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(57) In a feedback loop, a modulation carrier signal 1s amplified or attenuated by a variable gain amplifier (2). A part
of a transmission signal amplified by a power amplifier (3) 1s extracted by a monitor circuit (4), and 1s detected by an
envelope detector (6). This transmission envelope signal and a distortion-free standard envelope signal produced from
a standard envelope generator (7) are compared 1n an error detector (8). An error signal obtamned by amplifying the
error of the two signals and a DC voltage are added 1n an adder (9). A gain control terminal (11) of the variable gain
amplifier (2) 1s controlled by using this adder output signal as the control signal. The envelope detector (6) 1s capable
of varying the attenuation quantity of the vanable high frequency attenuator (61) and the load resistance value of the
variable load circuit (63). Therefore, the dynamic range of the transmission monitor circuit monitor output
corresponding to the output voltage of the envelope detector 1n a predetermined range can be expanded.
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ABSTRACT

In a feedback loop, a modulation carrier signal 1is

amplified or attenuated by a variable gain amplifier (2). A part
of a transmission signal amplified by a power amplifier (3) 1is
extracted by a monitor circuit (4), and 1s detected by an

envelope detector (6). This transmission envelope signal and a

distortion-free standard envelope signal produced from a
standard envelope generator (7) are compared 1n an error
detector (8). An error signal obtained by amplifying the error
of the two signals and a DC voltage are added in an adder (9).
A gain control terminal (11) of the variable gain amplifier (2)
is controlled by using this adder output signal as the control

signal. The envelope detector (6) 1s capable of varying the

attenuation guantity of the variable high frequency attenuator
(61) and the load resistance value of the variable load circuit
(63). Therefore, the dynamic range of the transmission monitor
circuit monitor output corresponding to the output voltage of

the envelope detector in a predetermined range can be expanded.
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“Transmitter with nonlinearity correction circuits”

BACKGROUND OF TH.

INVENTION

L*d

Field of the Invention

The present 1nvention relates to a transmitter of a

wireless appliance employing a digital modulation system.

-

Description of the Prior Art

A transmitter employing a digital modulation system has

been developed and disclosed. In this appliance, the distortion

10 of a power amplifier 1s compensated by extracting a part of the

transmission signal from the power amplifier, comparing the

v

transmission envelope signal 1n which the signal 1s detected o:
the envelope and a distortion-free envelope signal 1n an error
detector to generate an error signal, and controlling the gain

of a gain control amplifier by using this error signal as the

gain control signal. This appliance, however, has many aspects
to be improved upon. First, generally, a variable gain control
amplifier is controlled by a positive DC voltage to some degree.

In this appliance, an output voltage of an error amplifier 1is

20 fixed by the gain of the error amplifier, and a voltage

difference between the transmission envelope signal and the

distortion-free reference envelope signal. Thils output voltage

of the error amplifier is directly used as a control voltage of

the gain control amplifier.
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F

Here, since the gain of the error amplifier should be

relatively small in conslderation of the stability of the loop
circult, the voltage difference between the transmission

envelope signal and the distortion-free reference envelope

signal cannot be made too small. A voltage of the variable gain

control amplifier (Vg) 1s obtalned as:

Vg

(Vcont-Vdeta) x G

Where Gx, Vcont and Vdeta are a gain of the error amplifier, a

voltage of the distortion-free reference envelope signal, and a
10 voltage of the transmission envelope signal, respectively. This
equation can be transformed as:

Vdeta = Vcont-Vg/G,

rh

The closer Vdeta i1s to Vcont, the higher the precision o:

linearity compensation 1s. This appliance however, does not

F

provide a superior precision of lineality because of the

restriction of the gain of the error amplifier (G).
Furthermore, when an attempt 1s made to expand the output power
range of the transmission output, the 1nput power range of the
envelope detection circuit for detecting the transmission

20 monitor circuilt monitor output becomes wide, possibly exceeding

P

the dynamic range of the transmission monitor circult monitor

output power corresponding to the detection voltage in a certailn

determined range.
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SUMMARY OF THE INVENTION

It is hence a primary object of the invention to present a

linearity transmission circult having a broad dynamic range of a

transmission monitor output voltage corresponding to a detection

voltage 1n a predetermined range,

the linearity at high precision.

and capable of compensating

-

A transmitter of the invention extracts a part of the

transmission signal amplified by a power amplifier by a monitor

circuit, compares a transmission envelope signal detected by an

envelope detection circult with a distortion-free standard

envelope signal using an error detector, adds an error signal

and a DC voltage in an adder, and

feeds a sum signal to a gain

control terminal to control the gain or attenuation of a gailn

variable circuit. In general, a varilable gain control amplifier

is controlled by a positive DC voltage to some degree. In this

F

transmitter, the controcl voltage of the variable gain amplifier

is an output voltage of an adder which adds an externally

P

supplied DC voltage and an output voltage of an error amplifier.

As such, the output voltage of the error amplifier can be made

lower by a value of the DC voltage. Accordingly, the voltage

difference between the transmission envelope signal and the

distortion-free standard envelope signal can be settled low. A

voltage of the variable gain control amplifier (Vg) 1s obtained

as.

