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(54) Abstract Title
Directional coupler with variable coupling

(57} Adirectional coupler 23 comprises a main strip line 231, a sub strip line 232 and a terminating circuit 24
for selectively terminating, in response to a control signal S3, one of a plurality of different positions of the sub
strip line so as to change the coupling length of the sub strip line and thus the degree of coupling between the
main and sub strip lines. Preferably the terminating circuit comprises a plurality of series circuits, connected
between the different positions of the sub strip and a grounding terminal, which consist of a switch 241, 242,
opened or closed in response to the control signal, and a terminating resistor 246, 247. The directional coupler
may be provided in a power transmission output control apparatus 10 of a mobile 'phone which is operable in
a 'phone power down mode (standby), where the sub strip is terminated at its end 242, and in a power up
mode {active use) where the sub strip is terminated half way along 241. The variable coupling can therefore be
used for accounting for the frequency variation in the power supplied to the 'phone antenna 37.
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TRANSMISSION OUTPUT CONTROL APPARATUS HAVING

2 DIRECTIONAL COUPLER WITH A VARIABLE COUPLING LENGTH

Inv 3 :

This invention relates to a transmission output control
apparatus and, more particularly, to a transmission output
control circuit for use in a radio telephone set for a simple
pdrtable telephone system such as a personal handyphone system
(PES) in Japan.

various transmission output controlﬂappazjatuses of the
type are already known. By way of exampl;, Japanese Une:ita.mined
Patent Publication of Tokkai No. Show. 61-121,537 or JP-A
62-121537 discloses an electric power control circuit having
no power deviation in a wide frequency range by switching the
reference volta§e level according to the change of the output
frequency of a power amplifying part. In the manner which will
later be described in conjunction w.;i.th Fig. 1, according to JP-A
62-121537, a partial electric ﬁower amplified by a power
amplifying part is detectedbya directional coupler consisting
of strip lines and a terminating resistor aﬁd then converted

into the DC voltage by a wave detecting circuit consisting of
a diode, a resistor and a capacitbr. At the same time a reference

voltage varying part obtains the data on the frequency information
through a data terminal and sends a selected reference voltage.

An error amplifier compares the DC voltage sent from the wave

detecting part with the selected refexence voltage sent from



the reference voltage varying part and amplifies the ocbtained
error voltage to apply it to apower supply voltage control part.
The power supply voltage control part controls the power supply
voltage given froma power supply terminal and varies the cutput
of the power a.mplifying part to reduce the power deviation with
a band.

Wwith this str-ucture, it is éossible to vary the output
of the powex amplifying part to reduce the power deviation
within a band. That is, inasmuch as the wave detecting circuit
has a frequency characteristic, it is impossible to avoid the
fowez deviation if the reference voltage is fixed. In order
to remove this defect, the reference voltage varying part
changes the reference voltage in response to a control signai
indicati;e of frequency information. As a result, it is
possible to make the high-frequency output level power down
step-by-step. However, in this case, the electric power
control circuit according to IP-A 62-121537 is disadvantageous
in that a range of the transmission output is limited.

On the other hand, in order to resolve this problem,
techniques, which can easily control a level of the transmission
output at a wide range, are disclosed, for example, in Japanese
Unexamined Patent publication of Tokkai No. Hei 9-148,945 or
Jp-a 9-148945 which will later be described. ‘

In addition, in JP-A 62-121537, the directional coupler
comprises a coupling section and a terminating circuit. The
coupling section consists of a main or primary strip line and
a sub or secondary strip line which are arranged in parallel

to each other with a space left therebetween. The terminating



circuit consists of the terminating resistor connected to an
end of the sub strip line. That is, the directional coupler
has only one degree of coupling because the sub strip line has
a fixed coupling length.

The afore-mentioned JP-A 9-148945 discloses a
transmission output control system having a wide transmission
output change range. In the manner which will later be
described in conjunction with Fig. 2, according to JP-A 9-148 945,
a power amplifier constitutes an ;utomatic output control
aﬁplification circuit together with a transmission output
aetection circuit, a transmission output control circuit, and
a refererice voltage generation circuit. The reference voltage
generation circuit generates a selected reference voltége ocut
of a plurality of reference voltages. The power amplifier
generates a transmission output.corresponding to the selected
reference voltage. A switching control circuit selects an
output voltage a first power source ¢r an output voltage of
a second powexr source as a supply Voltage (drive voltage) of
drive amplifiexr, which drives the power amplifier, based on the
selected reference voltage. When the output voltage of the
second power source is selected as the supply voltage, the gain
of the drive amplifier is reduced, and the required gain of the
power amplifier is raised. Therefore, leakage to the output
tarminal offé.high frequency signal at the,time of inactivity
of the power amplifier is reduced, and the transmission ocutput

range is extended. JP-A 9-148945 discloses no directional

coupler.



With this structure, the drive voltage for the drive
amplifier is changed and amplification degree of the power
amplifier is changed. Bccordingly, it is possible to carxry out
a level control by combining both of the changing ranges.
Specifically, a range of the amplification degree of the pover
amplifier is applicable with respéct'to two-stage drive
voltages of a high drive voltage and a low drive voltage in a
drive voltage switching par{: for the drive amplifier.

HBowever, even though the ampl:.f ication dégree of the wide
range is obtained, the transmission output detection circuit
(or the wave detecting circuit) for detecting a level of the
transmiss‘;i_,_on'output: has a limited dynamic range between 15dB
and 20dB. Accordingly, in a casé where a power down function
beyond 20dB is required, structure for setting to a power down
output havinga predetermined value is adopted by giving a fixed
bias voltage to a voltage controlled variable attenuator
composed of a pin diode and so on in a RF stage of a transmission
system and by lowering a gain of the transmission system by means
of removing the drive amplifier from the transmission system
by cutting down a power supply for the drive a.mpllf:.er

The transmission output control system accord:.ng to JP-A
9-148945 ;s disadvantageous in that it is impossible to obtain
a stable transm931on output in the case where the power down
function beyond 20dB is required. This isbecause the automatic
output control amplification circuit, ‘which feeds an error of
the transmission output with respect to the reference voltage
back to a power amplifying part, is put into an off state in

a substantial power down state and it is therefore impossible



to absorb variation in a gain of the amplifier in the
transmission system due to fluctuations of ambient temperature.
Tn addition, a circuit configuration is complicated in a case
of carrying out correction corresponding to the fluctuation of
ambient temperature and it is therefore impossible to avoid a
large size.

