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Transmit Power Level Detection Circuit With Enhanced Gain Characteristics 

Background Of The Invention 

1. Field of the Invention 

s The present invention relates to control circuits for RF signal power amplifiers. 

2. Description of the Prior Art 

The basic operation and structure of wireless communication systems, such as 

cellular radio telephone systems and land mobile communication systems, are well 

known in the art. Subscriber accommodation capacity is typically maximized by 

10 maintaining the RF transmission signal output power at a sufficiently low level, within 

each zone, to permit simultaneous usage of the same radio frequencies in nearby zones. 

The transmitting power of the radio communication system is generally maintained at 

one of a plurality of prescribed levels by a transmission signal output control system. 

Essentially, the transnµssion signal output control system includes a detection circuit 

15 for detecting the power level of the transmission signal output by an RF povyer 

amplifier and a circuit responsive to the output of the detection circuit fot controlling 

the gain of the RF power amplifier. 

Generally, radiotelephones employ a feedback circuit to control the output of the 

power amplifier. A portion.of the RF output energy is applied to the detection circuit, 

2 o which circuit provides a power level signal corresponding to the output power level. 

The power level signal is compared to a reference signal in order to generate a control 

signal that is used to vary the amplifier's output power and cause the difference 

between the reference signal and the power signal level signal to be minimized. 

Most prior art transmitters that incorporate RF power control employ some form of 

2 s diode detector to convert the RF carrier to a corresponding DC level. One such 

transmission signal output control system is depicted in FIG. 1. An RF transmission 

signal is amplified in an RF amplifier circuit 10 in the final stage and is then supplied 

through the input and output ports of a four-terminal, transmission line coupler 12 to an 

antenna output circuit 14. The amplified RF transmission signal output by amplifier 

3 a circuit 10 is supplied not onJ.y to the antenna circuit 14, but also to detector circuit 16 

for detection in a conventional manner. 
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Typically, the coupler 12 is configured to divert approximately 3-5 % of the power 

output by amplifier circuit 10 to detector circuit 16. The detector diode Dl of detector 

circuit 16 is connected to the couple terminal "C" of coupler 12 and thus, to the output 

side of the RF amplifier circuit 10. The voltage at the anode of diode Dl is 

5 marginally forward biased by means of a biasing circuit 24 that includes a resistor R2, 

a diode D2, and a resistor R3. A resistor Rl is coupled to the load terminal "L" of 

coupler 12. The value of resistor Rl iS generally selected to match the characteristic 

impedance of the circuit and may be, for example, on the order of 50 ohms. Due to 

the match termination, the load termination behaves as if it is of infinite length (no 

1 o reflection) so that all power supplied to resistor Rl is absorbed and converted to heat. 

The half-wave rectified detection signal is supplied to an output level control circuit 

18 via a buffer amplifying circuit 20. The output level control circuit 18 compares the 

output of the buffer amplifier circuit 20 with a variable level reference signal supplied 

from a reference leve~ generation circuit 22, and controls the amplification of the RF 

15 amplifier circuit 10 so that antenna circuit 14 is supplied with an RF signal pf the 

desired output level. 

One disadvantage of conventional arrangements such as the one depicted in FIG. 1 

is the relatively limited dynamic range of the detector circuit. As- will be readily 

appreciated by those skilled. in the art, the dynamic range of the detector circuit is the 

20 range of coupled transmitted RF signal power levels at the power detector's input for 

which the power detector's output signal is usable. The dynamic range of the power 

detector circuit is related to the power level of the coupled transmitted RF signal. 

