig. 2 S-parameters of the device over a frequency
range from 0.5 to 25.5 GHz. (a ) Measured
S-parameters at room temperature. (b) Cal-
culated S-parameters at cryogenic tenlpera-
ture.

1<’rcquency characteristics of the gain and noise tenl-

pratL[rcs at a cryogenic temperature are shotrn in

1{’ig. 8. ‘l’be ~llnp]ificl- ]las a ,gain of” 10.5 dB, a noise

tcn~peraturc of’ 125 K from 41.3 to 44.5 C,Hz, and a

minimum noise temperature of 95 K, including the

L! fkcts 0[ the dc]var’s input/ output sections. The

noise t cm pcrat m-es of input/ OLli,pLlt waveguicles and

prcssu re ~vindo~vs ma shown in Table 2. The calcLl-

]a 1cd minimum noise temperature of the amplifier is

~~bout 65 K and the gain is 11.5 cfB at 30 K ambicn~
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Fig.3 Device equivalent circuit.

‘1’ablel Equivalent circuit values

-L
@(M) 0.082

Ls (nH) 0.016
ICI (nH) 0.086
Cgd ( pF ) 0.021
Cgs ( PF ) 0.144
(l% (PF) 0.055
Ri (Q) 8.246
Rds (Q) 492.3
q (mS) 0.032
T (ps) 1.931

1

Cryo . temp.

0.105

0.007

0.056

0.017

0.134

0.049

0.155

207.6
0.069

3.332

.2 .5 1 2 “r

l?ig.4 Stability circles of the device and designed
output impedance locus of the matching cir-
cuit from O.5 to 2.5 GHz. Plus : output sta-
bility circles, cross : output impedance locus.

Waveguide
hybrid

Fig. 5 Amplifier configuration.

I I[P8970B
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Fig.6 Block diagram of the measurement system.
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l?ig.7 Ambient temperature dependence of gain and
noise temperature.
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Table2

Frequency characteristics of gain and noise
temperature at a cryogenic temperature.

Equivalent noise tenlperature of input/ output
section

loss at ~,m::y ew==t

298 K . . rmss 7NO1se kmp.

(cm) (K) (m) (K)

Input :
Pressure ,w1 naow 0.27 298 0.27 19.1

Ad~amt.c .wavqnde 0.19 192 0.12+ 5.7

w.d .%avegnde 0.16 59 0.03* 0.4

O@.t :

knd wa.eqmde 0.23 72 0.06* 0.1

ti.abc~c wavequde 0.?9 205 0.13* 0.4

*essure window 0.27 298 0.27 1.2

I Wavequ.de out

I
0.41

I
298 0.41 1.9

of dewar I

I lbtal 1.?2 1.29 28.8
-1

*( Mcuiat& values.

temperature. A photograph of the ampli[ier is shown

in Fig. 9.

CONCLUSION

The authors have evaluated the DC charac-

teristics and S-parameters of a HEMT with a gate

length of 0.25 pm and a gate width of 100 pm

operated at cryogenic temperatures. The cryogenic

HEMT’s S-parameters used in the design of a cryo-

genic 43-GHz low-noise amplifier for radio astronomy

application. The amplfler has a gain of 11.5 dB, a

m axinlum noise tem pcratu re of 95 K within the fre-

quency range from 41.3 to 44.5 GHz, and a

nlinhnum noise temperature of about 65

GHz.
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Fig. 9 A photograph of the amplifier.
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