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Inputting a fundamental frequency signal to the
harmonic frequency generator to generate

a fst-order , an even-number—order and [ N\- 3801
a 3rd-order harmonics

Y
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even—number—order harmonics - \-$802

Injecting the Jrd-order harmonic into an
oscillator to lock the free-running frequency at| \—S5803
the frequency of the Jrd—order harmonic

‘Fig. 8(A)
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FREQUENCY MULTIPLIER DEVICE AND
METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a frequency multi-
plier, particularly a frequency multiplier device capable of
suppressing harmonics in an electronic circuit.

BACKGROUND OF THE INVENTION

[0002] Traditional oscillation circuits can by categorized
into RC oscillators, LC oscillators and crystal oscillators. The
major component designed in the basic structure of these
circuits is a calculation magnifier. However, the oscillation
circuits based on the design of a calculation magnifier is
constrained by the gain bandwidth product, which is a big
deficiency for the design of high-frequency circuits, for
example, the Wien-bridge oscillator. As for the L.C oscilla-
tors, such as Hartley and Colpitts oscillators, the components
therein are easily affected by either the temperature coeffi-
cients or the stray capacitances/resistances thereof and
resulted in change of the oscillation frequency. Usually, the
temperature coefficients are higher than 100 ppm/° C. (which
equivalent to a change of 0.03% per 10° C.). Therefore, the
stability of the LC oscillators is not good.

[0003] Instead of the traditional oscillators, frequency syn-
thesizers can be utilized for generating RF signals have fre-
quencies of tens of Giga Hertz, while suffering extensive
power consumption and phase noises. Another method is to
input a low-frequency signal to a frequency multiplier, to
generate high oscillation frequencies. However, the method
has deficiencies such as low output power and poor harmonic
rejection ratio, HRR.

[0004] Please refer to FIG. 1, which schematics the signal
generates by a push-push oscillator known to the art. Accord-
ing to FIG. 1, a first fundamental frequency signal S1 having
a first fundamental frequency f;, is a sine wave having a
positive phase. A second fundamental frequency signal S2
having a second fundamental frequency fy, is a sine wave
having a negative phase. The first fundamental frequency £,
is equal to the second fundamental frequency f;,,. The second-
order harmonic of the first fundamental frequency signal S1
has a frequency which is two times of the first fundamental
frequency f,,;. The second-order harmonic of the second fun-
damental frequency signal S2 also has a frequency which is
wo times of the first fundamental frequency f,,. The second-
order harmonics of the first and the second fundamental fre-
quency signals, S1 and S2, have the same phase. Therefore,
the amplitudes of the two second-order harmonics can be
added and a double-frequency signal S3 is obtained. The
double-frequency signal S3 has a double fundamental fre-
quency 2 f,,, which is two times as much as the first funda-
mental frequency fi,,. The phases of odd-number-order har-
monics of the first fundamental frequency signal S1 are
opposite to that of the second fundamental frequency signal
S2 and therefore each couple of the odd-number-order har-
monics eliminate each other.

[0005] Please refer to FIG. 2(A), which is a circuit diagram
of the push-push oscillator known to the art. The push-push
oscillator 20 comprises transistors 201 and 202, inductors 203
and 204, a current source 205 and a conducting line 206. The
inductor 203 has an end A and an end B. The inductor 204 has
anend C and an end D.
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[0006] According to FIG. 2(A), the gate G, of the transis-
tor 201 is coupled to the drain Dy, of the transistor 202, the
gate G, of the transistor 202 is coupled to the drain D, ; of the
transistor 201, the source S, of the transistor 201 and the
source S,, of the transistor 202 is coupled to the current
source 205, the end A of the inductor 203 is coupled to the
drain D, , of the transistor 201, the end B of the transistor 203
is coupled to the conducting line 206, the end C of the induc-
tor 204 is coupled to the drain D, of the transistor 202, and
the end D of the inductor 204 is coupled to the conducting line
206.

[0007] The push-push oscillator 20 generates the first fun-
damental frequency signal S1 at the drain D, of the transistor
201, and the second fundamental frequency signal S2 at the
drain D, of the transistor 202. The double-frequency signal
S3 having the double fundamental frequency 2f;, is obtained
at the junction of the conducting line 206, end B and end D.
[0008] Please refer to FIG. 2(B), which is a circuit diagram
of the injection-locked frequency multiplier known to the art.
The injection-locked oscillator 21 comprises the push-push
oscillator 20 excepting the conducting line 206, and further
comprises transistors 211 and 212, buffers 213 and 214, and
a current source 215. The buffers 213 and 214 have an input
and an output terminals, in+ and out+, and in—- and out-,
respectively.