Vg = G (Vcont-Vdeta) + Vd
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where Gx, Vcont, Vdeta, Vd are a gain of the error amplifier, a
voltage of the distortion-free standard envelope signal, a
voltage of the transmission envelope signal and an externally
supplied DC voltage, respectively. This equation can be
transformed as:

Vdeta = Vcont - (Vg-Vd) /G

The closer Vdeta 1s to Vcont, the higher the precision of

linearity compensation 1is.

When the output voltage of the error amplifier, G (Vcont-

Vdeta), 1s added with the externally supplied DC voltage by the

adder, the second term of the right hand, (Vg-Vd)/G, can be

lower by Vd/G compared with the case of absence of the DC

voltage adder. Accordingly, the difference between Vdeta and
Vcont can be smaller in a conventional case. The feedback-loop
circulit described above provides an advantage in terms of the

linear correction, and distortion-free transmission output will]

be achieved.

A transmitter 1n a preferred constitution comprises a gain
variable circuilt for amplifying or attenuating a modulation
carrier signal, and having its gain or attenuation being

controlled by a control signal supplied to its gain control

a

terminal, a power amplifier for amplifyling an output signal of

the gain variable circuilit to obtain a transmission signal, a

i

transmission monitor circult for extracting a part of the

transmission signal from the power amplifier as a monitor
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signal, an envelope detector for detecting an envelope of the

monitor signal to
standard envelope
standard envelope
standard envelope

and generating an

Mgy

obtaln a transmission envelope signal, a

generator for generating a distortion-free
signal, an error detector for comparing the

signal and the transmission envelope signal

error signal by amplifying an error of the two

signals, and an adder for adding an externally supplied DC

voltage and the error signal to generate a control signal, this

control signal being fed to the gain control terminal of the

gain variable circuit, thereby controlling the gain or

attenuation of the gain variable circuit.

F

More preferably, the detector comprises of a variable high

frequency attenuator capable of attenuating a high frequency

signal and having 1ts attenuation quantity varied by an external

control signal, a

diode detector comprising a diode and a

capacitor, and a variable load circuit for varying a load

resistance value by an external control signal. In this

P

configuration, the dynamic range of the transmission monitor

circulit monitor output power corresponding to the detection

voltage in a certain predetermined range can be expanded.

In accordance with on aspect of this invention, there 1is

provided a transmitter comprlsing a galn variable circuit for

amplifying or attenuating a modulation carrier signal and having

a gain control terminal, a gain or attenuation of the gain

variable circuit being controlled by a gain control signal fed
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to the gain control terminal; a power amplifier for amplifying
an output signal of the gain varilable circult to obtain a
transmission signal; a transmission monitor circuit for
extracting a part of the transmission signal from the power
amplifier as a monltor signal; an envelope detector for
detecting an envelope of the monitor signal and generating a
transmission envelope signal corresponding to the envelope of
the transmission signal; a standard envelope signal generator
for generating a distortion-free standard envelope signal; an
10 error detector for comparing the transmission envelope signal
and the standard envelope signal to obtailin an error therebetween

and generating an error signal corresponding to the error; and

an adder for adding an externally supplied predetermined DC
voltage supplied from outside and the error signal to generate
the gain control signal, the gain control signal being fed to

P

the gain control terminal of the gain wvariable circuilt to

P

control the gain or attenuation of the gain variable circuit,

wherein the envelope detector comprises a diode detector

- comprising a diode and a first capacitor for detecting the

ol

20 envelope of the monitor signal, and a variable load circuit for

ity

varying a level of the envelope of the monlitor signal to obtain

the transmission envelope signal, wherelin the wvariable load
circuilt includes a load resistor having a first end connected to
an output terminal of the variable load circuit and a second end

connected via a second capacitor to a ground, a transistor
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having a collector terminal connected to the second end of the

load resistor, an emitter terminal connected to the ground and a

" base terminal connected to a load control terminal, and wherein

the transistor 1s responsive to an externally supplied load

control signal and fed to the load control terminal for

controlling a current flowing through the load resistor to
thereby generate a level controlled envelope signal as the
transmission envelope signal at the output terminal of the

variable load circuit.

In accordance with a further aspect of this invention there
1s provided a transmitter comprising a first gain variable
circulit for amplifying or attenuating a modulation carrier

signal and having a first gain control terminal, a gain or

attenuation of the flrst galn variable circuit being controlled

by a signal fed to the first gain control terminal; a second

gailn variable circult connected to the first gain variable

circult for amplifylng or attenuating an output signal of the

first gain variable circuilit and having a second gain control
terminal again or attenuation of the second gain variable
circult being controlled by a signal fed to the second gain
control termilnal; a burst control signal generator for

generating a burst control signal which 1s fed to one of the

g

first and second gain control terminals for burst control of the

gain or attenuation of one of the first and second gain variable

circults which has said one of the first and second gain control
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1]

terminals; a power amplifier for amplifying an output signal o:

the second gain variable circult to obtain a transmission

signal; a transmission monitor circuit for extracting a part of

the transmission signal from the power amplifier as a monitor
signal; an envelope detector for detecting an envelope of the

monitor signal and generating a transmission envelope signal

correspondlng to the envelope of the transmission signal; a

standard envelope generator for generating a distortion-free

standard envelope signal; an error detector for comparing the

transmission envelope signal and the standard envelope signal to

obtaln an error therebetween and generating an error signal

correspondling to the error; and an adder for adding an

externally supplied predetermined DC voltage and the error
signal to generate a galn control signal, the gain control
signal being fed to the other of the first and second gain
control terminals to control the gain or attenuation of the
other of the first and second galn variable circuilits which has

