OSCI LLATI ON CI RCUI T AND OSCI LLATI ON METHOD ~ BACKGROUND oF THE | NvERf&R ™
1. Field of the Invention | The present invention relates to an
oscillation circuit and an oscillation method and, nore particularly, to
an osgillation circuit and an oscillation nmethod in which signals having a

hi gh frequency can be generated w thout adjustnents. 2. Description of
the Related Art Fig. 3 shows an exanple of the construction of an
oscilldtion circuit. |In this exanple,-tihe emtter of an NPN transistor .3

is grounded via a resistor 4, and a capacitor 6 is connected in parallel
to the resistor 4. Further,. a capacitor 5 is connected between the base
and “tthe emitter of the NPN transistor 3. Aresistor 1 and a resistor 2
are cofinect ed bet wee@SQILBATION| CTRCUIN GAND DSAIFAASIONI MEFHADpr edet er m ned
vol tage source and the ground, with the connection point of the resistor 1
and the resistor 2 being connected to the base of the NPN

'BACKGROUND OF THE INVENTION
1. Field of'the Invention
The present invention relétes to an oscillation
circﬁit and an oscillation method and, more particularly,
" to an oscillation circuit and an oscillation method in
which signals having a high frequency can be generated
without adjustménts. |

2. Description of the Related Art

Fig. 3 shows an example of the construction éf an’,
oscillation circuit. In this example, the emi;tef,gg;aﬁ
NPN transistor 3 is grounded viéla%ﬁeéiséér 4, and a
capacitor 6 is connected in pafallel to the resistor 4.
Further, a capacitor 5 is connected between the base and
the emitter of the NPN trénsistdr 3. A resistor 1 and a
resistor 2 are connected between a terminal T3 which is
connected to a predetermiﬁed voltage source and the
_ground, with the pbnnection pbiﬁt of the resistor 1 and
the resistér 2 being connected to the base of the NPN
transistor 3. Each of these resisﬁors 1, 2 and 4 sﬁpplies
a predetermined bias voltage'to the NPN transistor 3.

. Further, connectéd to the base of the NPN transistor
3 is a oné—port-type SAW (Surface Acoustic Wave) resonator

9 via a capacitor 7 for blocking the flow of direct
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transistor 3. Each of these resistors 1, 2 and 4 supplies a predeterm ned
bi as voltage to the NPN transistor 3. ' Further, connected to the base
of the NPN transistor 3 is a one-port-type SAW (Surface Acoustic Wave)
resonator 9 via'a capacitor 7 for blocking the flow of direct

-2- current. In addition, a terminal T3 is grounded via a capacitor 8.
The one-port-type SAWresonator 9 is fornmed as shown in, for exanple, Fig.
4, and the equivalent circuit thereof 4 f~orned as shown in Fig. 5.

.More specifically, a parallel circuit of (i) a series circuit forned of a
resistor 21, a coil 22 and a capacitor 23 and (ii) a capacitor 24 is
connect ed between terninals_ T[err] and T[err]. This capacitor 24 is a
term nal -t o- cBrReRblr &EBpadfibpen. o el Ry s gyeundedy ¥danat or 0.
This one-port-type SAWresonator 9 substantially functions as an '
i'nduct ance wReRaEhEOEORdi ti ons described below are satisfied, where L22,

C23, C24 and R21 age t he : ) Cm
The one-port-type SAW resonator 9 is formed as shown

ih, for example, Fig. 4, and the equivalent circuit
thereof is formed as shown in Fig. 5.
| More gpecifically; a parallel circuit of (i) a series
circuit formed of a resistor 21,.a coil 22 and a capacitor
23 and (ii) a capacitor 24 is connected between terminals
Ty and T2. This capacitor 24 is a terminal-to-terminal
capacitance of the one{port—type SAW resonator 9.
This one-port-type SAW resonator 9 substantially
" functions as cn inductance when the conditions described
below are satisfied, where L2, C23, C24 and R2i are the
_indccténce of the coil 22, the capacitance of the
capacitor 25, the capacitance of the capacitor 24 and the
resistance value of the resistor 21, respectively:
WLz2 > 1/(®Cz3) = 1/(WC24) = R21
That is, when the one-port-type SAW resonator 9
satisfies the aboﬁeQdescribed conditions and substantially
functions as an inductance (coil), the circuit of Fig. 3
fcrﬁs a what is commonly cailed Colpitts oscillation
circuit and perfcrms-an oscillation opcraticn.
In the oscillation circuit shown in Fig. 3, a two-
port-type SAW rescnator 43 shown in Figs. 7 and 8 to £e