[0009] The circuit layout is illustrated in FIG. 2(B).
According to FIG. 2(B), a differential signal S,,, having a
fundamental frequency f is inputted at the gate G30 of the
transistor 211 and the gate 40 of the transistor 212 respec-
tively. The differential signal S, includes a DC and an AC
components. The transistors 211 and 212 are biased at non-
linear regions by the DC component. Passing through the
transistor 211, the AC component is transformed and then
generates a harmonic signal S,,, which includes a positive-
phase triple-frequency harmonic component having a triple
fundamental frequency 3/, at the drain D,,. The positive-
phase triple fundamental frequency 3f; is three times of the
fundamental frequency f. The harmonic signal S, is inputted
at the input terminal in+ of the buffer 213. Similarly, passing
through the transistor 212, the AC component is transformed
and then generates a harmonic signal S5, which includes a
negative-phase triple-frequency harmonic component having
a triple fundamental frequency 3f;, at the drain D,,. The
negative-phase triple fundamental frequency 3f, is three
times of the fundamental frequency f. The harmonic signal
Sp, 1s inputted at the input terminal in— of the buffer 214.
[0010] Although the injection-locked frequency multiplier
21 can inject as well as lock the oscillation frequency of the
signal from the push-push oscillator 20, the oscillation fre-
quency of the signals generated by the injection-locked fre-
quency multiplier 21 are easy to be disturbed by other har-
monics. The method of injecting all the harmonics into the
push-push oscillator 20 while suppressing unwanted frequen-
cies by employing the mechanism of injection-locking
thereof may result in poor harmonic rejection ratio, which
affects the quality of the oscillation signals.

SUMMARY OF THE INVENTION

[0011] To overcome the abovementioned drawback, the
present invention provides a frequency multiplier device. The
frequency multiplier comprises a harmonic generator and a
harmonic suppressor. The harmonic generator receives an
input signal having a fundamental frequency, and produces a
harmonic signal including a first and a second harmonic com-
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ponents. The harmonic suppressor receives the harmonic sig-
nal, suppresses the first harmonic component, and outputs the
second harmonic component. The first harmonic component
comprises a first-order harmonic having the fundamental fre-
quency and plural even-number-order harmonics, each of
which has a frequency of an even-number-times of the fun-
damental frequency. The second harmonic component com-
prises a third-order harmonic having a frequency equal to
three-time of the fundamental frequency. The harmonic sup-
pressor enhances the second harmonic component.

[0012] Preferably, the frequency multiplier device further
comprises a specific harmonic application device receiving
the enhanced second harmonic component. The specific har-
monic application device is an oscillator having an oscillation
frequency and locked at three-time of the fundamental fre-
quency by the third-order harmonic with an injection-locking
method.

[0013] Preferably, the harmonic suppressor comprises at
least a filter and a harmonic suppression circuit, which com-
prises a plurality of transistors and a plurality of capacitors
and suppresses the even-order harmonics.

[0014] Preferably, the filter is a notch filter comprising an
inductor and a capacitor, and the inductor and the capacitor
are coupled in series.

[0015] Preferably, the notch filter comprises a first capaci-
tor, an inductor and a second capacitor, the first capacitor is
coupled to the inductor in parallel to for a first circuit, and the
second capacitor is coupled to the first circuit in series. The
notch filter suppresses the first-order harmonic. The plurality
of transistors include one of a bi-polar transistor and a field-
effect transistor.

[0016] Preferably, the plurality of transistors comprises a
first and a second transistors. The first transistor has a first
gate, a first drain, and a first source. The second transistor has
a second gate, a second drain, and a second source. The
plurality of capacitors comprises a first and a second capaci-
tors. The first capacitor has a first and a third ends, and the
second capacitor has a second and a fourth ends. The first gate
is coupled to the fourth end, the second gate is coupled to the
third end, the first source is coupled to the first end, and the
second source is coupled to the fourth end.

[0017] Preferably, the harmonic generator is a differential
circuit; the input signal comprises a non-phase-inversion fun-
damental signal and a phase-inversion fundamental signal.
[0018] Preferably, the harmonic generator comprises a plu-
rality of transistors, a plurality of capacitors and a plurality of
inductors. The plurality of transistors comprise a first transis-
tor having a first gate, a first drain, and a first source; and a
second transistor having a second gate, a second drain, and a
second source. The plurality of inductors comprise a first
inductor having a first and a third ends; and a second inductor
having a second and a fourth ends. The plurality of capacitors
comprise a first capacitor having a fifth and a seventh ends;
and a second capacitor having a sixth and an eighth ends,
wherein the first drain is coupled to the first end, the second
drain is coupled to the second end, the first and the second
sources are grounded, the fifth end is coupled to the first gate,
the sixth end is coupled to the second gate, the non-phase-
inversion fundamental signal is input into the seventh end,
and the phase-inversion fundamental signal is input into the
eighth end. The plurality of inductors enhance the third-order
harmonic.

[0019] In accordance with another aspect of the present
invention, a method for processing a signal having a funda-
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mental frequency is provided. The method comprises steps
of: (a) generating a first-order, at least an even-number-order
and a third-order harmonics based on the fundamental fre-
quency signal; (b) suppressing the first-order and the even-
number-order harmonics; and (c) locking an oscillation fre-
quency at the third-order harmonic.

[0020] Preferably, the method further comprises steps of:
(c1) injecting the third-order harmonic into an oscillator to
lock an oscillation frequency at the third-order harmonic; and
(d) actuating the oscillator.

