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TEMPERATURE COMPENSATED POWER
CONTROL CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to power detec-
tion and measurement circuits, and more particularly to
temperature compensated power control circuits as utilized
in wireless transceivers.

BACKGROUND OF THE INVENTION

The transmission level of signals, 1n terms of transmitter
wattage output, 1s often required to remain within specified
tolerances. For example, the output power transmitted by
cellular radio telephones and mobile radios 1s governed by
Federal Regulations. IT insuflicient RF power 1s produced to
transmit a modulated carrier, the receiver cannot accurately
demodulate the voice signals and decode the data. If a
transmitter transmits the carrier signal with too much power,
the performance of adjacent channels may be aflected and
possible jamming thereof may result.

In many wireless communication systems, the receiver
often includes circuits for measuring the signal strength of
received signals. A coded signal 1s then transmitted by the
receiver to a base station to indicate the signal strength of the
carrier received by the receiver. The base station then
dispatches a transmission to the transmitter to increase or
decrease the power by which the modulated carrier 1is
transmitted. Once the power level 1s set, 1t 1s maintained at
such level, until signaled by the base station to again change
the transmitter power level. In practice, the power level of a
transmitter may change {requently, due to distance,
obstructions, etc., between the transmitter and receiver.
Once the power level of a transmitter 1s established by the
base station, or otherwise, the transmitter circuits sense the
power level and maintain such level within predefined
limats.

The measurement of power output by a transmitter can be
accomplished 1n many different ways. One technique for
sensing the transmitted power 1s to sense the peak voltage of
the transmitter carrier and utilize the peak voltage magnitude
for comparison with a reference. Although this technique
provides an accurate representation of the transmitted
power, the associated circuitry 1s complex, costly and often
component ntensive.

The most common technique for measuring transmitter
power 1s to sample a portion of the power produced by the
transmitter and convert the sampled signal to a DC voltage.
The DC voltage 1s then compared with a reference level by
the use of a comparator, or the like. An error signal 1s
generated and fed back to the transmitter to control the
transmitter power accordingly.

The sampling of the transmitted power can be efliciently
accomplished by the use of a directional coupler. With such
a device, the forward transmitted power 1s sampled and
provided as an output at a “forward” port of the device. In
the event reflected power 1s of interest, the retlected power
of a transmitter 1s sampled and provided as an output at a
“reverse” port of the directional coupler. Again, the sampled
power at the forward port 1s converted to a DC voltage and
utilized 1n a feedback loop to increase or decrease the
transmitter power to maintain the same at a specified level.
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In any electrical circuit mvolving a semiconductor
junction, such as 1 a diode or transistor, changes in the
ambient temperature change the operating characteristics of
the semiconductor device, thereby modifying the operating
conditions. A change 1n the operating conditions due to
temperature represents an error or inaccuracy. In diode
rectifying circuits conventionally utilized in sensing trans-
mitter power, a change in the temperature of the diode
causes a change in the rectified voltage and the feedback
error signal, despite the fact that the transmitter power
remains constant.

To circumvent this mnaccuracy due to temperature, various
types of temperature compensation circuits have been
devised. In U.S. Pat. No. 4,523,155 by Walczak et al, a
temperature compensation circuit 1s connected in parallel
with the rectifier circuit. With thus arrangement, as the
temperature attempts to change the operating characteristics
of the rectifier circuit, the temperature compensation circuit
provides an oflsetting voltage to remove the effects of
temperature changes. The disadvantage of such an arrange-
ment 1s that when the temperature compensation circuit 1s
connected 1n parallel with the rectifier circuit, the sensitivity
to low power levels 1s compromised. As a result, the rectifier
circuit becomes less sensitive to power level changes, espe-
cially when the transmitter operates at low power levels.

U.S. Pat. No. 5,113,336 by Takahashi et al. discloses
another type of a temperature compensated level detector
utilizing a directional coupler or transmission line to sample
the RF power. Again, the temperature compensation circuit
1s shunted across the level detector that rectifies the RF

current, thereby reducing the sensitivity of the level detector.

"y

From the foregoing, 1t can be seen that a need exists for
an 1improved technique 1n sensing power levels and provid-
ing temperature compensation without compromising the
sensitivity of the circuits. Another need exists for a tem-
perature compensated power detector that 1s cost eflective,
has few components and accurately removes the eflects of
changes 1n temperature on semiconductor components.

