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(57) ABSTRACT 

A high-frequency ampli?er circuit includes an amplifying 
transistor and a bias circuit directly connected to said 
amplifying transistor. The bias circuit includes a bias tran 
sistor having a control terminal and an inductor coupled to 
the control terminal, and the bias transistor also has an 
output terminal directly connected to the amplifying tran 
sistor. A resistor is connected in series With the inductor, and 
the series-connected components are connected in the circuit 
betWeen the control terminal and a poWer supply terminal. 
By providing an inductor in the ampli?er in this manner, 
loading effects on the amplifying transistor at high frequen 
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HIGH-FREQUENCY AMPLIFIER CIRCUIT 
HAVING A DIRECTLY-CONNECTED BIAS 

CIRCUIT 

FIELD OF THE INVENTION 

[0001] The invention is in the ?eld of transistor ampli?er 
circuits, and relates more particularly to high-frequency 
ampli?er circuits and bias circuits for such ampli?er circuits. 

BACKGROUND OF THE INVENTION 

[0002] In high-frequency ampli?er circuits, the output 
stage is typically a bipolar transistor connected in a com 
mon-emitter con?guration, biased With either a voltage 
source or a current source providing a bias signal at the base 
of the output stage transistor. 

[0003] In IC technology, a straightforward Way of biasing 
the output stage is to use a current-mirror circuit Where the 
output stage is part of the current-mirror circuit. The quies 
cent DC current in the output stage can be directly controlled 
by a constant current in the current-mirror circuit. Typically, 
the bias of the amplifying transistor is provided by the 
current-mirror circuit through a resistor. HoWever, the use of 
a resistor results in an increase in poWer loss in the circuit. 
This loss may be quite signi?cant When a large current ?oWs 
through the resistor. 

[0004] In order to reduce or eliminate this loss and provide 
RF isolation betWeen the amplifying transistor and the 
biasing circuit, it has been suggested to use an inductor 
instead of a resistor to couple the bias circuit to the base of 
the RF ampli?er transistor, as shoWn for eXample in US. 
Pat. No. 6.043,714. HoWever, this is not a complete solution 
to the problem, since parasitic resistance from the inductor 
can still cause a poWer loss and furthermore, it may cause a 
mismatch betWeen the transistor pair in the current-mirror 
circuit due to the parasitic resistance. In some IC ampli?er 
designs, these problems can be reduced by employing an 
external inductor, having a loWer parasitic resistance than 
that of an on-chip inductor, but With many circuits this Will 
require tWo bonding pads for eXternal connection. This is 
relatively undesirable, since bonding pads are alWays at a 
premium in IC design. 

[0005] Accordingly, it Would be desirable to have a high 
frequency ampli?er circuit in Which a bias circuit is 
employed Which minimiZes mismatch, minimiZes poWer 
loss, and permits an eXternal component connection, if 
required, to be done With only a single bonding pad. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the invention to provide 
a high-frequency ampli?er circuit in Which a bias circuit is 
provided Which minimiZes mismatch, minimiZes poWer loss 
due to parasitic resistance in an inductor, and permits an 
external component to be connected With only a single 
bonding pad. 

[0007] In accordance With the invention, these objects are 
achieved by a neW high-frequency ampli?er circuit Which 
includes an amplifying transistor and a bias circuit directly 
connected to the amplifying transistor. The bias circuit 
includes a bias transistor having a control terminal and an 
inductor coupled to the control terminal, With the bias 
transistor also having an output terminal directly connected 
to the amplifying transistor. 
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[0008] In a preferred embodiment of the invention, a 
resistor is connected in series With the inductor coupled to 
the control terminal of the bias transistor, and the resistor 
and inductor are coupled betWeen the control terminal and a 
poWer supply terminal. 

[0009] In a further preferred embodiment of the invention, 
an additional transistor is provided having a control terminal 
connected to the output terminal of the bias transistor and an 
output terminal connected to the control terminal of the bias 
transistor. 

[0010] High-frequency ampli?er circuits in accordance 
With the present invention offer a signi?cant improvement in 
that mismatch effects and poWer losses due to parasitic 
resistance are minimiZed and the connection of an eXternal 
component such as an inductor is simpli?ed. 