[0021] In accordance with a further aspect of the present
invention, a method for processing a harmonic is provided.
The method comprises the steps of: (a) generating a first-
order, at least an even-number-order and a third-order har-
monics; (b) suppressing the first-order and the even-number-
order harmonics; and (c) outputting the third-order harmonic.
[0022] The above objects and advantages of the present
invention will be more readily apparent to those ordinarily
skilled in the art after reading the details set forth in the
descriptions and drawings that follow, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic diagram showing the signal
generated by a push-push oscillator known to the art;

[0024] FIG. 2(A) is a schematic diagram illustrating a cir-
cuit diagram of the push-push oscillator known to the art;
[0025] FIG. 2(B) is a schematic diagram illustrating a cir-
cuit diagram of the injection-locked frequency multiplier
known to the art;

[0026] FIG.3(A)illustrates a schematic diagram showing a
frequency multiplier according to the first embodiment of the
present invention;

[0027] FIG. 3(B) is a circuit diagram of the frequency mul-
tiplier according to the first embodiment of the present inven-
tion;

[0028] FIG. 4 shows the relation between the input voltage
and the inductance of the inductors in terms of the triple-
frequency current;

[0029] FIG. 5(A) a schematic diagram showing the even-
number-order harmonics are suppressed by the harmonic
suppressing circuit in accordance with the first embodiment
of the present invention;

[0030] FIG.5(B) shows a circuit diagram of the notch filter
according to the first embodiment;

[0031] FIG. 5(C) shows a circuit diagram of the frequency
multiplier device according to the second embodiment of the
present invention;

[0032] FIG. 6 is a circuit diagram of the circuit for measur-
ing the oscillation frequency according to the first embodi-
ment of the present invention;

[0033] FIG. 7(A) illustrates the relation between the fre-
quency and the current of harmonics, according to the first
embodiment of the present invention;

[0034] FIG. 7(B) illustrates the relation between the fre-
quency and the current consumption of the harmonics accord-
ing to the first embodiment of the present invention;

[0035] FIG. 7(C)illustrates the relation between the current
and frequency of the harmonics injected into the oscillator
according to the first embodiment of the present invention;
[0036] FIG. 7(D) schematics the power of the harmonics
according to the first embodiment of the present invention;
[0037] FIG. 7(E) schematics the HRR of the harmonics
according to the first embodiment of the present invention;
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[0038] FIG. 7(F) schematics the output power of the oscil-
lation and the buffer according to the first embodiment of the
present invention;

[0039] FIG. 7(G) shows the relation between the phase of
the output signal of the signal balancing device and the fre-
quency, according to the first embodiment of the present
mvention;

[0040] FIG. 8(A) is a flow chart showing the operation
process of the frequency multiplier device according to the
first embodiment of the present invention;

[0041] FIG. 8(B) is a flow chart showing the operation
process of the frequency multiplier device according to the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0042] The present invention will now be described more
specifically with reference to the following embodiments. Tt
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purposes ofillustration and description only; it is not intended
to be exhaustive or to be limited to the precise form disclosed.
[0043] Please refer to FIG. 3(A), a schematic diagram
showing a frequency multiplier according to the first embodi-
ment of the present invention. The multiplier 30 includes a
harmonic generator 301, a harmonic suppressor, and a spe-
cific harmonic application device 303, which is an oscillator.
An input signal S, has a differential voltage Vin, which has a
fundamental frequency f,. The harmonic generator 301
receives the input signal S, and generates a harmonic signal
signal S, with a voltage V. The harmonic signal S, includes
a first harmonic component S,,,, and a second harmonic
component Sg;,,. The first harmonic component S, com-
prises a first-order harmonic having the fundamental fre-
quency f, and plural even-number-order harmonics, each of
which has a frequency of an even-number-time of the funda-
mental frequency f,,. The second harmonic component S,
comprises a third-order harmonic having a frequency equal to
three-time of the fundamental frequency f;.

[0044] The first-order, the plural even-number-order and
the third-order harmonics are inputted into the harmonic sup-
pressor 302, which outputs an injection signal S,,; having an
injection voltage V,,; and a frequency which is three times of
the fundamental frequency f;,. The oscillation frequency fc of
the oscillator 303 is injection-locked at three times of the
fundamental frequency f,.

[0045] Please refer to FIG. 3(B), which is the circuit dia-
gram of the frequency multiplier 30 according to the first
embodiment of the present invention. The harmonic genera-
tor 301 is a differential circuit, which includes a first transistor
M, having a first gate G, a first drain D, and a first source S,
a second transistor M, having a second gate G,, a second
drain D,,, and a second source S, a first inductor L ;, having a
first end P, and a third end Ps, a second inductor L ,, having a
second end P, and a fourth end P,,, a first capacitor C, having
a fifth end P, and a seventh end P,, and a second capacitor C,
having a sixth end P, and an eighth end Py. The first drain D,
is coupled to the first end P, the second drain D,, is coupled to
the second end P,,. The first and the second sources, S; and S,
are grounded. The fifth P, end is coupled to the first gate G,
The sixth end Py is coupled to the second gate G,. A non-
phase-inversion fundamental signal Vin+ is inputted into the
seventh end P,. Coupled by the first capacitor C,, the AC
component of the signal Vin+ is inputted into the first gate G,
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of the first transistor M;. A phase-inversion fundamental sig-
nal Vin- is inputted into the eighth end Pg. The AC voltage
signal is coupled by the second capacitor C, and then inputted
into the second gate G, of the second transistor M,,.

