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(57) ABSTRACT 

A high power ampli?er system having low electric power 
consumption and a high dynamic range is provided. The 
high power ampli?er system receives at least one control 
signal for enabling selection of the maximum current and the 
minimum current, reference voltage, control voltage for 
controlling gain and an input signal and then selects the 
maximum and minimum currents in response to at least one 
control signal. If the control voltage for controlling gain, that 
is, the gain of an output signal with respect to an input signal 
has a high voltage value within a range between the maXi 
mum current and the minimum current, the high power 
ampli?er system magni?es the amount of current ?owing in 
an ampli?cation circuit therein. If the control voltage for 
controlling gain, that is, the gain of an output signal with 
respect to an input signal is low, the high power ampli?er 
system reduces the amount of current ?owing in the ampli 
?cation circuit. As a result, the high power ampli?er system 
keeps a high dynamic range within a predetermined voltage 
range of the control voltage and enables a particular amount 
of current to ?ow in case the control voltage is over the 
predetermined voltage range, thereby minimizing the 
amount of current ?owing therein. 
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FIG. 1 (PRIOR ART) 
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HIGH POWER AMPLIFIER SYSTEM HAVING 
LOW POWER CONSUMPTION AND HIGH 

DYNAMIC RANGE 

BACKGROUND 

[0001] 1. Technical Field 

[0002] The present invention relates to an ampli?er, and 
more particularly, to a high power ampli?er system 
employed in, e.g., a transmitting portion of a code division 
multiple access (CDMA) terminal, Which provides high 
dynamic range and minimiZes poWer consumption. 

[0003] 2. Description of Related Art 

[0004] Code division multiple access (CDMA) is a 
method for providing multiple-access Within the same fre 
quency using spread spectrum technology. Most CDMA 
functions are embodied in hardWare and softWare in a 
modem chip and every radio frequency (RF) circuit com 
prises a plurality of monolithic microWave integrated circuit 
(MMIC) chips. Each of the MMIC chips is a high-frequency 
integrated circuit that is manufactured by forming passive 
devices such as resistors, inductors and capacitors, as Well as 
active devices such as transistors and a ?eld effect transistors 
(FET), on one semiconductor substrate. MMIC chips can 
perform a variety of functions such as signal ampli?cation 
and frequency conversion. 

[0005] Prior to transmission of a signal from a terminal to 
a base station, the signal is preferably passed through an RF 
?lter and then ampli?ed to an appropriate level. Signal 
ampli?cation is typically performed using a variable gain 
ampli?er (VGA). 
[0006] FIG. 1 is a circuit diagram of a conventional 
variable gain ampli?er. The variable gain ampli?er com 
prises three transistors NPN1, NPN2 and NPN3 and tWo 
impedance components ZL and Z6. The transistor NPN3 has 
a base that receives an alternating current (AC) input signal 
Vin that varies about a ?Xed direct current (DC) bias voltage 
Vs. Control voltages having a potential difference AV are 
input to the bases of transistors NPN1 and NPN2 to control 
the gain of the variable gain ampli?er. The tWo impedance 
components ZL and Z6 are employed for controlling the gain 
of the variable gain ampli?er. The voltage gain AV of an 
output signal V0 with respect to the input signal Vin of the 
circuit can be expressed by formula (1): 

V0 gmZL l (1) 
Av : —_ a X — 

Vm l + gmZE DAV, 
l + e VT 

[0007] Where 

_ 1” 
gm — VT 

[0008] Referring to formula (1) and FIG. 1, in the con 
ventional variable gain ampli?er, the bias current Iee is ?Xed 
to a particular level by the DC bias voltage V5, and thus, the 
gain A, is controlled by adjustment of the potential differ 
ence AV betWeen the tWo control voltages. 
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[0009] A circuit that is used in a CDMA RF transmitting 
portion must have suf?cient linearity to satisfy recommen 
dations on adjacent channel poWer ratio (ACPR). ACPR 
indicates a ratio of the maXimum value of signal poWer 
transmitted from an assigned frequency band, that is, a 
corresponding channel, With respect to poWer in a different 
channel affected by the signal poWer. Particularly, as the 
poWer of the transmitted signal becomes closer to the 
maXimum permissible poWer value, it becomes increasingly 
dif?cult to satisfy the recommendations. Indeed, if output 
poWer reaches almost the maXimum poWer value, the poWer 
of a signal affecting a peripheral frequency band increases 
more signi?cantly than the poWer of the transmitted signal, 
and thus, the ACPR value decreases. 

[0010] To solve this problem, a large amount of bias 
current should be supplied. On the other hand, in a case 
Where the electric poWer of the transmitted signal is loW, the 
ACPR value increases, so that the ACPR recommendations 
can be sufficiently satis?ed. 