Japanese Unexamined Patent Publication of Tokkai No. Hei
5-268,139 or JP-A 5-268139 discloses a power amplifier circuit
for a portable telephone formed i;'xexpensively with simple
configuratic;\n. According to JP-A 5-268139, the power
é.mplifiez: circuit consists of a main body and an adaptor. The
main bod{r is provided with an amplifier mseans for‘.a.mplifying
a sent high frequency signal, a power detection means for
detecting an output level of the amplifier means, an output
control means for keeping an output level of the amplifier means

at a prescribed level based on the detection output of the

power detection means, an output variable means for revising
the kept prescribed level, and a connection detecfion means

for detecting whether or not the adaptor is connected to the

main body. The édaptor is provided with a linear amplifier for
amplifying an output of the amplifier means when the adaptor
is connected to the main body.' When the adaptor is connected -
to the main body by a connection detection means, the output
variable stage number by an output variable means is changed
from that when the adoptor is not connected. JP-A 5-268139

discloses no direction coupler.

Japanese Unexamined Patent Publication of Tokkai No. Rei

6-197,076 oxr JP-A 6-197076 discloses a digital radio telephone
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set which is capable of controlling a power level of a
transmission output with simple circuit configuration.
According to JP-A 6-197076, a connection means of the TDD/TDMA
system digital radio telephone set connects part of a
transmission output to a reception circuit at transmission in
interlocking with a changeover means selectively connecting a
transmission circuit and a receptlon circuit to an antenna. A
feedback circuit feeds back an electric field strength level
received by the reception circuit" with respect to the
transmission output at that time to a transmission output
control circuit of the transmission circuit.

J‘E;-A 6-197076 may disclose 2 couplex 61: a directional
coupler. However, JP-A 6-197076 neither discloses nox teaches
detailed structure in the directional coupler.

Japanese Unexam_ined Patent Publication of Tokkai No. Hel
§-274,559 or JP-A B-274559 discloses an output power controller
with a wide temperature compensation range and capable of
executing power control satisfactorily. According to JP-A
g-274559, the output power controller is equipped with an
isolator to which a transmission signal amplified by a power
amplifier is inputted via a transmission line connected to the
output side of the power amplifier and which passes only a
progressive wave component, -and a detection circuit which forms
the detection signal of an actual output power by fetching 2
part of an output power from the input point of the isolator
and comprises the input stage of a feedback control system.
Also, it is equipped with a reactance matching element which

cancels parasitic reactance in the fetch part of the detection



circuit and connected to the input point to the isolator.
JP-A 8-274559 discloses a directional cvoupler in prior
art thereof. The directional coupler disclosed in JP-3A 8-
274559 is similar in structure and operation to that.illustrated
in JP-A 62-121537 and has therefore only one degree of coupling.
Japanese Unexamined Patent Publication of Tokkai No. Heil
10-145,160 or JP-A 10-145160 discloses an automatic output
control circuit which is capable of widening a control range
of an output level and of decreasihg temperature fluctuation
in the output level. According to SP—A 10-145160, an input
'signal is anplified by first through third amplifiers and given
to a maiﬁ transmission line of first and second direction
couplers. A firstbranching filter branches this outpui'{ signal
to a first sub-transmission line at a branching gain of about
~15(dB) , a second branching filter branches the signal to a
second sub-transmission line and the resulting signal is
amplified by a fourth amplifier, and a synthesis branching gain
is about 0(dB) . An operational amplifier controls the gain of
the second and the third amplifiers, depending on a difference
between a reference voltage and an output detection voltage.
In the usual mode where a mode switching signal is at 'H', only
a first detection diode is biased forward, a branching signal
of the first branching filter section is detected by a vfirs,t
detection section and the detected voltage is produced.
Furthermore, in the low output mode where the mode switching
signal is at 'L', the gain of the first amplifier is selected
to be smaller than that of the usual mode by about 15(dB), and

only a second detection diode is biased forward, a branching



signal of a second branching filter section being detected by
a second detection section.

As described above, JP-A 10-145160 discloses a
_ combination of the first and the second directional couplers.
The £irst and the second directional couplers comprise the main
transmigsion line in common. The first directional coupler
comprises the first sub-transmission line and a first
terminating resistor connectaed to an end of the first sub-
transmission line. The second directional coupler comprises
the second sub-transmission line and a second terminating
‘resistor connected to an end of the second sub-transmission line.
Accordinély, each of the first and the second ds.rectlonal
couplers has only oné degree of coupling. This is because each
of the first and the second sub-transmission lines has a fixed
coupling length.

Japanese Unexamined Patent Publication of Tokkai No. Hei
5-152,977 or JP-A 5-152977 discloses a transmission output
control circuit which is capable of use for a TDMA-type radio
transmitter, etc, and stably controlling a transmission output
burst wave with h:.gh accuracy over a wide output area.
According to JP—A 5-152977, the transmission output control
circuit is provided with a closed loop system for fetching a
p#t of transmitting outputby a directional coupler, detecting
it by a detector, comparing it with a reference voltage and
controlling a power amplifier, and an open loop system for
controlling a drive amplifier pre-positioned in the power
amplifier. BY combining the control of both loops, the wide-area

and multistage control of the transmission output is realized.



JP-2 5-152977 discloses a directional coupler which is
similar in structure and operation to that illustrated in JP-A
62-121537 and has therefore only one degree of coupling.

Japanese Unexamined Utility Model Publication of Jikkai
No. Show 63-102,303 or JP-U 63-102303 discloses a directional
coupler which is simple in structuxe without using a complicated
high-frequency switch. According to JP-U 63-102303, the
directional coupler comprises a small-power strip line
directional coupler having a narrow strip space and a
léz’:ge-power strip line directional coupler, opposite to the
small-power strip line directional coupler, having a wider
strip spzice than that of the small-power strip line directional

couplerx.
In other words, JP-U 63-102303 discloses the directional

coupler comprising a main strip line, first and second sub strip
lines, and first and second terminating resistors which are
connected to ends of the first and the second ‘sub strip lines,
respectively. Each of the first and the second sub strip lines
had a fixed coupling length. Accordingly, the directional
coupler according to JP-U 63-102303 may have two degrees of
coupling. However, the directional coupler according to JP-U
63-102303 is complicated in structure because the directional
coupler comprises two sub strip lines. »-
Japanese Unexamined Utility Model Publication of Jikkai
No. Hei 5-41,206 oxr JP-U 5-41206 discloses a high general-
purpose directional coupler comprising a main line and sub-
lines which are formed on a printed wiring board, that is small,

is mounted on the same printed wiring board, and is capable of
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using a plurality of frequency bands. According to JP-U 5-
41206, the directional coupler comprises a main line, two
sub-lines which are arranged in parallel to the main line at
both side thereof and which have different line lengths, and
switching means for selectively switching outputs of the two
sub-lines. In addition, a plurality of sub-lines may be
disposed on the same straightl_ line.

