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Abstract: This paper presents Pseudomorphic High
Electron-Mobility Transistor based K-band voltage-
controlled oscillators, which have exhibited low phase-
noise properties in conjunction with output powers
greater than previoudy reported. An appropriate
nonlinear design methodology based on the optimization
of transistor's load cycles was applied. A tuning range
over 14% bandwidth (22.4-25.8 GHZz) for thefirst one, and
12% bandwidth (27.8-31.5 GHz) for the second one, were
obtained. Constant output power of 6 dBm and 10 dBm
respectively were measured over the tuning range.
Markedly low phase noise level of -89 dBc/Hz at 100 kHz
offset from the carrier (24.4 GHz), and -78 dBc/Hz at 100
kHz offset from the carrier (30 GHz) were achieved. To
our knowledge, these are one of the best characteristics
reported for K-band solid state VCOs.

[. INTRODUCTION

Severa technologies have matured in the last few years,
which work to make Loca-M ultipoint-Distribution-System
(LMDS) gpplications even more feasble. Galium Arsenide
integrated  circuits, digitd dgnd  processors,  video
compression techniques and advanced modulation systems
have dl made dgnificat improvements in cost and
performance. These factors have combined to create aneed for
a technology that has access to large bandwidth and can be
deployed for low up-front costs. The modulaion schemes
used in digitd microwave radios, for achieving high data
transmission rates up to 155 Mbytes/sec, must baance the
effects of phase noise from loca oscillators to meet the
specifications in terms of hit error rates (BER)[1]. Therefore,
these communication systems require stable, compact, loca
oscillator sources, to trandate base-band signasto microwave
frequencies.

Monoalithicaly integrated high dectron mohility transstors
(HEMTSs) offer a number of gpplication benefits, including
high operating frequencies, low HF noise, high reliability, and
compact sze. These dtributes are making HEMTs the active
devices of choice in many microwave and millimeterwave
gpplications. A comparative study of the phasenoise
contribution of HEMT and HBT based oscillators
demonstrated that a lower up-converson factor can be
achieved with HEM Tsrather than with HBTs[2-4].

Using Pseudomorphic HEMT technology, we have devel oped
two fully monoalithic K-band VCOs which have a hightuning
sensitivity needed for the frequency modulation and phase
locked sources in communication systems. The fabricated
circuits exhibit excelent phase noise data of -89 dBc/Hz
@100kHz at 244 GHzand  -78 dBc/Hz @100 kHz at 30
GHz. An appropriate nonlinear goproach was used in the
VCO's design [3]. This methodology is mainly based on the
optimization of the intrinsic load cycles, which provides the
best insight on the active device large signd behavior. Thefirst
successful pass of these VCO designs indicates the
importance of a rigorous design methodology. This paper
describes the design gpproach, the main features of the used
technology, and the monoalithic circuit performances.

[I. CIRCUIT DESIGN & FABRICATION

The schemdtic diagrams of the VCOs are based on a
0.2um  Pseudomorphic-HEMT  under  series  feedback
configuration, which is redized by means of a capacitance on
the source (Fig.laand 1.b).
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A tuning varactor diode has been introduced in the circuit
connected to the gate side of the trangistor, which contributes
to change the equivaent inductance and resultsin the variaion
of oscillation frequency. The frequency tuning range depends
on the maximum available varactor capacitance ratio. For the
second VCO, a huffer amplifier was added to increase the
output power leve (Fig.1b).
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Fig.1b- 30GHz VCO Schemdtic.
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Gengrdly, a andl sgnd andyss is used to derive initid
eement vaues of the circuit. A nonlinear anaysis, usudly
harmonic balance (HB), is then performed to optimize passive
elements in order to get the desired performances (frequency,
power and harmonics). However, the HB oscillator analysis
has a disadvantage, which is the excessive computation time
due to the numerous parameters to be optimized.

Therefore, to overcome the problem, we adopted a nonlinear
design optimization procedure, which consigts of:

The first step in the circuit design, cdlassicd smdl signd
andysis is used to get the initia vaues of the feedback
dements featuring a negative resstance a the drain
termind of the active HEMT over the desired oscillation

frequency range.

In the second step, the oscillator is transformed into a
reflection amplifier and the optimization of the intrinsic
load cycle alows getting optimum va ues of the passive
feedback dements gae inductance, and source
cgpacitance, for each varactor control voltage.

Thefina vaues are chosen among the optimum in order
to have a near ided load cycle over the tuning voltage.
The optimum load cycle should have a minimum area
(minimum reactive power), non-distorted, and featuring
the largest Ids and Vds swings (Fig.2). For the fina
vaues of the capacitance and inductance, the voltage over
current ratios are used to synthesize the output load in
thefinal step.

The oscillator circuit was designed using the PML large signd

models of HEMTs and varactor diodes, and was smulated

with HP-MDS software.
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Fig.2- Dynamic Load Cycles

The drcuits ae faoricated usng 02um gae length
pseudomorphic HEMT GaAlASGanAgGaAs technology
from Philips Microwave Limell Foundry. The employed
device with a finger width of 4x30um has a unit current gain
frequency (ft) of 62 GHz, and a minimum noise figure of 0.9
dB a 12 GHz with an asxociated gain of 115 dB. The
technology further includes via-holes, epitaxia resistors and
MIM capacitors. The subgtrate height is 100um. The varactor
has an interdigitated finger structure, with length fixed to 3um,
and width to 8x30um. The varactor capacitance vaue varies
from 0.76 pF to 0.18 pF by changing the bias voltage from O
to 1.4 V. Figure 3 shows circuit layouts. The chip sizes are
15x 2mnt and 3x 2 mnt.
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Fig.3b- 30GHz VVCO Layout.

