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 OUTPUT SIGNAL LEVEL CONTROL CIRCUIT
USING DIFFERENT DETECTING SECTIONS

IN DIFFERENT OUTPUT SIGNAL LEVELS"

Background of the Invention

l. Field of the Inventjon

The present invention relates to an output
signal level control circuit, and more particularly,
to an output signal level control circuit for
controlling an output level of an output signal with a
wideldynamic range when the output signal level
control circuit is applied to a cellular telephone
system and so on. _
2. Description of the Related Art

In a car telephone apparatus, the transmission
output level of an output signal mﬁst be maintained.
For this reason, the output level of the output signal
is always monitored and controlled with high precision
in a wide range. iﬁ general, when the outputilevel.of
the output signal is controlled, a part of the output
signal is branched and detected by aldetector. A
variable éttenuation uﬁit or an amplifier is
controlled based on this detection result.

In this case, it is difficult to control the
output level of the output signal with high precision
in a wide range because of non-linearneés and

temperature change of the detection_chafactefistic of
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the detcCtor.

| A conventional example of the output signal
level control circuit which solves such a.prbblem is
disclosed in Japanese Laid Open Patent Disclosure (JP-

A-Heisei 7-106881). According to this reference, the

. first and second level control circuits are provided

to weight the detection outputs of detecting circuits
on the low level side and the high level side,
respecti#ely. By appropriately switching betweeh the
first and second level control circuits by a switching
circuit, the output level of the output signal can be
controlled with stability and high precision.

However, in the above-mcntioned conventicnal
example of the output level control circuit, the first
and second level ccntrol circuit need to be adaptive
for the detection characteristics of the detecting
circuit. For this reason, the adjustment.of the
inclination of the detection characteristic curvc and
the direct current offset quantity becomes complicated
and took a long time.

Also, because it is necessary to provide the
memory which previously storcs the detection
characteristic of the detecting circuit so that the
circuit scale of the detecting circuit becomes large,
there is a problem in low production cost and
manufacture with a small size.

Further, in the output signal level control
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circuit'which performs the weighting of the output
signai on fhe low levél side, because the level
control is performed with a high gain to qorrect the
low detection efficiency of the detecting circuit in
the low level, it is necessary to perform temperature
compensation to prevent an error due to temperature

change.

Summary of the Invention

The present invention is made in the light of
the above-mentioned circumstances. An object of the
present invention is to provide an output signal level
control circuit which can be realize with a simple
circuit structure.

Another object of the present invention is an
output signal 1evei control circuit in which a
detection circuit can generate a detection output
voltage such that an output level of an output signal
can be controlled in a wide dynamic range.

Still another object of the present invention
is provide an output signal level control circuit
which can.operate with an improved stability without
any special temperature compensation circuit.

In order fo achieve an aspect of the present
invention, ah output signal level control circuit
includes a level adjusting section for receiving an

input signal, and for adjusting the input signal in
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level in response to a level control signal, a

'branchihg circuit for branching a portion of the input

signal adjusted in level by the level adquting
section to produce a branched signal, the remaining
portion of thé input signal adjustgd in level being
output as an output signal, a detecting section having
fi;st and second detecting sections, for generating a
detection resultant signal based on a first_detection
result of the branched signal by the first detecting
section a second detection result of the bfanch signal
by the second detecting section, wherein the first and
second detecting sections are operable at a same time,
and a detection efficiency of the first detecting
section is higher than that of the second detecting
section, and a control signal generating unit for
generating the level control signal based on the
deteqfion resultant signal to output to the level
adjusfing secfion.

| The first and second detecting sections
includes first and second diodes for detecting the
branched signal, respectively, and a portion of a
diode chafacteristic of the first diode which portion
is used to detéct the branched signal is more abrupt
than a portion of a diode charécteristic of the second
diode which portion is used to detect the branched
signal. The detecting section generates the detection

resultant signal based on a difference in absolute



value between the first detection result and the
second detectipn result.

When the first and second detecting sections
includes first apd second diodes for detecting the
branched signal, respectively, the branched signal is
supplied to an anode of the first diode and an cathode
of the second diode, an operational.amplifier of the
. detecting section generates the detection resultant
signal besed on a summation of the first and second
detection results. In this case, the anode of the
first diode may be applied with a predetermined bias.