Since the coupler has a fixed coupling coefficient, the fraction of the transmitted output 

RF signal supplied to the couple terminal of RF coupler 12 remains essentially constant 

25 regardless of amplitude. At high transmitter power levels, RF couplers couple a large 

amount of signal power for detection by the power detector; and a significant portion of 

the coupled transmitted RF signal is lost. To compensate, the current drain of the 

transmitter is increased to overcome the loss of power at high power levels, thereby 

reducing the transmitter's efficiency. At low transmitter power levels, RF couplers 

3 O provide a low amount of signal power level for detection by the detector circuit. A 

substantial amount of the diverted signal power is dissipated by the resistor Rl. As 
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such, there may not be enough signal power available at the power detector circuit's 

input to generate a usable output signal. In fact, the circuit of FIG. 1 is unable to 

detect transmission signals that are below a certain amplirude threshold, which 

threshold may typically be on the order of 2 to 3 mW or even larger. 

s Summary Of Tbe Invention 

As disclosed herein, a radio frequency (RF) circuit includes an RF signal generating 

device for generating an RF output signal. The first port of a four-port RF signal 

coupling device is coupled to the RF signal generating device, which device may be 

configured, for example, as. an RF amplifier. A detection circuit is coupled to the third 

1 o port for obtaining a measurement of the amplirude of the RF output signal and an 

impedance termination having an impedance value different from the characteristic 

impedance is coupled to fourth port so that the third port receives a portion of signal 

energy delivered by said RF signal generating device and a portion of signal energy 

reflected from said fo~rth port 

15 In accordance with an illustrative embodiment of the present invention, the , 

impedance termination has a non-linear impedance value which varies with the 

amplitude of the output power signal. By way of specific example, this is achieved by 

an impedance inverter in series with a diode. As the transmitted signal approaches a 

lower amplitude threshold, the diode itself approximates an open circuit. The 

2 o combination of the diode and impedance inverter thus behaves as a short circuit so that 

the signal reflected by the diode back to the detector circuit is in phase with the 

incident signal. With the precise number of reflections being governed by the loss 

characteristics of the circuit, i.e. the Q-factor, the signal incident on the diode may be 

reflected and added many times. A substantial increase in gain is thus achieved 

2 s precisely when it is needed, so that the amplitude threshold for detection is 

substantially reduced in comparison to conventional power level detection schemes. 

The transmit level detection circuit of the present invention thus requires substantially 

less power than conventional circuits, so that only 1 %-2 % or less of the output of the 

amplifier need be diverted for reliable operation. 

3 o Of course, as the amplitµde from the aforementioned increases beyond the low 

amplitude threshold, the non-linear behavior of the diode initially causes slight clipping 
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of the signal. Such clipping does not materially affect the level of signal power 

available at the power detector circuit's input until much higher signal levels are 

achieved. The combination of the diode and impedance inverter is at the same time 

configured to approach an open circuit condition as the signal incident on the diode 

s approaches a given upper amplitude threshold. As the amplitude of the transmitted RF 

signal approaches the upper threshold, clipping qf the signal by the diode increases, 

causing the impedance of the diode to decrease. By selecting a diode having the 

appropriate operating curve, it is thus possible to provide controlled attenuation of 

higher amplitude signals. 

1 o A transmit power level detection circuit constructed in accordance with the present 

invention has a substantially enhanced dynamic range and thus avoids the deficiencies 

associated with conventional detection circuits. The present invention provides gain at 

lower transmit power levels and, optionally, attenuation at higher transmit power 

levels. Specifically, the present invention allows substantially weaker signals, on the 

15 order of 0.5mW or less in amplitude, to be detected, so that a significantly ~maller 

portion of the RF power amplifier output may be diverted to the detector'circuit. 

When implemented in a telecommunications device such as a radio telephone unit, the 

detector circuit of the present invention can substantially lengthen the operating cyde 

time or allow a smaller batt~ry to be used to obtain the same operating cycle time. 

2 o In a simplified embodiment of the present invention especially useful for relatively 

low amplitude signals, illustratively on the order of a fraction of a milliwatt, the 

impedance termination is configured as a short circuit or shunt path to ground so that 

the gain is always at a maximum, regardless of the amplitude of the transmitted RF 

signal. 

2 5 The aforementioned features and advantages of the present invention will be better 

understood from the following detailed description taken in conjunction with the 

accompanying drawings. 

