Vol.49 eNo.4 . ' ' -  April 2006

Micr @wavel ‘

—

IRTIATIVT) DT




22

84

94

104

APRIL 2006 VOL. 49 - NO. 4

FEATURES

COVER FEATURE

Microwave Oscillators: The State of the Technology

A.PS. (Paul) Khanna, Phase Matrix Inc.
An in-depth look at the past, present and future developments of microwave oscillator technology

TECHNICAL FEATURES

Design and Temperature Compensation of a Ku-band Channel Amplifier with ALC for a Satellite
Transponder
S.C. Bera, RV, Singh and V.K. Garg, ISRO

Description of the design, temperature characterization and test results of a Ku-band channel amplifier with an automatic
level control system for spacecraft applications

Design of an Amplifier Using a Harmonic Termination Matching Tuner and Harmonic Blocking Bias
Line

Jin-Kuk Lee, Su-Tae Kim and Yong-Chae Jeong, Chonbuk National University; Jong-Sik Lim, Soonchunhyang University;
Chul-Dong Kim, Sewon Teletech Ine.

Introduction to a new harmonic termination impedance tuner using asymmetric defected ground structure microstrips and a
harmonic blocking A/4 bias line

A 2 GHz, 0.25 uym CMOS Complementary VCO with Differentially Tuned MOS Varactors for Wireless
Applications
HL.T. Lin, Y.K. Chu and H.R. Chuang, National Cheng Kung University

Introduction to a 2 GHz CMOS complementary voltage-controlled oscillator with differentially tuned MOS varactors
tabricated with a TSMC 0.25 pm CMOS process for ISM band wireless communications applications

Design of a Wideband Adaptive Linear Amplifier with a DSB Pilot and Complex Coherent Detection
Method

Jianyi Zhou, Lei Zhang, Wei Hong, Jianing Zhao and Xiaowei Zhu, Southeast University

Presentation of a novel adaptive linearization method based on a double sideband pilot in a feedforward power amplifier

Mierowave Journal (USPS 396-250) (ISSN 0192-6225) is published monthly by Horizon House Publications Inc., 685 Canton St., Norwood, MA 02062. Periodicals postage
paid at Norwood, MA 02062 and additional mailing offices.

Photocopy Rights: Permission to photocopy for internal or personal use, or the internal or personal use of specific clients, is granted by Microwave Journal for users through
Copyright Clearance Center provided that the base fee of $5.00 per copy of the article, plus $1.00 per page. is paid directly to the Copyright Clearance Center, 222 Rosewood
Drive, Danvers, MA 01923 USA (978) 750-8400. For government and/or educational classroom use, the COp»Ti;,ht Clearance Center should be contacted. The rate for this use is

49 Yeaf’s 0.03 cents per page. Please specify ISSN (192-6225 n’lhrmnm»e joum(t] International. Microwave Jour mal can also be purchased on 35 mm film from University Microfilms,

Periodic Entry Department, 300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700. Rey prints: For requests of 100 or more reprints, contact Wendelyn Bailey at (781) 769-9750.

Of PUbﬁSh”‘?g POSTMASTER: Send address corrections to Micrewave Journal, PO Box 3256, Northbrook, 11, 60065-3256 or ¢-mail mwj@omeda.com. Subscription information: (847) 291-

Excellence

5216. This journal is issued without charge upon written request to qualified persons working in that part of the electronics industry, including governmental and university
installation, that deal with VHF through light frequencies. Other subs(,nplmus are: d{llti(‘\tlL $120.00 per year, two-year m})&(nptumk $185.00; foreign, $200.00 per year,
two-year subseriptions, $370.00; back issues (if available) and single copies, $10.00 domestic and $20.00 fontlgn (_Llum for missing issues must be FlLd within 90 LLI\-S of date
of issue for complimentary replacement.

©2006 by Horizon House Publications Inc.