[0046] The harmonic suppressor 302 comprises a filter set
3021 and a harmonic suppression circuit 3022, The harmonic
suppressor 302 receives the harmonic signal S, and outputs
the second harmonic component S, which comprises the
third-order harmonic having a frequency three times as much
as the fundamental frequency {,,. The filter set 3021 includes
two notch filters, 30211 and 30212, for suppressing funda-
mental frequencies. The notch filter 30211 comprises two
capacitors, Cp1 and Cgl, and an inductor Lp1. The capacitor
Cpl is coupled to the inductor Lpl in series to form a circuit,
and the circuit is coupled to the capacitor Cgl in parallel.
Alternatively, the inductor Lp1 and the capacitor Cg2 can be
coupled in series to form a notch filter. Likewise, The notch
filter 30212 comprises two capacitors, Cp2 and Cg2, and an
inductor Lp2. The capacitor Cp2 is coupled to the inductor
Lp2 in series to form a circuit, and the circuit is coupled to the
capacitor Cg2 in parallel. Alternatively, the inductor Lp2 and
the capacitor Cg2 can be coupled in series to form a notch
filter. The notch filters, 30211 and 30212, suppress the first-
order harmonic. The harmonic generator generates a variety
of harmonics. The harmonics having frequencies more than
three times of the fundamental frequency can be neglected
due to the low power thereof which would affect neither the
inputs nor the outputs of the subsequent circuits. For the
present invention, the subsequent circuits are the harmonic
suppressor 302 and the oscillator 303.

[0047] The harmonic suppression circuit 3022 comprises
two transistors M and My, two capacitors Ccl and Cc2, and
two resistors Rbl and Rb2. The transistors M and M, com-
prise two gates, G5 and G, two drains, D5 and Dy, and two
sources Ss and S, respectively. The capacitor Ccl has two
ends, Py and P, . The capacitor Cc2 has two ends, P, ;and P .
The resistor Rb1 has two ends, P, ; and P,5. The resistor Rb2
has two ends, P, and P .

[0048] The gate G; is coupled to the ends P, , and P,5. The
gate G is coupled to the ends P, and P, ,. The capacitor Cgl
has an end P, which is coupled to the ends P, P, and the
source Ss. The capacitor Cg2 has an end P, 4, which is couple
to the ends P, P, and the source S,. The ends P, 5, P, are
coupled to a voltage source Vdd2. The resistor Rb1 is used as
a bias resistor for providing bias to the transistor M. The
resistor Rb2 is used as a bias resistor for providing bias to the
transistor M. The harmonic suppressing circuit is employed
for suppressing the even-number-order harmonics.

[0049] Theoscillator 303 comprises transistors M, and M.,
inductors Ls1 and Ls2, and a bias current source 3031. The
inductor Ls1 has two ends P, and P,,. The inductor [.s2 has
two ends P,, and P,,. The gate G, of the transistor M, is
coupled to the drain D, of the transistor M, as well as the end
P,, of the inductor Ls2. The gate G, of the transistor M, is
coupled to the drain D, of the transistor M, as well as the end
P, ofthe inductor Ls1. The source S, ofthe transistor M, and
the source S, of the transistor M, are coupled to the bias
current source 3031 to form a common connection. The two
ends, P,, and P,,, are coupled to a voltage source Vddl to
form another common connection, according to the illustra-
tion of FIG. 3(B). Either bipolar transistors or field effect
transistors are applicable for those transistors set forth above.
[0050] According to FIG. 3(B), the frequency multiplier 30
may also generate oscillation signals with a frequency three-
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times as much as the fundamental frequency f, with the oscil-
lator 303. In this particular embodiment, the harmonic gen-
erator 301 and the harmonic suppressor 302 form a second
type of frequency multiplier.

[0051] InFIG. 3(B), the positive-phase fundamental signal
Vin+ is transmitted into the first transistor M;, while the
phase-inversion fundamental signal Vin- is transmitted into
the second transistor M ,, to produce bias to the two transistors
M, and M, at appropriate level for generating multi-fre-
quency harmonics. According to the purpose of the present
embodiment, the design of the harmonic generator 301 is to
generate the current of the signal having the frequency three
times of the fundamental frequency f,, or triple-frequency
current, as much as possible. The output impedance of the
harmonic generator 301 is also taken into account. When the
first and second transistors M, and M, are biased at a non-
linear region, in which the output current achieves its maxi-
mum, the largest amount of the triple-frequency current can
be obtained.