[0011] One requirement of the ACPR recommendations, 
hoWever, is for a transmitted signal to have a particular 
poWer value irrespective of the electric poWer of the trans 
mitted signal. Thus, in the prior art, a considerable amount 
of bias current Iee should continually be supplied to the 
ampli?cation circuit in order to satisfy the ACPR recom 
mendations. Consequently, the conventional ampli?cation 
scheme provides a disadvantage in terms of electric poWer 
consumption. 

SUMMARY OF THE INVENTION 

[0012] To solve the above problems, it is an object of the 
present invention to provide a high poWer ampli?cation 
system Which has a suf?cient dynamic range to satisfy 
ACPR recommendations and is capable of minimiZing 
poWer consumption. 

[0013] Accordingly, to achieve the above object, there is 
provided a high poWer ampli?er system including a voltage 
to-current converter Which outputs current in proportion to 
the difference voltage betWeen a reference voltage and a ?rst 
control voltage for controlling gain; a difference voltage 
generator Which outputs a second control voltage and a third 
control voltage in response to the output current of the 
voltage-to-current converter, Wherein the difference betWeen 
the second control voltage and third control voltage is the 
same as the difference betWeen the reference voltage and the 
?rst control voltage; a bias control circuit Which outputs bias 
control current through an output terminal in response to the 
output current of the voltage-to-current converter and at 
least one control signal; a resistance component having one 
end to Which the output current of the bias control circuit is 
applied and the other end Which is connected to an input 
terminal; and an ampli?cation circuit amplifying the input 
signal Which is received through the input terminal and 
varies about the output current of the bias control circuit 
applied through the resistance component in response to the 
second and third control voltages. The bias control circuit 
magni?es the amount of current ?oWing in the ampli?cation 
circuit in a case Where the ?rst control voltage, that is, the 
gain of the ampli?cation circuit, has a high voltage value 
Within a predetermined voltage range, reduces the amount of 
current ?oWing in the ampli?cation circuit in a case Where 
the ?rst control voltage, that is, the gain of the ampli?cation 
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circuit, is loW and controls the bias control current in order 
to make a particular amount of current How in a case Where 
the ?rst control voltage is over the predetermined voltage 
range. Therefore, the bias control circuit makes the bias 
control current maintain superior linearity Within a prede 
termined voltage range of the ?rst control voltage. In addi 
tion, in a case the ?rst control voltage is over the predeter 
mined voltage range, the bias control circuit controls the bias 
control current so that a particular amount of current can 
How in the ampli?cation circuit, and thus the current ?oWing 
in the ampli?cation circuit can be minimiZed. 

[0014] In another aspect of the present invention, the bias 
control circuit comprises a maximum/minimum current 
selection circuit Which receives at least one control signal, 
selects the maXimum current and the minimum current, 
outputs the selected maXimum current and introduces the 
difference current betWeen the maXimum current and the 
minimum current; a ?rst difference current generating circuit 
Which supplies the difference current betWeen the maXimum 
and minimum currents to the maximum/minimum current 
selection circuit, and mirrors and outputs the supplied dif 
ference current; a Fermi-Dirac function generating circuit 
Which generates current Which is in proportion to the Fermi 
Dirac function in response to the output current of the ?rst 
difference current generating circuit and the output current 
of the voltage-to-current converter; and a second difference 
current generating circuit Which generates and outputs the 
difference current betWeen the output current of the Fermi 
Dirac function generating circuit and the maXimum current. 

[0015] In yet another aspect of the present invention, the 
maximum/minimum current selection circuit comprises a 
plurality of maXimum current sources Which supplies the 
maXimum currents, each of the maXimum currents having a 
different siZe; a plurality of minimum current sources Which 
supplies the minimum currents, each of the minimum cur 
rents having a different siZe; a ?rst sWitch Which selects one 
from among the plurality of the maXimum current sources in 
response to a control signal; a second sWitch Which selects 
one from among the plurality of the minimum current 
sources in response to the control signal or another control 
signal; a difference current entrance terminal Which receives 
the difference current betWeen the maXimum current 
selected by the ?rst sWitch and the minimum current 
selected by the second sWitch; a ?rst bipolar transistor one 
end of Which is connected to the ?rst sWitch and the base of 
the ?rst bipolar transistor and the other end of Which is 
connected to supply poWer voltage; and a second bipolar 
transistor one end of Which is connected to the second sWitch 
and the difference current entrance terminal, the base of 
Which is connected to the base of the ?rst bipolar transistor 
and the other end of Which is connected to the supply poWer 
voltage ground. 