P

sald the other of the first and second galin control terminals,

wherein the envelope detector comprises a diode detector

comprising a diode and a first capacitor for detecting the

envelope of the monitor signal, and a variable load circuit for

F

varying a level of the envelope of the monitor signal to obtain

the transmission envelope signal, wherein the variable load

circuit includes a load resistor having a first end connected to

an output terminal of the variable load circult and a second end
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connected via a second capacitor to a ground, a transistor

having a collector terminal connected to the second end of the

load resistor, an emitter terminal connected to the ground and a
base terminal connected to a load control terminal, and wherein
the transistor 1s responsive to an externally supplied load

control signal and fed to the load control terminal for

controlling a current flowing through the load resistor to
thereby generate a level controlled envelope signal as the
transmission envelope signal at the output terminal of the

variable load circuit.

In accordance with yet a further aspect of this invention

there 1s provided a transmitter comprising: a first gain

variable circuit for amplifying or attenuating a modulation
carrier signal and having a first gain control terminal, a gain

or attenuation of the first gain variable circuit being

controlled by a signal fed to the first gain control terminal; a

second galn varlable circuit connected to the first gain

variable circuit for amplifying or attenuating an output signal

of the first gain variable circuit and having a second gain
control terminal, a gain or attenuation of the second gain
variable circuilt being controlled by a signal fed to the second

g

galn control terminal; a burst control signal generator for

generating a burst control signal which 1s fed to the first gain

P

control terminal for burst control of the gain or attenuation of

b

the first gain variable circuit; a power amplifier for
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amplifying an output signal of the second gain variable circuit

to obtaln a transmission signal; a transmission monitor circuit

for'extracting

amplifier as a

a part of the transmission signal from the power

monlitor signal; an envelope detector for

detecting an envelope of the monitor signal and generating a

transmission envelope signal corresponding to the envelope o:

"

the transmission signal; a standard envelope generator for

generating a distortion-free standard envelope signal; an error

detector for comparing the transmission envelope signal and the

standard envelope signal to obtalin an error therebetween and

generating an error signal corresponding to the error; and an

adder for adding an externally supplied predetermined DC voltage

and the error signal to generate a gain control signal, the gain

control signal

being fed to the second gain control terminal to

r-P

control the gain or attenuation of the second gain variable

circult, wherein the envelope detector comprises a diode

detector comprising a diode and a first capacitor for detecting

P

the envelope o1

- the monitor signal, and a variable load circuit

for varying a level of the envelope of the monitor signal to

obtaln the transmission envelope signal, wherein the wvariable

load circuit includes a load resistor having a first end

y—ve

connected to an output terminal of the variable load circuit and

a second end connected via a second capacitor to a ground, a

transistor having a collector terminal connected to the second

end of the load resistor, an emitter terminal connected to the

- 10 -
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ground and a base terminal connected to a load control terminal,

and wherelin the transistor is responsive to an externally

supplied load control signal and fed to the load control

terminal for controlling a current flowing through the load

resistor to thereby generate a lever controlled envelope signal

V)

as the transmission envelope signal at the output terminal of

the variable load circuit.

BRIEEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a block diagram of a transmitter in an embodiment

of the invention.
Fig. 2 1s an output waveform spectrum characteristic

diagram in the transmitter i1n Fig. 1, in which Fig. Z(a) 1S an

output waveform spectrum characteristic diagram obtained by

applying 0 (V) to a DC voltage application terminal 10 in Fig.

1, and Flg. 2 (b) 1s an output waveform spectrum characteristic
diagram obtained by applying 1.5 (V) to the DC voltage
application terminal 10.

Fig. 3 1s a block diagram of a transmitter in another
embodiment of the i1nvention.

P

Flg. 4 1s a timling chart of the transmitter in Fig. 3.

P

Fig. 5 1s a constitution example of a diode detector and a

variable locad circult 1n an envelope detector, and a detection

P

characteristic compensator of the invention.
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F1g. © 1s a diagram showing the input and output

P

characteristics of the envelope detector comprising a variable

high frequency attenuator capable of attenuating a high
frequency signal and varying the attenuation quantity by an
external control silgnal, a diode detector possessing a diode

p—

plas terminal, and a variable load circuit capable of varying

the load reslstance value by an external control signal, in
which the axis of abscissas denotes the transmission monitor

clrcuit monitor output which 1s the input of the envelope

detector, and the axilis of ordinates represents the output of the

envelope detector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a block diagram of a transmitter in an

embodiment of the invention.