SUMMARY OF THE INVENTION

In accordance with the principles and concepts of the
present invention, a temperature compensated detector 1s
provided that overcomes the problems and shortcomings of
the prior art designs.

According to the preferred embodiment of the invention,
a Tour-port directional coupler 1s employed to sample the RF
power level of a transmitter, rectify the sampled signal to
provide a corresponding DC voltage, and provide tempera-
ture compensation without affecting the sensitivity of the RF
detector circuit. The RF power output by the transmitter 1s
coupled 1n a conventional manner to a load, via the RF 1nput
and RF output ports of the directional coupler. The forward
power 1s sensed and provided as an output of the directional
coupler at the forward sample port. A haltwave rectifier
circuit 1s coupled to the forward sample port for rectifying
and filtering the sensed RF signal and providing a corre-
sponding DC voltage. Rather than shunting a temperature
compensation circuit across the rectifier circuit, such com-
pensation circuit 1s coupled to the reverse sample port of the
directional coupler. The sensed signal corresponding to the
reflected power provided at the reverse sample port 1s
terminated by providing a low-impedance AC path to
ground. With this arrangement, the temperature compensat-
ing signal 1s DC coupled internally to the forward sample
port of the directional coupler by way of the reverse sample
port. In this manner, the temperature compensating circuit
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does not load or otherwise reduce the sensitivity of the
rectifier circuit.

A low-cost temperature compensated level detector 1s
thereby provided, and which 1s sensitive to very low power
levels.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages will become apparent
from the following and more particular description of the
preferred embodiment of the mvention, as illustrated in the
accompanying drawing in which like reference characters
generally refer to the same parts, elements or components
throughout the views, and 1n which:

FIG. 1 illustrates 1n block diagram form a transceiver of
the type in which the present immvention can be advanta-

geously practiced;

FIG. 2 1s a schematic drawing of the rectifier circuit and
temperature compensation circuit as coupled to the various
ports of a directional coupler; and

FIG. 3 illustrates in graphical form the current and the
voltage parameters ol a semiconductor diode, as a function
ol temperature.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIG. 1 illustrates 1n block diagram form a wireless trans-
ceiver of the type imn which the present invention can be
advantageously practiced. While the transceiver of FIG. 1
illustrates a preferred embodiment of the invention, 1t 1s
noted that the invention can find a wide variety of applica-
tions 1n many other types of transmitters where the mea-
surement of the output power 1s carried out. Also, while the
invention 1s described in connection with RF-type
transmitters, the invention 1s not limited to such type of
transmuitters.

The transceiver shown 1n FIG. 1 includes an RF receiver
10, an RF transmitter 12, a duplexer 14 and an antenna 16.
The receiver 10 1s of conventional design for receiving an
RF carrier modulated with voice and/or data.

The duplexer 14 consists of switching and/or filter circuits
for coupling the antenna 16 to either the receiver 10 or to the
transmitter 12.

The transmuitter 12 includes many voice and data process-
ing circuits (not shown), and includes a power amplifier 18
for amplifying an RF carrier modulated with voice and/or
data signals. The RF carrier transmitted by the transmaitter 12
need not be the same frequency as that utilized by the
receiver 10. The amplified RF carrier, as modulated by other
signals, 1s coupled through a directional coupler 20 to the
duplexer 14, which then couples the amplified signal to the
antenna 16 for radiation thereof. The directional coupler 20
1s of conventional design in which the amplified signal 1s
coupled therethrough to the duplexer 14 substantially unat-
tenuated. However, a forward sampling port of the direc-
tional coupler 20 couples a small portion of the RF energy
to an RF detector circuit 22. The RF detector circuit 22
rectifies the RF signal and converts the same to a corre-
sponding DC signal. The DC signal output by the RF
detector 22 1s representative of the transmitter power output
by the power amplifier 18. A power control circuit 24 1s
provided to receive the DC signal output by the RF detector
22, compare the same to a reference level, and provide an
error signal to the power amplifier 18. The error signal 1s of
such a magnitude and polarity so as to change or modity the
power output by the amplifier 18 and maintain the same at
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a predefined level. Should the prescribed transmitter power
be intentionally changed to a new level, the reference level
ol the power control circuit 1s changed accordingly, where-
upon the power amplifier 18 1s caused to produce a new
transmitter power output.