[0016] In another aspect, the ?rst current generating cir 
cuit comprises a ?rst MOS transistor Which one end of 
Which is connected to supply poWer voltage and the other 
end of Which is connected to the gate of the ?rst MOS 
transistor and supplies the difference current betWeen the 
maXimum current and the minimum current selected in the 
maximum/minimum current selection circuit through the 
difference current entrance terminal, a second MOS transis 
tor one end of Which is connected to the supply poWer 
voltage and a gate of Which is connected to the gate of the 
?rst MOS transistor and mirrors the difference current 
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?oWing in the ?rst MOS transistor, a third bipolar transistor 
one end of Which is connected to the base of the third 
transistor and the other end of the second MOS transistor 
and the other end of Which is connected to the supply poWer 
voltage. 
[0017] In yet another aspect, the Fermi-Dirac function 
generating circuit comprises a fourth bipolar transistor one 
end of Which is connected to the supply poWer voltage and 
the base of Which the output current of the voltage-to-current 
converter is applied to; a third MOS transistor one end of 
Which is connected to the supply poWer voltage and the other 
end of Which is connected to the gate of the third MOS 
transistor; a ?fth bipolar transistor one end of Which is 
connected to the other end of the third MOS transistor and 
the other end of Which is connected to the other end of the 
fourth bipolar transistor; a second resistance component one 
end of Which the output current of the voltage-to-current 
converter is applied to and the other end of Which is 
connected to the base of the ?fth bipolar transistor; a siXth 
bipolar transistor one end of Which is connected to the other 
end of the fourth bipolar transistor and the other end of the 
?fth bipolar transistor, the other end of Which is connected 
to the supply poWer voltage and the base of Which receives 
the mirrored output current of the ?rst difference current 
generating circuit; a ?rst diode Whose input terminal is 
connected to the other end of the second resistance compo 
nent; and a third resistance component one end of Which is 
connected to an output terminal of the ?rst diode and the 
other end of Which is connected to the supply poWer voltage. 

[0018] In another aspect, the second current generating 
circuit comprises a fourth MOS transistor, a ?fth MOS 
transistor, a seventh bipolar transistor, a siXth MOS transis 
tor, a eighth bipolar transistor, a ?fth resistance component 
and a fourth impedance component. One end of the fourth 
MOS transistor is connected to the supply poWer voltage and 
the gate of the fourth MOS transistor is connected to the gate 
of the third MOS transistor. One end of the ?fth MOS 
transistor is connected to the supply poWer voltage and the 
other end of the ?fth MOS transistor is connected to the gate 
of the ?fth MOS transistor and the other end of the fourth 
MOS transistor. One end of the seventh bipolar transistor is 
connected to the other end of the fourth MOS transistor and 
the other end of the ?fth MOS transistor and the other end 
of the seventh bipolar transistor is connected to the supply 
poWer voltage. The output current of the maximum/mini 
mum current selection circuit is applied to the base of the 
seventh bipolar transistor. One end of the siXth MOS tran 
sistor is connected to the supply poWer voltage and the gate 
of the siXth MOS transistor is connected to the gate of the 
?fth MOS transistor. One end of the eighth bipolar transistor 
is connected to the other end of the siXth MOS transistor and 
an output terminal. One end of the ?fth resistance compo 
nent is connected to the base of the eighth bipolar transistor 
and the other end of the ?fth resistance component is 
connected to the other end of the siXth MOS transistor. One 
end of the fourth impedance component is connected to the 
other end of the eighth bipolar transistor and the other end 
of the fourth impedance component is connected to the 
supply poWer voltage ground. 

[0019] In yet another aspect of the present invention, a 
method for controlling bias current in an ampli?er comprises 
the steps of: applying a control voltage to an ampli?er for 
controlling the gain of the ampli?er; generating a bias 
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control current for biasing the ampli?er; and dynamically 
adjusting the magnitude of the bias control current based on 
the magnitude of the control voltage to thereby minimize 
poWer consumption of the ampli?er. Preferably, the step of 
dynamically adjusting the magnitude of the bias control 
current comprises the steps of: linearly reducing the mag 
nitude of the bias control current as the control voltage 
decreases Within a predetermined range of control voltages; 
and linearly increasing the magnitude of the bias control 
current as the control voltage increases Within a predeter 
mined range of control voltages. Further, the magnitude of 
the bias control current is maintained to a ?xed value as the 
control voltage varies outside a predetermined range of 
control voltages. 

[0020] In another aspect of the present invention, the step 
of generating a bias control current for biasing the ampli?er 
comprises the steps of: selecting a maXimum and minimum 
current in response to a selection control signal; generating 
a difference current having a magnitude substantially equal 
to the difference betWeen the selected maXimum and mini 
mum currents; and generating a bias control current based 
on the difference current using a linear function. 

[0021] These and other aspects, features, and advantages 
of the present invention Will become apparent from the 
folloWing detailed description of the preferred embodi 
ments, Which is to be read in connection With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a circuit diagram of a conventional 
variable gain ampli?er; 

[0023] FIG. 2 is a block diagram illustrating a high poWer 
ampli?er system according to an embodiment of the present 
invention; 
[0024] FIG. 3 is a circuit diagram of a bias control circuit 
illustrated in FIG. 2 according to an embodiment of the 
present invention; 

[0025] FIG. 4 is an exemplary graphical diagram illus 
trating a relationship betWeen bias current and control 
voltage for controlling gain; and 

[0026] FIG. 5 is a Waveform diagram illustrating results 
of a computer simulation of the circuit illustrated in FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0027] FIG. 2 illustrates a high poWer ampli?er system 
according to an embodiment of the present invention. A 
preferred high poWer ampli?er system comprises a voltage 
to-current converter 210, a difference voltage generator 220, 
a bias control circuit 230, a ?rst resistance component R1 
and an ampli?cation circuit 240. 