When the first and second detecting sections
includes first and second diodes for detecting the
branched signal, respectively, the branched signal is
supplied to anodes of the first apd second diodes, and
a differential amplifier of the detecting section
generetes the detection resultant signel based on a
difference of the first and second detection results.
In this case, the anode of the first'diode may be also
applied with a predetermined bias.

In order to achieve another aspect of the
bresent invention, an.output signal level'control
circuif includes a level adjusting section for
receiving an input signal, and for adjusting the input
sighal in level in response to a level control signal,
a branching circuit for branching a portion of the

input signal adjusted in level by the level adjusting



section to produce a branched signal, the remaining
portion-of the input signal adjdsfed in level being
output as an output signal, a detecting section having
first and second detecting sections, for generating a
detection resultant signal based on a difference in
absolute value between a first detection result of the
branched signal by the first defecting section a
second detection result of the branch signal by the
second detecting section, and a control'signal
generating unit for generating the level control
signai based on the detection resultant signal to
output to the level adjusting section.

In a case where the detecting section includes
the first and second detecting sectioﬁs, and a
synthesizing section for generating the detection
resultant signal based on a difference in absolute
value"between a first detection result of the branched
"signal by the first detécting section a second
detection result of the branch signal by the second
detecting section, when the first detecting section
includes a first diode connected to the branched
signal in a forward diréction, and a first smoothing
circuit having a first capacitor and a first resistor
which are connected in parallel to a cathode.of the
first diode, and the second detecting séction'includes
a second diode connected to the branched signal in a

reverse direction, and a second smoothing circuit
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having a'second capacitor and a second resistor ﬁhich
are conhected in parallel to an anode of the second
diode, the synthesizing section includes an
operational amplifier for generating the detection
resultant signal based on a summation of the first
detection result and the second detectioﬁ result.

In a casé where the defecting section includes
the first and second detecting sections, and a
synthesiéing section for generating the detection
resultant signal based on a difference in absolute
value between a first detection result of the branched
signal by the first detecting section a second
detection result of the branch signal by the second
detecting section, when the first detecting section
inéludes'a first diode connected té the branched
signal in a forward direction, and a first'smoothing
circuit having a first capacitor and a first resistor
which are qonnected_in parallel to a cathode of the
first diode, and the second detecting section includes
a second diode connected to the branched signal in a
forward direction, and a second smoothing circuit
having.a second capacitor and a second resistor which
are connected in parallel to an anode of the second
diode, the_synthesizing section includes a
differential amplifier for generating the detection
resultant signal based on a difference between the

first detection result and the second detection



result.

In this case, each of the firsf and second
detecting sections includes a smoothing circhit having
a resistor and a capacitor which are connected in
parallel, and a time constant as a multiplication of
the resistor and the capacitor is equal to each other
in the first and second deteqting sections. Also, in
above cases, the first diode may be a schottky diode
and the éecond diode méy be a silicon diode.

In order to achieve still another aspect of the
present -invention, an output signal level control
circuit ingludes a level adjusting section for
receiving an input signal, and for adjusting the input
signal in level in response to a level control signal,
a branching circuit for branching a portion of the
input signal adjusted in level by the level adjusting
sectibn to produce a branched signal, the remaining
. portion of the input signal adjusted in level being
output as an output signal;'a detecting section having
first and second detectiné sections, for generating a
detection resultant signal based on a first detection
result of the branched signal by the first detecting
seétion a sécond detection result of the branch signal
_by the second detecting section, wherein the first
detecting section is dominant to the deﬁection
resultant signal in a first region of fhe brénched

signal, the first and second detecting sections
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contributé to the detection resultant signal in'a
second region.of the branched signal, and the second
detecting section is dominant to the detecti&n
rééultant signal in a third region of the branched
signal, and a control signal generating unit for
generating the level control signal bésed on'the
detection resultant signal to output to the level

adjusting section.

