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OUTPUT LEVEL CONTROL CIRCUIT

FOR USE IN RF TRANSMITTER

_BACKGROUND QOF THE I_NVENTION

‘The present invention relates to an output level
control circuit for a radio-frequency transmitter, and
more particularly to an output level control circuit
for a radio-frequency transmitter which intermittently
transmits a radio—frequency signal such as a transmitter
in a digital éellular mobile telephone system or the 1like.

An output level control circuit which maintaihs
the transmit power of a radio—fréquency transmitter at
a predetermined output level cbmprises a radio-frequenéy

signal detector (referred to as a signal detector herein-

after) which detects the peak level of a radio-frequency

signal outputted from a variable gain amplifier unit.

The control circuit also comprises a éomparator unit which
compares the output of the signal détector and a reference
voitage‘correéponding-tb the predetermined output level,
and a cdntrol unit which controls the output level of the

variable gain amplifier unit in response to the output of

"the comparator unit.

In order to maintain the amplifier's output at a

constant level over a wide range of temperature, the

signal detector is required to be .able to detect with

high accuracy the'radio-frequency power level over a
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wide range of temperature. A signal detector of this
type is disclosed in United States Patent No. 4,523,155

(issued on 11 June, 1985), which detector is aimed at

satisfying the above-mentioned requirement. The disclosed

signal detector includes a detecting diode which produces
a detection output in response to the envelope of the

radio-frequency signal, and a temperature compensating

' diode which has characteristics substantially the same as

those of the detecting diode and is thermally connected to
the detecting diode. 1In this signal detector, a forward

bias Voltage-is supplied to the detectiﬁg diode via é bias
ﬁoltage setting resistor from a bias voltage supply source.

The detected a signal is obtained as the superposition

of the detected voltage and the bias voltage via a load

-resistor connected to the detecting diode. The forward

bias voltage is also supplied to the temperature
coﬁpensating diode from the bias voltage supply source,
wherein the voltagé of the bias voltage supply source.

is changed accompanying the variations in tﬁé forward
voltaée of the temperature compensating diode. Since

the bias voltage of the detecting diode is the result of
subtracting fhe forward voltage of tﬁe detecting diode:

from the voltage of the bias voltage supply sourbe, it

. will be canceled by the temperature variations of the

forward voltagé of the temperature compensating diode

even if it contains temperature variations. Accordingly,
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this signal detector is capable of producing a détected
signal which is not affected by the changes in the
temperature.

The comparator unit compares the reference.voltage
that corresponds to a predetermined output level of an
intermittent transmitting signal with the voltage of the
detected signal, and the comparison output is supplied
to the control unit. The control unit controls the gain
of the vériable gain amplifier unit so as to bring the
detected signal to conform with the reference voltage.
When the reference voltage is raised or lowered, the
detected signal, which corresponds to the output level
oftthe transmittiné signal, has to quickly foilow the

raised or lowered reference voltage. For example, in

.-accordance with the recommended standard (EIA Interim

Standard, IS-19-B, 3.1.3.3, January 1988, U.S.A.) for
the 800 MHz cellulér subscriber units of the EIA system,
it is prescribed that the_rise and the fall times of the
transmitting signal be less thén 2 miliiseconds. .
Since, howé#er, the above-mentioned output level
control circuit carries out the control of the output
level, at thé time of the rise of the transmitting signal,
only when the reference voltage is higher than the signal
detector output, it is not possible to perform the control

of the output level until the reference voltage becomes

higher than the bias voltage of the detecting diode when
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a bias voltage is applied to the detecting diode for the
purpose of temperature compensation as mentioned above.
Consequently, at the time of starting transmitting'radio
power, the output voltage from the detecting diode does
not change until the reference voltage exceeas the bias
volt;ge, resulting in a problem that the rise of the
radio transmitting power is delayed by that period, being
unable to satisfy the ébove—méntioned standard rise time.
A remedy is available to hasten the rise of the
transmitting power by giving an exﬁremely high value to
the control loop gain of the output level control circuit.
However, the adoption of this remedy not only makeé the
cif&uit tend to.generate the overshoot of the trgnsmitting
power or the oscillation of the control loop, but also

requires the addition of parts for amplification and

filtering to the control loop.

