
OUTPUT SIGNAL LEVEL CONTROL CIRCUIT           USING DIFFERENT DETECTING
SECTIONS           IN DIFFERENT OUTPUT SIGNAL LEVELS
Background of the Invention  1. Field of the Invention         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  wide dynamic 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
must be maintained.  For this reason, the output level of the output signal
is always monitored and controlled with high precision  in a wide range. In
general, when the output level of  the output signal is controlled, a part
of the output  signal is branched and detected by a detector. A 



variable attenuation unit 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-linearness and  temperature change of the detection
characteristic of                                   -2-   the detector.
A conventional example of the output signal  level control circuit which
solves such a problem 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,
respectively. By appropriately switching between 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-mentioned conventional  



example of the output level control circuit, the first  and second level
control 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 curve and  the direct current offset
quantity becomes complicated  and took a long time.         Also, because
it is necessary to provide the  memory which previously stores 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                                   -3-  circuit
which performs the weighting of the output  signal on the low level side,
because the level  control is performed with a high gain to correct 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 level 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 to achieve an aspect of the present  invention,
an output signal level control circuit  includes a level adjusting section
for receiving an  input signal, and for adjusting the input signal in



-4-  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 adjusted 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 the first detecting  section a second detection
result of the branch 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  detection resultant
signal to output to the level  adjusting section.         The first and
second detecting sections  includes first and second diodes for detecting
the  branched signal, respectively, and a portion of a  diode
characteristic of the first diode which portion  is used to detect the
branched signal is more abrupt  than a portion of a diode characteristic 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                                   -5-  value between the first
detection result and the  second detection result.         When the first
and second detecting sections  includes first and 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 based 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 and second diodes, and  a differential amplifier of the
detecting section  generates the detection resultant signal 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  present invention, an output
signal level control  circuit includes 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
-6-  section 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 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
detecting 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 



signal 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 sections, 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 detecting 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
direction, 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 section includes  a second diode connected
to the branched signal in a  reverse direction, and a second smoothing
circuit                                   -7-  having a second capacitor
and a second resistor which  are connected 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 detection
result.         In a case where the detecting section includes  the first
and second detecting sections, 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
detecting 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 direction, 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 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  



-8-   result.         In this case, each of the first and second  detecting
sections includes a smoothing circuit 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 detecting sections. Also, in  above cases, the first diode may be a
schottky diode  and the second diode may be a silicon diode.         In
order to achieve still another aspect of the  present invention, an output
signal level control  circuit includes 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
section 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 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 branch signal  by the second detecting section, wherein the first
detecting section is dominant to the detection  resultant signal in a first
region of the branched  signal, the first and second detecting sections
-9-  contribute to the detection resultant signal in a  second region of
the branched signal, and the second  detecting section is dominant to the
detection  resultant signal in a third region of the branched  signal, and
a control signal generating unit for  generating the level control signal
based 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 control circuit
according to an  



embodiment of the present invention;         Fig. 2 is a circuit diagram
illustrating an  embodiment of a detecting section 11 shown in Fig. 1;
Fig. 3 is a circuit diagram illustrating  another embodiment of the
detecting section shown in  Fig. 1; and         Fig. 4 is a diagram
illustrating various  detection voltages in the detecting section shown in
Fig. 1           Description of the Preferred Embodiments         Next, an
output signal level control circuit of  the present invention will be
described below in  detail with reference to the accompanying drawings.
Fig. 1 is a block diagram illustrating an
- 10 -   embodiment of the present invention. The output  signal level
control circuit is composed of a level  adjusting section, a detecting
section, and a control  signal generating section. A high frequency input  



signal S1 is 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 output 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 Vc 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 S1 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  circuits 4a and 4b, and a detection voltage  synthesizing
circuit 5. The amplified signal from the  amplifier 2 is almost sent out as
the output signal S2     



via a distributing circuit 3. The distributing  circuit 3 branches a part
of the amplified signal at a  constant ratio and outputs to the first and
second  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. The detection
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 difference 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 converting circuit 6, a memory 8, a  calculating circuit 7, a D-A
converting circuit 9, and  a buffer circuit 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 target detection
output voltage value is  previously stored in the memory 8 with respect to
the  



output level of the output signal. In other words, a  value of the
detection output voltage Vc is previously  measured with respect to the
output level of output  signal 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                                  -
12 -  level setting value L from an external unit to read  the target
detection output voltage value  corresponding to this level setting value L
from 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 Dd. The D-A
converting  circuit 9 converts the difference data Dd in an analog  value
and outputs it to the variable attenuating  section 1 as a level control
signal Vd through the  buffer circuit 10.         In this manner, the
variable attenuating  circuit 1 attenuates the high frequency input signal
S1 in response to the level control signal Vd and  



controls such that the value of the difference data Dd  is converged to
"O", 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. 2. Fig. 2  is a circuit diagram
illustrating an embodiment of the  detection section 11. The detecting
section 11 is  composed of a distributing circuit 3, the first and  second
detecting circuits 4a and 4b, and the detection  voltage synthesizing
circuit 5. The functions  required to this detection section 11 are that
the  detection output voltage Vc can be obtained with a
- 13 -  high precision in response to the change of the output  level of
the output signal S2 even in the low output  level, and that the detection
output voltage Vc 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 shown in Fig. 2, the first
detecting circuit  



