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GaAsFET Mount Structure Design for
30-GHz-Band Low-Noise Amplifiers

HIDEKI MIZUNO

Abstract —This paper describes a GaAsFET mount design method for

30-GHz-band low-noise reflection-type amplifiers with the metal wall as a

feedback circuit. Two examples of 30-GHz-band low-noise amplifiers are

describe~ one with wide-band response and the other with high-gain

response. The wide-band amplifier has 13-dB gain and 8.5-dB noise figure

in the frequency range from 27.5 GHz to 29.1 GHz. The high gain

amplifier has 15-dB gain and 9-dB noise f igure in the frequency range from

27.7 GHz to 28.7 GHz. These results demonstrate the utiIity of this design

approach.

1. INTRODUCTION

I N RECENT YEARS, considerable attention has been

given to the development of Ka-band low-noise

GRAsFET amplifiers [ 1]–[4]. In Ka-band, circuit loss be-

comes a serious problem. Furthermore, the available gain

per stage in these high-frequency regions becomes too

small to ignore the influences of the second-stage noise

figure.

The problem of circuit loss can be reduced with the use

of a waveguide circuit instead of the MIC circuit. The

problem of small gain per stage can be overcome by the

employment of the negative resistance reflection-type

amplifier configuration [1], [5]. In the FET amplifier, a

feedback circuit is required to achieve the negative resis-

tance characteristics. This circuit has to be located near a

GaAsFET so as to achieve wideband performance.

This paper describes a GaAsFET mount design method

for Ka-band low-noise amplifiers based on an analysis and

experiment. The GaAsFET amplifier configuration is first

presented. The design procedure is then described with

examples.

IL GAAsFET AMPLIFIER STRUCTURE

Fig. 1 shows the FET mount structure. The waveguide

circuit is WRI-260 (8.636X4.318 mm). The FET mount is

composed of waveguide input\ output port, waveguide-to-

coaxial line transition, gate load circuit, and a GaAsFET.

The coaxial line characteristic impedance is 50 !2 at the

gate and the drain. The dc bias is supplied through a

coaxial line center conductor.

Fig. 2 shows the dimensions and their coordination for

the FET housing section. The GaAsFET used in this

ampIifier is a 0.5-pm gate length device (2 SK140) [See
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Fig. 1. FET mount structure.
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Fig. 2 FET mount structural details. (a) FET mount dimensions, (b)
FET mount coordination.

TABLE I
GaAsFET ELECTRICAL PERFORZWiNCE

Absolute Maximum Electrical Chorocterlstlcs

Rat 1ngs

~ds 5.0 v ] dss 50 mA fmox 80 GHz

V9S -8.0 V v -2.5 V NF 2,7 dB (a12GHz)

1ds 100 mA ‘m 35 ms MAG 11,0 dB (012GHz)

Table I]. This device is sealed in a stripline ceramic package.

The drain lead is connected to the waveguide-to-coaxial

line transition, while the gate lead is connected to a 50-S?

coaxial line, which is shorted at the other end. The source
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leads are connected to the metal wall of the FET mount.

The desired negative resistance characteristics can be

achieved by adjusting the FET mount dimensions.

III. FET MOUNT DESIGN METHOD

In this section, the mechanism’ of generating negative

resistance with the FET mount is explained. The negative

resistance frequency response and noise performance are

then analyzed.

A. FET Mount Equivalent Circuit Model

The mounting scheme for the FET in a metal box is

shown in Fig. 2. Looking into the right-hand side from the

edge of the drain side coaxial line (x = L), it is evident that

the FET mount is composed of the FET gate and drain

lead portion ( Z1.ad ), the FET package, the FET source lead

grounding portion (Z,), and the gate load (Zg). An FET

mount equivalent circuit model can be presented as shown

in Fig. 3. 2P is the stray reactance between the gate lead

and the drain lead whose magnitude depends on the

package dimensions, Z. and ZP form a feed back circuit in

the FET amplifier.

Gate load Zg is equal to the impedance of the line

shorted at the other end. If the line is lossless, Zg is given

by

Zg = jZgO. tan ~11 (1)

where ZgO is the gate load line characteristic impedance; /3

is the propagation constant; and 11is the distance between

short end and connected point.