SUMMARY OF THE INVENTION
An object of the present invention is therefore to
provide an output level control circuit fo_r a radio-
frequency transmitter whose output level éan stably be
maintained ofer a wide range of temperature.
Another objéct of the present invention is to prdvide
an output level control circuit for a radio-frequency |

transmitter which transmits intermittently radio-frequency

signals at one of selected level among a plurality of
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predetermined output levels in accordance with a.feference
voltage and whose output level is free from delay in the
rise of the reference voltage.

A further object of the present invention is to

provide an output level control circuit of the afore-

- mentioned kind in which the number of components that

constitute the.control loop circuit can be reduced as
much as possible.

The output'level control circuit of a radio-frequency
transmitter according to this inventioﬁ comprises a signal
detector which includes a detecting diode which receives

the application of a bias voltage that is substantially

the same as in the above-mentioned circuit in the prior

art and a temperature compensating diode, and dgtects the
crest Qalve of a fadio—frequency output from a wvariable
gain amplifier unit, a comparator unit which compares fhe
signal detector output corresponding to the detection
output of the.signal detector and the reference voltage
corresponding to the predeterminéd output level,'and
control means which controls. the output level of the
variable gain amplifier unit in response to an output

of the compa£ator unit. This output level control circuit
further includes bias voltage detecting means which detects
the bias voltage of the detecting diode and stores the
detected result, and reference voltage control means which
adds the stored bias voltage and an input reference &oltage

to designate the result as the reference voltage.
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The reference voltage is the sum of the input reference

voltage and the bias voltage of the detecting diode, which
is a voltage invariably higher than the output voltage
(signal detector output)} of the detectiﬁg diode during .-

the rise of the input reference voltage. Accordingly,

the power supply control unit which receives the result

of comparison of the reference voltage and the signal
detector output is capable of giving an effective gain
controlling signal to the variable gain amplifier unit
even in the iniﬁial period of application of the input
reference voltage, and the rise of the transmitting output
and the signal detector output will never be left behind

the change of the input reference voltage. Furthermore,

‘the output of the comparator unit can follow the input

reference voltage also at the time of fall of the input

reference voltage similar to the case of rise.

BRIEF DESCRIPTION OF THE DRAWINGS
The above-ﬁentioned and other objects, featufes and
advantages of the present invention will become more.
apparent from the following detailed descriptioq when
taken in conﬁunction with the accompanying dfawings,
wherein:
FIG. 1 is a block diagram showing part of radio-

frequency transmitter embodying the present inventidn;
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FIG. 2 is a waveform diagram showing waveforms
appearing at various points of the transmitﬁer in FIG. i,
wherein FIG. 2(a) shows the waveform of the transmit
output signal Po, FIG. 2(b) shows the waveform of the
output voltage A of the detecting diode and FIG. 2{(c)
shows the waveforms of the reference voltages E and G;

FIG. 3 ié a circuit diagram showing_a power  control
unit 5 in the FIG. 1 transmitter; and |

FIG. 4 is a block diagram showing én dperational
amplifier 6 and a reference voltage contfoller 7 in the
FIG. 1 transmitter.

‘DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referriné to FIG. 1, a radio-frequency transmitter 100

-intermittently outputs a transmitting output signal Po of

radio frequency. The transmitter 100 includes a
transmitting signal generator 1 which generateé a burst
input signal Pi under the control of a transmitting

cdntroller 9. The transmitter 100 also includes a

variable gain amplifier unit 2 which generates an

amélified_signal Pa by amplifying the input signal Pi,

ahd a_signal.detector 3 which generates the transmitting
output signal Po by leading the most part of the amplified
signal Pa to a signal éutput terminal 4. The supply timing
of the input signal Pi is controlled by a.transmission

control signal H from a transmission control unit 9. The

‘
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signal detector 3 also supplies a part Pb of the amplified

. signal Pa to a detecting diode 32 via a coupler 31, and

the detecting diode 32 generates across a load resistor 33
a signal detector'output A which corresponds to the peak
level of the coupler outputlsignal Pb, that is, the peak
level of the traﬁsmitting output signal Po. The sighal
detector 3 further includes a compensating diode 39 with

substantially the same temperature characteristic as that '

