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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a matching 

apparatus capable of matching input and output 

impedances between a power amplifying circuit and an 

antenna (load) for use in a portable wireless telephone 

set. 

Description of the Related Art: 

Heretofore, official gazette of Japanese 

laid-open patent ap~licati6n No. 10-163889 has 

disclosed an automatic impedance matching system for 

automatically matching input and output impedance~ 

between a power amp.lifier and a load such _as an antenna 

of a portable wir~less telephone set. 

FIG. 8 shows a matching apparatus capable of 

matching the power ampl_ifier and the load disclosed· in 

the above official gaz~tte. 

As shown in FIG. 8, a load impedance (including 

a matching circuit) detector 2 is provided between a 

power amplifier 1 ·and an antenna {load) 4, and a 

matching circuit 3 is controlled by a·detection signal. 

The load impedance detector 2 detects the impedance as 

an R (resistance) and a~ (phase), respectively, and 

the detection signal is converted in the form of 

analog-to-digital signal by an A/D converter 5 and 
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inputted to a microcomputer (CPU) 8. The CPU 8 drives 

a drive circuit 7 such as a motor or a relay and controls 

the matching circuit 3 in such a manner that the values 
. . 

of the Rand the <I> of the detection signal may be matched 

to the output impedance of the power amplif_ier 1. 

The load impedance detector 2 is correctly 

adjusted in such a manner that a.detection signal 

voltage of a l~ad impedance becomes equal to a central 

value of a detection _voltage under the state that input 

and output impedances obtained when the output 

impedance of the power amplifier 1 and the load 

impedance a~e ~atched with each other are son (p~re 

resistance) .. For example1 the load imped·ance detector 

is correctly adjusted such that a detection voltage 

obtained when "th~ input and output impedances are son 

is set to ov I when the resistance R is larger than son, 

a positive voltage proportional to the R value may be 

detected, .and when the resistance R is lower than 50 

n, a negative voltage which is inverse~y ptoportional 

to the R value may be detected. Further, the phase © 

also is correctly-adjusted in such a manner that 

positive and negative voitages from a central value may 

be detected in proportion to the phase value similarly. 

The load impedance detector 2 thus correctly 

adjusted is used and the resistance R and the phase <D 

of the detection signal are inputted to the CPU 8. The 

CPU 8 variably controls the matching circuit 3 by 
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driving the motor or relay drive circuit 7 in such a 

manner that the resistance R may constantly become 

equal to the corrected value of the impedance SOC by 

decreasing the r~sistance_R with a positive voltage 

signal proportional to the resistance R or by 

increasing the resistance R with a negative voltage. 

Accordingly, the output impedance of the power 

amplifier _1 and the load .side impedance can be matched 

~t son. The matching of the phase ~-also can be 

controlled similarly. 

With the above arrangement, when the output 

impedance of the power a~plifier 1 is not matched to 

son, since the matching circuit.3 is controlled such 

that matching is conducted at son, the power amplifier 

1 and the antenna 4 are not matched with each other 

Co~pletely and thereby displaced from each other. In 

particular, as the amplified band of the power 

amplifier 1 is increasing its width, the output 

impedance of the po_wer amplifier 1 is changed depending 

upon frequency characteristics and hence the 

displacement of the aforesaid matching becomes 

remarkable. 

In order to solve the above problem, the CPU 8 for 

controlling the matching circuit 3 by using a matching 

control program has the arrangement such that an 

impedance judgment threshold value in the matching 

control program can be changed ~n response to 
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transmission frequencies by a judgment threshold value 

setting device 9. 

According to the above arrangement, since the 

impedance judgment .threshold value of the CPU 8 which 

control the matching circuit by the detection output· 

is changed by an impedance changing means in response 

to the change of the output impedance of the power 

amplifier 1, when the.output impedance of the power 

ainp.lifier 1 is changed in response to the transmission 

frequency, even though the output impedance of the 

power amplifier 1 is displaced from the adjusted value 

by changing the impedance judgment threshold value with 

the transmission frequency~ the input and output 

impedances can r~liably be matched with each other. 

