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(57) ABSTRACT 

Abias network for a radio frequency signal power ampli?er. 
A current source is connected to a source of band gap 
voltage and produces a current proportional to the voltage. 
Areference voltage circuit receives the current and produces 
a voltage which is proportional to the current, as well as 
changes in temperature. An operational ampli?er is used to 
connect the reference voltage to the power ampli?er, so that 
the power ampli?er is effectively isolated from the reference 
voltage circuit and current bearer circuit. Apower ampli?er 
breakdown protection circuit is connected across the output 
of the operational ampli?er for diverting avalanche current 
produced form the power ampli?er away from the power 
ampli?er when the power ampli?er output is mismatched 
through the antenna. Baseband signal transmission from the 
power ampli?er to the bias network circuit is also signi? 
cantly reduced, thus avoiding the generation of spurious 
radiation components. 
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ACTIVE BIAS NETWORK CIRCUIT FOR RADIO 
FREQUENCY AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the portable tele 
phone communications art. Speci?cally, an active bias net 
Work circuit is described Which provides a stable reference 
voltage to a radio frequency ampli?er. 

[0002] Portable telephone communications require a 
transmitter Which is small and Which conserves battery 
poWer. Additionally, these loW poWer transmitters are sub 
ject to both a changing battery poWer supply voltage, Which 
varies betWeen a high charge level, after being charged, to a 
loWer voltage level When the battery of the telephone 
discharges. The poWer ampli?er of the telephone transmitter 
is also subject to thermal overload, due to re?ected poWer 
from the antenna When it is not impedance matched to the 
ampli?er output stage. Under re?ected poWer conditions, a 
current is produced from the bipolar transistors of the 
ampli?er Which can produce a thermal runaWay condition. 
Additionally, during operation, certain types of modulation, 
such as CDMA for instance, Will produce a baseband 
modulation component Which enters the bias netWorks for 
the output ampli?er. Under these conditions, the baseband 
modulation entering the bias netWork circuit may and be 
conveyed to other circuits, producing undesirable spurious 
radiation components in the output poWer spectrum. 

[0003] In order to protect the telephone transmitter from 
these conditions, a bias netWork must be provided Which is 
isolated from the poWer ampli?cation stages, and the poWer 
ampli?cation stages must be protected against high voltage 
currents Which Would produce the thermal runaWay condi 
tion. Further, these protections must be implemented so that 
an acceptable current drain is imposed on the battery poWer 
supply for the telephone. 

SUMMARY OF THE INVENTION 

[0004] A bias netWork for a poWer ampli?er is provided 
Which is isolated from baseband signals and radio frequency 
signals produced by the poWer ampli?er. A current source is 
connected to a source of band gap voltage Which produces 
a current proportional to the band gap voltage. A reference 
voltage circuit receives the current and produces a voltage 
proportional to the current and to the temperature of the 
device. The voltage is applied as a bias voltage through an 
operational ampli?er to the poWer ampli?er output transis 
tors. The operational ampli?er isolates the current source 
and reference voltage circuit from any baseband signal 
emanating from the poWer ampli?er output stage. A poWer 
ampli?er breakdoWn protection circuit is also connected to 
the poWer ampli?er output stage to divert avalanche current 
Which is produced by the poWer ampli?er during an antenna 
mismatch or high supply voltage condition. Under these 
circumstances, the diversion of the current keeps the tran 
sistors of the poWer ampli?er output stage from entering a 
thermal runaWay mode. 

[0005] In accordance With a preferred embodiment of the 
invention, a voltage regulator circuit is also connected in 
series to the poWer ampli?er output stage transistors. The 
voltage regulator maintains the voltage to the poWer ampli 
?er output transistors at a substantially constant level during 
a high battery voltage condition. As the supply voltage 
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decreases, the regulator ceases operation and the full poWer 
supply voltage is applied to the output transistors. 