-of the detecting diode 32. The detecting diode 32 and the

‘compensating diode 39 receive application of substantially

the same value of bias voltage, ahd are connected so as.
to subtract the bias voltage variation in the compensating
di&ée 39 from the bias wvoltage variation in the aetecting
diode 32 geherated accoﬁpanying the temperature variation
in- the forward voltage. Accordingly, the signal detector

output A that appears across the load resistor 33 includes

also a fixed bias voitage A0 with compensated temperature

variations along with a detected output corresponding to

the transmitting output signal Po. _

The signal detector output;A from the signal detector 3
is supplied to the invertinglterminal of an operational
amplifier 6, and it is compared with a reference signél E
supplied to the non-inverting terminal of the operational
amplifier 6. A comparison output voltage D from the
operational amplifier 6 is supplied tb a power control

unit 5. The power control unit 5 generates a control
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signal C from a souice power voltagé F of a source power
input terminal 8 in response to the comparison ouﬁput
voltage D, namely, a voltage obtained by reducing the
éource power'voltage F in response to the magnitude of

the comparisonloutpup voltage D, and supplies the confrol
signal C to a control signal input terminal 23 of the
variable gain amplifiér unit 2. In response to the control
signal ¢; the variable gain amplifier unit 2 controls the
source power voltage of the amplifier element, the drain

voltage of a field effect transistor (FET) here, and

. causes the amplification gain to be changed so as to

generate a predeté;mined transmitting output signal Po
at.the signal output terminal 4 corresponding to the-
reference voltage E.

~~- The transmitting signal generator 1, the variablé

gain amplifier unit 2, the signal detector 3, the power

control unit 5, the operational amplifier 6, and the

'transmitting controller 9 have the same functions as in

the output level control circuit of the conventional

radio-frequency transmitter. On the other hand, the

_output level control circuit according to this invention

further includes, besides the above-mentioned various
components, a reference voltage controllexr 7 having a
bias voltage detecting circuit which stores the temperature-
compensated bias voltaée A0 generated across the load

resistor 33 during the non-input period of the input
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signal Pi and a reference voltage adding circuit which
superposes the stored bias voltage A0 on the input
reference voltage G. The reference voltage G is supplied
from the transmitting controller 9 in synchronism with

the transmitting control signal H, and hence in synchrbnism
with the input signal Pi.

Referring simultaneousiy to FIG. 1 and FIG. 2, the
radio-frequency transmitter '100 is in the bff-period of
the transmitting output signal Po for the duration from
the time TO to the time T1, and thé reference voltage G
synchronized with the input signal Pi will not be suppliéd
either. During this period the detecting diode 32 does
noé detect a cbuplér output signal'Pb so that the output

Qoltage A of the diode 32 is Substantially equal to the

fixed bias §oltage A0. The fixed bias voltage ‘A0 during

the off-period of the transmitting output signal Po is

stored in the bias voltage detecting circuit of the

". reference voltage_controilér 7, and the stored bias

voltage A0 is supplied to the referehce voltage adding
circuit of the controller 7. Since here the on/off period
of the input signal Pi coincides with the on/off period of
the referencé voltage G, the reference voltage controller 7
detérmines the input timé of the bias voltage A0 to be
stored by referring to the reference voltage G. At the

time T1l, the input signal Pi and the reference voltage G

are supplied from the transmitting signal generator 1 to
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the variable gain amplifier unit 2 and from the transmitting
controller 9 to the reference voltage controller 7,
respectiyeiy. Since the transmitting output signal Po

is required to rise to a specified voltage within 2 milli-
seconds, the reference voltage G is raised accordiﬁg to

a waveform in which the duration from the time Tl to

the time T3 is set to be less than 2 milliseconds. The

reference voltage controller 7 adds up the stored bias

voltage A0 and the reference voltage G to obtain the

reference voltage E for this output level control circuit.
The reference voltage E is supplied to the inverting
terminal of the operational amplifier. During the period

from the time Tl to the time T3 the voltage A of the signal

detector output is lower than the reference voltage E, and

- the gain control of the variable gain amplifier unit 2 by

the power control unit 5 is put in effect. As a result,

the power level of the transmitting output siénal Po and

the signal detector output A of the detecting diode 32
quickly follow the change in the reference voltage E,
and at the time T3 the transmitting output signal Po
reaches a predetermined output corresponding to the
reference voltage G.

Moreover, if the input reference voltage G is supplied
directly to the operational amplifier 6 as in the prior art

(see FIG. 2(c)) instead of carrying out the above-mentioned

reference voltage processing using the bias voltage
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detecting circuit and the reference voltage adding'circuit
of the reference voltage controller 7, the output voltage Al
of the detecting diode 32 (see FIG. 2(b)) rises delayed by

a time t from the reference voltage G, and correspondingly
the rise of a transmitting output signal Pol is also

delayed by . the rime.t (see FIG. 2(a)). In the conventional
transmitting level control circuit, this time interval £

is as large as about 1 milliseconds, and it is difficult

to reduce the rise time of the transmitting output signal

- Pol smaller than the specified rise time (2 milliseconds).