As noted above, msofar as RF power sensed by the RF
detector 22 1s rectified by solid state components, the
semiconductor junctions thereof produce diflerent operating
characteristics 1n response to changes in temperature. As will

be described more fully below, the forward junction voltage,
or threshold voltage, of a semiconductor device decreases 1n
response to an increase 1n temperature, and vice versa. As
such, the voltage output of the RF detector 22 will change
in magnitude in response to different temperatures, even 1f
the power amplifier 18 produces a constant output wattage.
In order to circumvent this inherent inaccuracy in the RF
detector 22, a temperature compensation circuit 26 1s pro-
vided. Importantly, the temperature compensation circuit 26
1s DC coupled to a port of the directional coupler 20 that
samples power reflected from the circuits of the duplexer 14
and antenna 16, back to the power amplifier 18. With this
arrangement, the sensitivity to the RF detector 22 in sam-
pling small power levels 1s not compromised by the addition
of the temperature compensation circuits 26. As will be set
forth more fully below, the apparatus and technique provid-
ing temperature compensation for the RF detector 22 1s cost
cllective, noncomplicated and well-adapted for measuring
low power levels.

With reference to FIG. 2, there 1s shown the preferred
form for sampling RF power, rectifying the same to produce
a DC output, and providing temperature compensation. In
the preferred embodiment of the invention, the RF power 1s
coupled from the power amplifier 18 to the transmitter
output circuits by way of the directional coupler 20. The
directional coupler 20 1s conventionally available 1n chip
form, as type DS(C3920-0836, obtainable from Taiser Ltd.,
Tokyo, Japan. It 1s noted this device employs a built-in
termination 36 for the reverse port. Other types of direc-
tional couplers are available in which the matching 1imped-
ance must be provided as a component connected external
thereto. It 1s also noted that while the preferred embodiment
of the mvention employs such type of coupler, those skilled
in the art may find that other coupling and sensing
components, such as transformers, discreet directional cou-
plers utilizing twisted wires, etc., can be employed.

Symbolically illustrated in connection with the directional
coupler 20 of FIG. 2 1s a main line 28 that comprises a
low-impedance conductor for coupling the transmitter
power from the RF input to the RF output thereof. Very little
attenuation of the transmitted signal occurs while being
carried by the main line 28 of the directional coupler 20.
Transmitter signals carried by the main line 28 are electro-
magnetically coupled to a coupled line 30 of the directional
coupler 20. Indeed, the RF power carried in a forward
direction on the main line 28 1s provided as sampled signals
on a forward “Fwd” sample port 32 of the directional
coupler 20. RF signals reflected from the RF output to the
RF mput of the directional coupler 20 are provided as
sampled signals at the reverse “Rev” sample port 34. In the
preferred embodiment, the power transmission circuits and
lines are of about a 50 ohm i1mpedance.

An 1herent characteristic of a directional coupler 1s the
AC 1solation between the forward sample port 32 and the
reverse sample port 34, and vice versa. In other words,
signals sampled from the carrier transmitted in a forward
direction do not appear at the reverse sample port 34, and
signals sampled from reflected power do not appear on the
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forward sample port 32. Any deviation from this 1deal case
1s referred to as lack of directivity. The forward sample port
32 15, however, DC coupled to the reverse sample port 34 by
way of the terminating impedance 36, and vice versa. Thus,
any DC signal or bias current applied to the reverse sample
port 34 1s coupled via the internal terminating impedance 36
to the forward sample port 32.

The RF detector circuit 22 i1s coupled to the forward
sample port 32, whereas the temperature compensation
circuit 26 1s coupled to the reverse sample port 34. In
contrast to the prior art designs, the temperature compensa-
tion circuit 26 1s not bridged across the RF detector circuit
22 and thus the sensitivity thereof 1s not compromised or
otherwise reduced.

The RF detector circuit 22 includes an RF rectifier diode
40 for providing halfwave rectification of the sampled power
signals existing at the forward sample port 32 of the direc-
tional coupler 20. Connected to the cathode of the rectifier
diode 40 1s a filter capacitor 42 and a load resistor 44. The
various values of the components of the RF detector 22 are
selected so as to provide a DC output voltage on line 46, as
a Tunction of the forward RF power carried on the main line
28 of the directional coupler 20. This means the voltage
output by the detector circuit 22 on line 46 1s basically a DC
voltage which 1s a representation of the output power of the
power amplifier 18. In the preferred embodiment of the
invention, the transceiver operates at about 850 MHZ. On
terminal of the filter capacitor 42 and the resistor 44 are
connected to a circuit common connection, such as ground.

