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In this paper, a novel design coneept of a frequency doubler using feedforward technique and
defected grovwnd structure{GS) microstrip ling is proposed. The feedforward loop plays a rele of
fundamental frequency suppression and DGS microstrip ling suppresses over the 3™ order
harmonic components. By using this new coneept, the high suppression for the undesired signals
could be achicved casily. The propesed technigue is experimentally demongtrated in 1LE5GEHz to
1TGHz frequency doubler, The output power of —3dBm at the frequency of 3.74GHz (25) i
measured with 42.9dB suppression of the fundamental frequency signal (f) 20.2dB suppression
of the 3™ hannonic signal (3f,) and 29.7dB suppression of the 4% hamonic signal (46,1 The
comversion loss of —2.34dB ~ —584B ar the bandwidth of 100MHz, the phase noise of -
97 5 1dB/Hz(f 1 0k Ha) were méeasured.

level to diminishment of multiplied sigaal level,
. Introduction and impossible to make fully  monolithi
[mnscui}'cr because of high Q-factor bandpzs
There is a demand for high stability and low ﬁI:L-rI.IJI.I_ _
phase noise signal source in microwave and 1P S paper, a new structure of doubler fhl
millimeter-wave communication  and  radar SHppressts fundamental ,ﬁc::!"mnty e
systems. These sources can be easily obtained  and the 3% order harmonic signals without band
by multiplying low frequency signal that has ~ Pass filter is proposed. Proposed mefhod &
high stability and low phase noise relatvely, campgsud e Icmmt'""ml 1.:chm_quu ,l.lm-' e
Generally  multiplier include a  fundamental E:['fccln'c]}r' i i uprogUIzon ‘:'“'”ﬁ'm
component and harmonic components besides 1 power amplifier design and defected ground
multiplied signal, so it makes serious problems structure{DGS)  microstrip  line  realized by
when  multiplier is  operated  with other  StChing a few dumb-bell shaped patterns on i
microwave circuits such as mixer and amplifier grt_‘ruuld plane of microstrip line. Feedforward
and so on. To solve these problems, a quarter- tg;hmquu: is usc(I! to suppress t_ilu: ﬁ_.ln-:E:lmunLJl
wavelength open stub or balanced multiplier ~ Signal ;:11{5 DGS microstrip line. is wsed
design i used to suppress  fundamental suppress 37 order harmonic companents.
frequency component, But these methods show
limitatien of fundamental signal suppression 2. Theory
about 25dB genecrally. Also a band pass filter
can be used for suppression of the fundamental
and several harmonic signals, But the insertion 2.1. General frequency doubler
loss of 2 band pass filter causes multiplicd signal
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The output current waveform 1o input voltage
cform of the transistor according to
adiction angle is showed in figure 1. The
onic  signals gencration 1o the bias s
mpesented by (1) and {2y, where a is
tion angle of input signal. Figure 2 shows
amplitudes of the DC to 5™ harmonic signal.
Wken the conduction angle is 120°,  the
mplitede  of  the 2™ harmenic signal 1%
saximum, therefore a bias point of transistor
it be selected in the vicinity of pinch-off,
between class B and C.
Ufer the bias selection, the input and the outpul
noet have been matched by fundamental signal
[} ond 2" harmonic signal (2 £, respectively, to
mize the 27 harmonic component in the
pot .
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The frequency doubler the

wdfarward structure

using

feedforward technique is widely used to
the intermodulation distortion in power
fifier design and 1 has a wide opcrating
pey band and herdly ascillates because
1o feedback path, In this paper, the 1
aeheme of feedforward technique has been
dfor fundamental frequency suppression and
e 3 shows block diagram of the doubler.
active  multiplier  attenuates  the

eotal  signal  Jevel theoretically, the
ental signal can be suppressed by

g the coupling cocfficients of the
Suplers which are lacated before and afier the
milipli 1;E~md the phase constant of the phase

i
DGS microstrip line

a few dumb-bell shaped patterns on the

d plane located just below microstrip line
alent to inerease of serial inductance of
mission line impedance. The width of the
jcrostrip line must be broader than that of
comventional microstrip line 1o maniitain the
characteristic  impedanee,  That i5

equivalent to increase of shunt capacitance of
transmission line impedance. Increasing the
series inductance and the shunt capacilance
induces increase of phase constant and slow-
wave effect. So the DGS microstrip line
contributes to circuit downsizing. 1 we apply
the DGS microstrip line at output terminal of
frequency doubler, the harmonic signals over the
3" order can be suppressed effectively due to
low pass filtering characteristic  of DGS
microstrip line!™,

1.4, The frequency doubler using  the

feedforward structure and the DGS

In this paper, the feedforward technique and the
DGS transmission line are used to SUppress over
the 3% order harmonics as well as fundamental
frequency. Figure 3 shows the block diagram
and the cxpectable frequency speetri. The
structure  of the DGS  microstrip linc is
represented in figure & The defected cell
paramelers e a=dmm, b=3.5mn, d=9.3mm,
p=0 Smm, w=238mm, Weg=d.3Tmim. Adjusting
the ctehing cell parameters, the DGS microstrp
line contrals the low-pass filtering characteristic
ander 2™ harmonic frequency, EM simulation is
done with Ansoft HFSS v.8.0.