[0052] Pleasereferto F1G. 4, which schematics the relation
between the input voltages and the inductance of the induc-
tors in terms of the triple-frequency current, in accordance
with the first embodiment of the present invention illustrated
in FIG. 3(B). According to FIG. 4, the corresponding triple-
frequency current for the voltage of two voltage inputs, Vgs3
and Vgs4, versus the inductance of the two inductors, Ld1 and
Ld2, can be obtained, and the largest triple-frequency current
is obtained when the inductance of both the two inductors,
Ld1 and Ld2, is about 200 pH and the voltage of both the
voltage inputs, Vgs3 and Vigsd, 1s about 0.6 volt.

[0053] After providing bias to the transistors M; and M, at
Vgs-max to produce a maximum triple-frequency current,
now is to consider the output impedance. Based upon the
impedance theory, it can be comprehended that the maximum
triple-frequency current output from a circuit is achieved
when the circuit’s output impedances corresponding to the
fundamental frequency f,, two-times the fundamental fre-
quency f, and three-times the fundamental frequency f, are
short, short and open, respectively. Since the inductors are the
elements for achieving such frequency responses, according
to the illustration of F1G. 4, the bias Vgs-max is set to 0.6 volt
while the inductances of Ld1 and Ld2 200 pH, and the maxi-
mum triple-frequency current is obtained.

[0054] Please refer to FIG. 5(A), which is a schematic
diagram showing the even-number-order harmonics are sup-
pressed by the harmonic suppressing circuit in accordance
with the first embodiment of the present invention. An even-
number-order harmonic EW1 at the source S is the same with
another even-number-order harmonic EW2 at the source Sq.
For the transistor My, the voltage level of the even-number-
order harmonic at the gate G is the same with the voltage
level at the source S; at any time. In other words, the voltage
Vgs regarding the even-number-order harmonics transmitted
into the transistor M equals to zero, and the output voltage
corresponding to the even-number-order harmonics at the
drain D5 is zero. Likewise, as for the transistor M, the voltage
level of the even-number-order harmonic at the gate G is the
same with the voltage level at the source S, at any time, and
therefore the output voltage corresponding to the even-num-
ber-order harmonics at the drain Dy is zero. Thus, the effect of
suppressing the even-number-order harmonics is achieved.
[0055] Based on the same idea, the harmonic suppression
circuit 3022 has the efficacy of increasing the amplitudes of
the odd-number-order harmonics whose frequencies is odd-
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number-time of the fundamental frequency f, and simulta-
neously increasing the current of the first-order and the third-
order harmonics. The increase of the current of the third-order
harmonic is needed to the present invention, while that of the
first-order harmonic is not. Therefore, there is a need to
manipulate the current of the first-order harmonic as appro-
priate.

[0056] At the time when both the first and the second tran-
sistors, M5 and M,, are operating, the first-order harmonic
with the fundamental frequency f, generates the largest
amount of current. If a manipulation can be done prior to
injecting the harmonics into the oscillator 303 to the reduced
current of the first-order harmonic and completely inject the
current of the third-order harmonic, a more effective injection
can be resulted in. So according to a preferred embodiment of
the present invention, the two notch filters 30211 and 30212
are employed to achieve the efficacy of filtering the first-order
harmonic.

[0057] Please refer to FIG. 5(B), which illustrates a circuit
diagram of the notch filter according to the first embodiment
of the present invention. According to FIG. 5(B), the capaci-
tor Cp2 and the inductor Lp2 are coupled in parallel to form
a circuit having high impedance for the triple-frequency sig-
nal. The circuit is further coupled to the capacitor Cg2 in
series to achieve low impedance for the fundamental fre-
quency signal. Provided that the fandamental frequency F0 is
20 GHz, the frequency of the triple-frequency signal is 60
GHz. The formula indicating the calculation for the input
impedance is show as below, where Cg, Cp and Lp indicate
the capacitances of the capacitors Cg2, Cp2, and the induc-
tance of the inductor Lp2, respectively:

1 Equation 1
sLpx —
. 1 sCp
Zin=—+
sCg I+ 1
s —
sCp
1 sLp

= 4y —

sCg  1+S2LpCp
_1+S*Lp(Cp + Cg)
T s(1+82LpCp)Cy

[0058] Thecircuitdesign according to the present invention
is to let the equivalent impedance calculated based on the
values of Cg, Cp and Lp be a low impedance for a signal with
a frequency of 20 GHz, to allow the current of the first-order
harmonic drain off to the ground. As for the triple-frequency
signal of 60 GHz, the equivalent impedance is a high imped-
ance, so the current of the triple-frequency signal is prevented
to drain of to the ground.