Since, howeﬁer, it is possible in this embodiment to make

the delay time t or the rise to zero, it is easy to redﬁce

th; rise time (T3 - Tl) to within 2 milliseconds.
Furthermore, referring to FIG. 1, the pbwer level of

maximum output of the transmitting output signal Po of

. this radio-frequency transmitter is 0.6W, and it is possible

to carry out signal transmission by arbitrarily selecting '
one of a plurality of output power levels that are separated
by an equal difference of 4 dB. | |
The variable gain amplifier ;nit 2 is an amplifier
including an FET as the amplifier element, which amplifies
the input signal Pi from a signal input terminal 21, and
outputs an amplified sigﬂal Pa from a signal output
terminal 22. The control signal C from the power control

unit 5 is inputted to a control signal input terminal 23

of the variable gain amplifier unit 2, controls the drain
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~voltage of the FET, and controls the gain of the variable
gain amplifier unit 2 by this drain voltage control.
Still further referring to FIG. 1, the signal detector 3

connects the coupling end of a signal coupler 31 to the

. anode of the detecting diode 32, connects the cathode of

the diode 32 £o a detegting voltage output terminal 41,

and outputs the signal detector output A through the
detecting voltage output terminal 41. The load resistor 33
and a capacitor 34 which forms a bypass circuit of the
radio-frequency signal are connected in parallel between

the cathode-of the diode 32 and a grounding poﬁential pdint.
In addition, the insulatea terminal of the signal Coupler 31
is connected to a ;eries circuit of a terminal résistor 35

and a bypass capacitor 36 of the radio-frequency signal,

..the series circuit terminating the amplified signal Pa.

A bias voltage Vbb is supplied from'a bias voltage input
terminal 40, and the bias voltage Vbﬁ gives é*forﬁard bias
voltage to the anode of the compensating diode 39 that has
its cathode grounded, via a series circuit of resistors

37 and 38. The junction of the resistors 37 and 38 is
commonly connected to the junction (point B) of the
resistors 35.and 36, and the biaé voltage A0 which is
substantially equal to the bias voltage of the compensating
diode 39 is given also t6 the detecting diode 32. It
should be noted that the voltage of the bias voltage

supply point B is determined princip;lly by the compensating

diode 39 and the circuit on the resistor 38 side.
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When the amplified signal Pa is not inputted, the
load volﬁage that is produced at the detecfing voltage
output terminal 41 or across the resistor'33, that is,
the bias voltage A0 of the diode 32, is lower than the
voltage at the common junction B (referred to as Vg) by
the amount of the forward voltage V£ of the diode 32.
Since the forward voltage Vf of the diodes 32 and 39
changes accompanying temperature variations the voitage
at the point B which supplies the bias voltage to the
diodés 32 ;nd 39 changes by the same amount of voltage
in response to the variations in the forward voltage VE£.
Accordingly, the temperature variations in the forward
voitage VE due to the diodes 32 and 39 cancel with each.
other so that the ﬁoltage.Ab generated at the detécting
voltage output terminal 41 essentially does not change.
Next, when thé amplified signal Pa is applied to tﬁe
signal detector 3, the detecting diode 32 detects the
coupler output signal Pb, and generates the signal detector
output A which is the sum of the bias voltage A0- and the
detection butput across the load resistor 33, that is,
at the detecting voltage output terminal 41.

Referriﬁg to FIG. 3, the power control unit 5 has a
transistor 51 to whose eﬁitter a source power voltage F
from a source power input terminal 8 is applied. The
transistor 51 generates at its collector a control signal C

obtained by lowering the source power voltage F in response
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to its base current. In addition, a comparison output
voltage D from the operatiohal amplifier 6 is supplied

to the base of a transistor 53,'and the transistor 53
generates a collector current which corresponds to thé
comparison output voltage D. The collector current of the
transistor 53 is-supplied to the base of the transistor 51
via a resistor 52 to be served as the base current of
transistor 51. Since the voltage drop due to the
transistor 51 is decreased as the base curreht of the
transistor 51 is increased, the voltage of the control
signal.C supplied to the drain terminal of the FET built
in the variable gain amplifier 2 is réised, increasing
thé gain of the vaﬁiéble gain amplifier 2. Accordingly,

if the voltage of the signal detector output A is lower

-than the. reference voltage E, the comparison output

.voltage D from the operational amplifier 6 is raised, and

the raise in the comparison output voltage D élevates the
gain of the variable gain amplifier unit 2. The increase
in the gain of the variable gain amplifier 'unit 2 causes
voltage éé thelsignal detector output A to be raised
until it agrees with the reference voltage E.