Brief Description of the Drawings

Fig. 1 is a block diagram illustrating an
output signal level céntrol circuit according to an
embodiment of the present invention:

Fig. 2 is a circuit diagram illustrating an
embodiment of a detecting sectiqn 11 shown in Fig. 1:

Fig. 3 is a circuit diagram illustrating
anbther gmbodiment of the detecting section shown in
'Fig. 1; and

Fig. 4 is a diagram illustrating Varioﬁs_
detection voltages in the detecting section shown in

Fig. 1

Description of the Preferred Embodiments

Nexf, an output signal level control circuit of
the-present invention will be describedibelow in
detail with reference to_the accompanying drawings.

Fig. 1 is a block diagram illustrating an
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embodiment of the present inVention. The output
signal level control circuit is composed of ; level
adjustiné section, a detecting eection, and e control
signal generating section. A high frequency input
signal Sllis inputted to the level adjusting section
and is adjusted in output level in response to a level
control signal Vd. The level adjusted signal is
outputted as an output signal S2. A part of the
output signal S2 is branched at a constant'ratio. The
detecting section 11 detects the branched signal and
generates a detection 6utput voltage Vc indicative of
the output level of the output signal S2. The control
signal generating section generates the level control
signal Vd based on this detection output voltage V¢ so
that the output level of output signal S2 is
controlled to be a predetermined level.

| More specifically, the level adjusting section
is composed of a variable attenuating section 1 and an
amplifier 2. The high frequency input signal Sl is
inputted to the variable attenuating section 1 to be
attenuated in response to the level control signal Vd
and then amplified by the amplifier 2.

The detecting'section 11_is composed of a
distributing circuit 3, first and second detecting
cireuits 4a and 4b, and a detection volfage
synthesizing circuit 5. The amplified signal from the

amplifier 2 is almost sent out as the output signal S2
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via a distributing circuit 3. The distributing
circuit 3 branches a part of the amplifiéd signal at a
constant rétio and outputs to the first and seéond
detecting circuits 4a and 4b as a branched signal S3.
The first and second detecting circuits 4a and 4b
detect the branched signal S3 independently and
generate detection voltages Va and Vb. .Thé détection
voltage synthesizing circuit 5 synthesizes the
detection voltages Va and Vb to generate the detection
output voltage Vc. That is, the detection voltage
synthesizing circuit 5 determines a differenée in
absolute value between the detection voltages Va and
Vb to generate the detection output voltage Vc.

The control signal generating section is
composed of an A-D cbnverting circuit 6, a memory 8, a
calculating circuit 7, a D-A conve;ting circuit 9, and
a buffer circult 10. The A-D converting circuit 6 to
convert the detection output voltage Vc into a digital
data Dc indicative of the detection output voltage
value Vc. A targef defection output voltage value is
' previously stored in the memory 8 with respect to the
output level of the dutput signal. In other words, a
value of the detection output voltage Vc is previougly
measured with respect to the output level of output
signai S2, and is stored in the memory 8 using the
output level of the output signal as an address. The

calculating circuit 7 receives an instruction on a
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level setting value L ffom:an external unit to read
the target detection output voltage value
corresponding to this level setting value L fron the
memory 8, and calculates a difference between the read
out target detection output voltage and the data Dc
indicative of the detection output voltage VC to
output the difference data DdA. The D-A converting
circuit 9 converts the difference data Dd in an analog
value and outputs it to the wvariable attenuatipg
section 1 as a ievel_coﬁtrol signal Vd through the
buffer circuit 10. h

In this manner, the variable attenuating
circuit 1 attenuates the high frequency input signal
S1 in response to the level control signal V4 and
controls such that the value of the difference data Dd4
is conve:ged to "0", that is, the output level of
output signal S2 is made equal to the level setting
value L.