[0059] According to the equation 1, it can be derived that:

1

uVIp(Cp+Cy) |

20 GHz =

1 [cr+c
L |l
wmvipcp N Cp

=3>Cyg
=38Cp

60 GHz=
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[0060] Based on the above, it is observed that the value of
Cp is multiple to that of Cg. Due to the influence of process
drift, the chosen value of the inductance Lp shall not be too
small. According to the above-mentioned aspect, a circuit for
drain out the first-order harmonic can be designed. The simi-
lar idea can by adopted for designing the notch filter 30211.
[0061] Again, referring to FIG. 3(B), parasitical capaci-
tances Cgs2, Cgsl may exist between the gage G2 and the
source S2 and between the gate G1 and the source S1, respec-
tively. The capacitors Lsl, Ls2 and the parasitical capaci-
tances Cgsl, Cgs2 form a LC resonance circuit (LC tank)
having frequency selectivity. The equivalent circuit formed
between the two drains D1 and D2 is a negative impedance of
-2/gm, which may utilized for compensating the consump-
tion of oscillation frequency due to the LC Tank resonance
circuit. For the purpose of measuring the oscillation fre-
quency of the frequency multiplier 30, a buffer circuit is
added therein.

[0062] Please refer to FIG. 5(C), which illustrates a circuit
diagram of the frequency multiplier device according to the
second embodiment of the present invention. According to
FIG. 5(B), the frequency multiplier 50 comprises a harmonic
generator 301 and a harmonic suppressor 302. The harmonic
generator 301 receives an input signal S,, and generates a
harmonic signal S;;witha voltage V.. The harmonic signal S5,
includes a first harmonic component S, and a second har-
monic component S,,,,,. The first harmonic component S,
comprises a first-order harmonic having the fundamental fre-
quency f; and plural even-number-order harmonics, each of
which has a frequency of even-number times of the funda-
mental frequency f,,. The second harmonic component S,
comprises a third-order harmonic having a frequency equal to
three-time of the fundamental frequency f,. The harmonic
suppressor 302 comprises a filter set 3021 and a harmonic
suppression circuit 3022. The harmonic suppressor 302
receives the harmonic signal S, and outputs the second har-
monic component S, which comprises the third-order
harmonic having a frequency three times as much as the
fundamental frequency f,. According to the second embodi-
ment of the present invention, the third-order harmonic is
inputted from the drain D5 of the transistor My and the drain
D of the transistor Mg

[0063] Please refer to FIG. 6, which illustrates a circuit
diagram of the circuit for measuring the oscillation frequency
according to the first embodiment of the present invention.
The circuit for measuring the oscillation frequency 60 com-
prises a frequency multiplier device 601, measurement cir-
cuits 602, 603 and a differential signal balancing circuit 604.
The frequency multiplier device 601 comprises the harmonic
generator 301, the harmonic suppressor 302 and the oscillator
303. Likewise, without the oscillator 303, the frequency mul-
tiplier device 601 still can output a signal with a frequency 3
times as much as the fundamental frequency F,. The mea-
surement circuit 602 includes a first stage buffer 6021, a
transistor M, ; as a second stage buffer, an equivalent model of
measured instrument 6022 and a bias circuit 6023. The mea-
surement circuit 603 includes a first stage buffer 6031, a
transistor M, , as a second stage buffer, an equivalent model of
measured instrument 6032 and a bias circuit 6033. The dif-
ferential signal balancing circuit 604 includes a signal-bal-
ancing device 6041 and plural transistors, resistors and
capacitors.

[0064] The difference between the frequency multiplier
device 601 and the frequency multiplier device 30 is that the
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inputted phase differential signal Vin+ and the inverse phase
differential signal Vin- for the frequency multiplier device
601 are generated by the signal-balancing device 6041. After
the fundamental frequency F,,, which ranges from 19 to 22
GHz, fed into the signal-balancing device 6041, the signal-
balancing device 6041 generates the positive phase differen-
tial signal Vin+ and the inverted phase differential signal
Vin-, Two capacitors of 1.6 pF are used for AC-coupling to
the positive phase differential signal Vin+ and the inverted
phase differential signal Vin-. The capacitor of 0.4 pF is for
AC-coupling to the ground. Two resistors of 50 ohm are for
matching the input impedance. Two resistors of 5 kilo-ohm
are for providing voltage bias for the first and the second
transistors, M; and M, to a voltage Vb1. The transistors M, ,
and M, are employed for ESD protection to prevent the
frequency multiplier device 601 from ESD damage.

[0065] According to FIG. 6, the first-order buffer 6021
comprises a transistor M, a capacitor Lbufl and a resistor
Rbufl. The triple-frequency signal, which has a frequency 3
times as high as the fundamental frequency f,,, is outputted at
the ends Vop and Von. To avoid too much loading that affects
the oscillation, the measuring circuits, 602 and 603, provided
by the present invention utilize second stage buffers and less
scaled transistors. Since the buffers are coupled to the oscil-
lator, the input capacitance of the buffers shall be taken into
account. The common-source amplifier with small device
size is utilized. The source S9 of the common-source ampli-
fier is coupled to the resistor Rbufl having appropriate resis-
tance for avoiding the transistor M9 destroyed by excessive
DC current. The inductive reactance of the inductor Lbufl is
the loading impedance of the first buffer 6021. The drain D9
is coupled to the gate G11. The transistor M11 is used as the
source follower and the second-order buffer as well, which
serves the function of magnifying the oscillation signal. The
source follower outputs oscillation signals at the source S11.
Having lower output impedance, the source follower can
match the equivalent impedance of the low impedance circuit
6022.