Referriﬁg to FIG. 4, the reference voltage controller 7
carries out digital signél processing in response to the
analog signal detector output A from the signal detector 3

and the digital reference voltage G from the transmitting

controller 9, and the reference voltage E which is signal
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processed is suppiied to the non-inverting terminal of

the operational amplifier 6. The signal detector output A

is converted to a digital signal by an analog to digital
(A/D) converter 72, and the obtained digital signal is
inputted to a controller (CONT) 73. This digital signal
is sampled by the controller 73 for every off period of
the reference voltage G. The sampled digital signal is
stored in a memory 75, and updated. The digital signal
stored in the memory 75 corresponds to the bia§ voltage AOD
of the diode 32. On the other hand, the reference voltage
G is directly inputted to the controller 73. When the
reference voltage G is inputted, the controller 73 adds
thé feference voltage G and the digital signal stored_in
the membry 75, and supplies the added output to a digital
tp-analog (D/A) converter 71. The D/A converter 71
converts the added output to the analog reference voltage
E, and supplies the reference voltaée E to the non-inverting
terminal of the Sperational amplifier 6.

Tt should be mentioned that when a high acciiracy
settin§ of the bias voltage A0 ;s not required; it is
unnecessary to update the digital signal fdf every”off
period of the input of the reference voltage G, and may
be substituted by a preliminary'storage in a read-only
memory 74 of the bias voltage A0 obtained by an experiment

or the like.

Furthermore, the aforementioned operation may be
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replaced by the input of a transmission. timing signal J
from the transmitting controiler ) té the controller 73
synchronized with the input.signal Pi, by storing in
advance the reference voltage G and the bias voltage AQ
in the memory 74. The controller 73 reads the reference
volfage G and the bias voltage A0 from the memory 74
synchronized with £he timiﬂg signal J to add these two
voltages, and supplies the added signal to the D/A
converter 71.

As described in the above, the output level control
circuit of the radio—frequency.transmitter according to
ﬁhis invention can.stably maintain the output power level
of ;he transmittiné output signal Po over a wide range of
temperature by newly forming the reference voltage E

fhrough addition of the bias ﬁoltage.AO oflthe detecting

diode 32 and the input reference voltage G, and controls

_the output power level so as not to be left behind the

rise of the input reference voltage G._'Moreover, the
aboﬁe—mentioned output level control circuit does not
require the construction of a special control loop ;o
that the reduction of the number of circuit components
can also be accomplished.

Although the inventioh has been described with
reference to a specific embodiment, this description

is not meant to be construed in a limiting sense. Various

. modifications of the disclosed embodimént, as well as other

Sheet Has Been Replaced
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embodiments of the invention, will become apparent to
persons skilled in the art upon reference to the descriptioh
of the invention. It is therefore_contemplated that the
appended claims will cover any modifications or .embodiments

as fall within the true scope of the invention.
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1. An output level contral circuit for use in a radio-

frequency transmitter, comprising:

variable gain amplifier means for amplifying an
intermittently supplied radio-frequency input signal with
a gain corresponding to a control signal to proeuce an
amplified signal;

detector means having a detecting diode biased by a
bias voltage, -said detectof means detecting the power
level of said amplified signal to_préduce a detected voltage,
and producing a detector output which is the sum of the
defécted voltage, said bias wvoltage and a rgfereﬁce voltage;

control means responsive to said detector output for

- generating said control signal which corresponds to said

reference voltage; and

refefence voltage control means for genekating said
reference voltage by adding said bias voltage to an input
réference voltage supplied in synchronism with the turnihg—

on of said transmitting signal.

2. An outpﬁt level control circuit as ciaimed in claim i,
wherein said detector means comprises signal coupler means
for supplying a part of said amplified signal to said
detecting diode and bias means for keeping said bias
voltage of said detecting diode substantially constant

irrespective of the temperature wvariations.