Next, the detection section 11 will be
described in detail with reference to Fig.lz. Fig. 2
is a circuit diagram illustrating an embodiment of the
detection section 11. The detecting sectidn_ll is
composed of a distributing circuit 3, the first and
second detecting circuits 4a and 4b, and the detection
voltéée synthesizing circuit 5. The functions
required to this detection section 11 are that the

detection output voltage Vc can be obtained with a
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high precision in response to the change of the output
level of the outputISignal S2 even in-the'iow output
level, andlthat the detéction output wvoltage Vé is
obtained to allow the output level control in a wide
dynamic range within the power supply voltage Vs which
is supplied to the output signal level control circuit.
As showﬁ in Fig. 2, the first detecting circuit
4a is composed of a capacitor Cv, a first diode 41la
and a first smoothing circuit in_which a resistor Ra
and a capacitor Ca are connected in parallel. The
branched signal S3 by the distributing circuit 3 is
supplied to the first diode 41la via the capacitor Cv
in the forward direction. The first smoothing circuit
is connected to the cathode of the first diode 41la.
The second detecting circuits 4b is composed of a
second diode 41b and a second smoothing circuit in
which a resistor Rb and a capacitor Cb are connected
in parallel. The branched signal. S3 by the
distributing circuit 3 is supplied to the second diode
41b directly in the reverse direction. The second
smoothing circuit is connected to the anode of the
first diode 41b. The first and second diodes 4l1la and
41b detect the signal S3 distribufed by the
distributing circﬁit 3 to outputs detection voltages
Va aﬁa Vb, respectively. The detection voltage
synthesizing section 5 synthesizes the detection

voltages Va and Vb to send out as the detection output



- 14 -

voltage Vc.

The diode 4la of the first detecting circuit 4a
and the digde 41b of the second detecting circuit 4b
are provided in the opposite directions, as described
above. Therefore, because the first smoothing circuit
is provided on the s;de of fhe c;thode of the first
diode 4l1la, the positive-detection voltage Va is
generated in the both edges of the first smoothing
circuit. Also, because the.second smoothing circuit
is provided on the side of the anode of the second
diode 41b in the second detection circuit 46, the
negative detection voltage Vb is generated in the both
edges of the second smoothing circuit.

The detection voltage synthesizing section 5
célculates a difference in absolute value between the
detection voltages Va and Vb to output as the
detection output voltage Vec. In this case, because
the detection voltages Va and Vb have,bpposite
polarities to each.other, there is outputted the
summation of the detection voltages Va (the positive
voltage) and Vb (the negative voltage) as the
detection output voltage Vc. Thus, an operational

amplifier 51 is used to carry out an addition

operation, Ve = Va + (-Vb) = Va - Vb when R1 = R2 R3
in Fig. 2.
Generally, the detection efficiency in a low

level is low due to the detection characteristic of
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éhe diode. For this reason, a forward direction bias

- Bv is applied to the first diode 4la of the first
detecting circuit 4a such that the first diode 4l1la is
set to the conductive state. As a result, the
detection efficiency in the low level can be improved.
The detection charactéristic, i.e.. the'output;;evel
of the output signal vs. the detection voltage in the
first detecting circuit 4a before the bias application
is shown by the curve E in Fig. 4, whereas, the
.detect;on characteristic can be changed into the curve
A in PFig. 4 by applying the forward directién bias Bv
to the first diode 4la. Therefore, the detection
efficiency can be improved'in the low level.

On the other hand, no bias is not applied to
the second diode 41b of the second detecting circuit
4b. Because the detection voltage Vb of the second
smoothing circuit is negative voltage, the detection
characteristic of the second detecting circuit 4b is
shown by the curve F which is symmetrical'to the curvé
E with respect to the lateral axis. Therefore, when
the output level of the output signal S2 is as low as
the range of 0 to Pl, the first detecting circuit 4a
mainly operates to output_theldetection voltage. Va.
When the output level of the output signal S2 exceeds
Pl, the first and second detecting circuits 4a and 4b
output the detection voltage Va and Vb,-réspectively.

By the way, in the relation of the aeteqtion
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voltages Va and Vb iﬁ the high 1éve1, although the
forward §irection bias is applied to the diode 4la,
the detection output voltage Vc does not always vary
monotonously in accordance with the output level,
because the characteristics of the diodes 4la and 41b
are different from each other and changé due to
temperaturé. In order fo eliminate such an indefinite
relation, it is necessary that the inclination of the
detection characteristic of tﬁe first detecting
circuit 4a is largér than that of the detection
characteristic 6f the second detecting circuit 4b, in
other words, that the detection efficiency of the
 first detecting circuit 4a is always higher than that
" of the second detecting circuit'4b.

