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A Compact Ka-Band PHEMT MM IC Voltage Controlled Oscillator
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Abgtract : A compact Ka band monolithic microwave integrated circuit (MM IC) voltage controlled oscillator (V CO)
with wide tuning range and high output power ,which is based on GaAs PHEM T process ,is presented. A method is
introduced to reduce the chip size and to increase the bandwidth of operation. The procedure to desgna MM IC VCO
is als described here. The measured oscillating frequency of the MMIC VCO is 36 £ 1. 2GHz and the output power
is 10 £ 1dBm. The fabricated MMIC chip szeis 1 3mm x 1 Omm.
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| Introduction

Ogcillators are key components for microwave
and millimeter-wave communication systems. In
particular ,V COs for automotive radars have been
studied in recent years* *. Fundamental VCOs are
preferred for automotive radarsin view of cost ,be
cause their szes are small and no multiplier is nee
ded.

MMIC ,recently find use in a variety of sen-
sors,automotive, and other applications and sys
tems. One-chip systems make essential the design
of compact ,high performance ,wide-bandfully inte-
grated VCOs based on PHEM Ts (pseudomorphic
high electrom-mobility trandstors) epitaxial struc
ture.

For a MMIC chip ,its szeis directly related to
the cost ,thus the smaller chip sze is better. An-
other respect for VCO ,the wider the tuning range
is,the wider its application areais. So a method for
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a designing a compact MM IC V CO with wide tun-
ing range and high output power is presented in
this paper. In order to reduce the chip size,active
biasng technology may be chosen,and for achie-
ving wide tuning range ,the biasng inductor for the
gate of the oscillating PHEM T should be opti-
mized ,at the same time a good DC bias line with as
wide as possble aDC to RF frequency separation
range is al0 afactor to increase the tuning range.
Asfor the output power ,maximum negative res st-
ance is needed.

For verifying the method mentioned above ,as
well as for some other applications, a Ka band
MMIC VCO is desgned by adopting this method
and fabricated based on the GaAs PHEMT
process. The measured oscillating frequency is 36 =
1 2GHz and the output power is 10 + 1dBm. The
fabricated MMIC VCO chip sze is 1 3mm x
1 Omm. The measured results show that this meth-
od of desgning a compact Kaband MMIC VCO
with wide tuning range and high output power is
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valid.

2 Designing method

Megej and Beilenhoff'™ reported that one inm-
portant aspect of broadband VCO desgnisthe DC
power supply to the oscillator transistors,and it is
a0 oneof the reasonsfor the bandwidth limitation
of tunable oscillators. Usually ,DCbiasng is pro-
vided by means of shortenningA/4-long transmis
son lines with one blunt capacitor. These imple-
mentations require large chip area,which is gener-
ally much larger than that used by the active circuit
itself. SO we should mainly focus on the DC hias
lines to reduce the chip area. Generally speaking,
trang stor configuration with capacitive feedback in
the source path has been used for VCO desgning,
and the basc schematic of this kind of VCO is
shownin Fig. 1. In this case ,we need three DC bias
linesfor tuning voltage ,and gate- and drain- volt-
age of the oscillating transistor ( Tos) ,respectively,
thus the problems concerning DG supply men-
tioned above are tripled. If the gate DC-bias line of
the oscillating transistor is replaced with another

Tvxmclor

Fig.1 Basc topology of VCO

transstor ( Tuas) ,which is connected to the source
of the oscillating trans stor ,as shown in Fig.2 ,the
V CO chip size will be reduced consderably snce
the area occupied by the transstor Tuas iS much
less than what a DC-bias line needs. Of course the
factor of the layout should also be consdered.
Though an inductor Lg is needed to form the DC
path for the transstor Tox and it needs some chip

area,in the layout ,as a whole,it can be placed in
the unoccupied free space which cannot be used
otherwise because of the DC bias lines. These un-
occupied free areas can be found out when desig-
ning the layout.

FHg.2 Schematic of the desgned MMIC VCO

The frequency tuning range of aVCO is main-
ly determined by the variation range of the input
impedance of the oscillating PHEM T(Tos) in Fig.
2,50 alarge variation range of thisinput impedance
is needed for a wide V CO tuning range. This input
impedance comesfrom the left part of point A ,i.e.
a varactor ( Twaaor) ,a tuning voltage bias line for
the varactor ,and an inductor (Lg) usedfor forming
the DC path for the Tos. Snce the biaslineisconr
posed of aA/4long microstrip transmisson line
combined with a shunt capacitor ,its effect can be
ignored here. So the main factors influencing the
input impedance are the capacitor Gune Of the varac-
tor and the inductor Ly ,which are parallel. Theim-
pedance of the capacitor Gue combined in parallel
with inductor the Lg is jWLg/ (1 - W*LgGue) ,0 if
the maximum impedance variation range, which
will lead to a maximum V CO tuning range,is nee-
ded ,the inductor L4 should be as large as possble.
But the chip size will be increased consderably
with a large inductor ,and in another important re-
spect ,this inductor is also a leakage path for the
oscillating signal. It will influence the output power
obtained ,s0 a trade-off must be made among these
three factors:the impedance change range ,the chip
size,and the output power. By simulating with
commercial CAD software, the optimum inductor
val ue can be obtained.