The temperature compensation circuit 26 includes rela-
tively few components, most of which are not high precision
components, thereby providing a cost eflective compensa-
tion circuit. The reflected power signals provided at the
reverse sample port 34 are preferably terminated to ground
by a low AC-impedance capacitor 50. As such, the reflected
signals sampled by the directional coupler 20 are eliminated
or otherwise substantially attenuated so as to provide no
ellect on the temperature compensation circuit 26.

A bias current for temperature compensation purposes 1s
coupled to the reverse sample port 34 via the circuit node 52.
The temperature compensation bias current 1s derived from
a temperature mdependent DC bias voltage generated by a
reference voltage 61. In the preferred embodiment this 1s any
stable voltage available greater than about two volts. A
resistor divider comprised of resistor 54 and resistor 56 scale
down the voltage and increase the impedance of the voltage
reference 61. The junction 60 of resistors 54 and 56 1s
coupled to the bias current node 52 via a series resistor 58.
The value of series resistor 58 1s sufliciently large, as
compared to the resistance of resistors 34 and 56, so as to
function as a current source in providing a relatively con-
stant current to node 52. Resistors 54, 56 and 58 combine to
provide the desired DC bias current and impedance with
respect to the bias current node 52. As can be appreciated,
resistors 54 and 56 could be eliminated and a precision
voltage reference coupled directly to the node 60. In like
manner, resistor 58 can be eliminated, and the divider
resistors 54 and 56 can be selected as precision tolerance
resistors. Resistors 54, 56 and 58 could be eliminated and a
precision current source coupled directly to node 52.
However, the arrangement shown i FIG. 2 1s the best
performing and most cost eflective. Other circuit arrange-
ments can be devised by those skilled in the art to provide
a constant DC current to the node 52.

The temperature compensated bias current at node 52 1s
determined primarily by the second source of resistor 62 1n

10

15

20

25

30

35

40

45

50

55

60

65

6

series with diode 64. This compensation current 1s coupled
via the reverse sample port 34 and the coupled line 30 of the
directional coupler 20 to the forward sample port 32, and
thus to the RF detector diode 40. The function of the
temperature compensation circuit 26 1s to track and hold
constant the bias current supplied to the rectifier diode 40
and to offset any adverse electrical characteristics thereof
due to changes 1n temperature.

In order to provide an accurate compensation for changes
in temperature, the RF rectifier diodes 40 and 64 have
matched electrical characteristics and are subjected to the
same temperature changes. This 1s accomplished by employ-
ing diodes fabricated under the same conditions and pack-
aged 1n the same integrated circuit or case. In the preferred
embodiment, matched diodes 40 and 64 are available 1n
integrated circuit form as a Siemens BAT 62 device.

As noted previously, 1t 1s also important that diodes 40
and 64 operate at the same bias current conditions. To that
end, resistors 62 and 44 are also selected with substantially
identical resistance so that each such diode maintains the
same magnitude of current carried therethrough at a given
reference temperature. The value of the terminating 1imped-
ance 36 1s much smaller than the value of resistors 62 and
44. In other circuit configurations, the corresponding resis-
tors 44 and 62 may not be equal, but due to other circuit
components the current through the diodes 40 and 64 would
nevertheless be substantially equal at a reference tempera-
ture.

While not shown, the DC signal on line 46 output by the
RF detector 22 1s preferably coupled to the mput of an
operational amplifier, which has a characteristic high 1mped-
ance.