described later may be used instead of the one-port-type



I nductance of the coil 22, the capacitance of the capacitor 23, the
capacitance of the capacitor 24 and the resistance value of the resistor
21, respectively: [err]L[err] > 1/ ([err]Cerr]) = 1/ ([err]Cerr]) =
Rlerr] That is, when the one-port-type SAWresonator 9 satisfies the
above-descri bed conditions and substantially functions as an inductance
(coil), the circuit of Fig. 3 forns a what is commonly called Colpitts
oscillation <circuit and performs an osci3l ati on operati on. In the
oscillation circuit shown in Fig. 3, a two- port-type SAWresonator 43
shown in Rigs. 7 and 8 to be described |later may be used instead of the
one-port-type : , - 3- SAWresonator 9
shown in Fi gS§AW4rgagnator 9 sheyy. im Bigss 4nskdpl e of the construction
of another oscillation cjircuit. In this exanple, the output of an o
amplifier 41 is fEB#9t o6t AROVACIRRX3MBIR ahwhe cansictdon of 4 capacit or
42. Further, the, out ut_gg { he two- prt-tﬁfe SAWresonator 43 is input to
t he anplifi€P°EEeFj sgi ﬁ&&??o?lﬁgnlt. . this example, the output

of an amplifier 41 is fed to the two-port-type SAW
resdnator 43 via_a capacitor 42. Further, the output of
the two—pdrt—type SAW resonator 43 is input to the
amplifier 41 via a capacitor 44.

The amplifier 41 is contained in an IC, and the
inductance components, such as a,bondihg wire present
between_eéchjterminal of the IC and the built-in chip,
form a coil.45.

The two~-port-type SAW resonator 43 has terminals T3
and Tiz for input/ocutput purposes and terminal T13 for
grounding purposes, as shown in, for example, Fig. 7.
Fig. 8 shows an equivaleﬁt circuit of such two-port-type
SAW resonator 43.

That is, the terminal Ti11 is connected to one of the
‘terminals of one of the windings“of an equivalent
traﬁsfqrmer_ss via a resistor 52, a coil 53 and a
capacitor 54. The other terminal of this winding of the
equivalent transformer 55 is connected to the terminal'T13.
The terminal Tj33 is connected to the terminal Ti3 via a
capacitor 51.

The terminal T;2 is connected to the terminal Ti3 Qia

a parallel circuit of the other winding of the equivalent



The anplifier 41 is contained in an IC, and the inductance conponents,
such®as a bonding wire present between each termnal of the IC and the
built-in chip, forma coil 45. The two-port-type SAWresonator 43
has termnals T[err] and T[err] for input/output purposes and termnal
T[err] for- groundi ng purposes, as shown in, for exanple, Fig. 7. Fig. 8
shows an equivalent circuit of such two-port-type SAWresonator 43.

That is, the termnal T[err] is connectad-to one of the terminals of one
of the wi ndings of an equivalent transformer 55 via a resistor 52, a coi
53 and a capacitor 54. The other termnal of this w nding of the

equi val ent transformer 55 is connected to the termnal T[err]. The

term nal T[erapsfermenntttant td qdpadidar 56. T[err] via a capacitor 51
The termnal T[err] is connected to the termnal T[err] via a parallel
circuit .of the ofR@rtWeTRR¥ ¥Pe FAW qespaser 43 substantially

functions as a delay phasé circuit and is formed to be
able to select delay phase signals of 0 -and 180‘degrees
mainly by the coil 53 and the equivalent transformer S55.

Therefofe, the output of the amplifier 41 is input to
the two-port-type SAW resonator 43 via the capacitor 42,
and a signal whose phase is delayed 0 or 180 degrees is_
input from the two-port-type SAW resonator 43 wvia the

Icapacitor 44 to the amplifier 41, causing this circuit to
oscillate.

However, the above-described oscillation circuit
shown in Fig. 3 performs an unbalanced operation. As a
result,_in order to suppress leakage of the oscillation
signal (spurious signal), a power terminal T3 must be
grounded 'in a high—frequency manner by the capacitor 8 so
as to decrease the impedanée'theredf and stabilize the
circuit. Also, it is necessary Eo strictly shield the
entire oscillation circuit. Furthermore, there are
problems, for example, since the degree of balancé is
poor, loopback of signals occurs, and therefore in order
to stably generate a signal of a predetermined ffequency

.without being affected by temperature change or aging, an
adjustment operation is indispenéable.

Meanwhile, since the oscillation circuit shown in



transforner 55 and a capacitor 56.

subst-antially functions as a delay phase circuit and is forned to be
to select delay phase signals of 0 and 180 degrees nminly by the coil.
and the equival ent transforner 55. Therefore, the output of the
anplifier 41.is input to the two-port-type SAWresonator 43 via the

capacitor 42, and a signal whose phase is delayed O or 180 degrees is

i nput fromthe two-port-type SAWresonatgr -43 via the

anplifier 41, causing this circuit to oscillate. However, the

above-described oscillation circuit
oper ati on.
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The two-port-type SAWresonator 43
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53

capacitor 44 to the

shown in Fig. 3 performs an unbal anced
As a result, in order to suppress |eakage of the oscillation

as to-decrease the inpedance

adj ust, t operation js_indi spensable.., Meanwhi L e, since
t he oscill atP ﬂv&gg UFP gﬁgﬁnﬁ}gﬁ—frequeﬁky grounding easy, qr Jhe :

number of parallel grounding terminals is increased. As a
result, only signals 6f a freq&ency of, for example, 100
MHz, can be geherated, and there is a problem iﬁ that it
is difficult to stably generate a signal of a frequency
higher than that frequency without being affected by

temperature .change or aging.