In Fig. 1, numeral 1 1s a modulatlion carrier signal input

terminal; 2 1s a varliable gain amplifier possessing a gain

P

control terminal 11, capable of amplifying or attenuating a

modulation carrier signal, and varying the gain or attenuation

of this circuit by a control signal supplied to the gain control

terminal 11; 3 1s a power amplifier for amplifying the output

signal of the variable gain amplifier 2 and obtaining a

transmission signal; 4 1s a monitor circuit for extracting a

part of the transmission signal from the power amplifier 3 as a

monitor signal; 5 1s a transmission signal output terminal; 6 is

- 12 -
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an envelope detector connected to the transmission monitor

F

circuit 4 for detecting the envelope of the monitor signal and

dellvering a transmission envelope signal (Vdeta); 7 is a
standard envelope signal generator for delivering a standard
envelope signal (Vcont); 8 is an error detector connected

petween the envelope detector 6 and the standard envelope signal

b

generator / for comparing the transmission envelope signal
(Vdeta) and standard envelope signal (Vcont), and generating an

error signal by amplifying the difference (error) between the

two signals; and 9 1s an adder possessing a DC voltage

application terminal 10 for adding an externally supplied DC

voltage (VD) and the error signal to generate a control signal,

and supplying the control signal to gain control terminal 11 of

the variable gain amplifier 2 so as to control the gain or

attenuation of the variable gain amplifier 2.

The operation of the transmitter shown in Fig. 1 is
described below.

The modulation carrier signal entered from the modulation
carrler signal 1nput terminal 1 1s amplified or attenuated by

the variable gain amplifier 2, and further amplified by the

power amplifier 3, and a part of the transmission signal 1is

extracted as a monitor signal by the envelope of the monitor
circult 4. The monitor signal 1s detected by the envelope

detector 6, and the transmission envelope signal (Vdeta) is

produced. Thils transmission envelope signal (Vdeta) is fed into

- 13 -~
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the error amplifier 8 together with the standard envelope signal

(Vcont) generated in the standard envelope signal generator 7.

The error voltage of the transmission envelope signal (Vdeta)
and the standard envelope signal (Vcont) 1is detected and

amplified by the error amplifier 8 to be produced as an error

signal. In consequence, the error signal voltage and DC voltage

(VD) applied from the DC voltage application terminal 10 are
summed 1n the adder 9, and a control signal is produced, which

controls the gain or attenuation of the variable gain amplifier

2. By composing a feedback loop in this way, the transmission
output 1s controlled by the standard envelope signal.

Figs. 2(a) and 2(b) show transmission output waveform spectrum

characteristic diagrams when the distortion of the power

amplifier 1s compensated by the feedback loop shown in Fig. 1.

More specifically, Fig. 2(a) shows the spectrum characteristic

when a DC voltage (VD) of 0 (V) 1s applied to the DC voltage

application terminal 10, and Fig. 2(b) shows the spectrum

characteristic when a DC voltage (VD) of 1.5 (V) is applied to

the DC voltage application terminal 10. It is apparent from
Figs. Z2(a) and 2(b) that the precision of linearity compensation

for compensating for distortion of the power amplifier 1is

improved and the adjacent channel interference characteristic is

improved when the DC voltage (VD = 1.5 V) 1s applied from the DC

voltage application terminal 10.
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Fig. 3 and Fig. 4 show a block diagram and a timing chart

of a transmitter 1n another embodiment of the invention,
respectively.
In Fig. 3, numeral 1 is a modulation carrier signal input

terminal; 12 1s a second variable gain amplifier possessing a

gain control terminal 13 capable of amplifying or attenuating

the modulation carrier signal, and varying the gain or

P

attenuation of this circuit by a control signal entered in the

gain control terminal 13; 2 is a first variable gain amplifier

possessing a galn control terminal 11 capable of amplifying or

attenuating the output signal of the second variable gain

F

amplifier 12, and varying the gain or attenuation of this

circult by a control signal entered 1n the gain control terminal

11; 3 1s a power amplifler possessing a supply voltage control

terminal 31 for receiving the output signal of the first

varliable gain amplifier 2, and amplifying this input signal to

obtaln a transmission signal; 4 1s a transmission monitor

P

clrcuilt for extracting a part of the transmission signal from

the power amplifier as a monitor signal; 5 1s a transmission
signal output terminal; 6 1s an envelope detector connected to
the transmission monitor circult 4 for detecting the envelope of
the monitor signal and producing a transmlission envelope signal

(Vdeta); 7 1s a standard envelope generator for producing a

standard envelope signal (Vcont); 8 1s an error amplifier

connected between the envelope detector 6 and the standard

- 15 -
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envelope generator 7 for comparing the transmission envelope

signal (Vdeta) and standard envelope signal (Vcont), and

generating an error signal by amplifying the difference (error)

petween the two signals; 9 is an adder possessing a DC voltage

application terminal 10 for adding an externally supplied DC

voltage (VD) supplied from outside and the error signal voltage

to generate a control signal, feeding the control signal to the

galn control terminal 11 of the first variable gain amplifier 2
soO as to control the gain or attenuation of the first variable
gain amplifier 2; and 14 1s a second ramping signal generator
for generating a ramping up-down signal (Vrampb) for burst
control of the galn or attenuation of the second variable gain
amplifier 12. The envelope detector 6 1s composed of a variable