With reference to FIG. 3, there 1s illustrated typical
voltage-current characteristics of a conventional silicon
diode, as a function of changes 1n temperature. It 1s noted
that the horizontal axis 1s a measure of the forward junction
voltage of the diode, and 1s a linear scale. On the other hand,
the vertical axis represents a logarithmic scale of diode
current, as measured 1n milliamps. The graphical curve 70
represents the current-voltage characteristics of the exem-
plary silicon diode operating at a temperature of —-35° C.
Curve 72 1llustrates the electrical characteristics of such a
diode operating at a temperature of 25° C., while curve 74
shows the electrical diode characteristics at 150° C. It 1s
typically recognized that the junction voltage of semicon-
ductor devices changes about 1-2 mv 1n an mverse relation-
ship for each 1° C. temperature change. As can be seen, with
increases in the operating temperature of the diode, the
forward junction voltage decreases. If, for example, 1t were
desired to maintain the forward junction voltage of the
s1licon diode at 0.6 volts over a wide temperature range, the
following would be required. It 1s noted from FIG. 3 that at
room temperature of about 25° C., a junction voltage of 0.6
volts corresponds to a diode current of about 0.7-0.8 mul-
liamp. If, for example, the forward junction voltage of 0.6
were required under a diode operating temperature of 150°
C., then the current through the diode must be 1ncreased to
about 30 milliamp. The same analysis can be carried out to
determine which forward junction voltages must be
employed to maintain an essentially constant current
through the diode under a range of temperatures.

The operation of the circuit shown 1n FIG. 2 is better
understood in connection with the following example.
Assuming that no temperature compensating current 1s
provided, the RF detector 22 operates i the following
manner. For a given, constant RF power carried by the main
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line 28 of the directional coupler 20, the RF rectifier 40 will
carry a given rectified signal current. The current will be
converted to a filtered voltage by capacitor 42. Importantly,
the DC output voltage on line 46 1s a function of the forward
junction voltage of rectifier diode 40, which changes with
temperature. Thus, 1f the temperature of the rectifier diode
40 increases, the forward junction voltage decreases, as
noted in FIG. 3. The reduced junction voltage of the rectifier
diode 40 represents a lower impedance 1n the detector circuit
22, whereby the diode current in the circuit increases.
Because of the decrease in the junction voltage of the RF
rectifier diode 40, the voltage across the load resistor 44 will
increase and the voltage on the DC output line 46 will
increase correspondingly. The increase 1n the voltage on line
46 1s otherwise interpreted by the power control circuit 24
(FIG. 1) as an increase 1n the transmitted RF power. This
inaccuracy in the RF detector circuit 22 due to a change 1n
temperature, causes the power control circuit 24 to reduce
the power transmitted by the power amplifier 18. Obviously,
this 1s an erroneous change in the transmitted power, due to
an uncompensated change in the temperature of rectifier
diode 40. As noted above, diode rectifiers are routinely
incorporated mto RF detector circuits.

Assuming the availability of the invention, as noted in the
preferred embodiment shown in FIG. 2, the temperature
compensation circuit 26 provides a compensating current to
the rectifier diode 40 to oflset the change 1n junction voltage
due to the increase in temperature noted 1n the example. As
noted above, the RF rectifier diode 40 and the compensation
diode 64 undergo the same temperature changes, and the
circuits are configured so that each diode maintains essen-
tially the same magnitude of bias current flowing there-
through for all practical temperatures. Thus, the electrical
characteristics of the RF rectifier diodes 40 and 64 track each

other with corresponding changes in temperature.

It 1s thus the objective to make the current through the
detector load resistor 44 insensitive to temperature by the
utilization of the temperature compensation circuit 26, but
without placing a load on the detector circuit 22. Assuming,
an increase in the ambient temperature of the matched
diodes 40 and 64, the semiconductor junction voltages will
decrease, but the voltage at node 32 will decrease
correspondingly, thus maintaining a constant current
through resistors 44 and 62. With a decrease in the ambient
temperature, the junction voltages of the diodes 40 and 64
increase, the voltage at node 52 increases correspondingly,
and thus the current through the resistors 44 and 62 remains
the same, despite the change 1n temperature. Those skilled in
the art will readily appreciate that any change 1n the trans-
mitted power through the directional coupler 20 will indeed
change the current through the detector load resistor 44,
which 1s the desired result.