[0011] These and other aspects of the invention Will be 
apparent from and elucidated With reference to the embodi 
ments to be described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] The invention may be more completely understood 
With reference to the folloWing description, to be read in 
conjunction With the accompanying draWing, in Which the 
single FIGURE shoWs a simpli?ed schematic diagram of a 
high-frequency ampli?er circuit in accordance With the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] A simpli?ed schematic diagram of a high-fre 
quency ampli?er circuit 1 is shoWn in the single FIGURE of 
the draWing. The ampli?er circuit 1 includes an amplifying 
transistor 2 and a bias circuit 3 having a bias transistor 4 
Which has its emitter directly connected to the base of the 
amplifying transistor 2. The bias circuit 3 also includes an 
additional transistor 6 having its collector connected to the 
base of transistor 4 and its base connected to the emitter of 
transistor 4. In the illustrative embodiment shoWn, transistor 
6 is con?gured in a common-emitter mode and transistor 4 
is con?gured in an emitter-folloWer mode of operation. 

[0014] An RF signal to be ampli?ed is provided at termi 
nal Vin through a coupling capacitor 8 to the base of 
transistor 2, and an ampli?ed output signal is taken from the 
collector of transistor 2 at terminal Vout, Which is also 
coupled to a poWer supply terminal Vcc through an inductor 
10. The bias circuit 3 and amplifying transistor 2 are both 
coupled betWeen the poWer supply terminal Vcc and a 
common terminal, shoWn here as a ground terminal gnd. 

[0015] In accordance With the invention, an inductor 12, 
here connected in series With a resistor 14, is coupled 
betWeen Vcc and the base of bias transistor 4, With the 
output of the bias circuit being directly connected to the 
amplifying transistor by a direct connection betWeen the 
emitter of transistor 4 and the base of transistor 2. 

[0016] In the prior art, bias circuits are typically coupled 
to the amplifying transistor by either a resistor or an induc 
tor. HoWever, these techniques can give rise to a number of 
disadvantages, including nonlinearity, mismatch, poWer 
loss, and the necessity for tWo eXtra bonding pads When an 
off-chip inductor is used. In accordance With the present 
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invention, these problems are reduced or eliminated by 
directly connecting the bias circuit to the amplifying tran 
sistor, and providing the inductor 12 in series With the 
resistor 14 at a portion of the bias circuit remote from its 
connection to the amplifying transistor. In this con?guration, 
the inductor 12 Will have substantially no effect on the DC 
characteristics of the circuit, but Will effectively reduce or 
eliminate the RPF loading effect of resistor 14 on the 
amplifying transistor 2, a problem that Would otherWise be 
particularly severe in circuits operating With a loW poWer 
supply voltage. Operational advantages of the disclosed 
circuit include a more constant gain over a Wider output 
range and improved linearity, advantages that are particu 
larly important in applications such as Wireless digital 
communication circuits. 

[0017] Computer simulation results on a PCS-CDMA lin 
ear poWer ampli?er indicate that the provision of inductor 12 
can result in an improvement in ACPR (Adjacent Channel 
PoWer Ratio) of about 8 dB With the poWer ampli?er starting 
to saturate later When the inductor is provided. 

[0018] It should be noted that the inductor 12 can be 
provided on-chip or off-chip. If the inductor is provided 
off-chip, the invention offers the additional advantage of 
requiring less chip area and one less bonding pad, because 
only one internal bonding pad is required since one side of 
the inductor can be connected to Vcc outside the chip. 

[0019] In this manner, the present invention provides a 
poWer ampli?er circuit With a bias circuit Which reduces or 
eliminates mismatch problems, poWer losses, eXternal com 
ponent connection complexity and performance degradation 
due to loading effects of prior-art bias circuits. These fea 
tures translate into the performance advantages of a more 
constant gain over a Wider output range and improved 
linearity in poWer ampli?er applications such as Wireless 
digital communications. 
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[0020] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment 
thereof, it Will be understood by those skilled in the art that 
various changes in form and detail may be made Without 
departing from the spirit and scope of the invention. Thus, 
for eXample, different types of transistors, bias circuits, and 
amplifying transistor circuits may be employed as appropri 
ate, and alternations to the circuit con?guration may be 
made to suit particular design requirements. 

What is claimed is: 

1. A high-frequency ampli?er circuit comprising an 
amplifying transistor and a bias circuit directly connected to 
said amplifying transistor, said bias circuit comprising a bias 
transistor having a control terminal and an inductor coupled 
to said control terminal, and said bias transistor having an 
output terminal directly connected to said amplifying tran 
sistor. 

2. A high-frequency ampli?er circuit as in claim 1, further 
comprising a resistor connected in series With said inductor. 

3. A high-frequency ampli?er circuit as in claim 2, 
Wherein said resistor and inductor are coupled betWeen said 
control terminal and a poWer supply terminal. 

4. A high-frequency ampli?er circuit as in claim 3, further 
comprising an additional transistor having a control terminal 
connected to said output terminal of the bias transistor and 
an output terminal connected to said control terminal of the 
bias transistor. 

5. A high-frequency ampli?er circuit as in claim 4, 
Wherein said transistors are bipolar transistors. 