[0028] In general, the voltage-to-current converter 210 
outputs a current IX, Wherein the current IX is in proportion 
to the difference betWeen reference voltage Vr and ?rst 
control voltage Vc for controlling gain. The difference 
voltage generator 220 outputs second control voltage V1 and 
third control voltage V2 in response to the current IX 
generated by the voltage-to-current converter 210. The bias 
control circuit 230 outputs bias control current Io in 
response to the current IX and a control signal Sc. 
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[0029] The output current Io of the bias control circuit 230 
?oWs through a resistance component R1 to an input termi 
nal Vin of the ampli?cation circuit 240. The resistance 
component is connected to the output of the bias control 
circuit 230 and the Vin terminal of the ampli?cation circuit 
240. In response to the second control signal V1 and the 
third control signal V2, the ampli?cation circuit 240 ampli 
?es an input signal applied to the Vin terminal. The input 
signal varies about a voltage generated across the ?rst 
resistance component R1 by the current Io output from the 
bias control circuit 230. 

[0030] If the gain of the ampli?cation circuit 240 has a 
high voltage value Within a predetermined voltage range of 
the ?rst control voltage Vc (i.e., if the ?rst control voltage 
Vc is high), the bias control circuit 230 generates a current 
Io that makes a large amount of current How in the ampli 
?cation circuit 240. On the contrary, if the gain of the 
ampli?cation circuit 240 is loW (i.e., if the ?rst control 
voltage Vc is loW), the bias control circuit 230 generates a 
current Io that makes a small amount of current How in the 

ampli?cation circuit 240 for the purpose of maintaining high 
linearity. In addition, When the ?rst control voltage Vc is 
greater than the predetermined voltage range, the bias con 
trol circuit 230 reduces the current of the ampli?cation 
circuit 240 to the minimum by controlling the bias control 
current Io to make a particular amount of current ?oW. 

[0031] FIG. 3 is a circuit diagram of the bias control 
circuit illustrated in FIG. 2 according to an embodiment of 
the present invention. In general, a preferred bias control 
circuit comprises a maximum/minimum current selection 
circuit 310, a ?rst difference current generating circuit 320, 
a Fermi Dirac (FD) function generating circuit 330 and a 
second difference current generating circuit 340. 

[0032] In response to a control signal Sc, the maXimum/ 
minimum current selection circuit 310 selects a maXimum 
current IM and a minimum current Im, outputs the selected 
maXimum current IM, and receives a difference current 
IM-Irn betWeen the maXimum current IM and the minimum 
current Irn via terminal diff1. The ?rst difference current 
generating circuit 320 supplies the difference current IM-Irn 
to the maximum/minimum current selection circuit 310 
through the difference current entrance terminal diff1 and 
mirrors the supplied current IM-Im. Then, the ?rst difference 
current generating circuit 320 outputs the current IM-Im. 

[0033] The FD function generating circuit 330 generates a 
current 

[0034] Which is in proportion to the fermi-dirac function) 
in response to the difference current IM-Irn of the ?rst 
difference current generating circuit 320 and the output 
current IX of the voltage-to-current converter. The second 
difference current generating circuit 340 generates and out 
puts a difference current 
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[0035] between the output current 

[0036] of the FD function generating circuit 330 and the 
maximum current IM. 

[0037] The maximum/minimum current selection circuit 
310 comprises a plurality of maximum/minimum current 
supply current sources Im1 through IrnN (Where N is an 
integer), a plurality of minimum current supply current 
sources Im1 through Irnn (Where n is an integer), a ?rst sWitch 
SW1, a second sWitch SW2, a ?rst bipolar transistor B1 and 
a second bipolar transistor B2. 

[0038] Each of the maXimum current supply current 
sources IM1 through IMN supplies a maXimum current having 
a different siZe. Each of the minimum current supply current 
sources Im1 through Irnn supplies a minimum current having 
a different siZe. The ?rst sWitch SW1 selects at least one of 
the maXimum current supply current source from the plu 
rality of maXimum current supply current sources IM1 
through IMN in response to a control signal (not shoWn) 
among one or more control signals Sc. The second sWitch 
SW2 selects a minimum current supply current source from 
the plurality of minimum current supply current sources Im1 
through Irnn in response to the control signal (not shoWn) or 
another control signal (not shoWn). The collector terminal of 
the ?rst bipolar transistor B1 is connected to the second 
sWitch SW2 and the base terminal of B1, and the emitter 
terminal of B1 is connected to supply poWer voltage GND. 
The base and collector terminal of bipolar transistor B1 are 
connected to node 311. The collector terminal of the second 
bipolar transistor B2 is connected to the second sWitch SW2 
and the difference current entrance terminal diff1 (Which, as 
noted above, receives the difference current IM-Irn betWeen 
the maXimum current IM and the minimum current Irn 
selected by the ?rst and second sWitches SW1 and SW2, 
respectively). The base of the second bipolar transistor B2 is 
connected to node 311 and the emitter terminal of the second 
bipolar transistor B2 is connected to the supply poWer 
voltage GND. 