In accordance with an important feature of the invention,
the coupling of the temperature compensation circuit 26 to
the reverse sample port 34 of the coupler 20 does not provide
a loading eflect on the forward sample port 32. As a result,
the temperature compensation circuit 26 does not provide a
shunting effect on the signals at the forward sample port 32,
which would otherwise reduce the sensitivity of the RF
detector 22 to the sensing of power transmitted forwardly on
the main line 28 of the directional coupler 20. As such, the
reverse sample port 34 1s not utilized 1n accordance with the
invention for measuring the reflected power, but rather is
utilized as a means for coupling a temperature compensated
DC bias signal to the RF rectifier diode 40 without loading
or otherwise shunting the RF detector circuit 22. As noted
above, the temperature compensating arrangement accord-
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ing to the preferred embodiment does not require numerous
components, or precision tolerance components to maintain
temperature compensation over a wide range ol operating
temperatures. In practice, 1t has been found that with resis-
tors 62 and 44 being only five percent tolerance components,
accurate temperature compensation can be provided over a
wide range ol -30° C. to +100° C. Indeed, if temperature
compensation 1s to be provided over even a greater range of
temperatures, smaller tolerance resistors and components
can be employed. It 1s believed that while RF rectifier diodes
are employed as matched pairs in the preferred embodiment
of the invention, those skilled 1n the art may prefer to utilize
RF transistors and associated components with equal effec-
tiveness for providing rectification and temperature com-
pensation. The entire concept could even be incorporated
into a single mtegrated circuit, with or without the other

components of the system already mentioned.

From the foregoing, disclosed 1s a temperature compen-
sated detector that 1s highly accurate over a wide tempera-
ture range, does not require expensive components, and can
provide improved sensitivity to low level power measure-
ments. The sensitivity of the RF detector 1s provided with
temperature compensated currents by utilizing the internal
coupling arrangement between the reverse sampling port
and the forward sampling port of a directional coupler. The
inherent 1solation between such ports reduces the loading of
the temperature compensation circuits on the detector cir-
cuit.

While the preferred embodiment of the invention has been
disclosed with reference to a specific detector and tempera-
ture compensation circuit, and methods of operation thereof,
it 1s to be understood that many changes 1n detail may be
made as a matter of engineering choices, without departing
from the spirit and scope of the invention, as defined by the
appended claims.

What 1s claimed 1s:

[1. A temperature compensated detector, comprising:

a first conductor carrying signals to be detected;

a second conductor carrying signals electromagnetically
induced therein from said first conductor;

a detector including a rectifier for providing an output
signal representative of the signal carried by said first
conductor; and

a temperature compensation circuit providing a compen-
sating bias signal to said detector, said compensating,
circuit being connected 1n a manner to provide com-
pensating bias signals to said detector so as to prevent
loading thereof']

[2. The temperature compensated detector of claim 1,
wherein said first conductor and said second conductor
comprise a directional coupler.}

[3. The temperature compensated detector of claim 2,
wherein said detector 1s coupled to a terminal of said
directional coupler for sensing a forward signal carried by
said first conductor, and said temperature compensation
circuit 1s connected to a different terminal of said directional
coupler.]

[4. The temperature compensated detector of claim 3,
wherein said diflerent terminal comprises a reverse sample
port that 1s AC terminated to a reference impedance.}

[5. The temperature compensated detector of claim 1,
wherein said detector and said temperature compensation
circuit each include a rectifier diode, and including corre-
sponding circuitry for providing substantially an equal mag-
nitude bias current to flow through each said diode.]

[6. The temperature compensated detector of claim 1,
wherein said rectifier comprises a semiconductor diode.]
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[7. The temperature compensated detector of claim 1,
wherein said temperature compensation circuit includes a
current source for sourcing substantially a constant current
between said temperature compensation circuit and said
detector, a magnitude of said current being substantially
independent of temperature.]

[8. The temperature compensated detector of claim 7,
turther including a matched pair of semiconductor diodes, a
first diode located in said detector and a second diode
located 1n said temperature compensation circuit, and said
current source sources current between said diodes.]

[9. The temperature compensated detector of claim 8,
wherein said current source 1s configured to provide a
constant current that is independent of temperature.]

[10. A temperature compensated detector, comprising:

a directional coupler having an input port, an output port,
a forward sample port and a reverse sample port;

a detector circuit including a rectifier, said detector circuit
coupled to said forward sample port; and

a temperature compensation circuit coupled to said
reverse sample port, said temperature compensation
circuit providing a compensating bias to said detector
circuit via said reverse sample port.]