Brief Description Of The Drawings 

In the drawings, wherein like reference characters denote similar elements 

3 o throughout the several view~: 
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FIG 1 is a circuit diagram showing a conventional transmission signal output 

control circuit; 

FIG. 2 is a circuit diagram depicting an embodiment of the transmission signal 

output control circuit according to an illustrative embodiment of the present invention; 

s and 

FIG. 3 is a circuit diagram depicting a modified embodiment of the transmission 

signal output control cir:uit according to the present invention. 

Detailed Description Of The Invention. 

While the invention will be described in connection with a preferred embodiment, 

1 o there is no intent to limit it to that embodiment. On the contrary, the intent is to cover 

all alternatives, modifications and equivalents included within the spirit and scope of 

the invention as defined by the appended claims. 

Referring now in detail to the drawings, in which like numerals refer to like parts 

throughout the severa~ views, FIG. 2 shows a block diagram of a communication unit 

15 embodying the present invention. Communications units are generally well ,known in 

the art and a detailed description of the same is not believed necessary for an 

understanding of the present invention. It suffices to say that RF signals generated in a 

conventional manner are supplied to a radio frequency (RF) power amplifier 10, where 

they are amplified to a desired RF power level, which level may be one of a plurality 

2 o of predetermined power levels. 

The output of power amplifier 10 is coupled to the input terminal I of a 

conventional four-port, RF coupler. 12 and thereafter to antenna output circuit 14 via 

output terminal 0. As will be readily ascertained by those skilled in the art, an RF 

coupler as coupler 12 generally comprises a primary transmission element (not shown) 

25 which interconnects the input and output terminals I and 0, and a secondary coupling 

element (not shown) which interconnects the couple and load terminals C and L. The 

primary transmission element thus receives at its input terminal an RF input and 

delivers an RF output at its output terminal. The secondary coupling element couples a 

portion of the RF signal to produce a coupled RF output signal. The physical 

3 o dimensions of the primary transmission element and the secondary coupling element 

and the distance therebetween determine the amount of the RF signal coupled. 



6 

The coupled RF signal is output at terminal C of coupler 12 to power detector 

circuit 16, and is a reduced power level version of the input signal supplied to input 

terminal. The relationship between the power levels of the signals output at terminals 0 

and C is the coupling factor of RF coupler 12. In accordance with the present 

5 invention, the coupling factor is selected large enough to provide enough coupled RF 

signal for proper operation of the detector circuit 16 at the lowest of the plurality of 

power levels at which the transmission unit operates. As will soon be described in 

detail, however, the amount of gain provided by the present invention at the lowest RF 

power levels ensures that it. is not necessary to select a coupling factor which impacts 

10 the efficiency of the transmission unit at higher power levels. That is, the selected 

coupling factor is low enough to avoid coupling off large amounts of power from the 

primary transmission element when the transmission unit is operating at the higher of 

the plurality of power levels. 

The primary trans:µiission element and first coupling element of RF coupler 12 can 

15 be formed from transmission lines in close proximity such as stripline or miFrostrip, or 

from any other transmission means allowing directive coupling, for example, aperture 

coupled waveguides. The coupling constant is selected as desired by changing the 

physical construction of the primary and coupling elements. For the case of stripline 

or microstrip couplers, vary,ing the distance between transmission lines, the length over 

2 o which the lines are in close proximity, or the dielectric constant of the substrate will 

produce the selected coupling constant. 

With continued reference to FIG. 2, it will be observed that the load resistor Rl of 

FIG. 1 has been replaced by an impedance inverter 30 in series with a diode D3. The 

diode 03 is, for example, a Shottky barrier type diode, while the impedance inverter 

25 may be configured as a one-quarter wavelength transmission line or resonator. An 

impedance inverting transmission line as such, has first and· second ends. The value of 

an impedance at the first end, appears at the second end, to be substantially equal to the 

mathematical inverse of the value at the first end, and vice versa. If the two 

conductors of an impedance inverting transmission line are shorted together at the first 

3 o end, the first end impedanc~ is considered to be zero ohms. The second end impedance 

will therefore be very high, or near infinity, appearing to be an open circuit. 
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Conversely, if the first end impedance is infinity, as when the two conductors are each 

not connected to anything, the second end impedance will be near zero and may be 

considered to defme a short circuit condition. 