As desc;-:ibed above, the directional coupler accorxding
to JP-U 5-41206 comprises the main line and the plurality of
sub—lines. Accordingly, the directional coupler may change a
‘coupling length in a case where the plurality of sub~lines are

'disposed‘ on the sama straight line. However, the directional

coupler accoxrding to JP-U 5-41206 is complicated in stiucture
pecause the directional coupler éomprises the plurality of

sub~-lines.

Japanese Unexamined Patent Publication of Tokkai No. Hei
7-336,243 ox JP-A 7-336243 discloses a transmission output
controller which is capable of reducing the current consumption
by conducting power control during continuous transmission
© specific to the CDMA system over a wide dynamic range.
According to JP-A 7-336243, fluctuation in the amplified
component of digital orthogonal modulation is eliminated by low
pass filters and high spe.ed rising/falling control of a burst
wave is conducted not through the low pass filter with a
changeover switch, then the power control during continuous
transmission is conducted over a wide dynamic range. Since a
power amplifier is operated with a constant gain even in the

presence of fluctuation in the power supply voltage,
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fluctuation in frequency and the revision of an operation bias
condition or the like, the curreént consumption is reduced.

JP-A 7-336243 discloses a directional coupler which is
similar in structure and operation to that illustrated in JP-A
62-121537 and has therefore only one degree of coupling.

Another example is disclosed in United States Patent No.
5,640,691 issued to Davis et al., under the title of "POWER
CONTROLLER FOR RF TRANSbﬁTTERS.“ According to Davis et al.,
an RF transmitter network for cellular telephone systems is
piovided. The network includes power amplifier circuitry
which is coupled to a closed loop control system to provide a
controllable RF amplitude envelope for the output power of the
amplifier circuitry over a ;iynamic range of betwean about 5
milliwatts and about 3200 milliwatts.

Davis et al. may disclose a directional coupler.
However, Davis et al. ﬁeither discloses nor teaches detailed
structure in the directional coupler.

Japanese Unexamined Patent Publication of Tokkai No. Hei

" 10-150,429 or JP-A 10-150429 discloses a transmission circuit

in which current consumption is reduced in response to a
transmission output with a wide dynamic range. According to
JP-A 10-150429, the transmission circuit has an orthogonal
modulator, a gain control amplifier, an up-mixer, a driver
amplifi—.er, a power amplifier and an antenna and is configured
so as to generaﬁe a transmission output of a wide range. In
this case, there are provided a first switch that bypasses an
input signal of ‘the driver amplifier, a second switch that

bypasses an input signal of the power amplifier and a controller
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that applies on/off control to a power supply of the drive
amplifier and the power amplifier to generate a control signal
for the gain control gmplifier, the first switch and the sacond
switch. A current at': a low transmission output is reduced by
conducting the gain control of the gain control amplifier
depend:.ng on the transmission output, bypass control of the
input signal to the power ampl;flar and the driver amplifier, )
and powerxr on/off control of the power amplifier and the driver
amplifier. JP-3 10- -150429 dzscloses no directional coupler.
It is therefore an object of a preferred embodiment of

this invention to provide a transmission output control appar-

atus, which is capable of obtaining a stabilized transmission
output in a case where a wide power-down function is required.

It is another object of the preferred embodiment of this

invention to provide a directional coupler, which is capable of

changing a degree of coupling while simple j.n structure.
other objects of the preferred embodiment of this inven-
tion will become clear as the description proceeds.
According to an aspect of this invention, a transmission
output control apparatus comprises a power amplifying part,
supplied with an input radio frequency signal, a transmission
output control signal, and a drive voltage, for a.mpl:.fyz.ng the
input radio frequency 8ignal in response +o the transmission
output control signal and the drive voltage to produce a
transmission ocutput signal. Connected to the power amplifying
part and supplied with a control signal, 2 directional coupler

extracts, in response to the control signal, 2 part of the
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transmission output signal as an extracted signal. The
directional coupler comprises a coupling section and a
terminating circuit connected to the coupling section for
terminating the coupling section. The coupling section
comprises a main strip line and a sub strip line which are
arranged in parallel to each other. The terminating circuit
is connected to a plurality of different positions of the sub
strip line. The terminating circuit selectively terminates
one of the different positions of the sub strip line in xresponse
té the control signal. Connected to the directional coupler,
| a wave detecting circuit detects the extracted signal to produce
a detectéd DC voltage. A reference voltagergenerat}ng
arrangement generates a reference voltage. Connectédj to the
power amplifying part, the wave detecting circuit, and the
reference voltage generating arrangement, a transmission
output control part compares the detected DC voltage with the
reference voltage to supply the transmission ocutput control
signal to the power amplifying part. Connected to the power
amplifying part and supplied with the control signal, a drive
voltage switching part supplies the power amplifying part with
the drive voltage in response to the control signal.
Rccording to a second aspect of this invention, a
directional coupler comprises a coupling section comprising a
main strip line and a sub strip line vhich are arranged in
parallel to each other. A terminating circuit selectively
terminates one of a plurality of different positions of the sub
strip line in response to a control signal, thereby changing

degree of coupling of the directional coupler by changing a
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coupling length of the sub strip line.

preferred features of the present invention will now be
described, by way of example only, with reference to the
accompanying drawings, in which:-

Fig. 1 is a block diagram of a first conventional trans-
mission output control apparatus;

Fig. 2 is a block Aiagram of a second conventional trans-
mission output control apparatus; and,

Fig. 3 is a block diagram of a transmission output control
apparatus according to a preferred embodiment of this invention.

ipti rr i

Referring to Fig. 1, a first conventional transmission

. output control apparatus 10°' will be described at £ixst in order

to facilitate an understanding of the present invention. The
illustrated transmission output circuit is disclosed in the
above-nmentioned JP-A 61-121537.