[11. The temperature compensated detector of claim 10,
wherein said detector circuit and said temperature compen-
sation circuit each include a semiconductor diode of a
matched diode pair, and each said diode carries substantially
the same magnitude of DC bias current, and the magnmitude
of said bias current is independent of temperature.}

[12. The temperature compensated detector of claim 10,
turther including in combination a wireless transceiver, and
wherein said temperature compensated detector 1s coupled
between an amplifier and a load for controlling a power
transmitted by said amplifier to said load.]

[13. A method of providing temperature compensation to
a detector, comprising the steps of:

coupling RF power to a directional coupler and therefrom
to a load:

rectifying a signal provided at a forward sample port of
said directional coupler to provide a DC voltage rep-
resentative of the RF power; and

generating a DC bias signal that 1s independent of a
rectifier temperature and coupling said DC bias signal
to said forward sample port of the directional coupler,
via a reverse sample port.]

[14. The method of claim 13, further including providing

a matched pair of rectifier diodes, one rectifier diode coupled
to said reverse port and another rectifier diode coupled to
said reverse sample port.}

[15. The method of claim 13, further including terminat-
ing AC signals at said reverse sample port to a common
circuit node.}

[16. A temperature compensated detector, comprising:

a four-port directional coupler having an input port, an
output port, a forward sample port and a reverse sample
port;

a detector circuit coupled to said forward sample port,
said detector circuit including a first semiconductor
diode, a filter and an output providing a voltage cor-
responding to a signal carried between the mput port
and the output port of said directional coupler; and

a temperature compensation circuit coupled to said
reverse sample port, said temperature compensation
circuit mncluding a current source and a second semi-
conductor diode, said current source being configured
to source substantially the same amount of current

10

between said first and second semiconductor diodes as
the temperature changes.}
[17. The temperature compensated detector of claim 16,
wherein said first and second semiconductor diodes have
5 matched electrical characteristics.]
18. A temperature compensated detector for an input
signal, comprising.
a directional coupler having an input port for rveceiving

said input signal, an output port, a forward sample port
10 and a reverse sample port;

a detector circuit, which includes a first rectifier, for
producing an output signal vepresenting the amplitude
of said input signal, said detector circuit connected to
said input port of said coupler;

b temperature compensation circuit which includes a
current source that provides a DC bias current to a
node from which said bias current is divided into first
and second currvents which flow through vespective first
and second circuit paths, said second path including a

20 second rectifier,

said first path extending from said node through said
reverse sample port of said coupler, said forward
sample port of said coupler and through said first

55 rectifier of said detector circuit; and

said first path and said second path having substantially
equal resistance wherein said first and second currvents
are substantially equal.

19. The temperature compensated detector of claim 18

30 wherein said curvent source is a temperature compensated
constiant current source.

20. The temperature compensated detector of claim I8
wherein said first path includes a first resistor connected in
series with said first rectifier between said node and a

45 common terminal and said second path includes a second
vesistor in series with said second rectifier between said
node and said common terminal.

21. The temperature compensated detector of claim 20
wherein said detector circuit includes a first capacitor

4o comnnected in parallel with said first vesistor and said tem-
perature compensation circuit includes a second capacitor
connected in parallel with said second rectifier.

22. The temperature compensated detector of claim 18
wherein said first and second rvectifiers are matched diodes.

45 23. The temperature compensated detector of claim 18
wherein said detector circuit is an RF detector circuit.

24. The temperature compensated detector of claim 18,
further including in combination a wireless transceiver and
wherein said temperature compensated detector is coupled

so between an amplifier, said amplifier providing said input
signal, and a load for controlling a power transmitted by
said amplifier to said load.

25. A temperature compensated detector for an input
signal, comprising:

55  a dirvectional coupler having an input port for receiving
said input signal, an output port, a forward sample port
and a reverse sample port;

a detector circuit, which includes a first rectifier con-
nected in series with a first vesistor between said
60 Jorward sample port of said coupler and a common
terminal and a first capacitor connected in parallel
with said first resistor, for producing an output signal
at a junction node between said first rectifier and said
first capacitor, said output signal rvepresenting the

63 amplitude of said input signal;
a temperature compensation circuit which includes a
constant current source that provides a DC bias curvent
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to a first node from which said bias current is divided
into first and second curvents which flow through
respective first and second circuit paths, said second
path having a second rectifier connected in series with
a second resistor between said first node and said
common terminal;

said first path extending from said first node through said
reverse sample port of said coupler, said forward
sample port of said coupler, said first vectifier and said
first resistor of said detector circuit to said common
terminal; and

said first path and said second path having substantially
equal resistance wherein said first and second currents
are substantially equal.