4a is composed of a capacitor Cv, a first diode 41a  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 41a via the capacitor Cv  in the forward
direction. The first smoothing circuit  is connected to the cathode of the
first diode 41a.  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 41a and  41b detect
the signal S3 distributed by the  distributing circuit 3 to outputs
detection voltages  Va and 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 41a of the first detecting circuit 4a  and
the diode 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 side of the cathode of the first
diode 41a, 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 4b, the  negative detection voltage Vb is
generated in the both  edges of the second smoothing circuit.         The
detection voltage synthesizing section 5  calculates a difference in
absolute value between the  detection voltages Va and Vb to output as the
detection output voltage Vc. In this case, because  the detection voltages
Va and Vb have opposite  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, Vc = 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
- 15 -  the diode. For this reason, a forward direction bias  Bv is applied
to the first diode 41a of the first  detecting circuit 4a such that the
first diode 41a is  set to the conductive state. As a result, the
detection efficiency in the low level can be improved.  The detection
characteristic, i.e., the output level  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  detection
characteristic can be changed into the curve  A in Fig. 4 by applying the
forward direction bias Bv  to the first diode 41a. 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 curve  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 P1, the first detecting circuit 4a  mainly operates to output
the detection voltage Va.  When the output level, of the output signal S2
exceeds  P1, the first and second detecting circuits 4a and 4b  output the
detection voltage Va and Vb, respectively.         By the way, in the
relation of the detection                                    - 16 -
voltages Va and Vb in the high level, although the  forward direction bias
is applied to the diode 41a,  the detection output voltage Vc does not
always vary  monotonously in accordance with the output level,  because the
characteristics of the diodes 41a and 41b  are different from each other
and change due to  temperature. In order to eliminate such an indefinite
relation, it is necessary that the inclination of the  detection
characteristic of the first detecting  circuit 4a is larger than that of
the detection 



characteristic of 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 characteristic of the detection  section 11 including
the detection voltage  synthesizing section 5 is expressed by the curve C
obtained by synthesizing 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 P1. Even
- 17 -  if the detection voltage Va of the first detecting  circuit 4a
exceeds the power 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,
because the  detection voltage Vb is negative. That is, the values  of the
resistors Ra and Rb are set 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 supplied power  supply voltage S.         Note that
because the diodes used in actual are  different from each other in
characteristic, variable  resistors are desirably 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.e., 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 detection  voltage Va of the
first detecting circuit 4a and the 



- 18 -   detection voltage Vb of the second detecting circuit  4b can be
expressed as follows.         Va = [err]P[err]                      (1)
Vb = -k(P-[err]              (2)  where a and k are constant values
satisfying of a [err] 1  and k [err] 1, and [err] is a parameter which is
related with  the bias. Therefore, the detection output voltage Vc  of the
synthesizing section 5 can be expressed below.         Vc = [err]p[err] -
k(P - [err]          (3)  In the above equation (3), because the 3rd power
terms  can be canceled by choosing a and k, the detection  characteristic
can be brought close to a quadratic  equation. Also, the circuit structure
of the  calculating circuit 7 and the memory section 8 can be  simplified.
Also, because the change of the detection  characteristic of the first and
second detecting  circuits 4a and 4b due 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.         In this example, the first
and second diodes  41a and 41b of the first and second detecting sections
4a and 4b are connected in the same direction to  output the detection
voltages Va and Vb of the same                                   - 19 -
polarity (the positive voltage), respectively. Also,  the detection voltage
synthesizing section 5 performs  the subtraction processing of the
detection voltage Vb  (the positive voltage) from the detection voltage Va
(the positive voltage). That is, the detection  voltage synthesizing
section 5 performs differential  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 if 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 41a of the first  detecting circuit 4a. Also, a silicon diode
which has  low detection efficiency in the low level may be used  as the
diode 4b of the second detecting section 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
- 20 -   calculated and outputted as the detection output  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 41a can detect  the output level
with high precision in the low level  and the output level range can be
widened in the high  level until the detection output voltage Vc reaches
the power supply voltage Vs.         Further, because the influence due to
temperature change and noise can be canceled, the  output level control can
be realized in a wide dynamic  range with the simple circuit structure and
with  improved stability in low level output.
- 21 -   What is claimed is:  1.    An output 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 signal;         a branching circuit for branching a portion of  the
input signal adjusted in level by said level  adjusting section 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
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 first 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  resultant
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
- 22 -   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 signal level control circuit  according to claim 1, wherein
said detecting section  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 level control
circuit  according to claim 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 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  according to claim 4, wherein the anode of said first
diode is applied with a predetermined bias.  



- 23 -   6.    An output signal level control circuit  according to claim
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 applied 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
24      according to claim 9, wherein the anode of said first diode is
applied with a predetermined  bias.  11.   An output 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 parallel, and a time constant as a
multiplication of the resistor and the  capacitor is equal to each other in
said first and second detecting sections.    12.   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.    13.   An output
signal level control circuit according to claim 12, wherein a resistance of



said resistor in said first detecting section is larger than that of said
resistor in said second  detecting
25      section.  14.   An output signal level control circuit according to
claim 6, wherein said first diode is a  schottky diode and said second
diode is a silicon diode.    15.   An output signal level control circuit
according to claim 14, wherein a resistance of  said resistor in said first
detecting section is larger than that of said resistor in said second
detecting section.    16.   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.    