The illustrated transmission output control apparatus
10" has a radio frequency (RF) input terminal 11, a data (control
signal) input terminal 13, and a pbwer supply terminal 15. The
t+ransmission cutput control apparaf;us 10 comp}:iges a power
amplifying part 21', a directional coupler 22' comprising a
coupliﬁg section 23 and a terminating circuit 24', a wave
detecting circuit 25, a reference voltage varYing part 27, an
error amplifier 29, a power supply voltage contxol part 31, apn
isolator 33, a multiplexer 35, and an antenna 37. )

The power amplifying part 21' is connected to the radio
frequency input terminal 11 and the power supply voltage control
part 31 . The power amplifying part 21’ is supplied from the

radio frequency input terminal 11 and the power supply voltage
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control part 31 with an input radio frequency signal Pi and
a controlled power supply voltage Vp in the manner which will
later be described. The power amplifying part 21' amplifies
the radio frequency input signal on the basis of the controlled
power supply voltage to producevan amplified radio frequency
signal as a transmission output signal Po. The transmission
output siﬂgnal Po is supplied to the directional coupler 22 ".

As mentiocned before, the directional coupler 22'
comprises the coupling section 23 and the terminating circuit
éé ' . The coupling section 23 consists of a main strip line 231
and a sub strip line 232. The main strip line 231 is called
a primazj‘,v strip line while the sub strip line 232 is called a
secondary strip line or a coupling strip line. The main strip
Line 231 and the sub strip line 232 are formed on a printed wiring
board (not shown). In addition, the sub strip line 232 is
arranged in parallel to the main strip line 231 at one side with
a space left therebetween. The sub strip line 232 has an end
connected to the terminating ecircuit 24' and another end
connected to the wave detecting circuit 25. The terminating
circuit 24' consists of a terminating resistor 241'. The
terminal resistor 241' has an end connected to the end of the
sub strip line 232 and has another end which is grounded or
earthed. At any rat-;e, the sub-strip iine 232 is terminated by
the terminating resistor 241' at the end thereof.

With this structure, the directionai coupler 22' couples
the sub strip line 232 only to a wave traveling in a particular
direction in the main strip line 231, while completely ignoring

a wave traveling in the opposite direction. In other words,
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a partial electric power of the transmission output signal Po
is detected by the directional coupler 22' as an extracted
signal. The extracted signal is supplied to the wave detecting
circuit 25.

In addition, the transmission output signal Po is
supplied to the isolator 33 via the main strip line 231.
Outputted from the isolator 33, the amplified radio frequency
signal is radlated as a transmission wave from the antenna 37
via the multiplexer 35. -

The wave detecting circuit 25 consists of a diode 251,
2 resistor 252, and a capacitor 253. The wave detecting circuit
25 convezgts the extract?d signal into a detected DC voltage Vdt.
The detected DC voltagé vdt is supplied to the error amplifier

29.

on the other hand, the refarence voltage vaxrying part
27 is supplied with data (a control'sig-nal) indicative of
frequency information from the data input terminal 13. On the
basis of the data indicative of the frequency information, the
reference voltage varying part 27 produces a selected reference
voltage Vref. The salected reference voltage vref is supplied
to the error amplifier 29.

The errox amplifier 29 compares the detected DC voltage

vdt with the selected reference voltage vref to obtaln an exrror

wvoltage between the detected DC voltage vdt and the selected
reference voltage vref and amplifies the error voltage into an
amplified error voltage. The amplified error voltage is
supplied to the power supply voltage control part 31. Thepower

supply voltage control part 31 is Supplled with a power supply



17

voltage from the power supply terminal 15. The power supply
voltage control part 31 controls the power supply voltage on
the basis of the amplified error voltage to produce the
controlled power supply voltage Vp which is supplied to the
power amplifying part 21' in the manner which is described
above.

. With this structure, it is possible to vary the output
of the power amplifying part 21' to reduce the power deviation
within a band. That is, inasmuch a; the wave detecting ci;tcuit
25 has a frequency characteristic, it is impossible to avoid
the power deviation if the reference voltage Vref is fixed. 1In
" oxder to ‘remove this defect, the reference voltage varying part
27 changes the reference voltage Vref in response to the control
s:‘.gﬁal indicative of frequency information from the data input
terminal 13. bAs a result, it is possible to make high-
frequency output level power down step-by-step. However,
in this case, the transmission output control apparatus 10°' is
disadvantageous in that a range of the transmission output is

limited.

On the other hand, in order to resolve this problem,
technique, which can easily control a level of the transmisgsion
output at a wide range, is disclosed, for example, in the
above-mentioned JP-A 9-148945. ‘

- Referring to Fig. 2, a second conventional transmission
output control apparatus 10" will be described in order to
facilitate an understanding of the present invention. The
rillustrated transmission output control apparatus 10" is

disclosed in the above-mentioned JP-A 9-148945.
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The transmission output control apparatus 10" comprises
a power amplifying part 21", a reference voltage generation
circuit 27', the antenna 37, a transmission output detection
circuit 39, a transmission output control circuit 41', 2
switching control circuit 43, and adrive voltage switchingpart
45'.

The power amplifying part 21" is supplied with the input
radio frequency signal Pi from the radio‘ frequency input
terminal 11. The power amplifying“ part 21" comprises a drive
amplifier 211, a transmission £ilter 212, and a power amplifiex
" 513. The drive amplifier 211 is supplied with the input radio
frequency sigral Pi. In addition, the drive amplifiex 211 is
supplied with a drive voltage Vdr from the d;rive voltage
switching part 41' in the manner which will later beconme clear.
The drive amplifier 211 amplifies the input radio frequency
signal Pi on the basis of the drive voltage vdr to produce a
drive signal Pd. The drive signal Pd is supplied to the
transmission filter 212. The transmission filter 212 removes
an unnecessary wave from the drive signal Pd to produce a
filtered output signal Pf. The filtered output signal P£ is
supplied to the power amplifier 213. The power amplifier 213
is supplied with a controlled power supply voltage Vp from the
transmission output control circuit 41°' in the manner which will
laterwl;ecome clear. The power amplifier 213 amplifies the
filtered output signal Pf on the basis of the controlled powaX
supply voltage Vp'to produce the transmission output signal _Po .

The trﬁnsmission output signal Po is radiated f£rom the

antenna 37 as the transmission wave. The transmission output '
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signal Po is supplied to the transmission output detection
circuit 39. The transmission output detection circuit 33
detects a level of the transmission output signal Po to produce
the detected DC voltage Vdt. That is, the transmission output
detection circuit 39 corresponds to a combination of the
directional coupler 22' and the wave detecting circuit 25 as
illustrated in Fig. 1. The detected DC voltagé Vdt is supplied
to the transmission outéut control circuit 41°.