For example, if the values of the resistors Ra
and Rb of the first and second smoothing circuits of
the first and second detecting sections 4a and 4b are
set to satisfy the relation of Ra'> Rb, the detection
characteristic of the second detecting circuit 4b
changes from the curve F to curve B in Fig. 4. The
total detection characteristié of the detection
section 11 including.the detection voltage
synthesizing section 5 1s expressed by the curve C
-obtaiped by syhthesizing the curve A and the curve B.

In the curve C of Fig. 4, the detection voltage
Va of the first detecting circuit 4a is ‘dominant in

the output signal level in a range of 0 to Pl. Even
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if the detection voltage Va of the first detecting
circuit 4a exceeds the powér supply voltage Vs at the
output signal level of P2, the detection output
voltage Vc never exceeds the power supply voltage Vs
until the output signal level reaches P3, bedause the
detection voltage Vb is negative. That is, the values
of the resistors Ra and Rb are éet in such a manner
that the detection output voltage Vc is equal to the
power supply voltage Vs when the output level is the
maximum of P3. Thereby, the output level can be
controlled in a wide range within the suppliéd powver
supply voltage S.

Note that because the diodes used in actual are
different from each other in characteristié, variable
resistors are desirébly used as the resistors Ra and
Rb of the smoothing circuits of the detecting circuits
4a and 4b such that fine adjustment can be performed.
Also, the bias Bv applied to the first detecting
circuit 4a, is made variable. Further, it is
desirable that the time constants Ra x Ca and Rb x Cb
of the smoothing circuits are equal to each other.

Now, if it is assumed that the detection
characteristic, i.é., the relation of the output level
P and_the detection voltages Va and Vb.in the first
and second detecting circuit 4a and.4b can be
approximated.in a cubic equation, the détecfion

voltage Va of the first detecting circuit 4a and the'
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detection voltage Vb of the second detecting circuit
4b can be expressed as follows.
Va = ¢p? | (1)

Vb

-k(P-B)? (2)

where _a' and k are constant values satisfying of a=s 1

and k = 1, and B is a parameter which is related with
the bias. Therefore, the detection oqtput voltage V¢

of the synthesizing section 5 can be expressed below.

Ve = aP® - k(P - B)° (3)

In the above equatiop (3), because the 3rd power terms.
can be canceled by choosing @ and k, the detection
characteristic can be brought close to a quadratic
equation. Also, the circuit structure of the
_calculating circuit 7 and fhe memory section 8 can be
simplified.

Also, because the change of the detection
characteristic of the first and second detecting
circuits 4a and 4b dque to temperature can be canceled
through the subtraction processing of the detection
voltages Va and Vb. Therefore, the temperature
compensation is not necessity.

Fig. 3 is a circuit diagram illustrating
another embodiment of the detection section 11.-

ih this example, the first and second diodes
4la and 41b of the first and second'détecting sections
4a and 4b are connected in thé same diréctibn%to

output the detection voltages Va and Vb of the.  same
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polarity (the positive wvoltage), respecfively. Also,
the detection voltage synthesizing section 5 performs
the subtraction processing of the detection voltage Vb
(the positive voltage) from the detection voltags vVa
(the positive Vbltage). That is, the detection |
voltage synfhesizing section 5 performs-differsntial
amplification using an operational amplifier 51 to-
output Vc = Va - Vb when R4 = R5 = R6 = R7. It could
be understood that the detection section 11 in Fig. 3
can operate in the same manner as the detecting
section 11 shown in Fig. 2, so that the same effect
can be obtained, even 1f the first and second
detecting circuits are structured in this way.
| In the second embodiment, a Schottky diode
which has high detection efficiency in.the low level
may be used as the first diode 4la of the  first
detecting circuif 4a. AIso, a silicon diode which has
low detection efficiency in the low level may be used
as the diode 4b of the second detecting ssction 41b.

As described above, according to the present
invention, the first and second detecting circuits
which detect output levels are provided such that the
detection efficiency of the.first detecting circuit is
always higher than that of the second detecting
circuit. |

Also, a difference in absolute value between

the first and second detection voltages Va and Vb is
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calculated and outputted'as fhe detection outpﬁt
voltage Vc. The output level of the output signal S2
is controlled based on this detection output voltage
Vc so that the first detecting circuit 41la can detect
the output level with high precision in the low level
and the output level range carn be widened in the high
level until the detection output voltage Vc reaches
the power supply voltege Vs.