I11. MEASURED MMIC PERFORMANCE
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The RF performances of the VCOs were messured in alow
insertion loss microgtrip test fixture. Figure 4, displays the
vaiation of the oscillation frequency as function of the
varactor voltage. The results show very good agreement with
the design smulations. The first oscillator is tunable over a
range of 34 GHz and high tuning senstivity of about
4.5GHz/V was achieved. The output power is nearly constant
over the control voltage range and is about 6dBm.
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Fg4a Oscillaion Frequency vs Varactor Voltage
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Fig4b. Oscillation Frequency vs Varactor Voltage
for Oscillator #2

The frequency pushing characterigtics for drain and gate
voltage are resumed in Tablel. The oscillation frequency
decreases with Vgs and increases with Vds. This can be
explained by the bias dependence of the HEMT equivalent
circuit dements. The decrease of pge With Vgs is manly
caused by the increase of Gg However, the increese of
ocillation power with VVds which is greater than the knee
voltage, isrelated to the ratio increase of g

In figure 5, we have superposed two spectra of the 30 GHz
oscillator, to show the tuning bandwidth.
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Fg.5 30GHz oscillator’ s tuning bandwidth
shown on a spectrum anayzer.

To investigate the ostillator phase noise performances, the
single sdeband frequency modulation noise, normdized to 1
Hz bandwidth, was measured for off carrier frequencies up to
100 kHz. Two phase noise measurement techniques where
used. The first one based on the injection locking technique
[5], and the second one based on a down-convertion using a4-
40 GHz double bdanced mixer, and messured with an
HP89441 Vector Spectrum Andyzer [6].

The measured phase noise Lf is less than -80 dBc/Hz @ 100
kHz over the tuning range for the 24GHz VCO. The dope of
Lf curves is -30 dB/decade. The results show that the phase
noise is due to the upconversion of ided 1/f noise. Lowest
phase noise of -89 dBc/Hz @ 100 kHz is observed a 24.4
GHz. For the 30GHz VVCO, we measured -78 dBc/Hz @100
kHz.

To check the vdidity of the phase noise measurements, the
transistor low-frequency noise was characterized. Bassband
noise measurements on PHEMT devices feeturing 4x30nm
gate width and 0.2mm gate length have been carried out from
10Hz to 100KHz to determine the bias dependent low
frequency noise spectra. The measured low frequency noise
associated to the drain current showed fundamental f ™ noise
with a =1.1 and two generaion-recombinition (gr) noise
components. Each gr noise process (Lorentzian spectrum) is
related to a particular trap or defect characterized by adiscret
energy levd Egand atime congtantt.

Low frequency noise contribution to the oscillator phase noise
was evauated using the pushing andyss, which is based on
the Kurokawa approach [7-8]. The phase noise £(fy;) mode
isgivenby :
2
£(f )= ieﬂg"ﬂf 0 3]
2 6 fm WQS w
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where fifo/Vg is the senditivity of the carrier frequency
with respect to the gate bias (pushing factor); e(fry) isthe
input noise \éoltage source featuring a spectra dendity Sy(fry)
= S(fm/om  where §(fryy is the drain noise current spectra
and gm, is the transconductance at baseband frequency iy,

The LF gae current noise source contribution is negligible.
Basicdly a 10 KHz, th[%rf]oiss has usualy been observed to
be less then Sig(f):lo A“/Hz. We have cdculated the
phase noise usng the measured gate pushing factor at
oscillation frequency of 24.4 and 25.2 GHz. The cdculated
data results in £(100KH2z)= -86 and -82 dBc/Hz respectively
compared to the measured £(100KHz)= -89 and -83 dBc/Hz.
Also, we cdculaied phase noise levd of -82 dBdHz @
100kHz &t carrier frequencies 22.4 and measured -80 dBc/Hz.

We concluded that the caculated phase noise using a pushing
type andysis provides a satisfactorily agreement with the
measured results at different transistor bias operating points
and different varactor voltages.

IV. CONCLUSION

Monalithic Pseudomorphic-HEMT VCOs have been redized
usng nonlinear desgn and optimization procedure. The
measured data, which agree well with the design smulations,
show atuning bandwidth of more than 3 GHz with a constant
output power of 6dBm and 10 dBm with an integrated buffer
amplifier. A markedly low phase noise leve of -89 dBc/Hz @
100 kHz was measured a the frequency of 244 GHz and -

Sengtivity

Lowest Phase -89dBc/Hz -78dBc/Hz
Noise @ 100

kHz

DC Power Amw 6 MW
Consumption

Efficiency 75% 10.4%
Freg. pushing 153 MHz/V
drain bias

Power pushing 1.87 mWN
drain bias

Freg. pushing 300 MHz/V
gaebias

Tablel. Performance of the VCOs.
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78 dBc/Hz @100 kHz at 30 GHz.
Performance VCO#1 VCO#2
(22.4-25.8 GH2) (27.8-31.5GH2)
Output Power 6 dBm 10dBm
Tuning 34 GHz (14%) 3.7 GHz (12%)
Bandwidth
Tuning 45GHz/V 2.7GHz/V
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