On the other hand, the reférence voltage generation
circuit 27' is supplied with a control signal S1 from the control
signal input terminal 13. Responsive to the control signal S1,
the refefence voltage generation circuit 27' selects, as the
selected reference voltage Vref, one of a plurality of reference
voltages to generate the selected reference voltage Vref.
At any rate, the reference voltage generation circuit 27
corresponds to the reference voltage varying part 27 as
illustrated in Fig. 1. The selected reference voltage Vref is
supplied to the transmission output control circuit 41°'.

The transmission output control circuit 41' compares the
detected DC voltage Vdt with the selected reference voltage Vref
‘to produce the controlled supply voltage Vp which is supplied
to the power amplifier 213 in the power amplifying part 21".
That is, '{_:he transmission output control circuit 41 corresponds
to a combination of the"érror amplifier 29 and the power supply
voltage control part 31 as illustrated in Fig. 1.

At any rate, a comﬁination of the power amplifier 213,
the transmission output detection circuit 39, the transmission

output control circuit 41, and the reference voltage
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generation circuit 27' serves as an automatic output control
amplification circuit in a feedback control system.

In addition, the selected reference voltage Vref is
supplied to the switching control circuit 43. Responsive to
the selected reference voltage vref, the switching control
circuit 43 supplies the drive voltage switching part 45' with
a selaction control signal §2 indicative of either a logic high
level or a logic low level. '

The drive voltage switching i)art 45' comprises first and
second power sources 451 and 452", and aswitch 453", The £irst
power source 451' is called an A power source while the second
power sow.;rce 452" is called a B power source. The first power
source 451' produces a first output voltage Vé while the second
power source 452' produces a second ocutput voltage Vb which is
lower than the £irst output voltage Va. The first and the second
output voltages Va and Vb are supplied to the switch 453'. The
switch 453' is supplied with the selection control signal S2
from the switching control circuit 43. Responsive to the
selection control signal S2, the switch 453" selects, as the
drive voltage Vdr, one of the first through the second output
voltagesVaand Vb. More specifically, the switch 453' produces
the first oqtput voltage Va as the drive voltage Vdr when the
selecticncontrolsignalszindicatesthelogichighlevel. The
switch 453' produces the 'second output voltage Vb as the drive
voltage Vdr when the selection control signal S2 indicates the
logic low level.

when the second output voltage Vb is selected as the drive

voltage Vdr, the gain of the drive amplifier 211 is reduced,
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and the required gain of the power amplifier 213 is raised.
Therefore, leakage to the output terminal of a high frequency
signal at the time of inactivity of the powexr amplifier 213 is
reduced, and the transmission output range is extended.

With this structure, the drive voltage Vdr for the drive
amplifier 211 is changed on the selection control signal s2 and
amplzflcatlon degree of the power amplifier 213 is changed.
Accordlngly, it is possible to carry out a level control by
combining both of the changing ranges. Specifically, in the
entample being illustrated, a range of the amplification degree
of the power amplifier 213 is applicable with respect to
two—stagé driveﬁvoltage Vdr of a high drive voltage and a low
drive voltage in the drive voltage switching part 45' for the
drive amplifier 211.

However, even though the amplification degree of the wide
range is obtained, the transmisgsion output detection circuit
39 (or the wave detecting circuit 25) for detecting a level of
the transmission output has a limited dynamic range between 15dB
and 20dB. BAccordingly, in a case where a power down function
beyond 20dB is required, structure for setting to a power down
output having a predetermined value is adopted by giving a fixed
bias voltage to a voltage controlled variable attenuator
composed of a pin diode and so on in a RF stage of a transmission
system and by lowering a gain of the transm:ission system By means
of removing the drive amplifier from the transmission system
by cutting down a power supply for the drive amplifier.

The transmission output control apparatus 10" is

disadvantageous in that it is impossible to obtain a stable
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transmission output in the case where the power down function
beyond 204B is required. This is because the automatic output
control amplification circuit, which feeds an error of the
transmission output with respect to the reference voltage Vref
back to the power amplifying part 21", is put into an off state
in a substantial power down state and it is therefore impossible
to absorb variation in a gain of the amplifier in the
transmission system due to fluctuations of ambient temperature.
In addition, a circuit configuratibn is complicated in a case'
éf carrying out correction corresponding to the fluctuation of
ambient temperature and it is therefore impossible to avoid a
large size.

Referring to Fig. 3, the description will procéed to a
transmission output control apparatus 10 according to a preferred
embodiment of this invention. The transmission output control
apparatus 10 has the radio frequency input terminal 11 supplied
with the input radio frequency signal Pi from a modulator {(not
shown) , the control signal input terminal 13 supplied with a
powex down control signal, and the power supply terminal 15
supplied with the power supply voltage.

The transmission output control apparatus 10 comprises
a power amplifying part 21, a directional coupler 22, the wave
detect:mg circuit 25, the reference voltage varying part 27,
the antenna 37, a transmission output control part 41, and a
drive voltage switching part 45.

The power amplifying part 21 is supplied with the input
radio frequency signal Pi from the radio frequency- input

terminal 11. The power amplifying part 21 comprises a variable
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attenuator 214, thedrive amplifier 211, and the power amplifier
213. The variable attenuator 214 is supplied with the input
radio frequency signal Pi from the radio frequency input
terminal 11. The variable attenuator 214 has a voltage control
terminal 214a which is supplied with a transmission output
control signal from the transmission output part 41 in the
manner wl;ich will later become clear. The variable attenuator
214 attenuates the input radic frequency signal on the basis
of the transmission output'controzl. signal to produce an
ai:tenuated radio -frequency sigﬁal. The attenuated radio
frequency signal is supplied to the drive amplifier 211. The
drive amp&.ifier 211 is supplied with the drive voltage Vdr from
the drive voltage switching part 45 in the manner whi_.ch wil_i
later become clear. The drive amplifier 211 amplifies the
attenuated radio frequency signal on the basis of the drive
voltage Vdr to produce the drive signal. The drive signal is
supplied to the power amplifier 213. The power amplifier 213
amplifies the drive signal to produce the amplified radio
frequency signal as the transmission output signal Po. The
transmission output signal Po is supplied to the directional
coupler 22.