attenuator 61 possessing a variable high frequency attenuator

control terminal 6l1l, capable of attenuating the high frequency

signal, and varying the attenuation quantity by applying an

external control signal to the high frequency attenuator control

gro—
P

terminal 611, a high frequency amplifier 62 capable of

amplifying a high frequency signal, a diode detector 63 composed

of a diode and capacitor, and possessing a diode bias terminal

631 for applying a bias voltage to the diode, and a variable

load circult 64 possessing varlable load circuit control

P

terminals 641, ©42, capable of varying the load resistance value

by applying an external control signal to these terminals. The

standard envelope generator 7 1s composed of a distortion-free

- 16 -
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envelope signal generator 71 for generating a distortion-free

envelope signal (Venv), a first ramping signal generator 72 for

generating a ramplng up-down signal (Vrampa) for burst control

. aal

of the distortion-free envelope signal, a multiplier 73 for

multiplying the distortion-free envelope signal and burst
control signal, and a detector compensation circuit 74
possessing resistance load control terminals 741, 742, for
receiving the multiplier output signal, compensating the

nonlinearity of the detector, and producing the detection

i}

10 characteristic compensation envelope signal, and the output of
the detector compensation circuit 74 is delivered as the
standard envelope signal (Vcont). The operation of this
transmitter shown in Fig. 3 1s explained below with reference to

the timing chart in Fig. 4.

In Fig. 4, the time tl-t2 1s the transmission signal rise

time, the time tZ2-t3 i1s the modulation data transmission time,

and the time t3-t4 1s the transmission signal fall time.

First, the operation before time tl 1s explained. In this

period, the ramping up-down signal 1 (Vrampa), ramping up-down

20 signal 2 (Vrampb), and power amplifier battery on/off signal are
all 0(V). 1In the multiplier 73, (Venv) and (Vrampa=0 V) are
multiplied, and its output 1s 0 (V). In the power amplifier 3,

A

since the power source 1s cut off, the output of the

transmission signal 1s suppressed.
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In the period of tl-t2, since the power amplifier battery

on-off signal 1s ON, the power amplifier is turned on. The

first variable gain amplifier 2, power amplifier 3, monitor
circult 4, envelope detector 6, error amplifier 8, and adder 9
compose a feedback loop, and the transmission signal is

p

controlled by the output (Vcont) of the standard envelope

generator. In this period, (Vrampa) rises smoothly, and the
output of the multiplier 73 also rises smoothly, and (Vcont)
which 1s the output of the detector compensation circuit 74 also
rises smoothly. At the same time, (Vrampb)also rises smoothly so

that the transmission signal rises smoothly.

In the period of tZ2-t3, the modulation carrier signal is a
modulated signal, and the standard envelope generator 7 produces
a distortion-free standard envelope signal compensating the

characteristic of the envelope detector 6. The feedback loop 1is

controlled by this distortion-free standard envelope signal, and
a distortion-free transmission signal 1s generated consequently.
Since the envelope detector 6 1s composed of the variable high

frequency attenuator 6l for varying the attenuation quantity by

an external control signal, the high frequency amplifier 62 for

amplifying the high fregquency signal, diode detector 63, and
variable load circuit 64 for varying the load resistance value
by an external control signal, using the control voltage applied
to the wvariable high frequency attenuator control terminal 611,

and variable load circuit control terminals 641, 642, by varying

_18_
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the attenuation quantity of the variable high frequency
attenuator o6l and load value of variable load circuit, if the
transmission signal output 1s varied and the transmission

monitor circuit monitor output voltage changes to a certain

degree, the detection voltage in a certain specific range can be

delivered. By applying a voltage to the diode bias terminal 631
and applying a bias voltage to the diode of the diode detector

03, the linearity of the 1nput and output characteristic of the

diode detector 63 can be enhanced, and the effect of the

—

linearity compensation for compensating the distortion of the

power amplifilier 3 may be i1mproved.

In the period of t3-t4, by the reverse operation of the tl-
tZ2 period, the transmilission signal falls smoothly.

Fig. 5 shows a structural example.of diode detector 63 and
varlable load circult in the envelope detector 6, and the
detector compensation circuit 74, and Fig. 6 shows the input and

output characteristic of the envelope detector.

In Fig. 5, numeral 63 1s a diode detector, 64 is a variable

F

load circuit, 6004 1s a detector diode, 6003 1s a capacitor for

bypassing the modulation carrier signal, 6005 1s a bias coil,

0006, 6007, 6012, 6017 are high frequency grounding capacitors,
6008, ©009, 6010, 6013, 6014, ©015, 6018, 6019, 7004, 7005,

7006, 7009, 7010, 7011, 7014, 7015 are fixed resistors, 6011,

c01lo, 7007, 7012 are transistors for variable load resistance

F

on/off control, 631 1s a diode detector bias input terminal,

- 19 -
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cdl, o042 are variliable load circuit control terminals, 7002 is a
detector characteristic compensating diode, 7001, 7003, 7008,
7013 are DC voltage stabilizing capacitors, and 741, 742 are

load control terminals.