The impedance at the gate end of the FET ( Zg,) is equal

to that of the line impedance, whose characteristic imped-

ance is Z1e,~, length 12 and termination Zg, Then

Zg + jZ1,,~” tan 13J2z -

lead (2)‘g~ = jzg. t~ PIz + ‘lead

From (1) and (2)

Zg, = j
sin(@i+@2)z

Cos(pl, ++, ) lead
(3)

where

@l= t~-’ [(Z,O/zl.-ad) ‘an&2]

@2= ‘an-’ [(zk4/zgCJ)tan&2].

Zg, can be varied by changing .&d or 11.11 Ca vary Zg.

more than Z1eadcan.

FET gate and drain lead characteristics impedance Z1..d

is equal to the characteristics impedance of the triplate

stripline whose center conductor width is equal to package

lead width 2a, outer conductor width to FET mount width

2W and distances between center and outer conductors to

the heights of the mount H, and H2, respectively. z~e,d is

calculated from Itoh’s equations [6].

FET source lead grounding impedance Z, is obtained

experimentally. A parallel LC resonant circuit is assumed

as Z.. Z. can be known by measuring the insertion loss
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Fig. 3. FET mount equivalent circuit model.
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Fig. 4. Insertion loss with varying Zlea.j. (a) Measured and calculated

results. (b) Variations of L and C vatues as a function of Zlead.

between the mount input and output point when gate and

drain are shorted. Fig. 4 (a) shows the insertion loss in the

frequency range from 27 to 32 GHz. The solid line shows

the calculated insertion loss when Z, is approximated as a

parallel LC resonant circuit. They show good agreement

provided the appropriate values of L and C are given. Fig. 4

(b) shows L and C as a function of z]~,d. Z, can, therefore,

be varied by varying z~..d$ that is, by changing l?”, HI, and

Hz.

ZP is included in the FET $pararneters shown in Fig. 5.

The ~-parameter values above 15 GHz are extrapolated

from low-frequency region using the equivalent circuit of

FET device.

B. Negative Resistance Characteristics Frequency Response

Utilizing the equivalent circuit element values obtained

in Section III-A, the impedance of 4-4’ ports shown in Fig.

3 is calculated. Fig. 6 shows an example of the region

where the negative resistance appears for the various mount
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Fig. 5 S-parameters of the FET ( S1, and S22),
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Fig. 6. Negative rewstance region for the various mount dimensions at
28 GHz (Hatched region shows the negative resistance region in the

case of 2 W 3.0 mm.)

A 2W ?,0 mm

Fig, 7. Negatwe resistance characteristics frequency response with vary-
ing the mount dimensions (Calculation M carried out under the follow-
ing condltlons: 26< frequency (GHz) <31, 4<1, (mm) <8, 0.6< Hz
(mm) < 2.)

dimensions. Fig. 7 shows one example of the negative

resistance region when W is fixed.

Summarizing some calculations, the following results are

obtained:

1) By shortening 11, the negative resistance region is

shifted into a higher frequency.

2) By widening W, the negative resistance region is

shifted into a higher frequency. The variation by W is

smaller than that by 11when 2<2 W <3.5 mm, because Zg,

(shown in Fig. 3) depends more upon 11than Z1,a~ does, as

discussed in Section III-A.
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Fig 8. Negative resistance characteristics frequency response (mea-

sured). (a) Negative resistance region with varyng l]. (b) Negatwe
resistance region with varying H2,

3) By increasing H2, the negative resistance region is

shifted into a higher frequency. But the negative resistance

region becomes constant when H2 >1.0 mm, because Z1~a~

becomes constant.

To confirm the above analysis, some experiments were

carried out. Fig. 8 shows the experimental results. These

experiments were in agreement with the above calculations.

C. Noise Performance

This section presents an experimental study on the rela-

tion between FET mount dimension and noise perfor-

mance. The noise performance is evaluated by the noise

measure (M).

The FET noise performance depends both on the dc bias

conditions and the mount dimensions 11, H2, and W. The

dc bias condition is set in accordance with the previously

published results [7] and [8] which have shown that mini-

mum noise performance is accomplished when I~J = 0.1-

o.15.1d$$; vd$=3v; Id, =5mA(=o.1.55mA).

1) 11 and W Fig. 9 shows the noise measure with
varying 11values. The minimum noise measure points shift

with 1,. In this figure, the minimum point trace is drawn as

a broken line. This line denotes the minimum noise mea-

sure, when the FET mount width 2 W is 3.0 mm. In the

frequency region from 27.5 GHz to 30 GHz, the noise

measure is less than 6.5 (M+ 1 = 8.8 dB). The FET mount

width has little influence on the noise measure within

2<2W<3 mm.