Horizon House also publishes Telecommunications® and Journal of Electronic Defense

WORLOWIDE

Posted under Canadian international publications mail agreement #0738654

10

MICROWAVE JOURNAL = APRIL 2006



p \']
GURVE g,

:ﬁa
RN\ 74

“ORiaL 8°

84

TECHNICAL FEATURE

DESIGN OF AN AMPLIFIER
USING A HARMONIC
TERMINATION MATCHING
TUNER AND HARMONIC
BLOCKING BiAs LINE

In this article, a new 3 dB branch line hybrid, using an asymmetric defected
ground structure (DGS) microstrip, is proposed. The proposed branch line
coupler suppresses the second and third harmonic components effectively. If
transmission lines having an arbitrary electrical length are connected at the

through and coupled ports of the DGS branch line hybrid, then the DGS branch
line hybrid is operated as an impedance transforming tuner. A new DGS M4 bias
line that can suppress high frequency harmonics as well as low frequency
intermodulation is also proposed. With the harmonic termination tuner, using the

proposed hybrid and the harmonic blocking bias line, the second and third
harmonic components of the fabricated IMT-2000 band amplifier were
suppressed by up to 25 and 27 dB, respectively. A harmonic load-pull
measurement setup for an amplifier can easily be implemented with the proposed

circuits.

armonic load-pull systems have gained
Himportunce recently, because such

setups allow the appropriate harmonic
terminations for a transistor to be determined
in order to obtain high efficiency and high lin-
earity. Harmonic load-pull can also make the
verification of transistor models possible.
However, the active load-pull systems that are
presently used are very complicated and pre-
sent many difficulties in the measurements.1.2
An impedance tuner that transforms a 50 Q
termination impedance into an arbitrary im-
pedance can be realized with a 3 dB hybrid
coupler and open or shorted stubs in its cou-
pled and through ports. When the isolated
port is terminated in 50 Q, the reflection coef-

ficient at the input port is easily controlled by
changing the stub lengths 8, and 6, in the
coupled and the through port of the 3 dB hy-
brid, and can be expressed as3
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The impedance tuner is used to
measure the ophmum 1nput/output
impedance of a microwave circuit
such as an amplifier, mixer and so
forth. Figure 1 shows a conventional
impedance tuner using a 3 dB hybrid
and shorted stubs for ophmum in-
puf/output unpodanco transforma-
tion. A load-pull measurement is pos-
sible within the operating frequency
band when the matching points for
the device under test (DUT) are de-
termined with impedance tuners, but
the harmonic termination is almost
impossible, due to the frequency
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o
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A Fig. 1 Impedence tuner using a 3 dB
hybrid and shorted stubs.
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characteristics of the 3 dB hvbrid.
Consequentl\,, the operating condi-
tions in the fundamental band can be
changed due to the harmonics termi-

nation. A defected ground structure
(DGS), which is realized by etching a
dumbbell or spiral ‘s]mped pattern in
the ground plane of a microstrip line,
has been proposed.# Several applica-
tions using DGS to design a coupler,
a filter and a power dmpliﬁer have al-
ready been presented.> Recently, a
DGS microstrip line that can sup-
press the second and third harmonics
by inserting an asymmetric defect in
the ‘T]UUlld plane ‘has also been pre-
sented 9 The DGS microstrip basical-
ly provides a slow-wave effect by in-
creasing the effective inductance of
the tl(msmlssu)n line.

In this article, an impedance tuner
using a new 3 dB branch line hybrid is
proposed. Since the proposed 3 dB
branch line hybrid includes asymmet-
ric DGS microstrip lines, the second
and third harmonics can easily be sup-
pressed. A A/4 DGS bias microstrip is
also used that effectively suppresses
the third harmonic component as well
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as the second harmonic and low fre-
quency intermodulation compo-
nents.5-10 An amplifier harmonic
load-pull Stfllp can be easily imple-
mented by using an impe .dance tuner
and a A/4 bias line that suppress the
second and third harmonics.

HARMONIC TERMINATION 3 dB
BRANCH LINE HYBRID TUNER
Although there are several shapes
used for the defects of DGS mic rostrip
lines, dumbbell or spiral shapes are the
most common. The spiral DGS mi-
crostrip lines have steeper band-rejec-
tion characteristics than dumbbell
DGS lines, but their band-rejection
bandwidth is narrower. Several stage
dumbbell DGS lines also have steep
and wide band-rejection characteris-
tics, but a larger circuit size is required
than for the spiral. Therefore, an asym-
metric spiral DGS that has a dual
band-rejection characteristic at the
specified frequencies is effective for
circuit size reduction. Figure 2 shows
the geometry of an asymmetric spiral
DGS on the ground plane of the mi-
crostrip line, in which the dimensions
of the spiral-shaped defects in the
right- and the left-hand side are differ-
ent (A=3mm, A'=26 mm, B=26