The directional coupler 22 is similar in structure and
operation to the directional coupler 22' illustrated in Fig.
1 except that the terminating circuit is modified from that
illustrated in Fig. 1 as will later become clear. The
terminating circuit is therefore depicted at 24. '

The directional coupler 22 comprises the coupling

section 23 and the terminating circuit 24. The coupling section
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23 comprises the main or primary strip line 231 and the sub or
secondary strip line 232. 1In the example being illustrated,
each of the main strip line 231 and the sub strip line 232 is
implemented by a microstrip line. Therefore, the main strip
1ine 231 is called a main microstrip line while the sub strip
line 232 is called a sub microstrip line.

The main microstrip line 231 and the sub microstrip line
232 are formed on the printed wiring board (not ﬁhown) and
'arranged in parallel to each other with a space left
therebetween. Themain microstrip line 231 has an end connected
to an output terminal of the power amplifying part 21 and anothex
end connected to the antenna 37. The sub microstxip line 232
has an end connected to the wave detecting circuit 25 In
addition, the sub microstrip line 232 has another end and a
substantially middle position which are connected to the
terminating circuit 24.

The terminating circuit 24 comprises first and second
switches241and242,andfirstandsééondtnzminatingresistors
246 and 247. The first and the second switches 241 and 242 are
controlled by the power down control signal from the control
signal input terminal 13. The terminating circuit 24 connects
the substantially middle position with a grounding or an eaxth
terminal via a firsﬁ'series circuit consisting of the first
switch 241 and the first resistor 246. In addition, the
terminating circuit 24 connects the other end with the grounding
or the earth terminal via a second series circuit consisting

of the second switch 242 and the second rasistor 247.
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The power down control sigmal S3 indicates either a
normal operating state or a power down state. When the power
down control signal S3 indicates the normal operating state,
the first switch 241 is turned on and the second switch 242 is
turned off. When the power down control signal S3 indicates
. the power down state, the first switch 241 is turned off and
the second switch 242 is turnedon. At any rate, the terminating
circuit 24 terminates, in response to the power down control
signal, one of the other end and the substantially middle
position of the sub microstrip line 232.

The powexr down control signal S3 is also supplied to the
f:referenc‘e voltage varying part 27. The reference voltage
vary;i.ng part 27 comprises first and second variable resistoxrs
291 and 272, and a switch 273. The fizv'st and the second variable
resistors 271 and 272 are supplied the power supply voltage from
the power supply terminal 15. The first and the second variable
resistors 271 and 272 produce first and second reference
voltages Vrl and Vr2, respectively. The first reference
voltage Vrl is higher than the second reference voltage ve2.
The first and the second reference voltages Vrl and Vr2 are
supplied to the switch 273. The switch 273 is supplied with
the power down control signal. Responsive to the power down
control signal S3, the switch 273 selects, as the selected
reference voltage Vref, one of the first and the saecond
reference voltages Vrl and vr2. Specifically, when the power
down control signal S3 indicates the normal operating state,
the switch 273 selects the first reference voltage Vrl as the

selected reference voltage Vref. When the power down control



26

signal S3 indicates the power down state, the switch 273 selects
the second reference voltage Vr2 as the selected reference
voltage Vref.

The selected reference voltage Vref is supplied to the
transmission output control part 41. The transmission output
control part 41 is supplied with the detected DC voltage vdc
from the wave detecting circuit 25. The ‘transmission output
control part 41 comprises a comparator 411, an up—aown counter
(U/D counter) 412, and a digital-;:.o—analog converter (D/A
converter) 413. The comparator 411 is supplied with the
detected DC voltage Vdt and the selected reference voltage Vref.
The comp;rator 411 compares the detected DC voltage Vdt with
the selected reference voltage Vref to produce a com}_':ariisoh

result. The comparison result is supplied to the up-down

countexr 412.

Whaen the comparison result indicates that the detected
DC voltage vdt is lower than the selected reference voltage Vref,
the up-down counter 412 carries out an up~-count operation on
a counted value or increments the counted value by one. When
the comparison result indicates that the detected DC voltage
vdt is higher than the selected reference voltage Vref, the
up-down counter 412 carries out an up-count operation on the
counted value or decrements the counted value by one. The
upiélown counter 412 produces a digital signal indicative of the
counted value in binary representation. The digital signal is
supplied to the digital-to-analog converter 413. The
digital-to-analog converter 413 converts the digital signal

into an analog signal. The digital—to—analog converter 413
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supplies the analog signal to the variable attenuator 214 as
the transmission output control signal indicative of an
attenuation amount.

The power down controcl signal S3 is further supplied to
the drive voltage switching part 45. When the power down
control signal S3 indicates the normal operating state, the
drive voltage switching part 45 supplies the drive amplifier
211 with the drive voltage Vdr indicative of a normal gain of
arated transmission output. When 1;he power down contiol signal
53 indicates the power down state, the drive voltage switching
 part 45 supplies the drive amplifier 211 with the drive voltage
vdx indit;.ative of a power down gain to which the normal gain
is reduced by 20dB. In the example being illus trated, tl:ie drive
voltage Vdr indicative of the powef down gain is substantially
equal to zexo voltage.

Now, the description will proceed to operation of the
transmission output control apparatus 10 illustrated in Fig.
3. The description is first directed to operation in a case
of a normal output. The description is continuocusly directed
to operation in a case of a power down of 20dB.

In this case, the power down control signal S1 indicative
of the normal operating state is supplied from the control
signal input terminal 13 to the drive voltage switching part
45, the terminating circuit 24 of the directional coupler 22,
and the reference voltage varying part 27. Under the
circumstances, the drive voltage switchingpart 45 supplies the
drive amplifier 211 of the power amplification part 21 with the

drive voltage Vdr indicative of the normal gain. Responsive
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to the power down control signal S1 indicative of the normal
operating state, the first and the second switches 241 and 242
of the terminating circuit 24 are turned on and off,
respectively. In addition, the switch 273 of the reference
voltage varying part 27 selects, in response to the power down
control signal S1 indicative of the normal operating state, the
first reference voltage Vrl as the selected reference voltage
Vxef. '

The input radio frequency si;_;nal Pi is suppliéd from the
radio frequency input t'erminal 11 to the variable attenuator
214 of the power amplifying part 21. Responsive to the
tra.nsmiséion output control sigmal supplied from the
transmission output control part 41, the ﬁri@le attenuator
214 attenuates the input radio frequency signal Pi to produce
the attenuated radio frequency signal. The attenuated radio
frequency signal is supplied to the drive amplifier 211.
Responsive to the drive voltage Vdr indicative of the normal
gain, the drive amplifier 211 amplifies the attenuated radio
frequency signal into. the drive signal. The drive signal 1is
supplied to the power amplifier 213. The power amplifier 213
amplifies the drive signal into the transmission output signal
Po. At any rate, a combination of the drive amplifier 211 and
the power amplifier 213 amplifiés the attenuated radio
frequency sigmal up to a rated transmission output level.