3. Experiment and Measured results

To show the validation of proposed frequency
doubler, we  desipned  [requency doubler
mubtiplying 1.87GHz 10 3.74GHz,  The used
transistor 15 ATF10136 MESFET of HP and the
drain voltage is set 1.2V and the gate voltage is
1,25V 1o operate near pinch-off voltage region,
between class B and C. Then we extracied the
input and outpul matched points using the load-
pull method and implemented matching circuils
using ADS of Agilent. Figure 5 shows the
output characteristic of the fabricated single-
ended frequency doubler, which specira shows
the fundamental frequency signal and over the
39 grder harmenic signals as well as the g
order multiplied signal. The single-ended
doubler has -2.55dB conversion loss and -
259448 suppression of the fundamental signal
for OdBm input signal. Figure 6 shows the
output characteristic of the frequency doubler
that supptesscs the fundamental signal by
applying the fecdforward structurc. The result
shows that the fundamental frequency signal s
suppressed abowt 42.2dB. Figure 7 shows the
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fabrication characteristic of the DGS microstrip  harmonics, can  contribute  to  improw
line. It shows low-pass filter characteristic that commumication quality without any high“.:
cut-ofl frequency is 4GHz and insertion loss is bandpass Ailter,

adB at 3.74GHz and attenuation value at

5.350iHz is more than 23dB. This means that the y

DGS microstrip line can terminate over the 3™ AgnORergeRents

order harmonic signals. Figure 8 shows the
characteristic of frequency doubler applying the
feedforward structure and DGS microstrip line,

The authors wish to acknowledge the wssistani
and support of the Agilem Technologies Ko
Lid. and the Ansoft Korea,

For the mput power of 0dBm, the output power
level of frequency doubler is -3dBm  with
42948, 20248 and 29.7dB suppression of the
fundamental, the 3" harmonic and the 4"
harmonic  signal,  respectively.  Table |
summanzes  signal levels of the fabricated
frequency doubler. We can see the fundamental
frequency signal level before using feedforward
structure and after using feedforward structure.
Figure % shows the conversion loss according 1o
the frequency variation. The conversion loss is -
2948 at the 3.74GHz and the variation of the
conversion loess s -2.34dB(@3.71GH) to -
5.8AB (@3.79GHz), +1.73dB within 100MHz
bandwidth.  Figure 10 shows the input and
output phase neise characteristic of frequency
doubler.  Output phase noise measurement
shows  97.51dBe/Hz (@ 10K Hz offset) in case
of input signal ~101,3dB, which is better than
the theoretical phase worse condition, 20logh =
20log(2) = 6dB, by 2.2dB. Maybe this result is
due to elimination of the fundamental signal and
muatching of over the 3 order harmonic signals,
Figare 11 shows the photograph of the
fabricated  frequency  doubler.  The DGS
structure is circled by dashed line. Table 2
summarizes the characteristics of the fabricated
frequency doubler,

4. Conclusion

In this paper, the new design technique of the
frequency doubler was proposed to  obtain
sources that have high stability and low phase
noise,  The fundamental frequency signal was
suppressed by using feedforward structure and
aver the 3™ order harmonics were suppressed by
using DGS structure, As a result, variations of
suppression were 42,948, 19.2dB and 29.7dB
for the fundamental, the 3" order harmonic and
the 4" order harmonic signal, respectively.
Because the fabricated doubler consists of a
transistor, diodes and hybrid circuits, overall
circuits can be imtcgrated in monelithic form.
We expect that monolithic frequency doubler,
that doesn’t contain the fundamental and over 3™
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Table 1.
Outpuit characteristic of each doubler structure[dBm ]

P P20 P Pan
Oaly Dochler | -25948 | .2.5% Hrs 3N
EF+ Dhihler ; 264 | e Al

TS aasn | s | aam:

S L]

(a)
_-Huil Layout of a standard micresinp line
~ [BfLayout of DGS microstap line
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f Fig. 10, Plinss nose measurement results of the fabricated
“Fig. 5 Output charncteristic of the fabricated frequency frequency doubler (o) inpet signal (bloulput signal
“ daubler

{a) (b}
Fig. 11. Photograghs of the fabricated frequency doubler
[a)Top view (b} Bottom view

Fgﬁ. Detput eharacteeistic of the frequency doubler
using feedforward,

Btz mmd

1 - [y T T
=1 - : - g Table 2. Output Chamcieristic of the frequency doubler

! - Bk | Item Results Linit
S : ;. T Frequency range 3,69~ 3,79 GHz
/ =i ; s Bandwidih | Mz
R E Cuput poswer 235~ 5.8 dHm
Fig. 7. Charzereristic of the frbricited DGS microstop Coaiversivn loss 11
line. P1dB -1.5 JdBm
st | Phuse noist improvement 21 dB
P Current 14 m
e - - : Voltage 1.2 g

Frz. & Qutput charactenstic of the frequency doubler
using feadforwacd and DGS
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