[0066] The low impedance circuit 6022 is for simulating a
probe to contact the output end of the second-order buffer.
The equivalent impedance ofthe probe is 50 ohm. The voltage
bias circuit 6023 is a current mirror, which provides bias
voltage to the transistor M, |. Likewise, the first-order buffer
6031 comprises a transistor M, a capacitor Lbuf2 and a
resistor Rbuf2. The low impedance circuit 6032 is for simu-
lating a probe to contact the output end of the second-order
buffer. The equivalent impedance of the measured instrument
is 50 ohm. The voltage bias circuit 6033 is a current mirror,
which provides bias voltage to the transistor M, .

[0067] Please refer to FIG. 7(A), which illustrates the rela-
tion between the frequency and the current of harmonics,
according to the first embodiment of the present invention. It
can be observed from the illustration of FIG. 7(A) that, the
current of the second-order harmonic is suppressed to around
350 micro-amp, the current of the first-order harmonic with
the fundamental frequency f0 of 20 GHz is around 5.05 mil-
liamp, and the current of the third-order harmonic having the
triple frequency of 60 GHz is around 800 micro-amp.
[0068] Please refer to FIG. 7(B), which illustrates the rela-
tion between the frequency and the current consuniption of
the harmonics according to the first embodiment of the
present invention. According to FIG. 7(B), the consumed
current of the first-order harmonic having the fundamental
frequency f0 of 20 GHz is relatively high, which is due to the
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low impedance of the notch filter 30212 for the frequency of
20 GHz so as to drain the first-order harmonic to the ground
and improve the HRR. The current consumption of the sec-
ond-order harmonic is also high, while the current consump-
tion of the third-order harmonic is almost the same as the
current of the third-order harmonic illustrated in FIG. 4,
which indicates the consumed current of the third-order har-
monic is indeed the output current thereof.

[0069] Please refer to FIG. 7(C), which illustrates the rela-
tion between the current and frequency of the harmonics
injected into the oscillator according to the first embodiment
of the present invention. According to the illustration of FIG.
7(C), the current of the second-order harmonic injected to the
oscillator 303 is suppressed to 200 micro-amp and even
lower, the current of the first-order harmonic to 600 micro-
amp and lower, and the current of the third-order harmonic is
around 1300 micro-amp. Thus, the current of the third-order
harmonic is fully injected into the oscillator 303.

[0070] Please refer to FIG. 7(D), which schematics the
power of the harmonics according to the first embodiment of
the present invention. According to FIG. 7(D), the power of
the first-order, the second-order and the third-order harmon-
ics are illustrated as mol, mo2 and mo3 respectively. It is
observed the power of the third-order harmonic having a
frequency of 60 GHz is zero dBm.

[0071] Please refer to FIG. 7(E), which schematics the
HRR of the harmonics according to the first embodiment of
the present invention. The HRR corresponding to each of the
harmonics are above 30 dB at the oscillation frequency of 60
GHz.

[0072] Please refer to FIG. 7(F), which schematics the out-
put power of the oscillation (power_osc) and that of the buffer
(power_buf), according to the first embodiment of the present
invention. According to the illustration of FIG. 7(F), the out-
put power of both the oscillator and the buffer achieve a
maximum when the locked frequency is around 59 to 60 GHz.
[0073] Please refer to FIG. 7(G), which schematics the
relation between the phase of the output signal of the signal
balancing device and the frequency, according to the first
embodiment of the present invention. According to the illus-
tration of FIG. 7(QG), the phase difference between the positive
phase differential signal Vin+ and the inverted phase differ-
ential signal Vin- is around 182 degree, when the input fre-
quency is 20 GHz. To suppress the even-number-order har-
monics, the phase difference shall be maintained at 180
degree.

[0074] Please refer to FIG. 8(A), which is a flow chart
showing the operation process of the frequency multiplier
device 30 according to the first embodiment of the present
invention. The operation process includes steps of: (S801)
inputting a fundamental frequency signal to the harmonic
frequency generator 301 to generate a 1*"-order, an even-
number-order and a 3’%-order harmonics; (S802) suppressing
the 1"-order and the even-number-order harmonics; and
(S803) injecting the 3™-order harmonic into an oscillator 303
to lock the free-running frequency at the frequency of the
3"“_order harmonic. The operation method of the frequency
multiplier device 30 further includes the following step: to
actuate the oscillator.

[0075] Please refer to FIG. 8(B), which is a flow chart
showing the operation process of the frequency multiplier
device according to the second embodiment of the present
invention. Referring to FIG. 3(B), the oscillator 303 is elimi-
nated according to the alternative design of the frequency
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multiplier device 30. The operation process of the alternative
design of the frequency multiplier device 30 includes the
steps: (S811) inputting a fundamental frequency signal to the
frequency multiplier to generate a 1"-order, an even-number-
order and a 3"“-order harmonics; (S812) suppressing the 1%-
order and the even-number-order harmonics; and (S813) out-
putting the 3"“-order harmonic.

