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Fig' 4 The S-parameters of the active t*1?gr.t, incruding the device and the seriesfeedback over the 20lo 2i e ri. ti"qr",i"y'r"ng".

the low frequency noise in a GaAs
FET is inversely proportional to the
gate length and width of the device.
The biasing conditions and the de_
vice processing also play vital roles
in achieving low noise oscillators.
-r,'ire dielectric resonator coupling to
tlte transmission line was calculated
t<; -.c.li nize the loaded Q of the res-
onator, oscillator power output and
tem peratu re stabi I ity. 1 The i mportant
test parameters of the oscillator
realized are described in Table 1.

Figure 5 shows the spectrum of
the 22.5 GHz oscillator. This repre_
sents 6 to 8 dB improvement in
phase noise over typical commer-
cial GaAs MESFET DROs.

Frequency Multiplier

^ The frequency multiplier uses a
9n4r pseudormorphic HEMT
(PHElrlT) with a sub 0.2 pm gate
length and 2S0 pm gate wiOtn, iab_
ricated on MBE material.2 The gates
are defined using electron-beim li-
thography resulting in gate lengths
ranging from 0.2 to O.2S pm. inis
device has an F1 of g0 GHz, Fr"r, of
160 GHz and is capable of deiiver-
ing +17 dBm of linear power with g
dB of gain at 18 GHz. lis main static
characteristics are shown in Fig_
ure 6. The device has a high non_
linear transconductance tha'i is ade_

Fig. 5 A spectrum analyzer output
ol the 22.4 GHz oscillator. 

'

high-Q dielectric resonator and a
low noise device combined with
specific considerations in the oscil_
lator circuit. The device was select_
ed for low 1/f noise. lt is known that [Continued on page 121]
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quate for harmonic generation.3
Currently available nonlinear mod-
els are not capable of representing
the nonlinear characteristics of this
type of device accurately, which
means that the design has to rely on
experimental results. For compari-
son, an investigation was carried out
on a multiplier test circuit operating
in the 6 to 12 GHz frequency range
and the results using the PHEMT
were compared to those from a tYP-
ical MESFET of similar surface area.
The experiments showed that the
PHEMT biased at V6s = -1.2V and
Vos = 5 V produced a multiPlication
gain of I dB and an outPut Power ol
+13 dBm. This multiplication gain is
1 dB greater and has a second-har-
monic output more than 4 dB higher
than that produced by the equiva-
lent MESFET multiPlier.

The multi plier prototype operating

Fig. 6 Static characteristics of the GaAs
HEMT used as the frequency doubler; note

the high nonlinear transconductance,
good tor harmonic generation.s

at frequencies from 22.5 GHz to 45
GHz was constructed on an alumina
substrate, employing the same bias
conditions used in the 6 GHz circuit.
An open stub of electrical length of
90" at 22.5 GHz was connected to
the drain for blocking the funda-
mental frequency mode while si-
multaneously presenting the neces-
sary drain reactance for maximum
gain. The capacitance input imPe-
dance was inductively matched by
means of wire bonds as shown in

Figure 7. Results for the mm-wave
doubler are shown in Table 2. These
results were obtained over the tem-
perature range from -30" to +60"C
and confirm the adequacy of
PHEMTs as mm-wave frequency
multipliers.

GaAs MESFET Amplilier
The amplifier section uses two

balanced amplifiers using GaAs
MESFETs.a The FET is a 0.2 pm

[Continued on page 125]

Fig. 7 A schematic diagram of the
frequency multiplier. A 90'open stub at

22.4 GHz at the drain blocks the 22.4 GHz
fundamental and provides the drain

reactance necessary for maximum gain.
The capacitive inPut imPedance is

matched inductively by means
of wire bonds.
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TABLE II
PHEMT MULTIPLIER
CHARACTERISTICS

Frequcncy lnput (GHzl 22.4

lnpul RF powst (dBm)

Orrtpst RF poww (dBm)
O 15 GHr
O t2.t GHz
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:'E tatanced amplifier stag6s. fne fif i

3ee e.gtF by 7S pm width device defined by opticalrr,*i :rography and fabricated with VpE.-fnJg"or"-lrr -s*s a murtifeed r.gate rayout with the two sm-alrside

The T gate arso minimizes feedback capacitance. Thedesign uses a source-to-drain spacing of 3.5 pm anda source-to-gate spacing of 1 pm. rne c"oniai't-pads areapproximately 45 pm in diameierto make uonoing easy.The source-to-drain geo;etrL, 
"r" 

designed to en-sure that ail current d-ensities remain berow the erec-tromigration rimit of 6 X r0s A/cm, *h;ffi! olui." i.
SETa 

at saturation. The Oevice modet is shown in Fig-

The three-element input matching topology for theamplifier consists.of a shunt-L, transmission iine andshunt-c combination, sho*n i'n Figure g. The circuitmoder was constructed by choosing rearizabre varuesof the matching elements;"d bi caiefully 
"onriO"ringthe ef fects of the,ci rcu it p"r".iti 

"i. 
Th e,"'o"ipr"d icted

9'5 qB gain at 45 GHz 
"nJ "n 

swR rower than 2 atthe input over the requireJ + percent bandwidth.
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t 
f,3..n*j:1 t?, the 
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centra| sate oo noi n g pao:i:: 3Jfif9:,Il.-l'_plioqe snrints fr" g;i;#;:r re .Er to iJY:i;;'r#fiil;J:",ff:,X';n'lilB

T:. j 1." the unit gate width'is thereb;;;;;;j'i;
2 5 'rn' the gate metar resistanc" o""o16r nJjligiur".