DESCRIPTION OF THE FIGURES 

[0006] FIG. 1 illustrates the block diagram of a tWo stage 
portable telephone transmitter output ampli?er; 

[0007] FIG. 2 illustrates the bias netWork in accordance 
With a preferred embodiment of the invention; 

[0008] FIG. 3 is a schematic illustration of a second 
embodiment of the invention Which controls the dissipation 
of avalanche current; and 

[0009] FIG. 4 illustrates a poWer protection circuitry for 
preventing the effects of battery supply voltage on the 
generation of baseband frequency components on the bias 
circuit netWork. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0010] FIG. 1 is a block diagram illustrating the poWer 
ampli?cation circuit for a portable telephone. A signal 
generator applies a radio frequency signal at input 10 Which 
is to be ampli?ed and applied to an antenna terminal 21. The 
source of RF input signal is impedance matched With 
impedance matching netWork 13 to a driver ampli?cation 
stage 11. The driver ampli?cation stage 11 is impedance 
matched by the interstage matching netWork 14 to an output 
poWer ampli?er stage 12. The output poWer ampli?er stage 
12 is in turn impedance matched via the output matching 
netWork 20 to an output port 21 connected to an antenna. 
The poWer ampli?cation stages 11 and 12 are connected to 
a poWer supply 19 Which is a multicell battery poWer supply. 
The battery poWer supply 19 applies both the operating 
voltage to the driver stage 11 and poWer stage 12, as Well as 
an operating voltage for a band gap circuit 17 and bias 
netWork 16. The band gap circuit 17 conventionally pro 
duces a reference voltage of approximately 1.186 volts 
Which, in the preferred embodiment, is used by the bias 
netWork 16 to establish a bias voltage for the driver stage 11 
and poWer stage 12. 

[0011] One of the common problems encountered With the 
poWer ampli?er of FIG. 1 is the condition of a mismatch 
betWeen the poWer ampli?cation stage 12 and antenna 
connected to the output port 21. During a mismatch, Which 
results in portable telephones on a frequent basis due to the 
frequent changes in position of the antenna versus its 
environment re?ected poWer is applied to the poWer ampli 
?cation stage 12. The re?ected poWer produces a current 
Which ?oWs through the collector-base junction, and thence 
through the base-emitter junction. An unstable thermal run 
aWay condition for the transistors of the output poWer 
ampli?cation stage 12 results causing the transistors to fail. 
Further, the bias netWork 16 Which is connected to the 
supply voltage and other circuits of the telephone, may 
conduct baseband signals from the poWer ampli?er circuit 
Which are contained in the radio frequency signal. These 
baseband signals are propagated throughout the circuit, 
producing spurious radio frequency signals in the output 
radio frequency signal. 

[0012] The present invention provides a bias netWork 
Which is isolated from radio frequency signals in the poWer 
ampli?cation stage. Further, protection is built into the 
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power ampli?cation stage 12 and bias network 16 to avoid 
the condition of a thermal runaway due to avalanche current 
produced When re?ected poWer is received in the poWer 
ampli?cation stage. 

[0013] FIG. 2 illustrates one embodiment of the invention 
Which provides this objective. A band gap circuit, Which 
provides a stable voltage reference over temperature and 
battery supply voltage variations, output voltage is applied 
to a reference resistor 25. Acurrent mirror circuit 30, having 
tWo ?eld effect transistors 25 and 26, generates a reference 
current Iref1 through the reference resistor 25. The common 
source connections of the current mirror transistors 25 and 
26, and one end of the reference resistor 25, are connected 
to the battery supply voltage. 

[0014] The current mirror produces a current Iref2 Which 
is proportional to the current Iref1 through the reference 
resistor 25. The Iref2 current in a conventional current 
mirror circuit is proportional to the siZe of the transistors 26 
and 27. 

[0015] A reference voltage circuit 34 produces a reference 
voltage from the current Iref2. The reference voltage circuit 
34 includes tWo bipolar transistors 32 and 33. Transistor 32 
has a collector connected to the base of transistor 33. A 
supply voltage of the telephone is applied across the col 
lector of transistor 33 and emitter of transistor 32. 

[0016] Reference voltage circuit 34 produces a voltage 
Which is controlled by Iref2, Which is in turn set by the band 
gap voltage across the reference resistor 25. As the tempera 
ture often changes, the voltage produced from the reference 
voltage circuit 34 Will also change to complement changes 
in the base-emitter junction voltage of the transistor 42 of the 
poWer ampli?cation stage 12. 

[0017] The bias voltage produced from the reference volt 
age circuit 34 is supplied in an operational ampli?er 36 and 
NFET driver 37. The operational ampli?er 36 and NFET 
driver 37 produce a unity gain at d.c., and effectively isolate 
the bias netWork 16 from any currents produced from the 
poWer ampli?cation stage 12. 