The diode 7002 of the detector compensation circuit 74 is
the same as the detector diode 6004 used in the diode detector
63 of the envelope detector 6, and diodes matched in

characteristic for both are used. When a modulation carrier

signal 1s entered in the diode detector 63, this signal is
detected, and a detection current proportional to the electric

power of the input modulation carrier signal is generated. When

the transistors 0011, 0016 are 1n a non-conductive state, the

detection current generates a detection voltage according to the

current flowing 1nto the variable resistance load circuit 64 and
the resistance of the fixed resistors 6008, 6009. By passing a
current into the variable resistor control terminal 641, the
transistor 6011 1s set 1n a conductive state. By not passing a
current into the variable resistor control terminal 642, the

transistor 6016 1s set 1n the non-conductive state, a detection

voltage depending on the current flowing 1nto the variable

P

resistance load circuit 064 and the resistances of the fixed

resistors 6008, 6009, 6010 1s generated. Similarly, by passing
a current into the variable resistor control terminal 642 to
conduct the transistor 6016, and by not passing a current 1nto

the variable resistor control terminal 641 to set the transistor

- 20 -
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6011 in a non-conductive state, a detection voltage conforming

to the current flowling into the variable resistor load circuit

F

04 and the resistance of fixed resistors 6008, 0009, 6015 is

generated. Further, when the transistors 6011, 6016 are set in
a conductive state by passing a current into the variable
resistor control terminals 641, 642, a detection voltage

conforming to the current flowing into the variable resistor

load circult 64 and the resistance of the fixed resistors 0008,

0009, 6010, 0015 is generated. That is, by turning on or off
transistors 6011, 6016, the fixed resistance in the variable

resistor load 64 is selected, and the detection voltage output

may be varied freely, and therefore if the detector input
voltage varies, the detection voltage is suppressed so as not to
change by a large amount. Meanwhile, the diode detector 63 has

a diode bias terminal 631, and by applying an external bias

voltage to the diode bias terminal 631, a bias current flows

into the detector diode 6004 of the diode detector 63. By

i

passing this bias current, if the high frequency electric power

fed 1in the diode detector is small, a large detection voltage

can be generated. In the detector compensation circuit, using
the voltage applied to the resistance load control terminals
/741, 742, by turning on and off the transistors 7007, 7012, the

F

output voltage of the detector compensation circuit may be

freely varied. After a distortion-free envelope signal passes

through the detector characteristic compensation circuit 74, the

- 21 -
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same nonlinearity as 1n the detector diode 6004 is applied, and
the standard envelope signal (Vcont) which is the output of the

detector characteristic compensation circuit and the

—-

transmission envelope signal (Vdeta) which is the output of the

envelope detector 6 are fed into the error detector 8, in which

the mutual nonlinearitles are canceled. By composing the
detector diode 0004 and diode 7002 by using the same
semiconductor chip, the characteristics of the two may be

matched, and they act also to cancel each other against changes

10 of the characteristics due to temperature.

In Fig. ©, the axis of abscissas denotes the output of the
transmission monitor circult, and the axis of ordinates

represents the detection voltage delivered to the envelope

detector, and numeral ©61, 062, 663 are characteristics of the

envelope detector, showing the large, medium and small

resistance values of the varilable load resistance when the

attenuation quantity of the wvariable high frequency attenuator

is small, and 664, 665, ©006 refer to the case when the

LB

attenuation quantity of the variable high frequency attenuator

F

20 1s large, showing large, medium and small resistances of the

variable load resistance. As 1s apparent from Fig. 6, 1n the

case where the attenuation quantity of the variable high

frequency attenuator 1s small for a specific detection voltage

AV, if the resistance of the variable load circuit 1s large, the

gr— gr—

transmission monitor output 1is AP1l, 1f the resistance of the

- 22 -
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resistance load is medium, the transmission monitor output 1is

P

APZ2, and 1f the resistance of the resistance load is small, the

transmission monitor output is AP3, and in the case where the

attenuation quantity of the variable high frequency attenuator

1s large, if the resistance of the variable load circuit 1s

F

large, the transmission monitor output is AP4, if the resistance

i

Oof the resistance load 1s medium, the transmission monitor

output 1s AP5, and if the resistance of the resistance load is

small, the transmission monitor output is AP6, and therefore as

10 the comprehensive detection characteristic, it is known that the
CLransmission monitor output range AP7 is extended. Further, by
applying a bias voltage to the detector diode, the individual
output voltages are found to maintain the linearity if the

transmission monitor output is small.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

4

OR PRIVILEGE IS CLAIM;

(*]

D ARE DEFINED AS FOLLOWS:

1. A transmitter comprising:

a galn variable circult for amplifying or attenuating a
modulation carrier signal and having a gain control terminal, a
galn or attenuation of the gain variable circuit being

controlled by a gain control signal fed to the gain control

terminal;