SUMMARY OF THE INVENTION
The present in&ention has been achievéd in view of
such cifcumstances and aims to stably generate a signal of
a higher frequency.
| The oscillation circuit described in claim 1
comprises: a différential amplifier haviné ét least a péir

of active elements which are differentially connected; a

' positive feedback circuit for positively feeding back the

output of the differential amplifier to the input thereof;

and a one-port-type SAW resonator connected between the

'pair of active elements.

The oscillation method described in claim 13

comprises the steps of:.positively feeding‘back the output



- 5- Fig. 6 also perforns an unbal anced operation, counterneasures for
factors which obstruct the formation of ICs of a small size and

i ntegration of 1Cs nmust be performed, for exanple, independent power
termnals are provided to make hi gh-frequency groundi ng easy, or the
nunber of parallel grounding termnals is increased. As a result, only
signals of a frequency of, for exanple, 100 M1z, can be generated, and
there is a problemin that it is diffieubt-to stably generate a signal of
a frequency higher than that frequency w thout being affected by

t enper at ur e- change or agi ng. SUWWARY OF THE 1 NVENTI ON The present
i nvention has been .achieved in view of - such circunstances and ains to
stably gener &fe e diffienentrialy ampdAdierr bgvdngyat least mepai%iof ation
circuit described in_claiml _conprises: a differential anplifier having at

| east a.pair adivg @lanentspiich gren ddféegpptindhy| aPryecirthde ddhe a

input_thereof; and causing'a one-port-type SAW resonatorx
connected between the pair of active elements to perform
an oscillation operation.

In the oscillation circuit. described in claim 1, the
differential amplifier includes at least a pair of active
elements which are differentially connected, a positive
feedback circuit for positively feeding back the output of
the differential amplifier to its input, and a one-port-
type SAW resonator is connected between a pair of active
elements.

In the osciliation méthod described in claim 13, the
output of a differential amplifier having at least a pair
of active elements which are differentially connected is
positively fed back to the input thereof, and a one-port-
type SAW resonator connected between the pair of active
elements is caused tolperform an oscillation operation.

The above and furﬁher objects, aspects and novel
‘features of the invention will become more apparent from
the following detailed descriptioh when read in connection

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram illustrating the



- positive feedback circuit for positively feeding back the output -of the
diffeerential anplifier to the input thereof; and a one-port-type SAW
resonat or connected between the pair of active el enents. The

osci] lation nmethod described in claim 13" conprises the steps of:
positively feeding back the output

- 6- of a differential anplifier having at |least a pair of -active

el enents which are differentially conre@ ed to the input thereof; and
causing a one-port-type SAWresonator connected between the pair of active
el ements to perform an oscillati.on operation. ~ Inthe oscillation
circuit described in claiml, the differential anplifier includes at |east
a pair of aEPRIE-USHEORMRE I Arbodiananty af am osiaiy lasiracedrcuitpetiti ve .
f eedback ciycuit for ositiveh¥ f eedi ng back the output of the

di fferenti atfPapFePeRE T8VeRi9Mput, and a one-port- type SAWresonator is
connect ed betwe

n tgﬁ oscillation
met-hod descri be e

glpzl.ﬁ . 2?:,5. ﬁ]oa]j[ ggfz%c%_}giet fi!a%r;:eag& S:|.'1 lus tratling
‘construction of another embodiment of the oscillation
circuit of the present invention;

Fig. 3 is a circuit diagram illué;rating the
construction of the oscillétion circuit;

Fig. 4 shows the construction of a one-porf-type SAW
resonator; |

Fig. 5 is a circuit.diagram iliustrating'an
equivalent circuit of the example of Fig. 4;

Fig. 6 is a circuit diagﬁém illustrating an example
of the construction of another oscillation circuit;

Fig. 7 shqws'the construction of a two-port-type SAW
resonator; and |
| Fig. 8 is a circuit diagram illustrating an

equivalent circuit of the example of Fig. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a circuit diagram illustrating the
construction of an embodiment of an oscillation circuit of
 the present'inventién (however, the illustratioﬁ of the
biases of the transistors 61 and 62 are omitted ). In
this embodiment, the emitters of NPN transistors 61 and 62

serving as bipolar transistors are connected in common,



output of a differential anplifier having at |least a pair of active

el ements which are differentially connected is positively fed back to the
i nput thereof, and a one-port- type SAWresonator connected between the
pair of active elenents is caused to performan oscillation operation.

The above and further objects, aspects and novel features of the invention
W Il becone nore apparent from the follow ng detail ed description when
read in connection wth the acconpany+ng €raw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS ~* "“Fig. 1 is a circuit diagramillustrating the

-7- construction of an enbodi ment of an oscillation circuit of the
present invention; Fig. 2 is acircuit_diagramillustrating the

const r uct i orvidih din IRgMmaR senRestion pPRinssPring: g5AUNded cYi® &f the

present invention; Fig. 3is acircuit diggranlillgstratiqg t he
constant-current circuit 63. The collector of the NP

transisfof 61 is connected to a power terminal 70 via a
load impedance 64, and the collector of thé'NPN‘transistor
'62 is connected to the po&er terminal 70 via a. load
impedance 65. That is, the NPN transistor 61 and the NPN
transistor are differentially connected to form a
differential amplifier.