[0018] The circuit of FIG. 2 includes avalanche current 
protection. The avalanche current protection is provided for 
by bipolar transistor 40 and resistor 41. In the event that 
avalanche current is generated by bipolar transistor 42, the 
transistor 40 Will provide a loW impedance to ground for the 
avalanche current, diverting the current aWay from the base 
emitter junction of transistor 42, thus helping to avoid a 
thermal runaWay condition for bipolar transistor 42 of poWer 
ampli?cation stage 12. Additionally, any baseband modula 
tion products Which ?oW from the poWer ampli?cation stage 
12 into the bias netWork 16, are more effectively isolated 
from the reference circuit 34, current mirror 30 and band gap 
circuit 17 due to the conduction of transistor 40. Thus, radio 
frequency baseband signals Which can produce spurious 
radio frequency signal components in the output signal 
spectrum are effectively isolated from the remaining portion 
of the poWer ampli?er circuit. 

[0019] FIG. 3 represents another embodiment of the 
invention for producing a bias voltage Which is isolated from 
baseband signal components in the output ampli?cation 
stage 12. The distinction betWeen the embodiment of FIG. 
3 and FIG. 2 resides in the implementation of the avalanche 
current protection. The avalanche transistor 40 of FIG. 3 is 
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shoWn having a base connection connected to an Differential 
Pair Circuit 44. Differential Pair Circuit 44 has a pair of 
inputs connected through resistors 38 and 39 to the base of 
the output ampli?cation stage transistor 42 and to the 
reference voltage circuit 34. The advantage realiZed by the 
embodiment of FIG. 3 is that the avalanche transistor 40 
may be set to conduct less current during the telephone 
standby mode When it is not experiencing an avalanche 
current from the output ampli?cation stage 12. Reduced 
current through the avalanche transistor 40 helps preserve 
the life of the battery poWer supply. This is particularly 
advantageous When the poWer ampli?cation circuit is oper 
ated in a back off mode, as is common in the GSM mode. 
Since the back off mode produces feW baseband signal 
components and loWer re?ected poWer conditions, only a 
minor amount of current need be dissipated through the 
avalanche transistor 40. 

[0020] The avalanche transistor 40 is turned on harder 
When avalanche current from the collector-base junction of 
output ampli?cation stage transistor 42 increases, causing a 
voltage imbalance betWeen the inputs of differential pair 
circuit 44. Thus, only a small amount of current is dissipated 
until such time as an increased amount of avalanche current 
is produced. 

[0021] The consequences of re?ected poWer as a result of 
a poor match betWeen the poWer ampli?cation circuit and 
the antenna is exacerbated When the poWer supply voltage 
for the circuit is elevated due to charging of the battery 
poWer supply. After completely charging the battery poWer 
supply, the battery poWer supply voltage across the output 
transistor 42 of the ampli?cation stage, together With 
re?ected poWer generated by the impedance mismatch, 
produce a high avalanche current condition for transistor 42. 
In addition to the protection circuit for diverting the ava 
lanche current aWay from the transistor 42, an output voltage 
regulator may be used in the poWer stage ampli?cation stage 
12. The voltage regulator stage Will limit the voltage applied 
across the transistor 12 of the output poWer ampli?cation 
stage 12 When the supply voltage is above a reference level. 

[0022] An implementation of this voltage regulator is 
shoWn in FIG. 4. The battery voltage is shoWn connected 
through a load impedance 53 to transistor 42 of the poWer 
ampli?cation stage 12. A comparator 50 is shoWn Which 
compares a voltage across the load impedance 53 and 
transistor 42 With a reference potential. Under high charge 
conditions, Wherein the battery voltage is charged to a high 
value, the comparator 50 Will compare the Value of the 
voltage to a reference voltage. Capacitor 52 assists in 
re-establishing the regulated voltage across the load 53 and 
transistor 42 When the battery voltage is in a high charge 
condition. 

[0023] As the battery voltage decreases, due to current 
drain by the telephone, the FET 51 Will no longer regulate 
the voltage supply, but instead Will act as a loW loss sWitch 
placing the full supply voltage across the load impedance for 
the transistor 42. In this Way, high voltage produced from 
re?ected poWer is not compounded by the presence of a high 
charge battery voltage. 