26. The temperature compensated detector of claim 25
wherein said constant curvent souvce Iis temperature com-
pensated.

27. The temperature compensated detector of claim 25
wherein said first vectifier is matched to said second rectifier
and said first and second rvesistors have substantially the
same resistance.

28. The temperature compensated detector of claim 25,
further including in combination a wireless transceiver and
wherein said temperature compensated detector is coupled
between an amplifier, said amplifier providing said input
signal, and a load for controlling a power transmitted by
said amplifier to said load.

29. A temperature compensated detector for an input
signal, comprising.

a first conductive line for carrying said input signal;

a second conductive line proximate said first conductive
line, said second conductive line for carrving electro-
magnetically induced signals from said first conductive
line, said second conductive line having first and sec-
ond terminals,

a detector circuit, which includes a first vectifier, for
producing an output signal vepresenting the amplitude
of said input signal, said detector circuit connected to
said first terminal of said second conductive line;

a temperatuve compensation circuit which includes a
current source that provides a DC bias current to a
node from which said bias current is divided into first
and second curvents which flow through respective first
and second circuit paths, said second path including a
second rectifier;

said first path extending from said node through said
second terminal of said second conductive line, said
second conductive line, said first terminal of said
second conductive line, and said first rectifier of said
detector circuit; and

said first path and said second path having substantially
equal vesistance wherein said first and second curvents
are substantially equal.

30. The temperature compensated detector of claim 29
wherein said current source is a temperature compensated
consiant current source.

31. The temperature compensated detector of claim 29
wherein said first path includes a first resistor in servies with
said first rectifier between said node and a common terminal
and said second path includes a second rvesistor in series
with said second rectifier between said node and said
common terminal.

32. The temperature compensated detector of claim 31
wherein said detector circuit includes a first capacitor

12

connected in parallel with said first vesistor and said tem-

perature compensation circuit includes a second capacitor

connected in parallel with said second rectifier.
33. The temperature compensated detector of claim 29
> wherein said first and second rectifiers are matched diodes.

34. The temperature compensated detector of claim 29
wherein said detector circuit is an RF detector circuit.

35. The temperature compensated detector of claim 29
wherein said first and second conductive lines are part of a
directional coupler.

36. The temperature compensated detector of claim 29,
further including in combination a wireless transceiver and
wherein said temperature compensated detector is coupled
between an amplifier, said amplifier providing said input
signal, and a load for controlling a power transmitted by
said amplifier to said load.

37. A temperature compensated detector for an input
signal, comprising.

10

15

20 a first conductive line for carrying said input signal;

a second conductive line proximate to said first conduc-
tive line, said second conductive line for carrying
electromagnetically induced signals from said first con-
ductive line, said second conductive line having first

25 .
and second terminals;

a detector circuit, which includes a first vectifier con-
nected in series with a first resistor between said first
terminal of said second conductive line and a common

30 terminal, and a first capacitor connected in parallel
with said first vesistor, for producing an output signal
at a junction node between said first rectifier and

said first capacitor, said output signal vepresenting the

amplitude of said input signal;
35
a temperature compensation circuit which includes a

constant curvent source that provides a DC bias current
to a node from which said bias currvent is divided into
first and second curvents which flow through respective
40 first and second civcuit paths, said second path having
a second rectifier connected in series with a second
resistor between said node and said common terminal;

said first path extending from said node through said
second terminal of said second conductor, said second
43 conductor, said first terminal of said second conductor,
said first vectifier and said first vesistor of said detector

circuit to said common terminal: and

said first path and said second path having substantially
equal resistance wherein said first and second currents
are substantially equal.

38. The temperature compensated detector of claim 37
wherein said constant curvent souvce is temperatuve com-
pensated.

39. The temperature compensated detector of claim 37
wherein said first rectifier is matched to said second rectifier
and said first and second rvesistors have substantially the
same resistance.

40. The temperature compensated detector of claim 37,
0 further including in combination a wireless transceiver and

wherein said temperature compensated detector is coupled

between an amplifier, said amplifier providing said input
signal, and a load for controlling a power transmitted by
said amplifier to said load.

50
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