[0039] The ?rst current generating circuit 320 comprises a 
?rst MOS transistor M1 operatively connected to the supply 
poWer voltage VDD and the gate of the ?rst MOS transistor 
M1 as shoWn, Which supplies the difference current IM-Irn 
through the difference current entrance terminal diff1. The 
?rst current generating circuit 320 further comprises a 
second MOS transistor M2 operatively connected to the 
supply poWer voltage VDD and the gate of the ?rst MOS 
transistor M1 as shoWn. The second MOS transistor mirrors 
the difference current IM-Irn ?oWing in the ?rst MOS tran 
sistor M1. The ?rst current generating circuit 320 further 
comprises a third bipolar transistor B3 operatively con 
nected betWeen the second MOS transistor M2 and the 
supply poWer voltage GND as shoWn. 
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[0040] The FD function generating circuit 330 comprises 
a fourth bipolar transistor B4, a third MOS transistor M3, a 
?fth bipolar transistor B5, a second resistance component 
R2, a siXth bipolar transistor B6, a ?rst diode D1 and a third 
resistance component R3. The collector terminal of the 
fourth bipolar transistor B4 is connected to the supply poWer 
voltage VDD. The output current IX of the voltage-to-current 
converter 210 is applied to the base of the fourth bipolar 
transistor B4. One terminal of the third MOS transistor M3 
is operatively connected to the supply poWer voltage VDD 
and another terminal of the third MOS transistor M3 is 
connected to the gate of the third MOS transistor M3. The 
collector of the ?fth bipolar transistor B5 is connected to the 
third MOS transistor M3 and the emitter of the ?fth bipolar 
transistor B5 is connected to the emitter of the fourth bipolar 
transistor B4. The current IX (Which is output from the 
voltage-to-current converter 210) is applied to the second 
resistance component R2 Which is connected to the base 
terminal of the ?fth bipolar transistor B5. The collector 
terminal of the siXth bipolar transistor B6 is connected to the 
emitter terminals of the fourth and ?fth bipolar transistors 
B4, B5, the emitter terminal of the siXth bipolar transistor B6 
is connected to the supply poWer voltage GND and the base 
terminal of the siXth bipolar transistor B6 is connected to the 
base terminal of the third bipolar transistor B3. The input 
terminal of the ?rst diode D1 is connected to the second 
resistance component R2 and the base terminal of the ?fth 
bipolar transistor B5. The third resistance component R3 is 
connected betWeen an output terminal of the ?rst diode D1 
and the supply poWer voltage GND. 

[0041] The second current generating circuit 340 com 
prises a fourth MOS transistor M4, a ?fth MOS transistor 
M5, a seventh bipolar transistor B7, a siXth MOS transistor 
M6, an eighth bipolar transistor B8, a ?fth resistance com 
ponent R5 and a fourth impedance component Z1. The 
fourth MOS transistor M4 is connected to the supply poWer 
voltage VDD and the gate terminal of the fourth MOS 
transistor M4 is connected to the gate of the third MOS 
transistor M3. One terminal of the ?fth MOS transistor M5 
is connected to the supply poWer voltage VDD and the other 
terminal of the ?fth MOS transistor M5 is operatively 
connected to the gate of the ?fth MOS transistor M5 and a 
terminal of the fourth MOS transistor M4 as shoWn. The 
collector terminal of the seventh bipolar transistor B7 is 
connected to the fourth MOS transistor M4 and the ?fth 
MOS transistor M5 as shoWn, and the emitter of the seventh 
bipolar transistor B7 is connected to the supply poWer 
voltage GND. The output current IM of the maXimum/ 
minimum current selection circuit 310 is applied to the base 
terminal of the seventh bipolar transistor B7 via node 311. 
One terminal of the siXth MOS transistor M6 is connected to 
the supply poWer voltage VDD and the gate of the siXth 
MOS transistor M6 is connected to the gate of the ?fth MOS 
transistor M5. The collector terminal of the eighth bipolar 
transistor B8 is connected to the siXth MOS transistor M6 
and an output terminal Io. The ?fth resistance component R5 
is connected to the base terminal of the eighth bipolar 
transistor B8 and the siXth MOS transistor M6. The fourth 
impedance component Z1 is connected betWeen the emitter 
terminal of the eighth bipolar transistor B8 and the supply 
poWer voltage GND. 