The transmission output signal Po is supplied to the
coupling section 23 of the directional coupler 22. The
transmission output signal Po is radiated or transmitted from

the antenna 37 via the main microstrip line 231 of the coupling
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section 23 in the directional coupler 22. Supplied to the main
microstrip line 231, the transmission output signal Po 1is
coupled to the sub microstrip line 232 to extract a part f£xom
the transmission output signal Po as the extracteé. signal. The
extracted signal is supplied to the wave detecting circuit 25.
The wave detecting circuit 25 converts the extracted signal into
the detected DC voltage vdt.

In the example being illustrated, the sub microstrip line
232 of the coupling section 23 is é.ivided into two sub-lines.
Ih the normal operating state, the sub microstrip line 232 has
a coupling length so as to have degree of coupling of about 50%.
In this ‘event , the substantially middle posit:ion of the sub,
microstrip line 232 is grounded or earthed v:".a the s'erie;'
circuit consisting of the first switch 241 and the first
terminating resistor 246. It will be assumed that the
transmission output control part 41, which constitutes an
automatic power control (APC) circuit fed from the wave
detecting circuit back to the variable attenuator 214, is
implemented by a 3-volt device. In this event, the detected
DC voltage Vdt supplied from the wave detecting circuit 25 is
set to have one through two volts ‘around the center thereof.

The detected DC voltage Vdt is supplied to the comparator
411 of the transmission output control part 41 together with
rhe selected reference voltage Vref which is equal to the first
reference voltage Vrl so that the transmission output is
maintained to a rated voltagé.

Tt will be presumed that the detected DC voltage Vdt i#

higher than the selected reference voltage Vref (or the first



30

reference voltage vrl). In this event, the comparator 411
determines that the transmission output is higher than a rated
value to produce, as the comparison result, a down instruction
signal. Responsive to the down instruction signal, the up~
down counter 412 decrements the counted value by one. Inasmuch
as the counted value is decremented by one in the up-down counter
412, the digital-to—analo§ converter 413 produces the
transmission output control signal indicative of a DC voltage
which is lowered than a current v';::ltage by a portion
corresponding to one count or one bit. The transmission output
‘control signal is supplied to the voltage control terminal 214a
of the va‘riable attenuator 214. Inasmuch as the DC voltage of -

the transmission output control signal is lowered, the

attenuation amount in the variable attenuator 214 increases.
2s a result, the transmission output control circuit 10 operates
so tilat the transmission output is lowered.

It will be assumed that the detected DC voltage Vdt is
lower than the selected reference voltage Vref (or the first
reference voltage Vrl). In this event, the comparator 411
determines that the transmission output is lower than the rated
value to produce, as the comparison result, an up instruction
signal. Responsive to the up instruction signal, the up-down
counter 412 increments the counted value by one. Inasmuch as
the counted value is incremented by one in the up-down counter
412, the digital-to-analog converter 413 produces the
transmission output control signal indicative of the DC voltage
which is raised than the current voltage by a portion

corresponding to one count or one bit. Inasmuch as the DC
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voltage of the transmission output control signal is raised,
the attenuation amount in the variable attenuator 214 decreases.
As a result, the transmission output control circuit 10 operates
so that the transmission output is raised.

Tn a radio telephone set of the personal handyhone system
(PES) , operation of the above-mentioned automatic power control
is repeated every transmission burst so that the detected
DC voltage Vdt for the transmission output signal Po is equal
to the first refereﬁce voltage Vr—1. As a result, the
t?ansmission output is stabilized at the rated value.

Now, the description will proceed to operation in a case
of the po'wer down state. In the example being illustrated, the
power down state is a state where the power down of 20dB is made.
Under the circumstances, the power down control signai S3
indicative of the power down state is supplied from the control
signal input terminal 13 to the drive voltage switching part
45, the terminating circuit 24 of the directional couplexr 22,
and the reference voltage varying part 27.

In this event, the drive voltage switching part 45
supplies the drive amplifier 211 of the power amplification part
21 with the drive voltage Vdr indicative of the power down gain.
Inasmuch as the power supply for the drive amplifier 211 is cut
down, a gain for a transmission system ié lowered by about 20dB
in compérison with the rated transmission output.

In addition, the switch 273 of the reference voltage
varying part 27 selects, in response to the power down control
signal S1 indicative of the power down state, the second

reference voltage Vr2 as the selected reference voltage Vref.



32

The second reference voltage Vr2 is equal to a reference voltage
on the powexr down. Responsive to the power down control signal
sl indicative of the power down state, the first and the second
switches 241 and 242 of the terminating circuit 24 are turned
off and on, respectively. Accordingly, the sub microstrip line
232 of the coupling section 23 has a coupling length which is
longer than +hat in the normal operating state. Accordingly,
the coupling éection 23 has a degree of coupling which is raised
in comparison with that in the normal operating state. As a
result, it is possible to expand a dynamic range in the detected
DC voltage Vdt detected by the wave detecting circuit 25.
Therefore, the cog&patator 411 compares the expanded detected
DC voltage Vdt wiﬁu the selected reference voltage Vref or the
second reference voltage vr2.

Tnasmuch as operation foxr obtaining the transmission
output stabilized to the rated value is similar in a case of
the above-mentioned rated output, the operation therefor is
omitted for the purpose of simplification of the description.

While this invention has thus far been described in
conjunction with the preferred embodiment thereof, it will now
be readily possible for those skilled in the art to put this
invention into various other manners. For example, although
the transmission output contxol circuit according.to the
above-mentioned embodiment is operable at two operating modes
of the rated ocutput and a power down output and comprises the
directional coupler having two degrees of coupling, the power
down output further may be divided into N states, where N

represents a positive integer which is not less than two. In
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this event, the reference voltage varying part may comprise (N
-+1)variableresistorsandtheterminatingcircuitmaycomprise

(N + 1) series circuits each of which consists of a switch and

a terminating resistor.