Also, the collector of the NPN transistor 61 is
connected to the base of the NPN transisfor'SZ via a
capacitor 67, and the collector of the NPN transistor 62
is connected to the base of the NPN transistor 61 via a
capacitor 66. That is, one of the outpﬁts of the
differentially connected NPN transistors 61 and 62 is
pbsitiveiy fed back to the input of the other transistor.l
Thg capacitofs 66 and 67 form a positive feedback cirquit
for this purpose. |

ﬂFﬁrther, the collectors of the NPN transistors 61 and
62 are connected to the terminals Ti and Tz.of-the one-
port—type SAW resonator 9 via capacitors 68 and 69 for
blocking the flow of direct current, respectively. The
one-port-type SAW resonator 9, as described above, is
fgrmed in éuch a shape as that shown in Fig. 4, and the
'equivalent circuit thereof is formed as shown in Figf 5.

- The output of the collector of the NPN transistor 61



construction of the oscillation circuit; Fig. 4 shows the

constsructi on of a one-port-type SAW resonator; Fig. 51is acircuit
diagramillustrating an "equivalent circuit of the exanple of Fig. 4;
Fig. 6 is acircuit diagramillustrating an exanple of the construction of
anot Her oscillation circuit; Fig. 7 shows the construction of a
two-port-type SAW resonator; and - Fig. 8 is a circuit diagram
illustrating an equivalent circuit of -tke-exanple of Fig. 7.

DESCRI' PTI ON OF THE PREFERRED ENMBODI MENTS - Fig. 1is acircuit diagram
illustrating the construction of an -enbodi ment of an oscillation circuit
of the present invention é;;mever, the illustration of the biases of the
transi stors 5% peditkvelw thagk )to |the thase afhddiedFN trpeségterers of

NPN transistors 61 and 62 sgrviqg7as bi pol ar transi stors are connected in
common, 62 via the capacitor . Also, the gutput of the

' collector of the NPN trahsistbr 62 is positively fed back
to the base of the NPN transistor 61 via a cépagitbr 66.
As a result, this oscillation circuit substantially
oscillates in a parallel resonance mode defined
substantially by the values (C24 and Lp2) of the capacitor
24 and the coil 22 of the one-port-type SAW resonator 9.

When it is assumed that'the parameters of the NPN
transistors 61 and 62 are the same, the values of the load

' impedahces 64 and 65 are equal to each other, the values
of the capacitors 68 and 69 ére equal to each other, and
the values of the capacitors 66 and 67 afe equal to each
other (Zgs4 = Zgs, Ceg = Ce9., and Cgg = Cg7), and this
oscillation circuit reaches'a_completely balanced state.
Since a completgly bélanced state is reached, in the power
terminal 70 and the emitters of the NPN transistors 61 and
62, the opposite—phase amplitude components are canceled
with eaéh other, and they reach a_#irtually grounded
state. Therefore, an oscillation circuit which does not
réquire alhigh-frequency'grounding terminal for
suppressing a spurioﬁs signal and having a small amount of
leakage can be realized. |

Also, sincé a completeiy balanced circuit is formed,

adjustments are not required, and an oscillétion operation



wi th the common connection point being grounded via a

circeait 63.

t ransi st or

differentially connected to forma differential anplifier. Al so,

collector of the NPN transistor 61 is- d@fnrected to the base of the NPN

transi st or

transi st or s M e rexrformed Hhakly prdewishcR highhdegrpat o6f 2a¢pRragYier

The capacitors 66 and 67 form a positive feedback circuit.
éiéaﬁuq dremasratygle shapee BHETHPN transistors 61 and

transi stor.
thi s purpose-®9ar

constant -current

_ _ The col l ector of the NPN transistor 61 is connected to a power
terminal 70 via a |oad inpedance 64, and the collector of the NPN
: 62 is connected to the power termnal 70 via a |oad inpedance
65. That is, the NPN transistor 61 and the NPN transistor are

t he

62 via a capacitor 67, and the collector of the NPN transistor
62 is connected to the base of the NPN transistor 61 via a capacitor 66.
That is, one of the outputs of the differentially connected NPN

for

62 are connected o the terningls Tlerr], and r of the.,one- port-type
SAW resonator 9 i¥ cea?m%[eo‘r s"'%é‘sa%cf%%'riegr tﬁ%ﬁo%b\enaefﬁ’é‘df | ow of direct

current, res
f

et e BR84S R gEeTev RAST

above, is
equi val ent
of the coll

R

accuracy be in the range of 100 kHz. Accofding_to the
embodiment bf Fig. 1, it is possible to generate such
high-frequency signal with the required accuracy and
without adjustments. | '

When.ﬁhe circuit shown in Fig. 5 is formed from parts
of discrete resistors, coils and capacitors in place of
ﬁhe one-port-type SAW resonator 9, the circuit is affected
by temperature change, ageing or the like, and it becomes .
difficult to generate a high-frequenéy signal with a high
degree of accuracy. Theréfore; it becomes necessary to
use a one-pért—type SAW resonatér.