}

a power amplifier for amplifying an output signal of the

galn variable circult to obtain a transmission signal;

a transmission monitor cilrcult for extracting a part of the

transmission signal from the power amplifier as a monitor

signal;

prive

an envelope detector for detecting an envelope of the

monitor signal and generating a transmission envelope signal

corresponding to the envelope of the transmission signal;

a standard envelope signal generator for generating a

distortion-free standard envelope signal;

an error detector for comparing the transmission envelope
signal and the standard envelope signal to obtain an error
therebetween and generating an error signal corresponding to the
error; and

an adder for adding an externally supplied predetermined DC

voltage supplied from outside and the error signal to generate

- 24 -
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the gain control signal, the gain control signal being fed to
the gain control terminal of the gain variable circuit to
control the galn or attenuation of the gain variable circuit,

wherein the envelope detector comprises a diode detector

comprising a diode and a first capacitor for detecting the

envelope of the monitor signal, and a variable load circuit for

varying a level of the envelope of the monitor signal to obtain

the transmission envelope signal, wherein the variable load

circult 1includes a load resistor having a first end connected to

an output terminal of the wvariable load circuit and a second end

connected via a second capacitor to a ground, a transistor
having a collector terminal connected to the second end of the
load resistor, an emitter terminal connected to the ground and a

base terminal connected to a load control terminal, and wherein

the transistor 1s responsive to an externally supplied load

g

control signal and fed to the load control terminal for

controlling a current flowing through the load resistor to
thereby generate a level controlled envelope signal as the
transmlission envelope signal at the output terminal of the

varlable load circuit.

2. A transmitter comprising:

a first gailn variable circult for amplifying or attenuating a

modulation carrier signal and having a first gain control

terminal, a galin or attenuation of the first gain variable

.._25.....
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circult belng controlled by a signal fed to the first gain
control terminal;
a second gailn variable circult connected to the first gain

varlable circult for amplifying or attenuating an output signal

of the first gain variable circuit and having a second gain

P

control termlnal, again or attenuation of the second gain

varliable cilrcuit being controlled by a signal fed to the second
galn control terminal;

a burst control signal generator for generating a burst

control signal which is fed to one of the first and second gain

control terminals for burst control of the gain or attenuation

of one of the first and second gain variable circuits which has

sald one of the first and second gain control terminals;

a power amplifier for amplifying an output signal of the
second galn variable circuilt to obtain a transmission signal;

a transmilssion monltor circuit for extracting a part of the

transmlssion signal from the power amplifier as a monitor

signal;

an envelope detector for detecting an envelope of the
monitor signal and generating a transmission envelope signal
corresponding to the envelope of the transmission signal;

a standard envelope generator for generating a distortion-

free standard envelope signal;
an error detector for comparing the transmission envelope

signal and the standard envelope signal to obtain an error

- 26 -
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therebetween and generating an error signal corresponding to the

error; and

an adder for adding an externally supplied predetermined DC
voltage and the error signal to generate a gain control signal,
the gain control signal being fed to the other of the first and
second galn control terminals to control the gain or attenuation

of the other of the first and second gain variable circuits

which has said the other of the first and second gain control

terminals,

whereiln the envelope detector comprises a diode detector

comprising a dilode and a first capacitor for detecting the

P

envelope of the monitor signal, and a variable load circuit for

varying a level of the envelope of the monitor signal to obtain
the transmission envelope signal, wherein the variable load
circult includes a load resistor having a first end connected to

aand

an output terminal of the variable load circuit and a second end

connected via a second capacitor to a ground, a transistor
having a collector terminal connected to the second end of the
load resistor, an emitter terminal connected to the ground and a
pase terminal connected to a load control terminal, and wherein

the transistor 1s responsive to an externally supplied load

control signal and fed to the load control terminal for

controlling a current flowing through the load resistor to

thereby generate a level controlled envelope signal as the
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transmission envelope signal at the output terminal of the

varlable load circuit.

3. A transmitter comprising;
a first gain variable circuit for amplifying or attenuating

a modulation carrier signal and having a first gain control

terminal, a gain or attenuation of the first gain variable

circult being controlled by a signal fed to the first gain
control terminal;
a second gailn varilable circuit connected to the first gain

variable circuilt for amplifying or attenuating an output signal

of the first gain variable circuit and having a second gain
control terminal, a gain or attenuation of the second gain
variable circuit being controlled by a signal fed to the second

galn control terminal;

a burst control signal generator for generating a burst

control signal which 1s fed to the first gain control terminal
for burst control of the gain or attenuation of the first gain

varilable circuit;

a power amplifier for amplifying an output signal of the
second galn variable circuit to obtain a transmission signal;

a transmission monitor circuit for extracting a part of the

transmlission signal from the power amplifier as a monitor

signal;
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an envelope detector for detecting an envelope of the

monltor signal and generating a transmission envelope signal

P

corresponding to the envelope of the transmission signal;

a standard envelope generator for generating a distortion-

‘ree standard envelope signal;

| S—_—

an error detector for comparing the transmission envelope
signal and the standard envelope signal to obtain an error
therebetween and generating an error signal corresponding to the
error; and

an adder for adding an externally supplied predetermined DC
voltage and the error signal to generate a gain control signal,
the gain control signal being fed to the second gain control
terminal to control the gain or attenuation of the second gain
variable cilrcuit,

whereln the envelope detector comprises a diode detector
comprising a diode and a first capacitor for detecting the

envelope of the monitor signal, and a variable load circuit for

varying a level of the envelope of the monitor signal to obtain
the transmission envelope signal, wherein the variable load

circult includes a load resistor having a first end connected to

an output terminal of the variable load circuit and a second end
connected via a second capacitor to a ground, a transistor

having a collector terminal connected to the second end of the

load resistor, an emitter terminal connected to the ground and a

pase terminal connected to a load control terminal, and wherein
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the transistor is responsive to an externally supplied load

control signal and fed to the load control terminal for

controlling a current flowing through the load resistor to

thereby generate a lever controlled envelope signal as the

Cransmission envelope signal at the output terminal of the

variable load circuit.