There arises a problem that_ the above conventional 

matching method needs the complex detector and various 

ICs such as the load impedance_ detector, the A/D 

converter, the motor- relay drive circuit and the 

judgment threshold vallle s~tting device. 

Further, in the above matchirig circuit, the 

impedance of .the matching circuit is switched and 

compensated such that the output impedance in the power 

amplifier corresponds to the freq.uency. Specifically, 

although the frequency characteristic of the power 

amplifier receives an attention; in recent years, in 

a portable wireless telephone set and the like, there 

is executed a transmission power control (Transmission 
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Power Control: hereinafter ref erred to as a TCP) which 

controls transmission power of a mobile station in such 

a manner that receiving power at the base station 

becomes the same in order to solve a near-far problem 

(near-far Problem) in a code division multiple access 

(Code Division Multiple Access: CDMA) or the like which 

receives an attention. 

In the portable wireless telephone set of the 

terminal side in which such TCP -is executed, an output 

efficiency of the power amplifier is not so excellent, 

and this output efficiency should be improved at the 

sacrifice of a stability. Accordingly, the stability 

is given a priority and the output efficiericy is 

sacrificed. 

·Even when the output ef£iciency of the· power 

amplifier is improved and the impedance is matched 

{matching) with the load at the maximum output power 

of the .power amplifier in which the TPC, for example, 

is carried out, an output efficien~y is extremely 

lowered at the portion in which the output power of the 

pow~r amplifier is lowered as will be described lat~r 

on. 

SUMMARY OF THE INVENTION 

The present invention is made in order to solve 

the above problem and the problem to be solved by the 

present invention is to provide a matching apparatus 
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in which a matching circuit is switched and controlled 

in response to output power of a power amplifier without 

sacrificing both an output efficiency and a stability 

of the power amplifier. 

According to the first invention, there is· 

provided a matching apparatus which comprises a power 

amplifying means for transmitting output power based 

on a command for in.structing an output, a matching means 

2 connected between this power.amplifying means ·1 and 

a load 4 and a switching means 10 for switching input 

and output impedances of the matching means 2 based on 

a command for instructing_the output power. 

According to the second inven.tion, in the matching 

apparatus according to the first invention, the 

switching means 10 is switched in multiple stages in 

response to a magnitude of output power from the power 

amplifying means 1. 

According to the third invention, in the matching 

apparatus accorditig to~he first or second invention, 

when maximum output power is outputted from an output 

end of the power amplifying means 1, matching is 

conducted with the matching means 2 and when power is 

decreased from the maximum output power to 

predetermined output power, there is outputted a 

switching signal for switching the input and output 

impedances in which the matching means 2 is matched to 

the decreased predetermined output power. 
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According to the first invention to the third 

invention, the input and output impedances of the 

matching circuit are switched based on the output power 

instructing command from the base ·station and the like, 

whereby the detector can be constructed with ease. 

Therefore, there can be obtained tbe matching circuit 

in which the output efficiency and the stability are 

both satisfactory at the maximum output power and the 

small output. power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a main portion showing 

a ma·tching apparatus of a portable wireless telephone 

set· according to the present invention; 

FIG. 2 is a fundamental matching circuit diagram 

for use in a matching apparatus according.to the pres.ent 

invention; 

FIG. 3 is a circuit diagram showing a matching 

apparatus according tQ an embodiment of· the present 

invention; 

FIG. 4 is a circuit diagram showing a matching 

apparatus according to another embodiment of the 

present invention; 

FIG. 5 is a diagram of frequency-gain 

characteristic curves used to demonstrate switching 

effects of the matching apparatus according to the 

present invention; 
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FIG. 6 is a waveform diagram useful for explaining 

a boost transmission output power used in the present 

invention; 

·FIG. 7 is a diagram of frequency-gain 

characteristic curves obtained when output resistance 

of a power amplifier is used as a parameter and to which 

reference will be made in explaining the matching 

apparatus of the present invention; and 

·FIG.· 8 is a blo·ck diagram to which reference will 

be made in explaining a matching circuit according to 

the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A matching ~ppa~atus for use wit~ a portable 

wireless telephone set according to the present 

invention will be described in detail with reference 

to FIGS. 1 to 7. 