Fig. 2 shows the construction of a second embodiment
of an oscillatioh circuit of the present in&ention. In
this embodiment, the collector of an NPN transistor 81 is
connected to a power terminal 91, and the emitter thereof
is connected to a constant-power source 85. Further, the
collector of an NPN transistor 82 is also connected to the
power terminal 91, and the emitter thereof is connected to
a constant-power source 86. Furthermore, the.emitters of

the NPN transistors 81 and 82 are connected to each other



-9- I's positively fed back to the base of the NPN transistor 62 via the
capacitor 67. Also, the output of the collector of the NPN transistor 62
is positively fed back to the base of the NPN transistor 61 via a
capacitor 66. As a result, this oscillation circuit substantially
oscil'lates in a parallel resonance node defined substantially by the

val ues (C24 and L22) of the capacitor 24 and the coil 22 of the
one-port-type SAWresonator 9. Waepli¢ is assuned that the paraneters
of the NPN transistors 61 and 62 are the same, the values of the |oad

| npedances 64 and 65 are equal to each other, the values of the capacitors
68 and 69 are equal to each other, and the values of the capacitors 66 and
67 are equal vie eachpagiker B2} ecanfl thupecthese irangistaysefigxm #nd err] = -
Clerr]), and this oscillation circuit reaches a conpletely bal anced state.
Si nce a conpKdffeyrepiiatcampdifieris reached, in the power terninal 70 and

the emtters of the NPN transistors 61 _and 62, the, opposite-phase
anpl i tude conponefitEt FE'céﬁcEﬁéﬂ eWP?ﬂlﬁﬁﬁﬁ'o?ﬁ%r?l t “&éggﬁmh

virtual l'y gr%%%?%%itter of the NPN.transistor 81 is positively fed

back to the base of the NPN transistor 81 via a capacitor
83,land the signal output from the emitter of the NPN
transisfor 82 is positively fed back to the base of the
NPN transistor 82 via a capacitor 84. Furthermore,
terminals T1 and T of the one—port-fype SAW resonator 9
are connected between the'baseé of the NPN transistors 81
and 82 via the capacitors 88 and 89.for blocking the flow
of direct current, respectively. |

Ip this embodiment also, the capacitancés of the
capacitors 88 and 89 are equal to each other, and the
capacitances of the capacitors 83 and 84 are equal to each
dthér-(Cgs = égg, and Cg3 = Cg4), and if the pafameters of
the consfant-cu;rent sources 85 énd 86, and the NPN
transistors 81 and 82 are made to be the same, a
completely balanced sﬁate is reached, and gscillation
amplitude doeé not occur in the collectors of the NPN
transistors 81 and 82. Therefore, in this case,.a
capacitor 90 (functions'in tﬁe same way as the capacitor 8
in Fig. 3) for grounding a power terminal 91, such.as that
shown in Fig. 2, is not required.

In this embodiment also, by using a differential -



state. Therefore, an oscillation circuit which does not require a

hi gh+frequency grounding termnal for suppressing a spurious signal and
havi ng a smal |l anobunt of |eakage can be reali zed. Al so, since a
conpl etely balanced circuit is formed, adjustnents are not required, and
an o5cillation operation - 10 - can
be performed stably and with a high degree of accuracy - regardl ess of

t enper ature change or aging. For- @panple, it is required that the
second internediate frequency signal in a digital television broadcast
have a high frequency of 480 MHz, and its accuracy be in the range of 100
kHz According to the enbodinent of Fig. 1, it is possible to generate

such hi gh- farglicficer singha ame-fparive typguiSABd resonatoy and bwi wéing
adj ustnent s. Wien the circuit shown in Fig. 5 is formed fromparts
of di scret e elenents haviglg She samep pairesesers psathose ofhthenbipskt-type
SAWresonator 9, the circuit is affected

embodiment, a completely balanced condition is set. Thus,

it becomes possible to generate a high-frequency signal

without adjustments and with a high degree of éccuracy.

These oscillation circuits are suitable for a case in
which they are contained in a high-frequency IC. When, in
particular, the impedance to the power source and the

" grounding conductor cannot be sufficiently lowered, the
oscillation circuits may be used in a case in which a
high—freéuency signél is generated with a high degfee of
‘atcuracy and withogt adjustments.

Although in the above-described embodiment an NPN
transistor is used as an active element which constitutes
a differential amplifier, it is also possible to use a PNP
transistor or an FET.

As has been described up to this point, a&cording to
the"osciilation circuié described in claim 1 and the
oscillation method described in claim 13, since the output
of the differential amplifier is positively fed back to
its input, and a one-port-type SAW resonator connected
between a pair of active elements is caused tp perform an
oscillation operation, it becomes possible to generate a
high-frequency signai without adjustments and with a high