[0024] The circuit slightly degrades the poWer and ef? 
ciency When operating With a battery voltage above the 
reference voltage, and When operating beloW the voltage, the 
PFET 51 operates as a sWitch. The poWer and efficiency of 
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the ampli?cation stage is Within 2% of a circuit having no 
collector voltage regulation. Thus, the impact on battery life 
is minimized, While preventing the catastrophic failure of 
the output transistor 42 due to thermal runaWay. The com 
pensation capacitor 52 provides for compensation of the 
voltage regulator. 
[0025] The foregoing description of the invention illus 
trates and describes the present invention. Additionally, the 
disclosure shoWs and describes only the preferred embodi 
ments of the invention, but as aforementioned, it is to be 
understood that the invention is capable of use in various 
other combinations, modi?cations, and environments and is 
capable of changes or modi?cations Within the scope of the 
inventive concept as expressed herein, commensurate With 
the above teachings, and/or the skill or knoWledge of the 
relevant art. The embodiments described hereinabove are 
further intended to eXplain best modes knoWn of practicing 
the invention and to enable others skilled in the art to utiliZe 
the invention in such, or other, embodiments and With the 
various modi?cations required by the particular applications 
or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also, it is intended that the appended claims be construed to 
include alternative embodiments. 

What is claimed is: 
1. A bias netWork for a poWer ampli?er comprising: 

a current mirror circuit connected to a source of band gap 
voltage, said current mirror source producing a current 
proportional to said band gap voltage; 

a reference voltage circuit Which receives said current, 
and Which produces a voltage Which is proportional to 
said current and temperature; 

an operational ampli?er connected to receive said refer 
ence voltage, having an output connected to said poWer 
ampli?er, said operational ampli?er isolating said ref 
erence voltage circuit from said poWer ampli?er; and 

poWer ampli?er breakdoWn protection circuit connected 
to said operational ampli?er output for diverting ava 
lanche current produced from said poWer ampli?er 
aWay from said operational ampli?er. 

2. The bias netWork of claim 1 Wherein said poWer 
ampli?er protection circuit comprises: 

a differential pair circuit having ?rst and second inputs 
connected to said ?rst operational ampli?er output and 
to said reference voltage circuit, and having an output 
for enabling conduction of said avalanche current aWay 
from said ?rst operational ampli?er. 

3. The bias netWork according to claim 2 Wherein said 
differential pair circuit inputs are connected through ?rst and 
second resistors having substantially the same values to said 
?rst operational ampli?er output and said reference circuit. 
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4. The bias netWork according to claim 2 Wherein said 
differential pair circuit diverts said current aWay from said 
?rst operational ampli?er through a bipolar transistor. 

5. The bias netWork according to claim 1 Wherein said 
reference voltage circuit comprises: 

a ?rst bipolar transistor having a collector emitter circuit 
connected to receive said reference current, and having 
a base connected to said operational ampli?er input; 

a second bipolar transistor having a collector emitter 
circuit connected betWeen a voltage supply and said 
?rst bipolar transistor base, and having a base con 
nected to said collector of said ?rst bipolar transistor. 

6. The bias netWork according to claim 1 further com 
prising a voltage regulator circuit in series With said poWer 
ampli?er, said voltage regulator maintaining the voltage to 
said poWer ampli?er at a substantially constant level as a 
result of an increase in operating voltage. 

7. T he bias netWork according to claim 6 Wherein said 
voltage regulator ceases maintaining said voltage to said 
poWer ampli?er at said constant level When said operating 
voltage is beloW a threshold voltage level. 

8. The bias netWork according to claim 6 Wherein said 
voltage regulator circuit comprises: 

an operational ampli?er having a ?rst input connected to 
a source of reference voltage, and a second input 
connected to said poWer ampli?er; and 

a ?eld effect transistor having a source drain circuit 
serially connecting said poWer ampli?er and a supply 
of operating voltage, and having a gate connected to 
said operational ampli?er output, said ?eld effect tran 
sistor providing regulation of the voltage applied to 
said poWer ampli?er When said supply of operating 
voltage eXceeds a threshold voltage. 

9. The bias netWork according to claim 8 Wherein said 
?eld effect transistor is a PFET Which constitutes a loW loss 
sWitch When the gate to source voltage is beloW a threshold 
value. 

10. The bias netWork according to claim 1 Wherein said 
current mirror circuit comprises; 

a resistor; 

a ?rst ?eld effect transistor serially connected With said 
resistor and a battery voltage supply; and 

a second ?eld effect transistor serially connected With said 
reference voltage circuit and said battery voltage sup 
ply, said ?rst and second ?eld effect transistors having 
common gate connections connected to one side of said 
resistor. 