FIG. 1 is a block d~agram of a main portion near 

a matching circuit according to the pres.ent invention, 

and illustrates a transmission output portion of a 

portable wireless telephone set in which TPC is carried 

out. 

In FIG. 1, elements and parts corresponding to 

those of FIG. 8 are marked with the same reference 

numerals. 

In FIG. 1, ·reference numeral 11 denotes a base 

station1 and a TPC instructing signal for instructing 
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a magnitude of a transmission power transmitted from 

each portable wireless telephon~ set is transmitted 

from a transmission antenna 12 to a reception antenna 

4 of a matching apparatus 20 of a portable wireless 

telephone set comprising a terminal device. 

An instruction signal from the reception antenna 

4 is supplied through various processing· circuits, not 

shown, tp the microcomputer (hereinafter referred to 

as a CPU) 8. 

A power detecting section 14 is adapted to control 

a transmission output power at every 2 dB as shown in 

the classes (class) 2 to 19 on a table 3, which will 

be described later· on, based on the instructing signal 

received by the CPU 8 from the base station 11. the 

instructing signal from the base station 11 is supplied 

through the CPU 8 to a con~ertin~ se~tibn 15 as 

instructing data. The converting section 15 converts 

the supplied instructing data into a power control DC 

signal. This signal from the converting sectio~ is 

supplied through a power output section 16 to the 

transmission power amplifier 1 so that the transmission 

output power of the power amplifier may be controlled. 

The power amplifier 1 has at its input side an 

input terminal 18 to which a tel~phone transmitter 

signal is ±~putted from a telephone transmitter 

processing circuit and the like of a telephone 

transmitter at the preceding stage, not shown. 
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An output end of the power amplifier 1 is connected 
. . 

in series through the matching circuit 3 and a power 

detection coupler 17 for detecting present 

transmission power to the transmission antenna 

(transmission and reception) 4. 

~he present transmission power from the coupler 

17 is attenuated to power value of a predetermined value, 

supplied to the power detecting section 14 and 

outputted to the CPU 18, whereby output power , which 

is now being transmitted from the portable wireless 

telephone set, is transmitted to the base station 11 

side as report data. · 

Accordingly, the portable wireless telephone set 

of the. system in which the TPC is executed ·can receive 

present output power information of the power amplifier 

of the portable wireless telephone set from the CPU 8 

without providing the load impedance detector shown in 

FIG. 8 in particular. 

This present output power information is supplied 

from the CPU 8 to the matching circuit 3, whereby the 

switching means 10 provided within the matching circuit 

3 is switched based on this.output power information. 

FIG. 2 shows a fundamental circuit of the above 

matching circuit 3~ In FIG. 2, reference letter Ro 

denotes an output resistance of the power amplifier 1, 

Co denotes an output capacitance of the power amplifier 

1 and R1 denotes a load resistance. The matching circuit 
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3 is comprised of a first inductance Li whose one end 

is grounded, a series circuit of a first capacitance 

C1 and a second inductance L2 and a second capacitance 

C3 whose one en_d is grounded. In this circuit., we have 

the following formula: 

[Formula 1) 

XL XL L=- , =-
1 (f) , .i.J2 (JJ 

XL=XC0.XC1=Q• R0 

XC, = R ·JR~ R. .XL= XC,+ R.~f(:, 

In FIG. 11 if m = 2*f is satisfied and Q = j, RL =·so 

and m = 5.65E9 are substituted into the above formula 
. . 

as real values, then we have th~ following valu~s for 

[Table 1] 

Ro (Q) C1 (pF) L2 (nH) C3 (pF) 

2 29.4 2.79 1·7. 3 

5 11.8 5.3 10.6 

10 5.89 8.84 7.1 

20 2.95 14.9 4.3 

As is understood from this table 1, the value of 

the output resistance Ro of the power amplifier 1 
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considerably changes from about 20 to about 200 

depending on the transmission output power. It is also 

understood that t~e values of the impedances (C1, L2, 

C3 ) obtained when impedances are prop~rly matched 

within the matching circuit 2 in a_rang~ of from the 

low output resistance Ro = 20 to the high output 

resistance Ro = 20Q are changed considerably. 