\S;1| Simulation

|S11| Measurement
|S21| Measurement

N 7 |

50
-60
(1) 2 4 6 8
FREQUENCY (GHz)
{(b)
A Fig. 2 The asymmetric DGS microstrip

line (a), and its simulated and measured
characteristics (b).
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MM:sB L =22 mnis. GG =8 — 199
mm, D = 2.4 mm). The transfer and
the reflected characteristics are also
shown. The substrate used is
RT/duroid 5880 with a dielectric con-
stant of 2.2 and a thickness of 31 mils.
The circuit was simulated with HFSS
from Ansoft. The asymmetric spiral
DGS microstrip line is designed for
the IMT-2000 base station transmitting
band, and the transfer characteristic
around the second and third harmonic
bands is suppressed. A harmonic ter-
mination 3 dB branch line hybrid cou-
pler, using asymmetric DGS microstrip
lines, was simulated and fabricated.
The fabricated hybrid is of a slightly
smaller size than the conventional hy-
brid because of the slow-wave effect of
the DGS microstrip lines. In a conven-
tional 3 dB branch hybrid, the length
and width of the 35.35 and 50 Q lines
are 26.8, 3.9 and 26.4, 2.4 mm, respec-
tively, but those of the proposed hybrid
are 19.6, 5 and 25.6, 2.4 mm, respec-
tively. Figure 3 shows the geometry of
the proposed branch line coupler
where the center he.quenc) is 2.14
GHz. The coupling and the transmit

UM
Sl
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coefficient of the 3 dB hybrid are —-3.1
and -3.4 dB, respecti el\ Also shown
is the transfer characteristic in the case
when the open stubs at the coupled
and through ports have the same elec-
trical length. For comparison, the
transfer characteristics of the conven-
tional 3 dB hybrid are also shown. The
transfer losses for the proposed hybrid,
within the operating band and at the
second and third harmonics, are 0.3,
-15.5 and -28.9 dB, respectively. The
measured results in the operating band
and at the second harmonic show very
similar characteristics to the conven-
tional hybrid. But the characteristics at
the third harmonic are quite different.
It is definitely observed that the sec-
ond and third harmonics cannot pass
in the pmpuse(l harmonic termination
3 dB branch line hybrid.

HARMONIC BLOCKING
BIAS CIRCUIT

Small-signal amplifiers in the UHF
band ll'-.lldll\' use chip inductors as RF
chokes in their bias circuits. However,
M4 long, high impedance transmission
lines terminated with chip capacitors or

Universal Microwave Technology, Inc.
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radial stubs are usually used as bias
lines at higher frequencies. When a ca-
pacitiv CI\' terminated A/4 bias line is
connected to a signal line, even har-
monic components that propagate on
the signal line are blocked, while odd
harmonic components pass through. In
the signal amplifying process, an dlllp]l—
fier generates harmonics and intermod-
ulation distortion components in addi-
tion to the amplified input signal. A
proper harmonic termination is re-
quired to increase the efficiency and
for active load-pull setup.

Figure 4 shows the layout of a
harmonic blocking A/4 bias line. In-
stead of a cnmentl()nal microstrip
line, a /4 DGS microstrip line is
used. Due to the slow-wave effect of
the DGS, the second passband is
shifted down. As a result, the third
harmonic of the amplifier can be re-
tlected at the bias line junction point.
A bypass LC series resonating circuit
is also inserted in the bias pad of the
M4 bias line, in addition to the bypass
capacitor.!” This LC tank makes the
low frequency blocking range broad-
er. The transter characteristics of the
conventional and the proposed bias
line are also shown for the low fre-
quency band. The low frequency

Without DGS

With DGS
fo 2f 3F,
o LA ¥ v =
N\
=10 \si
=20
s
:’?';"_-3.0- ¥
- -40
-50
60
0 2 4 5 8
FREQUENCY (MHz)

®)
A Fis. 3 Geometry of the harmonic
termination 3 dB branch line hybrid (a) and

the measured transfer characteristics of the
conventional and proposed hybrids (b).
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band-rejection of the proposed bias
line is shifted down, so that low inter-
modulation components can be re-
duced compared to the conventional
bias line. The transfer characteristics
of the conventional and the proposed
bias line in the operating and har-
monic bands are also shown in the
tigure. The operating and second har-
monic frequency characteristics are
almost similar to that of the conven-
tional bias line, but the third harmon-
ic band is shift down, so that the sec-
ond and third harmonics are blocked
by the proposed bias line.