Further, because the influence due to
temperature change and noise can be canceled, the
oﬁtput level control can be realized in a wide dynamic
ranée with the simple circuit struqture and with

improved stability in low level output.
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What is claimed is:
1. An putput signal level control circuit
comprising: |

a level adjusting section for receiving an
input signal, and for.adjusting the input signal in
level in response to a level control siénal;

a branching circuit for branchipg a portion of
the input signal adjusted in level by said level
adjusting section to prdduce a braﬁched signal, the
remaining portion of the input signal ddjusted in
level being output as an output signal;

a detecting section having first and second
detecting sections, for generating a detection
resultant signal based on a'first detection result of
the branched signal by said first detecting section a
second detection result of the branch signal by said
second detecting section, wherein said ﬁirst and
second detecting sections are operable at a same time;
and |

a control signal generating unit for generating
the level control signal based on said detection |
resulfant signal to output to said level adjusting

section.

2. "An output signal level control circuit
according to claim 1, wherein said first and second

detecting sections includes first and second diodes

* c L M S *
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for detecting the branched signal, respectively, and
Wherein a detection efficiency of said first
detecting section is higher than that of said second

detecting section.

3. An output signai level qdntrol circuit
according to c¢claim 1, wherein said detectingﬂéection
generates said detection resultant signal based on a
. difference in absolute value between said first

detection result and said second detection result.

4. An output signal 1ével control circuit
according to claim 3, wherein said first and second
- detecting sections ihcludes first and second diodes
for detecting the branéhed signal, respectively, and
wherein the branched signal is supplied to an
anode of said first diode and.an cathode of said
second diode, and
wherein said detecting section further includes
an operational amplifier for generating said detection
resultant signal based on a summation of said first

and second detection results.

5. An output signal level control circuit
accorﬁing to claim 4, wherein the anode of said first

diode is applied with a predetermined bias.

AR
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6. _' An output signal level control circuit
according to cléim 3, wherein said first and second
detecting sections includes first and second diodes
for detecting the branched signal, respectively, and

wherein the branched signal is supplied to
anodes of said first and second diodes, -and

wherein said detecting section further includes
a differential amplifier for generating said detection
resultant signal based on a difference of said first

and second detection results.

7. An output signal level control circuit
according to claim 6, wherein the anode of said first

diode is appliéd with a predetermined bias.

8. An output signal level control circuit
according to claim 4, wherein said detecting section
includes an operational amplifier for generating said
detection resultant signal based on a summation of
said first detection result and said second detection

result.
9. An output signal level control circuit
according to claim 8, wherein the anode of said first

diode is applied with a predetermined bias.

10. An output signal level control circuit

I
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according to claim 6, wherein said detecting section

includes a differential amplifier for generating said
detection resultant signal based on a difference
between said first detection result and said second

detection result.

11. An output signal level control circuit according.
to claim 10, wherein the anode of said first diode is

applied with a predetermined bias.

12. An outpﬁt signal level control circuit
according to claim 1, wherein each of said first and
second detecting sections includes a smoothing circuit
having a resistor and a capacitor which are connected
in paféllel, and a time constant as a mﬁltiplication
of the resistor and the capacitor is equal to each

other in said first and second detecting sections.

13. An output signal level control circuit
according to claim 4, wherein said first diode is a
schottky diode and said second diode is a silicon

diode.

14. An output signal level control circuit
accofding to claim 13, wherein a resistance of said
resistor in said first détecting sedtioq is larger

than that of said resistor in said second detecting
/

O R
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section.

15. An 6utput signal level control circuit
according to claim 6, wherein said first diode is a
schottky diode and said second diode is a silicon

diode.

16. An output signal level control circuit
according to claim 15, wherein a resistance of said
resistor in éaid first detecting section is larger
than that of said resistor in said second detecting

section.

17. An output signal level control circuit
according to claim 1, wherein said first detecting
section is dominant to said detection resultant signal
in a first region of the branched signal, and said
first and'second detecting sections contribute to said
detection resultant signal in a second region of the

branched signal.
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