Diode D3 acts as a controlled resistance. As the transmitted signal approaches a 

s lower amplitude threshold, say on the order of one-hundredth of a milliwatt, the diode 

D3 itself approximates an open circuit. The combination of diode D3 and impedance 

inverter 30 therefore behaves as a short circuit so that the signal reflected by diode D3 

back to the detector circuit 16 is in phase with the incident signal. With the precise 

number of reflections being governed by the loss characteristics of the circuit, i.e. the 

1 o Q-factor, the signal incident on diode 03 may be reflected and added many times at the 

couple port C of the RF coupler 12. Each time the incident signal is reflected, the gain 

increases correspondingly such that a maximum gain on the order of 50 or more may 

be easily achieved. A substantial increase in gain is thus achieved precisely when it is 

needed, so that the amplitude threshold for detection is substantially reduced in 

15 comparison to conventional power level detection schemes. Of course, as tl;te 

amplitude of the RF signal increases beyond the low amplitude threshold; the non­

linear behavior of diode D3 initially causes slight clipping of the signal. Such clipping 

does not materially affect the level of signal power available at the power detector 

circuit's input until much higher signal levels are achieved, as will now be explained. 

2 o The combination of diode 03 and impedance inverter 30 is at the same time 

configured to approach an open circuit condition as the signal incident on the diode 

approaches a given upper amplitude threshold. As the amplitude of the transmitted RF 

signal approaches the upper threshold, diode D3 increasingly clips the signal. By 

selecting a diode having the appropriate operating curve, it is thus possible to provide 

2 5 controlled attenuation of higher amplitude signals. 

In the conventional arrangement of FIG. 1, the magnitude of the signal received by 

the detection circuit has a linear correspondence to the transmitted RF signal. As a 

result of the non-linearity introduced by diode D3, it is necessary to consider the 

effects of gain and attenuation on the detection signal prior when setting the reference 

3 O voltage level(s) to be provided by reference level generator 22. This is believed to be 
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within the level of skill of the ordinary artisan and a detailed description of the level 

setting process has therefore been omitted. 

A modified embodiment, which is especially suited for situations in which only 

relatively low transmit power levels will be encountered, is presented in FIG. 3. As 

s seen in FIG. 3, the load terminal of coupler 12 is shunted, providing a short circuit to 

ground. As discussed above, such a termination permits the largest amount of power 

to be reflected back towards the detector circuit is thus particularly useful where 

relatively weak, low amplitude transmission is contemplated. Since this arrangement 

does not discriminate between high and low amplitude signals, however, larger 

1 o amplitude signals would also be reflected, presenting the possibility of damage to the 

detector circuit and other components at higher output levels. 

In view of the foregoing description. it will be evident to a person skilled in the art 

that various modifications may be made within the scope of the invention defined in the 

following claims. 
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What is claimed: 

1. A radio frequency (RF) circuit, including: 
I 1111111 11111111111 llill II llll 
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an RF signal generating device for generating an RF output signal and a detection 

circuit for obtaining a measurement of the amplitude of the RF output signal 

s characterized by: 

a four-port RF signal coupling device, said coupling device having a first port 

coupled to said RF signal generating device, a second port, a third port coupled to said 

detection circuit, and a fourth port; and . 

an impedance termination coupled to the fourth port, said impedance termination 

1. o having an impedance value such that the third port receives a portion of signal energy 

delivered by said RF signal generating device and a portion of signal energy reflected 

from said fourth port. 

2. The circuit of claim 1, characterized in that said impedance termination has an 

instantaneous impedance value which is non-linear in relation to the amplitude of the 
' 

15 RF output signal, such that said instantaneous impedance value approximates a short 

circuit as said RF output signal approaches a lower amplitude threshold and 

approximates a short circuit as said RF output signal approaches an upper amplitude 

threshold. 