A table 2 shows an output p-0wer (W}, an output 

power (dBm) and an·output current (A) obtained when they 

are actually measured at the above load resistance Ri 

= SOQ and the output resistance Ro = 20 to 200. 

[Table 2] 

measured Power [W] Power lo [A] Ro [Ohm] 

order (dBm] 

0 2.6800 34.700 1.2500 2.3900 

1 2.4200 33.500 1.1500 3.4200 

2 1.9200 31.680 0.95000 4.8000 

3 1.4500 - 29·.200 0. 7-00·00 6.6000 

4 0.89000 25.080 0.45000 10.500 

5 0.37700 17.540 0.35000 21.000 

As is clear from the above table 2, at 2. 390 which 

is approximately equal to Ro = 20, the output power of 

the power amplifier 1 shows 2.68W. At 4.8Q which is 

approximately equal to Ro = SQ, the output power of the 
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power amplifier 1 shows 1.9W. At 10.sn which is 

approximately equal to Ro = 100, ~the output power of 

the power amplifier 1·shows o.aw. At 21'1 which is 

approximately equal to Ro = ·2on, the output power of 

the power amplifier l·shows 0.37W. 

Specifically, it is to be·understood that 

impedances cannot be properly matched to the load 4 if 

the impedances within the matching circuit 3 are not 

changed in response to output power as shown ori the 

table 1 when the output power of th~ power amplifier 

1 is large at about Ro = 20 and wh~n the output power 

of the power amplifier 1 is small at about Ro = 200. 

However, since the practical portable wireless 

telephone se~ cannot change the impedances within the 

matching ·circuit 3 obtained when impedances are 

properly m(2tched in response to output power / in actual 

practice, the values of the impedances (C1, L2, C3) 

within the matching circuit~ are·determined in such 

a manner that impedance_s ~ay be properly. to.a tched at the 

maximum output power· (Ro = 2'1) . 

FIG. 7 shows frequency versus gain characteristic 

curves obtained when impedances are matched at the 

maximum output power (Ro= 20) and the output resistance 

Ro is progressively increased in such a way as in Ro 

= 2n1 Ro = sn, Ro = 1 on and "Ro = 2 on, i.e. I output power 

is progressively decreased. When the output power is 

progressively decreased from a properly-matched 
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characteristic curve 22, a mismatching occurs as shown 

by characteristic curves 23 to. 25 with the result that 

output efficiencies are considerably deteriorated as 

shown on a table 3. 
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[Table 3] 

GSM Power No. 1 

CLASS Power Power Efficiency Current [mA] 

[dBm] [mW] [ % ] 

0 - 2 39 7943.28 

3 37 5011.87 

4 35 "3162.28 50 247.05 

5 33 1995.26 50 155.88 

6 31 1258.93 36 
.. . 136. 60 · .. 

7 29 794.33 ·28 110.82 

8 27 5.01.1 Q 23 .85.12 

9 25 316.23 19 65.01 

10 23 199.53 15 51~96 

11 21 .125.89 12 40.98 

12 19 .. 79.43 9 .34. 4 8 

13 17 50.12 7 27.97 

14 15 31.82 5 24.71 

15 13 19.95 4 19.48 
-

16 11 12.59 3 16.39 

17 9 7.94 2 15.51 

18 7 5.01 1.5 13.05 

19 5 3.16 1 12.35 

The above table 3 shows output power [Power (dBm), 

Power (mW)] and output efficiency [Efficiency (%)] and 

output current value [Current (mA)] measured by a TPC 
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system of a frequency band of 900 MHz decided by 

European Standards of GSM (Global System for Mobile 

Communication) digital mobile communi.ca tion. In the 

classes 1 to 19, output·power is switched at every 2 

dB by an instruction data code from the base station 

11 side. 