Each feature disclosed in this specification (which term
includes the claims) and/or shown in the drawings may be
incorporated in the invention independently of other disclosed
and/or illustrated features.

The text of the abstract filed herewith is repeated here
as part of the specification.

In a transmission output control apparatus including a
power amplifying part, a directional coupler, a wave detecting
c{rcuit, a reference voltage generating arrangement, a trans-
mission output control part, and a drive voltage switching part,
the directional coupler comprises a coupling section and a
terminating circuit connected to the coupling section for
terminating the coupling section. The coupling section includes
a main strip line and a sub strip line which are arranged in
pArallel to each other. The terminating circuit is connected
to a plurality of different positions of the sub strip line.
The terminating circuit selectively terminates one of the
different positions of the sub strip line in response to a

control signal.
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Claims:

1. A directional coupler comprising:

a coupling section comprising a main strip line and a sub
strip line which are arranged in parallel to each other; and,

a terminating circuit, connected to said coupling section,
for selectively terminating one of a plurality of different
positions of said sub strip line in response to a control
signal, thereby changing a degree of coupling of said
directional coupler by changing a coupling length of said sub

strip line.

2. A directional coupler as claimed in claim 1, wherein
said terminating circuit comprises a plurality of series
circuits which are connected between the respective different
positions of said sub strip line and a grounding terminal, each
of said series circuits consisting of a switch and a terminating
resistor, said switch being turned on or off in response to the

control signal.

3. A power transmission output control apparatus
comprising:

a power amplifying part, supplied with an input radio
frequency signal, a transmission output control signal, and a
drive voltage, for amplifying the input radio frequency signal
in response to the transmission output control signal and the
drive voltage to produce a transmission output signal;

a directional coupler, connected to said power amplifying
part and supplied with a control signal, for extracting, in
response to the control signal, a part of the transmission

output signal as an extracted signal, said directional coupler
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comprising a coupling section and a terminating circuit
connected to said coupling section for terminating said coupling
section, said coupling section comprising a main strip line and
a sub strip line which are arranged in parallel to each other,
said terminating circuit being connected to a plurality of
different positions of said sub strip line, said terminating
circuit selectively terminating one of the different positions
of said sub strip line in response to the control signal;

a wave detecting circuit, connected to said directional
coupler, for detecting the extracted signal to produce a
detected DC voltage;

reference voltage generating means for generating a
reference voltage;

a transmission output control part, connected to said
power amplifying part, save wave detecting circuit, and said
reference voltage generating means, for comparing the detected
DC voltage with the reference voltage to supply the transmission
output control signal to said power amplifying part; and,

a drive voltage switching part, connected to said power
amplifying part and supplied with the control signal, for
supplying said power amplifying part with the drive voltage in

response to the control signal.

4. A transmission output control apparatus as claimed in
claim 3, wherein said terminating circuit comprises a plurality
of series circuits which are connected between the respective
different positions of said sub strip line and a grounding
terminal, each of said series circuits consisting of a switch
and a terminating resistor, said switch being turned on or off

in response to the control signal.
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5. A transmission output control apparatus as claimed in
claim 3, wherein said power amplifying part comprises:

a variable attenuator, supplied with the input radio
frequency signal and connected to said transmission output
control part, for attenuating the input radio frequency signal
on the basis of the transmission output control signal to
produce an attenuated radio frequency signal;

a drive amplifier, connected to said variable attenuator
and said drive voltage switching part, for amplifying the
attenuated radio frequency signal on the basis of the drive
voltage to produce a drive signal; and,

a power amplifier, connected to said drive amplifier, for
amplifying the drive signal to produce the transmission output

signal.

6. A transmission output control apparatus as claimed in
claim 3, wherein said reference voltage generating means
comprises a reference voltage varying part supplied with the
control signal, said reference voltage varying part comprising:

a plurality of variable resistors for producing a
plurality of reference voltages; and,

a switch, connected to said plurality of variable
resistors and supplied with the control signal, for selecting
one of the plurality of reference voltages as a selected
reference voltage to supply the selected reference voltage to

said transmission output control part.

7. A transmission output control apparatus as claimed in
claim 3, wherein said transmission output control part

comprises:

a comparator, connected to said wave detecting circuit and
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said reference voltage generating means, for comparing the
detected DC voltage with the reference voltage to produce a
comparison result;

an up-down counter, connected to said comparator, for
carrying out an up-down counting operation on a counted value in
response to the comparison result to produce a digital signal
indicative of the counted value; and,

a digital-to-analog converter, connected to said up-down
counter, for converting the digital signal into the transmission

output control signal.

8. A transmission output control apparatus as claimed in
claim 5, wherein the control signal is a power down control
signal indicative of one of a normal operating state and a power
down state, said drive voltage switching part supplying said
drive amplifier with the drive voltage indicative of a normal
gain of a rated transmission output, said drive voltage
switching part supplying said drive amplifier with the drive
voltage indicative of a power down gain when the power down

control signal indicates the power down state.

9. A transmission output control apparatus as claimed in
claim 8, wherein the power down gain is equal to a gain to which

the normal gain is reduced by 20dB.

10. A transmission output control apparatus as claimed in
claim 9, wherein the drive voltage indicative of the power down

gain is substantially equal to zero voltage.



The 2% v
Patent Y §
. >

Oﬁ& INVESTOR IN PEOPLE
——

Application No: GB 9918976.3 Examiner: Dr Andrew Glantield
Claims searched: 1-10 Date of search: 13 March 2000

Patents Act 1977
Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK CI(Ed.R): HIQ(QFE,QFF,QHC,QHE, QHH, QHX), HIW (WCAA, WCAX, WCX
Int C1 (Ed.7): HOIP (5/18, 5/19, 5/20, 5/22), HO1Q

Other:  ONLINE: EPODOC, JAPIO, WPI

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims

A EP 0828308 Al (MATSUSHITA) see whole document.

A EP 0291694 Al (SIEMENS) see WPI abstract Accession number
1988-331308.

X | JP 062159502 (ALPS ELECTRIC) see PAJ abstract and figure. 1,2
X Document indicating Jack of novelty orinventive step A Document indicating technological hackground and/or state of the art,
Y  Document indicating lack olinventive step if combined P Documentpublished on orafter the declared prionity date butbetore the
with onc or more other documients of samc catcgory. filing date ol thisinvention

I Patent document published on or afler, but with priority date earlicr
&  Member of the same patent tumily than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