4, A transmitter of Claim 3, wherein the diode detector

has a diode bias terminal so that a bias current is passed to
the diode by an external bias voltage applied to the diode bias

terminal.

5. A transmitter of Claim 3, wherein the envelope
detector further comprises a variable high frequency attenuator
for attenuating a high frequency signal contained in the monitor
signal and varying its attenuation quantity by an external

attenuator control signal, an output signal of the variable high

frequency attenuator being fed to the diode detector.

0 . A transmitter of Claim 3, wherein the envelope

detector further comprises a variable high frequency attenuator

for attenuating a high frequency signal contained in the monitor
signal and varying its attenuation quantity by an external

attenuator control signal, and a high frequency amplifier for

amplifying the attenuated high frequency signal, an output

- 30 -



CA 02074124 1999-10-18

signal of the high frequency amplifier peing fed to the diode

detector.

7. A transmitter of Claim 3, wherein the power amplifier

controls a switching of a supply voltage by a transmission
on/off signal corresponding to a transmission burst signal

output.

P

8. A transmitter of Claim 3, wherein the standard

envelope generator comprises an envelope generator for

generating a distortion-free envelope signal, a second burst

control signal generator for generating a second burst control

signal for controlling the distortion-free envelope signal, a
multiplier for multiplying the distortion-free envelope signal
and the second burst control signal, and a detector

characteristic compensation circuit having a diode which has a

F

nonlinear characteristic identical to that of the diode of the

diode detector and passing therethrough an output signal of the

multiplier to produce the distortion-free standard envelope

signal which has the same nonlinearity as that of the
transmission envelope signal so that the nonlinearities of the
transmission envelope signal and the standard envelope signal

are canceled by each other at the error detector.
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9. A transmitter of Claim 1, wherein the diode detector

has a diode blas terminal so that a bias current is passed to

the diode by an external bias voltage applied to the diode bias

terminal.

10. A transmitter of Claim 1, wherein the envelope

detector further comprises a variable high frequency attenuator
for attenuating a high frequency signal contained in the monitor
signal and varying an attenuation quantity by an external

attenuator control signal, an output signal of the variable high

frequency attenuator being fed to the diode detector.

11. A transmitter of Claim 1, wherein the envelope

detector further comprises a variable high frequency attenuator

for attenuating a high frequency signal contained in the monitor

signal and varying an attenuation quantity by an external

R

attenuator control signal and a high frequency amplifier for

amplifying the attenuated high frequency signal, an output

signal of the high frequency amplifier being fed to the diode

detector.

P

12. A transmitter of Claim 1, wherein the standard

envelope generator comprises a distortion-free envelope

generator for generating a distortion-free envelope signal, and

a detector characteristic compensation circuit having a diode

- 37 -
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which has a nonlinear characteristic identical to that of the

diode of the diode detector and passing therethrough the

distortion-free envelope signal to produce the distortion-free

standard envelope signal which has the same nonlinearity as that

of the transmission envelope signal so that the nonlinearities
of the transmission envelope signal and the standard envelope
signal are canceled by each other at the error detector.

P

13. A transmitter of Claim 2, wherein the diode detector

has a diode bias terminal so that a bias current is passed to

the diode by an external bias voltage applied to the diode bias

terminal.

14. A transmitter of Claim 2, wherein the envelope

detector further comprises a variable high frequency attenuator

for attenuating a high frequency signal contained in the monitor

signal and varying its attenuation quantity by an external

-

attenuator control signal, an output signal of the variable high

frequency attenuator being fed to the diode detector.

15. A transmitter of Claim 2, wherein the envelope

detector further comprises a variable high frequency attenuator

for attenuating a high frequency signal contained in the monitor
signal and varying its attenuation quantity by an external

attenuator control signal, and a high frequency amplifier for

- 33 -
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amplifying the attenuated high frequency signal, an output

signal of the high frequency amplifier being fed to the diode

detector.

16. A transmitter of Claim 2, wherein the power amplifier

controls a switching of a supply voltage by a transmission

on/off signal corresponding to a transmission burst signal

output.

17. A transmitter of Claim 2, wherein the standard

envelope generator comprises an envelope generator for
generating a distortion-free envelope signal, a second burst

control signal generator for generating a second burst control

signal for controlling the distortion-free envelope signal, a

multiplier for multiplying the distortion-free envelope signal
and the second burst control signal, and a detector

characteristic compensation circuit having a diode which has a

nonlinear characteristic identical to that of the diode of the

g

diode detector and passing therethrough an output signal of the

multiplier to produce the distortion-free standard envelope

signal which has the same nonlinearity as that of the

transmission envelope signal so that the nonlinearities of the
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Lransmission envelope signal and the standard envelope signal

are canceled by each other at the error detector.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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