Since .the output current values of the power 

amplifier 1 shown by No_. 1 on the above table 3 in?icate 

a burst transmission value (BT) of 1/8 of one slot. ( 577 

ms) as shown in FIG. 6, in actual practice, an output 

current value 155.88 mA at 33 dBm (about 2W) of class 

5, for example, is c·alculated by electric power eight 

times as large as the original electric power. 

From the table 3, for example~ it is clear that 

the output efficiency of 50% at the Power 33 dBm is 

lowered to the output efficiency of 7% at the Power 

13dBm. 

Accordingly, in the present invention, the 

matching circui "!: 3 is c_onstructed as shown in FIGS. 3 

and 4. In the matching circuit 2 shown in FIGS. 3 and 

4, elements and parts corresponding to those of FIG. 

2 are marked with the same references. 

In this embodiment, one ends of _the output 

resistance Ro and the output capacitance Co of the power 

amplifier 1 are both connected to the ground, the other 

ends thereof are connected in parallel, and an output 

current Io is supplied to the matching circuit 3. 
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In the matching circuit 3, the other end of the 

first inductance L1 whose one end is connected to the 

ground is connected to the other end of the output 

capacitance_ Co of.the power amplifier 1 and the first 

capacitance C1. 

A third capacitance C1'1 a third inductance L2' 

and the second inductance L2 are connected in series 

to the first capacitance C1 , and the 6ther end of the 

second inductance L2 is .connected in series to a load 

resistance RL of the antenna 4 and whose one end is 

connected to the ground. 

The other end of the second inductance L2 is 

connected to the other end of the second capacitance 

C3 connected in parallel to the first inductance L1 and 

whose one end is connected to. the ground. The other end 

of the inductance L2 is connected to a fourth 

.capacitance C3' connected to a second switch S2 in 

series / the second switch 5 2 being connected in para11·e1 

tq the first inductanc~ L1 .and whose one end being 

connected to the ground. A first, switch 51 is adapted 

to shunt a series circuit of the third capacitance C1 ' 

and the third inductance L2 '. The first and second 

switches S1 and 52 may operate in unison with each other 

and constitute a switching means 10. This switching 

means 10 is changed in position in response to output 

power information from the CPU 8. 

In the above arrangement, the impedances (C 1 , L2 , 
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C3) obtained when they are properly matched at the 

maximum output power (Ro= 2!l) and impedances (C1', L2', 

C3') obtained when they are properly matched at small 

power (Ro= 100") take the following values based on the 
. . 

formula 1. 

C1 = 29.4 (PF) 

L2 = 6. 0 5 ( nH) 

C3 = 7. 1 (PF) 

C1 I = 7 • 3 (PH) 

L2' = 2 • 7 9 ( nH) 

C3' = 10. 2 (PH) 

Since the CPU 8 selects the values of the third 

capacitance t1 1 ·an~ the third inductance L2 ' and the 

fourth capacitance C3 1 as described above and outputs 

output power information to the switching means 10 

based on the present output power of the power amplifier 

1, when·the first and second switches 51 and 52 are closed, 

the third capacitance C1 ' and the third inductance L 2
1 

are shunted by the first switch S1 and the fourth 

capacitance C3 1 also is grounded through the second 

switch ··s2· so that th~ matching is conducted with· the 

maximum output power (~0 = 20) shown in FIG. 2. 

If the first and second switches 51 and 52 of the 

switching means 10 are closed, then matching is 

conducted with the small output power (Ro = 100). 