[0042] In the conventional variable gain ampli?er illus 
trated in FIG. 1, after a degeneration inductor is loaded in 
the impedance component Ze connected to the emitter of the 
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NPN transistor NPN3, the conventional variable gain ampli 
?er is operated at a high frequency 

[0043] of about 1 GhZ. In this situation, the gain of the 
variable gain ampli?er is not sensitive to the bias current lee. 
Advantageously, a high poWer ampli?er system according to 
an embodiment of the present invention provides a mecha 
nism for varying the bias current lee depending on the 
control voltage Vc. This mechanism alloWs the high poWer 
ampli?er system to have a high dynamic range due to a 
uniform gain gradient and affords a reduction in the poWer 
consumption. 

[0044] If the gain is high Within a predetermined voltage 
range of the ?rst control voltage, in other Words, if the ?rst 
control voltage is high, the bias current is made to be high. 
If the gain is loW, the bias current is reduced. On the other 
hand, if the ?rst control voltage is over or beloW a particular 
voltage level, the bias current is ?Xed to a predetermined 
value, thereby making the circuit operate like an AB-class of 
ampli?er. Here, the predetermined voltage range of the ?rst 
control voltage is determined by the maXimum and mini 
mum current values. 

[0045] The bias current is ?Xed to either the maXimum or 
the minimum Within the predetermined range of the ?rst 
control voltage, thereby obtaining superior linearity. In the 
present invention, current obtained from formula (2) is made 
to How so that the bias current has a monotonic function 
relationship to prevent discontinuity and enable formation of 
a circuit. 

[0046] To obtain a desired value from formula (2), the tWo 
difference current generating circuits 320 and 340 and the 
FD function generating circuit 330 are combined together. 
Referring to FIG. 2, a high dynamic range can be obtained 
in a loW poWer consumption state by using the output 
voltages V1 and V2 of the difference voltage generator 220 
or operating the ampli?er circuit 240 through adjustment of 
the bias control circuit 230. 

[0047] Particularly, in a case Where the high poWer ampli 
?er system is used in an output driver of a CDMA terminal, 
the control voltage Vc is connected to a mobile station 
modem (MSM). Then, if there is no considerable change in 
the gain and the output voltage is high, the high poWer 
ampli?er system is operated like a class-AB mode, thereby 
enhancing linearity. If the output voltage is loW, noise is 
reduced, thereby obtaining a high dynamic range in a loW 
poWer consumption state. 

[0048] FIG. 4 is an exemplary graphical diagram illus 
trating the relationship betWeen control voltage Vc for 
controlling gain and bias current Iee. As shoWn in FIG. 4, 
according to the conventional method, the bias current (a) of 
a ?Xed amount (e.g., 7 mA) should be supplied irrespective 
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of the control voltage Vc for controlling gain. HoWever, in 
accordance With an embodiment of the present invention, 
the bias current (b) varies from, e.g., 3 mA to 7 mA 
depending on the control voltage Vc for controlling gain, 
thereby minimiZing poWer consumption. 

[0049] FIG. 5 is a Waveform diagram illustrating results 
of computer simulation of the circuit illustrated in FIG. 3, 
Wherein the magnitude of lml, ImZ, 1M1, and 1M2 are adjusted 
to 0.04 mA, 0.08 mA, 0.18 mA and 0.36 mA, respectively. 
In the case of the curve (a), Im2 and IM2 are ?Xed to 0.08 mA 
and 0.36 mA, respectively. In the case of the curve (b), Im1 
and IM2 are ?Xed to 0.04 mA and 0.36 mA, respectively. In 
the case of the curve (c), Im2 and IM1 are ?Xed to 0.08 mA 
and 0.18 mA, respectively. In the case of the curve (d), Im1 
and IM1 are ?Xed to 0.04 mA and 0.18 mA, respectively. 
Under these conditions, if the control voltage Vc is 
increased, bias current is determined to be a particular value 
betWeen the selected minimum and maXimum current val 
ues. If the control voltage Vc is over 2.5 V, the bias current 
has a ?Xed current value and shoWs class-AB output char 
acteristics. 

[0050] While this invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

[0051] As described above, the high poWer ampli?er sys 
tem according to the present invention selects the maXimum 
current and the minimum current depending on a control 
signal and controls the amount of current depending on the 
degree to Which an input signal is ampli?ed and outputted. 
Therefore, a high poWer ampli?er system according to an 
embodiment of the present invention provides loW electric 
poWer consumption With a high dynamic range. 

What is claimed is: 
1. A high poWer ampli?er system, comprising: 

a voltage-to-current converter for generating a ?rst con 
trol current in proportion to the difference voltage 
betWeen a reference voltage and a ?rst control voltage 
for controlling gain; 

a difference voltage generator Which outputs a second 
control voltage and a third control voltage in response 
to the ?rst control current, Wherein the difference 
betWeen the second control voltage and third control 
voltage is substantially similar to the difference 
betWeen the reference voltage and the ?rst control 
voltage; 

a bias control circuit Which generates a bias control 
current in response to the ?rst control current and at 
least one control signal; 

a resistance component connected to the output of the bias 
control circuit and an input terminal; and 