The DC hias line is another limitation for the
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tuning range ,snce aA/ 4-long microstrip transmis-
son line combined with one shunt capacitor can on-
ly have a limited frequency separation range for a
DC and RF dgna ,30 some efort should be paid
to design the bias line in order to obtain a separar
tion range as wide as poss ble. Adopting two shunt
capacitorsis a good way.

Asfor the high output power ,thefirst factor ,
also the most important factor ,is the power han-
diing ability of the oscillating trandg stor ,s0 a fitf ul
transistor with enough power handling ability
should be chosen first ,then a maximum negative
res stance’ look” to the left of point B should be
obtained. Those are the main points.

From what is described above ,a method to de-
sgn a compact MMIC VCO with large tuning
range and high output power may include such as
pects asfollows. First for a compact design ,atran-
sistor connecting to the source of the oscillating
trand stor should be used to replace the gate DC- bi-
as line of the oscillating trans stor. Then for awide
tuning range,an optimized inductor Ly should be
chosen and the DC bias lines should be designed to
have aslarge aDC and RF- path separation aspos
sible. Finally ,for achieving high output power ,the
oscillating trandstor should have enough power
handling ability ,and maximum negative res stance
should be designed.

3 Designing procedure

Generally speaking,a MMIC V CO can be de
sgned by such a procedure asfollows.

(1) All three transstors will be chosen ac-
cording to the VCO performance, in general ,
PHEM T with morefingers and alonger gate width
will provide more output power. The PHEM T used
as the varactor should have a G/ Cuin ratio as
large as possible;

(2) TheDC biaslines design. It is very impor-
tant from the tuning range point of view ;the sepa
ration of DG and RFpaths will be fulfilled in a
frequency range as large as possble. For practical

application ,a DC-bias line with two shunt capaci-
torsin parallel is very good;

(3) Lgoptimizationfor inductor. The most im-
portant thing is the trade-off among the tuning
range ,the chip area and the output power ,which
has been analyzed above;

(4) Obtaining maximum negative res stance at
point B in Fig.4. Thiscan lead to maximum output
power , but the VCO tuning range will be de
creased ,s0 there is another trade-off between the
output power and the tuning range;

(5) Output matching;

(6) Small signal analysis. After the five steps
above, small sgnal Sparameter analyss is per-
formed to this single port network and the oscilla
ting frequency can be obtained preliminarily
through this analyss. Rough adjustments should
be done to achieve the oscillating frequency point
and frequency tuning range needed;

(7) Large dgnal analysis. After having fin-
ished the small sgnal analyss, harmonic balance
(HB) analysis will proceed. By means of this kind
of large sgnal analyss,the ultimate oscillating fre-
quency ,itsoutput power ,and its phase noise can be
obtained. Adjusting the related circuit structure pa
rameters,mainly the lengths of some microstrips,
the designer can make the design fulfill the re
quired performance.

4 Design and measurement for VCO

In order to validate the method for designing a
compact MMIC VCO with wide tuning range and
high output power described above,and aso for
some other applications,a 36GHz MMIC VCO is
designed and fabricated based on GaAs PHEMT
process. The schematic of the designed and fabrica
ted VCO is shownin Fig. 2. It is a capacitive feed-
back negative res stance type oscillator circuit with
active biasng technique. The negative resstance is
obtained by means of the feedback capacitor con-
nected in series to the source of the oscillating
trandstor (a4 x 3 m PHEMT) . Here the feed-
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back capacitor isimplemented with an open micros
trip stub ,and the oscillating transistor has an ac
tive bias at its source ,the PHEM T Tuias (2 X 3Q m)
acts as the current source for the oscillating tran-
sstor Tex. The varactor Tuaawor iS @ 4 X 3@ m
PHEM T with both its source and drain connected
to the ground.

Measurement is performed by putting the
MM IC V CO chip directly on the board of the probe
station. There are two capacitors (100pF and M F
respectively) connected in parallel to each DC sup-
ply line ,which are used to bypass the undesred RF
sgnals. The oscillating curve is digplayed on a
M S288C spectrum analyzer. The measurement re-
sults are shownin Fig.3 and Fig. 4. The operation
condition for this MMIC VCO measurement is Vd
=3 0V ,lss =18mA. Figure 3 shows a typical oscil-
lating sgnal with oscillating frequency of
36. 825GHz ,and Figure 4 shows the measured os
cillating frequency and the associated output power
tuning curves. It shows that the MMIC VCO de

Fg.3 Typical oscillating waveform
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Fig.4 Ogsillating frequency and output power tuning
curves

sgned has a tuning range of 2 4GHz around
36. 0GHz with an output power of about 10dBm.
The chip sze of the fabricated MMIC VCO is
1 3mm x 1Imm. The phase noise of the fabricated
MMIC VCO is - 80dBc/ Hz @100k Hz. The phase
noise is not very good, but it can be adopted in
practical application. The main reason to this not
very good phase noiseisthat the Qfactor of theLC
tank is very poor.

5 Conclusion

A compact 36GHz MMIC VCO with 2 4GHz
tuning range and with about 10dBm output power
is presented in this paper. This MMIC VCO is
based on GaAs PHEM T process and has been de-
signed by adopting the method for designing a com-
pact MMIC V CO with wide tuning range and high
output power. An active biasng technology ,an op-
timized inductor ,delicately desgned DC-bias lines,
and a maximum negative resstance are the main
factors for desgning a compact and wide tuning
range MMIC VCO with high output power. The
measurement results of the fabricated Ka band
V CO validate this method.
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