AMPLIFIER DESIGN USING
HARMONIC TERMINATION
TUNER AND HARMONIC
BLOCKING BIAS LINE

To show the validity of the pro-
posed harmonic termination imped-
ance tuner and the harmonic block-
ing bias line, two kinds of amplifiers
were fabricated and compared. One
is realized with a conventional bias
line and only in-band matching cir-
cuits. The other is made with the har-
monic termination tuner and the har-

monic blocking bias line. The operat-
ing frequency is 2.11 to 2.17 GHz
and the transistor used is a
FLL357TME device from Fujitsu.
Figure 5 shows the transfer and
reflected characteristics of the con-
ventional and proposed amplifiers.
The measured gain, the maximum re-
turn loss and 1 dB compression point
(P1dB) of the conventional amplifier
are 13.03 £ 0.1 dB, —23 dB and 35
dBm, while those of the proposed
amplifier are 13.38 + 0.07 dB, -17.75
dB and 34 dBm, respectively. These
characteristics show similar electrical
characteristics in operating band ex-
cept for P1dB. Because the imped-
ance tuners were fabricated on PCB,
the matching networks of the pro-
posed amplitier were much bigger
than the conventional. Therefore, if
the impedance tuner could be fabri-
cated on a high Q and high dielectric
constant material, the P1dB of the
proposed amplifier would be similar
with that of the conventional one.
Figure 6 shows the fundamental, the
second and third harmonic character-
istics for the two amplifiers. For the

TECHNICAL FEATURE

conventional amplifier, the second
and third harmonics are 36.40 and
36.26 dB below the fundamental,
while for the proposed amplifier they
are 61.58 and 63.50 dB, respectively.
It is evident that the second and third
harmonic component levels in the
proposed amplifier are much smaller
than those of the conventional ampli-
fier. This means that the proposed
bias line and the proposed imped-
ance tuner terminate the harmonic
components properly.

Conventional
With DGS + LC

=T |
_

v
Application o e e
Gain Block / Mobile Infrastructure / Cellular, PCS, WCDMA, GSM, WLAN, DMB, CATV, WiBro : —_—
N “ : = mpﬂ% : |S11/ Conventional
: u - Gain i ) IB(¢8mi OIP3 (a8m)  NF(ds) |$21] Conventional
DC - 1GHz 26 20 33 1.8 I511IDGS + LC
. . : : |S21/DGS + LC
e © ' TestFreq.=19GHz -
e Gaiq ©8) P1dB(sem) OIP3 wem) NF@@8) v mA fo _Zf :
DC - 3GHz 19 15 29 a9 6 45 - O oy A7
DC - 3GHz 16.5 15 29 38 6 45 10
DC - 3GHz 16 16.5 31 35 6 58 o
n——ZO L 3 L ] v

DC - 3GHz 14 16.5 31 3.8 6 58 o
Boache  DUH NGRS R g 6 70 e
DC - 3GHz 165 185 33 3.8 6 70 S-40
DC - 3GHz 185" 33 3.8 6 70 . _s0

A © TestFreq.=1.9GHz I Biss e
e S e DGR OIS emm) | NFiem) v o oma _.q-'o - 8
15-280H: 17 | 225 ‘38 3.2 5 85 e =
15-25GHz 165 25 41 3.2 5 155 |
13-asCHe 135 28 435 3.2 5 255 A Fig. 4 Layout of the harmonic blocking

A4 bias line (a), its low frequency band
transfer characteristics (b) and its wide
frequency band transfer and reflection

characteristics (c).
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By applying these circuits, a harmon-
ic load-pull amplifier design can be
easily performed. Since the fabricat-
ed harmonic termination impedance
tuner was made with microstrip lines,
its size is larger and its insertion loss
higher. Consequently, the proposed
amplifier has a smaller P1dB, com-
pared with a conventional amplifier.
If it was fabricated with low loss
transmission lines, it would be possi-
ble to use it in a practical load-pull
system. It is expected that the imped-
ance tuner and bias line can be used
in other microwave circuits. H

\

o

—~1 | —
i 4l

L
o

N
(=]

[$41] (dB)

w
=3

1.99 205 211 217 223 229
)  FREQUENCY (Gha)
A Fig. 5 Transfer and reflection
characteristics of (a) the conventional and (b)
the proposed amplifier.
-

LUt e A A Lamad

20 30 aa 50 &0 10
FREQUENCY (GHz)

20 30 40 50 60 7.0
FREQUENCY (GHz)

(b)
A Fig. 6 Measured harmonic
characteristics of the fabricted amplifiers; (a)
conventional and (b) proposed.

CONCLUSION

In this article, a new harmonic ter-
mination impedance tuner using
asymmetric DGS microstrips and a
harmonic blocking A/4 bias line are
presented. These circuits suppress
the harmonic components without af-
tecting the electrical characteristics
within the operating frequency band.
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