degree of accuracy without being affected by temperature



by tenperature change, ageing or the like, and it beconmes difficult .to
generate a high-frequency signal with a high degree of accuracy.
Therefore, it becomes necessary to use a one-port-type SAWresonator.
Fig. -2 shows the construction of a second enbodi nent of an oscillation
circuit of the present invention. In this enbodinent, the collector of an
NPN transistor 81 is connected to a power termnal 91, and the emtter
thereof is connected to a constant-powelk3seurce 85. Further, the
collector of an NPN transistor 82 is al so connected to the power term nal
91, and the emtter thereof is connected to a constant-power source 86.
Furthernore, the emtters of the NPN transistors 81 and 82 are connected
to each ot hechange and ageanV|aT§e€8§a€PtoF 879r%ﬁﬁP§r&ﬂ?ﬁQE%ﬂPwﬂF§h3|stors
forma dlfferentlal mpl i Further, |[n thjs enbodi nent, the

si gnal out putPsf AHRL 1@%9 é’m tfPEr expmphe. I\PI\F"E‘T'%n%’i‘s‘t’IH' 2ige tively fed

back to the hase of transi st or Vf 3, .and the

a,capac t.o
signal out put* <M 5 F@PeBFYtﬁégﬁﬁ 48085 ' oadisé

.satellite is generated. ‘
Many different embodiments of the present invention

may be constructed without departing from the spirit and

o ' scope of the present invention. It shogid be understood
that the present invention is not limited to the specific
embodiments described in thié specification. To the
contrary, the present invention is intended to cover
various modifications and eéuivalent arrangements included
within the spirit and scope of the invention as hereafter
claimed. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass
all such modifications, equivalent structures and

functions.



transistor 82 is positively fed back to the base of the NPN transistor 82
via @ capacitor 84. Furthernore, termnals T[err] and T[err] of the
one-port-type SAWresonator: 9 are connected between the bases of the NPN

transi Stimmmﬂl Imi’"mum ‘the capacitors 88 and 89 for blocking the flow
of direc i'vely. In this enbodi ment al so, the

capaci t ancdes “of "t h'® tagacitors 88 and 89 are equal to each other, and the
capaci tances of the capaC|tors 83 '‘and-844are equal to each other ((err] =
Cerr], and. (Jerr] = CJerr]), and if the paraneters of the
constant-current sources 85 and 86, and the NPN transistors 81 and 82 are
made to be the sane, a conpletely balanced state is reached, and

"~ oscillati on WEADITS FIAIMESs ISat occur in the collectors of the NPN
transistors 81 and-82. Therefore, in this case, a capacitor 90 (functions

In the sane way as the capaC|tor in Fig. 3) for groundi ng a power
termnal 91, such as that Qwn |n Flg 2t %s not reguir high- In this
. enbodi ment al so, oy udth EnCirgcuLt tor gener 16§

L 12 - - frequency 51gna1, said oscillation circuit comprising:

‘a differential amplifier having at least a pair of
active elements which_are differentially connected;

a positive feedback circuit for pésitively feeding
back the output of said said differential amplifier to the
input thereof; and-

a one-port-type SAW resonator connected between said

pair of active elements.

2. An oscillation circuit according to claim 1,

wherein said active elements are bipolar transistors.

3. An oscillation circuit according to claim 2,
wherein said one-port-type SAW resonator is connected
between the collectors of a pair of said bipolar

transistors.

4. An oscillation circuit according to claim 3,
wherein said one-port-type SAW resonator is connected
between the collectors of a pair of said bipolar
transistors each via a pair of capacitors for blocking the

flow of direct current.



anplifier and a one-port-type SAWresonator and by uéing “el enents havi ng

t he same—parameters as those of the first enbodinent, a conpletely

bal anced ition is set. Thus, it beconmes possible to generate a
high:fre*”ﬂ ﬂ" ﬂﬂ'u hout adjustments.and with a high degree of
accurtacy. » ¢ o illation circuits are suitable for a case in

whi ch they are contai’ned in a hi gh-frequency IC. Wen, in particular, the
i npedance to the power source and the -gpsundi ng conductor cannot be
sufficiently-l.owered, the oscillation circuits may be used in a case in
which a high-frequency signal is generated wth a high degree of accuracy
and w t hout adj ustnents. Al t hough in the above-described enbodi nent
an NPN transistor is used as an active el enent which constitutes a
differenti-al anplifier, it is _also possible to use_a PNP transistor or an
FET. As has Sbeen 2@ 9sciBdatipn: girpnitpacaerding okeli ¥ 3 4 he
oscillation circuit described in claiml and,the,  oscillation ngthod

described i nWhexei §aig Rositi¥eofeFdbacks CLREUYF f FIMRTAFEF Anptither is
post L Vel 1 o0 badl L0 i, pic,and2 ones oLt xpe, SR Lenchit ol
Gi gnal i ¢ hoUE SR AR AP S G A SALA Ot TAEARBEe D) SHRLFAE N S
bei ng af f ect %%.éy otfe@geacto%de bipolar transistor which forms" said
differential amplifier; and.
a second capacitér which connects the collector of
said second bipqiar transistor to thg base of said first

bipolar transistor.

6. An oscillation circuit according to claim 3,
wherein the COlléctors of said pair of bipolar transistors
are each connected to the power source via a pair of load
.impedancés, and the emitters of said pair of bipolar
transistors are connected in common, with the common
connection point being grounded via a constant-current

circuit.