an ampli?cation circuit for amplifying an input signal 
Which is received through the input terminal in 
response to the second and third control voltages, 
Wherein the input signal varies about a bias voltage 
generated by applying the bias control current through 
the resistance component, 
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wherein the bias control circuit increases the magnitude of 
the bias current ?owing in the ampli?cation circuit as 
the magnitude of the ?rst control voltage increases 
Within a predetermined range of control voltages, 
Wherein the bias control circuit decreases the magni 
tude of the bias current ?oWing in the ampli?cation 
circuit When the as the magnitude of the ?rst control 
voltage decreases Within the predetermined range of 
control voltages, and Wherein the bias control circuit 
controls the bias control current to generated a ?Xed 
magnitude bias current How in the ampli?cation circuit 
When the magnitude of the ?rst control voltage is 
outside the predetermined range of control voltages. 

2. The high poWer ampli?er system of claim 1, Wherein 
the bias control circuit comprises: 

a maximum/minimum current selection circuit Which, in 
response to at least one control signal, selects a maXi 
mum current and a minimum current, and outputs the 
selected maXimum current; 

a ?rst difference current generating circuit Which gener 
ates and mirrors a ?rst difference current betWeen the 
selected maXimum and minimum currents, and outputs 
the ?rst difference current to the maximum/minimum 
current selection circuit; 

a Fermi-Dirac function generating circuit Which generates 
a current substantially in proportion to the Fermi-Dirac 
function in response to the ?rst difference current and 
the ?rst control current output from the voltage-to 
current converter; and 

a second difference current generating circuit Which gen 
erates and outputs a second difference current betWeen 
the selected maXimum current and the output current of 
the Fermi-Dirac function generating circuit. 

3. The high poWer ampli?er system of claim 2, Wherein 
the maximum/minimum current selection circuit comprises: 

a plurality of maXimum current sources each supplying a 
maXimum current of a different magnitude; 

a plurality of minimum current sources each supplying a 
minimum current of a different magnitude; 

a ?rst sWitch for selecting one of the maXimum current 
sources in response to a control signal; 

a second sWitch for selecting one of the minimum current 
sources in response to a control signal; 

an input terminal Which receives the ?rst difference 
current; 

a ?rst bipolar transistor operatively connected to the ?rst 
sWitch and supply poWer ground, Wherein the collector 
and base of the ?rst bipolar transistor are connected; 
and 

a second bipolar transistor operatively connected to the 
second sWitch and supply poWer ground, Wherein the 
base of the second bipolar transistor is connected to the 
base of the ?rst bipolar transistor, and Wherein the 
collector of the second bipolar transistor is connected to 
the input terminal. 

4. The high poWer ampli?er system of claim 2, Wherein 
the ?rst difference current generating circuit comprises: 

a ?rst MOS transistor, operatively connect to supply 
poWer voltage and the maximum/minimum current 
selection circuit, for supplying the ?rst difference cur 
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rent to the maximum/minimum current selection circuit 
through a difference current entrance terminal; 

a second MOS transistor, operatively connected to supply 
poWer voltage and the ?rst MOS transistor, for mirror 
ing the ?rst difference current ?oWing in the ?rst MOS 
transistor; 

a third bipolar transistor, operatively connected to the 
second MOS transistor and supply poWer voltage 
ground, Wherein the base and collector of the third 
bipolar transistor are connected. 

5. The high poWer ampli?er system of claim 2, Wherein 
the Fermi-Dirac function generating circuit comprises: 

a fourth bipolar transistor operatively connected to supply 
poWer voltage, Wherein the base of the fourth bipolar 
transistor receives as input the ?rst control current 
output from the voltage-to-current converter; 

a third MOS transistor operatively connected to supply 
poWer voltage; 

a ?fth bipolar transistor operatively connected to the third 
MOS transistor and the fourth bipolar transistor; 

a second resistance component, connected to the base of 
the fourth and ?fth bipolar transistors, Wherein the ?rst 
control current output from the voltage-to-current con 
verter is applied to the second resistance component; 

a siXth bipolar transistor, operatively connected to the 
fourth and ?fth bipolar transistors and supply poWer 
voltage ground, Wherein the base of the siXth bipolar 
transistor is operatively connected to the ?rst difference 
current generating circuit for receiving the mirrored 
?rst difference current; 

a ?rst diode, operatively connected to the second resis 
tance component; and 

a third resistance component, operatively connected to the 
output of the ?rst diode and supply poWer voltage 
ground. 