* c L M S *
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3. An output level control circﬁit as.claimed*in claim 2,
wherein said bias ﬁeans comprises first, second and third
resistors and a compensating diode having an anode connected
to a bias voltage supply point via a first resistor and
5 ' a cathode grounded, and wherein the anode of said detecting
| diode is connected to said bias voltage supply point via

said second resistor and said signal coupler and wherein
éhe cathode of said detectiné diode is connected to said
third resistor, said bias voltage and the output voltage

10 .of said detector means being outputted through said thira
resistor.
4.. An output level control circuit as claimed in claim 2,
wherein said control means comprises comparator means for
comparing said referenée voltage and said detector output
and power control means for generating said control signal

5 in response to the output voltage of said comparator means.

5. An output levgl control circuit as claimed in claim 4,
wherein said power control means comprises a first
transistor receiVing the output of said comparator means
at its base and having an emitter grounded; and a seéond

5 transistor having a base connected to the collector of
said first transistor via a resistor and a collector
served as the output terminal.of said control signal,

said emitter of the second transistor being served as

the input terminal of a power supply.

* c L M S *
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6. An output 1eve1_control circuit as claimed in claim 5,
wherein said variable gain amplifier means comprises a

field effect transistor as an amplifier element for said
transmitting signal and wherein said control signal controls

the drain voltage of said field effect transistor.

7. An output level control circuit as claimed in claim 1,
wherein said reference voltage control means comprises

bias voltage detector means for storing the bias voltage

of said detecting diode dufing the off-period of said
transmitting signél and reference voltage addition means
for generating said reference voltage by adding said stored

bias voltage to said input reference ﬁoltage.

--8.~ An output level control circuit as claimed in claim 1,

wherein said reference voltage control means comprises
analog to digital conversion means for COnﬁertiﬁg the
output voltage of said detecﬁpr means into a digital signal;
memoxy meéns for storing said digitallsignal; controllexr
means connected to said analog to digital cofiversion means
and.said memory means for génerating an added output by
adding said étored bias voltage to said input reference
voltage; and digital to analog conversion means for

conﬁerting said added output to an analog signal.

9. An output level control circuit as claimed in claim 1,

T
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wherein said reference voltage control means comprises
memory means for storing a bias voltage set in advance

of said detecting diode; controller means for generating
an added output by adding said stored bias voltage to said
input reference voltage; and digital to analog conversion
means for con&erting sgid added output into an analog
signal and providing said analog signal as said reference

voltage.

10. An output level control circuit as claimed in claim 1,
wherein said reference voltage control means comprises
memory means for storing the bias voltage set in advance

and said input reference voltage; controller means for

generating an added output by adding said stored bias

- #oltage and said stored input reference voltage synchronized

with the on-state of said transmitting signal; and digital
to analog conversion means for conﬁerting'said added output
to an analog signal and producing said analog signal as -

said reference voltage.

11. an butpu£ level control circuit for radio-frequency .
transmitter, comprising:

variable gain.ampiifier.means for amplifying an
intermittently supplied radio-frequency transmitting
signal in respdnse to a control signal to produce an

amplified signal;

|
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signal'detection means including a signal coupler

= 23 -

which .branches off é part of said amplified, a detecting

diode which outputs to a load resistor the added output

voltage of the output of detection means and an input bias

voltage, and bias meaﬁs which keeps the bias voltage of

said detecting diode at substantially constant level

irrespective of the tempeyature variations;

comparator means for comparing a reference voltage

and said added outpﬁt voltage;

power control means for generating said control signal

in response to the output of said comparator means; and

reference voltage control means for generating said

reference voltage by adding the bias VOltage of said

detecting diode to an input reference voltage that is

- supplied synchronized with the on-state of said transmitting

signal.

12.

An output level control circuit as claimed in claim 11,

wherein said reference voltage control means includes bias

voltage detection means for storing the bias voltage of

the detecting diode during the off-state of said transmitting

signal, and reference voltage addition means for generating

said reference voltage by adding said bias voltage to said

input reference voltage.

13.

An output level control circuit as claimed in claim 11,

* [ L M S * _
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wherein said reference voltage control meané inciudes-analog
to digital conversion means for converting said aéded output
voltage to a first digital signal, memory means for storing

a second digital signal that corresponds to the bias voltage

of said detecting diode constituting a part of said first
. S

- do 3 .
igital signal, controller means connected to said analog

to éigital conversion means and said memory means for
generating the added qutput by adding said stored bias -
voltage to ;aid input reference voltage of digital modé

’
and digital to analog conversion means for converting said

added output to said reference voltage.
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