3. The circuit of claim 2, characterized in that said impedance termination 

20 comprises a diode coupled to ground. 

4. The circuit of claim 3, characterized in that said impedance termination further 

comprises an impedance inverter coupled to said diode, whereby said impedance 

termination approximates a short circuit as said RF output signal approaches a lower 

amplitude threshold and whereby said impedance termination approximates an open 

2 s circuit as said RF output signal approaches an upper amplitude threshold so that gain is 

provided to signals received by said detection.circuit below a first amplitude level and 

attenuation is provided to signals received by said detection circuit above a second 

amplitude level. 
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5. The circuit of claim 4, characterized in that said impedance inverter is a one-

quarter wave resonator. 

6. The circuit of claim l, characterized in that said impedance termination 

comprises a short circuit path to ground so that the impedance thereof is about zero and 

s gain is always provided to signals received by said detection circuit. 

7. The circuit of claim 1, characterized in that said signal generating device is an 

RF amplifier having a variable output power for amplifying the RF signal to one of a 

plurality of output power levels. 

8. The circuit of claim 7, characterized in that said detection circuit is operable to 

1 a detect an amplitude of the RF signal output by said RF amplifier and wherein said 

circuit further includes means, coupled to said detection circuit and said RF amplifier, 

for adjusting the RF amplifier gain as a function of the detected amplitude. 

9. The circuit of claim 1, further characterized ~ya transmitting antenna coupled 

to the second port of said coupling device. 

15 10. A method for maintaining the magnitude of a radio frequency (RF) signal from 

an RF signal amplifier at one of a plurality of levels selected by level control signals 

from a signal source, characterized by the steps of: 

supplying the output of a third port of a four-port coupler to a detection circuit to 

obtain a measurement of the amplitude of the signal amplifier output, a first port of the 

2 a four-port coupler being coupled to the output of the signal amplifier and the third port 

receiving a portion of signal energy output by the signal amplifier and a portion of 

signal energy reflected from an impedance termination coupled to a fourth port of the 

four-port coupler; and 

applying a variable control signal to the signal amplifier to adjust the output of the 

2 s signal amplifier by an amount related to the magnitude of the measurement obtained 

during said supplying step. · 
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11. The method of claim 10, characterized in that the impedance termination is an 

impedance inverter in combination with a diode. 

12. The method of claim 11, characterized in that said impedance inverter is a 

quarter-wave transmission line resonator. 

s 13. The method of claim 10, characterized in that said impedance inverter is a 

short circuit electrically interconnecting the fourth port and ground. 

14. A circuit for controlling the magnitude of the output power of a radio 

frequency (RF) signal, the circuit including: 

an amplifier having a variable output power for amplifying the RF signal and a 

10 transmitting antenna coupled to said amplifier for transmitting an amplified RF 

transmission signal having an amplitude, characterized by: 

a coupler for coupling said amplifier and said transmitting antenna, said coupler 

having a first terminal coupled to said amplifier, a second terminal coupled 'to said 

transmitting antenna, a third terminal, and a fourth terminal, and including a 

15 transmission line interconnecting said third and fourth terminals; 

a detection circuit coupled to the third terminal of said coupler for receiving a 

coupled signal therefrom and for generating a first signal corresponding to the 

amplitude of the amplified RF transmission signal; 

a transmission signal output level controller responsive to the signal output by said 

2 o detection circuit for applying a variable control signal to the amplifier to adjust the 

output of the amplifier by an amount related to the magnitude of the first signal; and 

a variable resistance coupled to said fourth terminal for defining a path to ground of 

varying resistance, said resistance varying in response to the amplitude of the RF 

transmission signal. 

25 15. The circuit of claim 14, characterized in that said variable resistance comprises 

a diode. 
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16. The circuit of claim 15, characterized in that said variable resistance further 

comprises an impedance inverter. 

17. The circuit of claim 16, characterized in that said impedance inverter is a 
quarter wave resonator. 