While the mechanical first and second switches 5 1 

and 52 are provided as the switching means 1 O shown in 

FIG. 3, as shown in FIG. 4, the switches S1 and S2 may 

be replaced with pin diodes CD1 and CD 2 and "ON"" signal 

and ''OFF'' signal may be outputted from the CPU 8 through 
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bias resistances R1 and R2 as output information so that 

when "ON° signal is outputted, matching may be 

conducted with the maximum output power and that when 

"OFF• signal is outputted, matching may be conducted 

with a predetermined middle· or low power. 

FIG. 5 shows frequency-gain characteristics 

obtained whe.n Ro = 1 Oil and Ro = 2 OQ are switched by the 

switching means .10 at the constants of the respective 

impedances of. the matching circuit 3 in which it is 
. . 

properly.matched by the output load Ro= 200 in the 

arrangements shown in FIGS. 3 and 4. 

. Characteristic curves 2 6 and 27 in FIG. 5 indicate 

characteristics obtained after Ro =.2on.and R6 =ion 

had been switched. As is clear from these 

characteristics, while the maximum gain was -1. 7 0.B as 

shown by. a characteristic curve 23 when. Ro= 100 data 

is not switched, the maximum gain obtained after the 

above data had been switched is +0. 8 dB as shown by_ the 

characteristic curve 27. 

Similarly, when the maximum gain was -6.94 dB as 

shown by a curve 2 5 when Ro = 20.Q is not switched, the 

maximum gain obtained after data had been switched 

becomes -2.7 dB as shown by the characteristic curve 

26. Thus, it can be understood that the maximum gains 

were both increased. 

While the impedance is switched in two stages of 

the maximum output and the predetermined small level 
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output in the above embodiments, it is clear that the 

output power required when the impedances are switched 

may be selected at least in ·two stages or more by the 

proper output power. It is possible that the impedances 

may be switched at the output power position with the 

highest frequency in which the power is used in the TPC. 

According to the matching apparatus of the present 

· invention, upon predetermined output power, since the 

impedance is switched and controlled in such a manner 

that the output impedance of the power amplifier and 

the impedance of the load such as an· antenna are matched 

with ea6h other, the power amplifier can be driven at 

the maximum efficiency regardless of the magnitude of 

the output power such as the maximum output power, the 

middle and small level output power. Further, the 

impedance can be s.wi tched and controlled by the o·utput 

from the CPU and the like. Since the detector for 

d_etecting the··present transmission power also is housed 

within the portable wi~ele_ss telepho.ne _set, when this 

detector is in use, the impedance matching can be· 

carried out only by software, and the matching 

apparatus can be constructed inexpensively. 

Furthermore, in the predetermined output power which 

uses much output power upon TPC, since the impedances 

are switched, controlled and properly matched, it 

becomes possible to obtain a transmission section in 

which the maximum output efficiency and the stability 
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can be achieved as the portable wireless telephone set. 

Having described pre~erred embodiments of the 

present invention with reference to the accompanying 

drawings, it is to be understood that the present 

invention is· not limited to the above-mentioned. 

embodiments and that various changes and modifications 

can be effected therein by one s"killed in the. art 

without departing from the spirit or· scope of the 

present invention as defined in the appended· claims. 
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What is claimed is: 

1. A matching apparatus comprising: 

power amplifying means for transmitting output 

power based on a command for instructing an output; 

matching mea_ns connected between said power 

amplifying means and a load; and 

switching meani for switch~ng input and output 

impedances of said matching means based on a command 

.foi in~tructing ~aid output power. 

2. A matching apparatus.according to claim 1; 

wherein said switching means is s~itched in multiple 

stages in response to a magnitude of output power. from. 

said power amplifying m~ans. 

3. A matching apparatus according to claim·l or 

2, wher~in when maximum output power is outputted from 

an output end of said po_wer amplifying m~ans, matching 

is conducted.with said matching means and when power 

is decreas~d from said maximum output power to 

predetermined output power, there is outputted a 

switching signal for switching said input and output 

impedances in which said matching means is matched to 

said decreased predetermined output power. 

4. A telephone set including matching apparatus 

according to any one .of the preceding claims. 
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