7. An oscillation circuit according to claim 3,
wherein said one-bort-type Saw resonator is connected
between the collectors of a pair of said bipolér
transistors each via a.pair of capacitors for blocking the
flow of direct current,

said positive feedback circuit comprises a pair of



-13-  _change and ageing. Therefore, the present invention may be applied
to, fror exanple, a case 1nm which a second internediate frequency signal of

a digi tamm&mm:m | l'ite i s generat ed. Many different

enbodlne ”ﬂ ﬁ i nvention nmay be constructed w thout departing
from’t he splrlﬂ'aﬂd Sscope of the present invention. It should be
understood that the present invention is not. limted to the specific
enbodi nents described in this specificati®n- To the contrary, the present
invention is intended to cover various nodifications and equi val ent
arrangenments included wthin the spirit and scope of the invention as
hereafter «clainmed. The scope of the following clains is to be accorded

t he broadest canaeipresafovnresibive of eedeagiashich |consietmotief ofathens,
equi val ent structures and functions.
collectors of said pair of blpolar trans;stors 1s

connected to the base of the other transistor,

the collectors of said pair of bipolar traﬁsistors
are each connected to a power source via a pair of load
impedances, and

the capacitances of said pair of capacitérs for
blocking the flow of direct current are made to be equal
to each other, the capécitances of said pair of capacitors-
for positive feedback are made to be equal to each other,
and the_impedanqes of said pair_of load impedances are

made to be equal to each other.

8. An oscillation circuit accofding to claim 2,
wherein said one-port-type SAW resonator is connected

between the bases of said bipolar transistors.

9. An oscillation circuit éccérding_td claim 8,
wherein said one-port-type SAW resonator is connected
_between the bases of said pair of said bipélar transistors
each via a pair of capacitors for blocking the flow of

direct current.

10. An oscillation circuit according to claim 8,

" wherein said positive feedback circuit comprises a first



- 14 - . WHAT IS CLAIMED I S: 1. An oscillation circuit for
gener.ating a t requency signal, said oscillation circuit conprising:

a diff;;~“T~hrgh*rrirgg_ﬁaving at least a pair of active elenents which
are dif MMWI&M’I’}MM ed; a positive feedback circuit for

posi tively 4 eadl" b the output of said said differential anplifier to
the i-nput thereof; and : a one-port-type SAWresonator connected
between said pair of active elenents.- 17 - 2.. An oscillation circuit
according to claim1, wherein said active elenments are bipol ar
transistors. 3. An oscillation circuit according to claim2,
wherei n said one-port-type SAWresonat.or is connected between the-

col | ect or s ofca@asiitorowhighdcpnperts theasmiteer of a first bipojar
oscillation circuit according to claim3 )

transistor which forms said differential amplifier to the
base of said bipolar transistor; and

a second capacitor which connects the'emitper of said
second' bipolar transistor which forms said differential

amplifier to the base of said bipolar transistor.

11. An oscillation circuit according to claim 8,
wherein the collectors of said pair of bipolar transistors
are cqnpected in qommon,.with the common connection ﬁoint
being connected to the-powéi source, and the emitters of
said pair of bipolar transistors are grounded each via a

constant-current circuit.

12. BAn oscillation circuit according to claim 8,
wherein said one-port-type SAW resonator is-cpnnected.
between the bases of said pair of bipolar t#ansistors each
via a pair of capacitors for blocking the flow of direct
current,.

said positive feedback circuit comprises a pair of
capacitors for positive feedback, each of which capacitors
conneéts the émitter qf one of said_pair of bipolar
transistors to the base of the other transistor, and

the capacitances of said capacitors for blocking the

flow of direct current are made to be equal to each other,



wherein said one-port-type SAWresonator is connected between the .

col | ec':_g:_g_gf__qugi_r,,oi_sai d bipolar’ transistors each via a pair of

capaci bl ocking the flow of direct current.

- 15:- mmmsci | lation-circuit according to claim3, wherein

sal d pos““\ma“\l\ rcuit conprises a first capacitor which connects .
he col |l eetof of & first bi polar transistor which forns said differenti al

anpllfler to the base of a second bipel a8 transi stor "which forns said

differential anplifier; and a second capacitor which connects the

col-lector of said second bi poI ar transistor to the:base of said first

bi pol ar transistor. . An oscillation circuiit according to claim

3, mhereln1ﬁﬂ§(RQQ(ﬁﬁBﬂQ§Qﬂn9§§'& p&PPdoFaBPﬁbFﬂFstf%ﬁé?%?%ﬁ%veare each

connected to r source via air _of | oad
é J%Bare made to be %qual to each other.

13. An oscillation method for generating‘a high-
frequency signal, said method comprising the steps of:

positively. feedlng back the output of a dlfferentlal
amplifier having at least a palr of active elements which .
are differentially connected to the input thereof; and

causing a one-port-type SAW resonator connected
bétween éaid pair of active elements to perform an

oscillation operation.

14. An oscillation method according to claim 13,
wherein the output from said pair of active elements is
input tb said one-port-type SAW resonator after the direct

current components are removed.