[0076] Based onthe above, the present invention adopts the
method of suppressing the first-order and the even-number-
order harmonics and enhancing the third-order harmonic to
achieve the objective of obtaining oscillation signals with
better quality. While the invention has been described in terms
of what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims that are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A frequency multiplier device, comprising:

a harmonic generator, receiving an input signal having a
fundamental frequency, and producing a harmonic sig-
nal including a first and a second harmonic components;
and

a harmonic suppressor receiving the harmonic signal, sup-
pressing the first harmonic component, and outputting
the second harmonic component.

2. A frequency multiplier device as claimed in claim 1,
wherein the first harmonic component comprises a first-order
harmonic having the fundamental frequency and plural even-
number-order harmonics, each of which has a frequency of an
even-number-times of the fundamental frequency, the second
harmonic component comprises a third-order harmonic hav-
ing a frequency equal to three-time of the fundamental fre-
quency, and the harmonic suppressor enhances the second
harmonic component.

3. A frequency multiplier device as claimed in claim 2,
further comprising a specific harmonic application device
receiving the enhanced second harmonic component,
wherein the specific harmonic application device is an oscil-
lator having an oscillation frequency and locked at three-time
of the fundamental frequency by the third-order harmonic
with an injection-locking method.

4. A frequency multiplier device as claimed in claim 2,
wherein the harmonic suppressor comprises at least a filter
and a harmonic suppression circuit.

5. A frequency multiplier device as claimed in claim 4,
wherein the harmonic suppression circuit suppresses the
even-order harmonics.

6. A frequency multiplier device as claimed in claim 4,
wherein the harmonic suppression circuit comprises a plural-
ity of transistors and a plurality of capacitors.

7. A frequency multiplier device as claimed in claim 4,
wherein the filter is a notch filter.

8. A frequency multiplier device as claimed in claim 7,
wherein the notch filter comprises an inductor and a capacitor,
and the inductor and the capacitor are coupled in series.

9. A frequency multiplier device as claimed in claim 7,
wherein the notch filter comprises a first capacitor, an induc-
tor and a second capacitor, the first capacitor is coupled to the
inductor in parallel to form a first circuit, and the second
capacitor is coupled to the first circuit in series.
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10. A frequency multiplier device as claimed in claim 7,
wherein the notch filter suppresses the first-order harmonic.

11. A frequency multiplier device as claimed in claim 10,
wherein the plurality of transistors include one of a bi-polar
transistor and a field-effect transistor.

12. A frequency multiplier device as claimed in claim 10,
wherein:

the plurality of transistors comprise:

a first transistor having a first gate, a first drain, and a first
source; and

asecond transistor having a second gate, a second drain,
and a second source; and

the plurality of capacitors comprise:

a first capacitor having a first and a third ends; and

a second capacitor having a second and a fourth ends,
wherein the first gate is coupled to the fourth end, the
second gate is coupled to the third end, the first source
is coupled to the first end, and the second source is
coupled to the fourth end.

13. A frequency multiplier device as claimed in claim 1,
wherein the harmonic generator is a differential circuit.

14. A frequency multiplier device as claimed in claim 1,
wherein the input signal comprises a non-phase-inversion
fundamental signal and a phase-inversion fundamental sig-
nal.

15. A frequency multiplier device as claimed in claim 1,
wherein the harmonic generator comprises a plurality of tran-
sistors, a plurality of capacitors and a plurality of inductors.

16. A frequency multiplier device as claimed in claim 15,
wherein:

the plurality of transistors comprise:

a first transistor having a first gate, a first drain, and a first
source; and

a second transistor having a second gate, a second drain,
and a second source,

the plurality of inductors comprise:

a first inductor having a first and a third ends; and
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a second inductor having a second and a fourth ends, and
the plurality of capacitors comprise:

a first capacitor having a fifth and a seventh ends; and

a second capacitor having a sixth and an eighth ends,
wherein the first drain is coupled to the first end, the
second drainis coupled to the second end, the first and
the second sources are grounded, the fifth end is
coupled to the first gate, the sixth end is coupled to the
second gate, the non-phase-inversion fundamental
signal is input into the seventh end, and the phase-
inversion fundamental signal is input into the eighth
end.

17. A frequency multiplier device as claimed in claim 15,
wherein the plurality of inductors enhance the third-order
harmonic.

18. A method for processing a signal having a fundamental
frequency, comprising steps of:

(a) generating a first-order, at least an even-number-order
and a third-order harmonics based on the fundamental
frequency signal;

(b) suppressing the first-order and the even-number-order
harmonics; and

(c) locking an oscillation frequency at the third-order har-
monic.

19. A method as claimed in claim 18, further comprising

steps of:

(c1) injecting the third-order harmonic into an oscillator to
lock an oscillation frequency at the third-order har-
monic; and

(d) actuating the oscillator.

20. A method for processing a harmonic, comprising the
steps of:

(a) generating a first-order, at least an even-number-order

and a third-order harmonics;

(b) suppressing the first-order and the even-number-order
harmonics; and

(c) outputting the third-order harmonic.
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