2) H2 Fig. 10 shows the noise measure with varying H2.
Here, FET mount width (2W) is 3.0 mm and HI is 4.0 mm.

The bandwidth for low-noise measure is widened by in-

creasing H2. To obtain a wide-band and low-noise perfor-

mance, it is sufficient to set H2 >1 mm.
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Fig. 9. Noise measure with varying [1.
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Fig. 10. Noise measure with varying Hz.
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Fig. 11. FETmount design flow diagram.

D. Design Procedure

The effects of changing 11, W, and Hz on frequency and

noise characteristics are clarified. The results are sum-

marized in Table II. Fig. 11 shows a flow diagram for

designing the FET mount.
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TABLE II

MOUNT DIMENSION AND FREQUENCYRESPONSE,NOISE PERFORMANCE

Dlw?enslons FreauencY reslronse Noise performance

BY shorternln9 11, BY shortening 1~,

the negative res i stc!nce Noise measure mlnimur!
11 region is shifted into uoint is shifted Into

a higher f reauency. a higher frequency.

8Y widening W, the Noise measure mini-

ne9at ive res istonce mum is almost unchanged,

w region is shifted into a when 2W is 2- 3 mm.

hi9her frequency.

Variation by W Is small-

er than that by 11,

BY increasln9 H2, H2 widens the low

negative resistance noise region.

H2 region is shifted into

o higher frequencY.

Variation by H2 is

SMO1ler than that by 11,

I I I 1
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Fig. 12. 30-GHz band low-noise GaAsFET amplifier -1-.
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Fig. 13. 30-GHz band low-noise and high-gain GaAsFET amplifier -2-.

IV. DESIGN EXAMPLE OF 30-GHz-BAND LOW-NOISE

AMPLIFIERS

This section reports the design examples of two kinds of

30-GHz-band low-noise amplifiers. The first one is de-

signed to achieve wide-band and low-noise performance.

To obtain wide-band performance, four amplifiers are

staggered. Electrical performance is shown in Fig.- 12. In

the frequency from 27.5 GHz to 29.1 GHz, 13 ~ l-dB gain

is obtained. The noise figure for this amplifier is 8.5*1 dB

in the same frequency region.

The second one is designed to have high gain. To obtain

high-gain performance, two amplifiers which have imped-

ance transformers are cascaded. Fig. 13 shows the electrical
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performance. The gain is 15* 1.5 dB in the frequency from

27.7 GHz to 28.7 GHz. The noise figure is 9+ 1.5 dB.

V. CONCLUSION

A FET mount design method is established for 30-GHz-

band low-noise amplifiers. Two design examples were

shown using this method. One is 13-dB gain and 8.5-dB

noise figure, the other is 15-dB gain and 9-dB noise figure.
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Analysis of Image Recovery Down Converter
Made by Planar Circuit Mounted in a

Waveguide

YOZ() UTSUMI, MEMBER, IEEE

,41Mtrvrct —Tfds paper presents an analysis of a superhigh frequency

(SXfF) down converter usiug a Schottky-barrier mixer diode and a planar

circuit mounted in a wavegoide. The analysis assumes that the mixer diode

consists of a nonlinear conductance g, a junction capacitance Cj, an ohmic

spreading resistance R,, and several parasitic susceptances. The frequency

performance of the impedance of external circuits at the signal, image, and

intermediate frequency bands is considered.

This anafysis afso includes consideration of the mismatching effect

between the converter and the IF amplifier, and the optimum design

procedure for the down converter.

Using this theoretical method, a SHF down converter was designed and

Manuscript received November 23, 198 1; revised January 29, 1982.
The author is with Technical Research Laboratories of Nippon Hoso

Kyokai, 1-10-11, Kinuta, Setagaya-ku, Tokyo 157, Japan.

constructed. Its application is low-noise receivers for satellite broadcasting.

The design used the optimum image coudition (the image impedance takes

a low vafue, i.e., nearly a short). The RF band is 11.7-12.2 GHz, the IF

band is 0.96-1.46 GHz, and the totaf noise figure is 3.3-3.7 dB. The noise

figore is in good agreement with the value (3.2-3.6 rfB) obtained from this

analysis.

NOMENCLATURE

g Schottky junction nonlinear conduc-

tance of mixer diode.

q. Schottky junction capacitance of

mixer diode.

go gp $3Zp Fourier expanded components of g.
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