15. An oscillation method according to claim-lé,
wherein said positive feedbatk'is performed in such a way
that the output from the collector of a first bipqlar
transistor which forms said differential amplifier is fed
back to the-base of a second bipolar transistor which
forms said differential amplifier via é first capacitor,
and that the output frpm the collector of said second

bipolar transistor is fed back to the base of a first



inpedances and the emtters of said pair of bipolar transi stors are
connect e e connnn connection point being grounded via a

const ant -curren . An oscillation circuit according to
cl aim 3, ‘“B ﬂm mport type SAW resonator is connected between
t he coIIec said bipolar transistors each via a pair of

capacitors for bIocklng the flow of direct current, said positive
feedback circuit conprises a pair of - 19 - : -
16 - capacitors for positive feedback which connect one of the
collectors of said pair of bipolar transistors is connected to the base of
t he ot her tranS|stor ., . the collectors of said pair of bipolar

transi st or s PRI QT Yif & S56RRC S§BRRCEEEFa a pair of |oad

i npedances, and t he capacitances of said pair of capacitors for

bl ocking the flow of direct current are made to be equal

16. An oscillation method according to claim 14,°
wherein said positive feedback is performed in §uch é'way
that the output from the emitter of a first bipolar
transistor which forms said differential amplifier is fed
back to the base of_the bipolar transistor via a first
capacitor,.and that the output from the emitter of a
second bipolar tranéistor which forms said differential
amplifier is fed backlto the base of the bipolar

- transistor via a second capacitor.



to each other, the capacitances of said pair of capacitors .for positive
feedback are nmade to be equal to each other, and the inpedances of said
pair of |oad inpedances are nmde to be equal to each other. 8. An
oscrllation circuit according to claim2, wherein said one-port-type SAW
resdnator is connected -between the bases of said bipolar transistors.

9. An oscillation circuit according to cggim8, wherein said
one-port-type SAWresonator is connected. between the bases of said pair of

sai d bi pol ar transi st®$SILBAEHON | QIBCHET rANP QIEEELADBIQN (METHPR ki ng t he

fllow of direct current. .. 10. An oscillation circuit according to
claim8, wherein said positive feedback circuit conprises a first

capaci t or WHBITRREGH AT tHE HISGHASURE of a first bipolar transistor which

forms said differential anplifier to the

NPN transistors are differentially connected to each
other. The signal output from the collector of‘a first
~NPN transistor is positively fed back to the base of a
second NPN transistor via a first capacitor, and the
signal output from the collector of the second NPN
transistor is positively fed back to the base of the first
" NPN transistor via a second capacitor. A one-port-type
SAW resonator is connected to the 6ollectors of the NPN
.transiétors via the capacitors for blocking thg flow of
direct current. Thus, it becomes possible to generate a

high-frequency signal with a high degree of accuracy.

Figure 3



base of said bipolar transistor; and a second capacitor which
connects the emtter of said second bipolar transistor which forns said
differential anplifier to the base of said bipolar transistor. 11.
An oscillation circuit according to claim8, wherein the collectors of

sai d" pair of bipolar transistors are connected in conmpbn, with the conmon
connection point being connecteg’Bo the power source, and the emitters of
said pair of bipolar transistors are grounded each via a constant-current

circuit. 12. . An oscill Ef@_ c'or cuit according to claim8, wherein-
sai d one-port-type SAWresonat br" connected between the bases of said
pair of bipolar transistors each via-a pa._=@0 capacitors for blocking the
flow of direct <current,. - sai d positfi ve feedback circuit conprises a
pair of capacitors for poswLLMe_Leedbackﬂ.each of which capacitors
connects the emtter of onelof said pair gf bipolar transistors to the
base of the other transistpr,| and he| capaci t ances of said capacitors
~for blocking the flovgp~JdHsifct cugrr_ent Zese~uBhe to be equal to each
- ot her, : ' : .
+1 1
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- 18 - and the capacitances of said capacitors for positive feedback
are made to be equal to each other. 13. An oscillation method for
generating a high- frequency signal, said nethod conprising the steps of:
posilively feeding back the output of a differential anplifier having at
| east a pair of active elenents which are differentially connected to the
.input thereof; and cau5|ngéagpne port-type SAWresonator connected
bet ween sai d pair of active ele ts to performan oscillation operation.
+ 14. An oscillation nmethod according to claim13, wherein the output from
said pair of active elenents ig:uﬁfp to said oneéport-type SAW r'esonat or
after the direct current conp s ‘are renoved. 15. An
oscillation nethod according to claim14, wherein s |d positive feedback

is-perforned in such a ma that the oul put Iron1fﬁ% ol lector of a first
bi pol ar tran5|stor,¥m “t_forns sai d di e(_ C? anplifier is fed
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back to the base of a second bipolar transistor which forns said
differential anplifier via a first capacitor, and that the output fromthe
col l ector of said second bi poI ar transistor is fed back to the base of a
first - 19 - bi pol ar transistor via
a second capacitor. - 16. An oscillation nethod according to claim
14, wherein said positive feedbgckg s performed in such a way that the
output- fromthe emtter of a first bipolar ‘transistor which forns said
differential anplifier is fed back to the base of the bipolar transistor
via a first capacitor, and that the output fromthe emtter of a second
bi pol ar transistor which forns FL@ pfferential anplifier is fed back to
t he base of the bipolar transi *'via a second capacitor. '
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