=ig. 8 A schematic diagram of the FET model used,vev q,rprrrsr srages. tne FET is a 0.2 pm gate length:.r :5 um width device witn 
" 

,uttit""O T oate tavnrr ,,oi^^ 
.

,=,:".-g,"^,**1;:ilifi 
iJ,:.iT:llJ?iil;x11H?l.l_ilx?","s0acrng is 3.5 pm and source-to_galte-spacing is irrm.
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Fig' 9 The input and output matching toporogy for the amprifierconsisting of a shunt_L, transmiisioh lini anO ,nL"i_E
combination.
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TABLE III
PERFORTANCE

OF THE 15 GHz SOURCE

Frcquency lnput (GHz) fi.910

Potrcr outpul (dBm) +lg

Freguency pushlng
(}tHl/U '<0.1

Frequency drttt (lllHz) - _(-3r b +60'c) a'r

Phare noige (dBc/Hz)
(10 kHz hom canier) -U]l

Bias tupply t2 VDC'
t75 mA

Fig. 10 Frequency vs. temperature
for the 45 GHz source.

Similar matching topology is used at
the amplifier output. Measurements
on a single-ended stage showed 7.3

9F _ot gain with input and output
SWR of less than 2.3. A balanced
pair of these amplifier stages is fab-
ricated on a 3.3 mm X 4.g5 mm
alumina substrate of 0.254 mm
thickness using Lange couplers.
Two of these individual gain l.nod-

ules then are mounted on a single
Kovar carrier to produce the amflti-
fier cascade. Typical performance is
9 to 10 dB of gain, with an input
power of +5 dBm, and an SWR of
less than 2 at the input and output
ports. The amplifier operates from a
single regulated +B V DC power
supply and consumes 0.96 Wof DC
power.
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trick Chye, from Avantek/Santa Cla-
ra for helpful discussions on
PHEMT characteristics. I

Relerences
1. A.PS. Kfranna, "Oscillators," Chapter 9,

Dielectric Resonafors, Artech House,
1986.

2. N. Camilleri, P Chye, P. Gregory and A.
Lee, "A W-Band Monolithic Amplifier,"
1990 IEEE MTT-S Symposium Digesl
Vol. 2, pp.903-906.

3. C. Rauscher, "High Frequency Doubler

Operation of GaAs Field-Effect Transis-
tors," IEEE Trans. MTT, Vol. MTT-31,
No.6, June 1983, pp. 462-473.

4. R.A. Priorello and N.K. Osbrink, "Solid
State Driver at 43 to 45.5 GHz for Uplink
Transmitter Power Amplifiers," MSN &
Cf Vol. 17, No.6, June 1987, pp. 116,
1 18-123.

FAST AND EASY!
That's what our Reader Service Cards
mean to you when you want more
information. You will find them near the
back of every issue.f

+.
F
+.
+.f

IfIn
III
?
;

+
?
?t;
?
?
?
?
?
?
?
?IIq
q
q
d
d
c
cil
'l{

Fig. 12 Output spectrum of the 45 GHz
source.

Experimental Results
with the mm-W:nre Assembly

The oscillator, multiplier and am-
plifier are constructed on 0.254 mm
thick alumina substrates with thin-
film hybrid circuitry, and are housed
in a compact package measuring
50 mm X 50 mm X 7 mm. The outPut
is connected to the WR22 wave-
guide with a feedthrough. Experi-
mental results forthe 45 GHz source
operating at 25'C are listed in Ta-
ble 3.

The frequency stability as a func-
tion of temperature is represented in
Figure10. The phase noise was
measured after downconverting the
45 GHz signal to 3.8 GHz using a
cavity stabilized Gunn source as the
reference source at 10 GHz. The
results are plotted in Figure 11. Fig-
ure 1 2 shows the output spectrum of
the complete oscillator and multipli-
er assembly.

Conclusion
This paper has presented an os-

cillator design that confirms the va-
lidity of a particular approach for
obtaining low phase noise. Also
presented are the results of inves-
tigations of the nonlinear character-
istics of PHEMTs and the applica-
tion of PHEMTs as highly efficient
harmonic generators. This paper
also explored the capability of three
d if ferent state-of -the-art m icrowave
tran sistors, namely 0.3 lrm X
600 pm2 and 0.2 pm X 75 pm2 GaAs
MESFETs and a 0.2 pm X 250 pm2

GaAs PHEMT to develoP a new low
phase noise, highly stable and me-
dium power 45 GHz source.
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