6. The high poWer ampli?er system of claim 5, Wherein 
the second difference current generating circuit comprises: 

a fourth MOS transistor operatively connected to supply 
poWer voltage and the third MOS transistor; 

a ?fth MOS transistor operatively connected to supply 
poWer voltage and the fourth MOS transistor; 

a seventh bipolar transistor operatively connected to the 
fourth MOS transistor, the ?fth MOS transistor and 
supply poWer voltage ground, Wherein output of the 
maximum/minimum current selection circuit is con 
nected to the base of the seventh bipolar transistor; 

a siXth MOS transistor operatively connected to the gate 
of the ?fth MOS transistor, supply poWer voltage and 
an output terminal of the bias control circuit; 

an eighth bipolar transistor operatively connected to the 
siXth MOS transistor and the output terminal of the bias 
control circuit; 

a ?fth resistance component operatively connected to the 
base of the eighth bipolar transistor and the output 
terminal of the bias control circuit; and 

a fourth impedance component operatively connected to 
the eighth bipolar transistor and the supply poWer 
voltage ground. 
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7. A method for controlling bias current in an ampli?er, 
comprising the steps of: 

applying a control voltage to an ampli?er for controlling 
the gain of the ampli?er; 

generating a bias control current for biasing the ampli?er; 
and 

dynamically adjusting the magnitude of the bias control 
current based on the magnitude of the control voltage 
to thereby minimize poWer consumption of the ampli 
?er. 

8. The method of claim 7, Wherein the step of dynamically 
adjusting the magnitude of the bias control current com 
prises the steps of: 

linearly reducing the magnitude of the bias control current 
as the control voltage decreases Within a predetermined 
range of control voltages; and 

linearly increasing the magnitude of the bias control 
current as the control voltage increases Within the 
predetermined range of control voltages. 

9. The method of claim 8, Wherein the step of dynamically 
adjusting the magnitude of the bias control current com 
prises the step of: 

maintaining the magnitude of the bias control current to a 
?xed value as the control voltage varies outside the 
predetermined range of control voltages. 

10. The method of claim 7, Wherein the step of generating 
a bias control current for biasing the ampli?er comprises the 
steps of: 

selecting a maXimum and minimum current in response to 
a selection control signal; 

generating a difference current having a magnitude sub 
stantially equal to the difference betWeen the magnitude 
of the selected maXimum and minimum currents; and 

generating a bias control current based on the difference 
current using a linear function. 

11. The method of claim 10, Wherein the linear function 
comprises a Fermi Dirac function. 

12. The method of claim 10, Wherein the magnitude of the 
bias control current varies betWeen the magnitude of the 
maXimum and minimum currents Within a predetermined 
range of control voltages. 

13. The method of claim 10, Wherein the step of gener 
ating a bias control current based on the difference current 
using a linear function comprises the steps of: 

generating a ?rst difference current having a magnitude 
substantially equal to the difference betWeen the maXi 
mum and minimum currents; 

mirroring the ?rst difference current; 

applying the mirrored ?rst difference current to a fermi 
dirac function circuit to generate a current in accor 
dance With a fermi-dirac function; and 

generating a second difference current substantially equal 
to the difference betWeen the maXimum current and the 
current generated in accordance With the fermi-dirac 
function, Wherein the control bias current comprises the 
second difference current. 

14. A system for controlling bias current in an ampli?er, 
comprising: 
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means for applying a control voltage to an ampli?er for 
controlling the gain of the ampli?er; 

means for generating a bias control current for biasing the 
ampli?er; and 

means for dynamically adjusting the magnitude of the 
bias control current based on the magnitude of the 
control voltage to thereby minimiZe poWer consump 
tion of the ampli?er. 

15. The system of claim 14, Wherein the means for 
dynamically adjusting the magnitude of the bias control 
current comprises: 

means for linearly reducing the magnitude of the bias 
control current as the control voltage decreases Within 
a predetermined range of control voltages; and 

means for linearly increasing the magnitude of the bias 
control current as the control voltage increases Within 
the predetermined range of control voltages. 

16. The system of claim 15, Wherein the means for 
dynamically adjusting the magnitude of the bias control 
current comprises: 

means for maintaining the magnitude of the bias control 
current to a ?Xed value as the control voltage varies 
outside the predetermined range of control voltages. 

17. The system of claim 14, Wherein the means for 
generating a bias control current for biasing the ampli?er 
comprises: 

means for selecting a maXimum and minimum current in 
response to a selection control signal; 

means for generating a difference current having a mag 
nitude substantially equal to the difference betWeen the 
magnitude of the selected maXimum and minimum 
currents; and 

means for generating a bias control current based on the 
difference current using a linear function. 

18. The system of claim 17, Wherein the linear function 
comprises a Fermi Dirac function. 

19. The system of claim 17, Wherein the magnitude of the 
bias control current varies betWeen the maXimum and mini 
mum currents Within a predetermined range of control 
voltages. 

20. The system of claim 17, Wherein the means for 
generating a bias control current based on the difference 
current using a linear function comprises: 

means for generating a ?rst difference current having a 
magnitude substantially equal to the difference betWeen 
the maXimum and minimum currents; 

means for mirroring the ?rst difference current; 

means for applying the mirrored ?rst difference current to 
a fermi-dirac function circuit to generate a current in 
accordance With a fermi-dirac function; and 

means for generating a second difference current substan 
tially equal to the difference betWeen the maXimum 
current and the current generated in accordance With 
the fermi-dirac function, Wherein the control bias cur 
rent comprises the second difference current. 


