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A bias controller sets the quiescent current of a power 
76 _ . . ampli?er to a desired value by dynamically adjusting the 

( ) Inventor' Davld R' Pehlke’ Chapel H111’ NC (Us) poWer ampli?er bias voltage. Using closed-loop control, the 
Correspondence Address bias controller sets the bias voltage to Whatever value is 
COATS & BENNETT 'PLLC needed despite circuit component variations and tempera 
P 0 BOX 5 ’ ture effects. Operation of the bias controller complements 
RALEIGH NC 27602 (Us) dynamic bias voltage adjustment in advance of transmit 

’ operations, such as in advance of a transmit burst. In a ?rst 
state, Where the poWer ampli?er is in a quiescent condition, 

(21) APPL No. 10/080 225 the bias controller adjusts bias voltage to set the desired 
’ quiescent current by detecting the supply current into the 

(22) Filed; Feb 21, 2002 poWer ampli?er. The bias controller then transitions to a 
second state, Where it maintains the adjusted bias voltage 

Publication Classi?cation irrespective of ampli?er supply current. Despite its ability to 
sense supply current into the poWer ampli?er, the bias 
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DYNAMIC BIAS CONTROLLER FOR POWER 
AMPLIFIER CIRCUITS 

BACKGROUND OF THE INVENTION 

[0001] Wireless communication devices are an integral 
part of modern existence, With a Wide range of different 
device types in use, including, but not limited to, cellular 
telephones, portable digital assistants, Wireless-enabled 
computers, and other so-called “pervasive computing” 
devices. While the use and capability of these devices vary 
considerably, each includes one or more of the fundamental 
building blocks comprising essentially any Wireless com 
munication device. 

[0002] For eXample, any Wireless device capable of trans 
mitting a radio frequency (RF) signal includes some form of 
transmitter circuit to transmit a RF signal in accordance With 
a de?ned modulation scheme. PoWer ampli?cation is a 
fundamental part of this signal transmission capability. Typi 
cally, the desired transmit signal is formed at a relatively loW 
poWer level, and this pre-ampli?ed signal is then ampli?ed 
by a RF poWer ampli?er, Which boosts the signal poWer to 
a level suitable for radio transmission. Oftentimes, the level 
of transmit poWer is tightly controlled, such as in cellular 
telephony. 

[0003] Controlling the output poWer of a RF poWer ampli 
?er requires accurate control of the ampli?er’s bias voltage. 
That is, essentially all poWer ampli?er circuits are imple 
mented as transistor-based ampli?ers, Whether single-or 
multi-stage, and control of output poWer from these transis 
tor-based ampli?ers requires accurate control of transistor 
operating points. 
[0004] Generally, an applied bias voltage establishes the 
operating point of a poWer ampli?er. Indeed, operating point 
control affects Whether the transistor operates in a linear or 
in a saturated mode, and greatly affects the ampli?cation 
ef?ciency of the poWer ampli?er, Which is a dominant 
in?uence on battery life in portable Wireless devices. Nomi 
nally, a given magnitude of bias voltage corresponds to a 
given level of quiescent current in the poWer ampli?er, 
Which current is determinative in setting the eventual output 
poWer of the poWer ampli?er When stimulated With an RF 
source at its input. Ideally, one Would simply set the bias 
voltage to the nominal level corresponding to the desired 
quiescent current. Unfortunately, a host of variables, includ 
ing semiconductor process variations, temperature, aging, 
operating voltages, and others conspire to alter the relation 
ship betWeen a given bias voltage and the resultant ampli?er 
quiescent current. In other Words, one cannot simply choose 
the bias voltage that should result in the desired quiescent 
current; instead, one generally needs to adopt some form of 
bias voltage calibration or adjustment. 

[0005] Of course, these calibration approaches add 
eXpense and complication, particularly on the manufacturing 
side Where, in some cases, individual poWer ampli?er cir 
cuits (or Whole communication devices) are characteriZed 
over temperature and voltage to determine appropriate 
adjustment factors for bias voltage. This calibration infor 
mation generally is then loaded into non-volatile memory 
Within the calibrated devices for use in later operation. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides a method and appa 
ratus for dynamically calibrating voltage bias into a poWer 
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ampli?er circuit in advance of transmit operations to ensure 
that the poWer ampli?er circuit is biased to a desired 
quiescent current level. Although subject to implementation 
variations in many different embodiments, the present 
invention generally provides a bias controller that uses 
closed-loop control techniques to adjust a generated bias 
voltage up or doWn to make the supply current into the 
poWer ampli?er circuit under quiescent conditions substan 
tially match the target quiescent current value. 

[0007] A timing function, Which may be included in the 
bias controller, controls ?rst and second operating states for 
the bias controller. During the ?rst operating state, the bias 
controller adjusts bias voltage under closed-loop control 
based on measured or detected supply current into the poWer 
ampli?er circuit. Thus, during the ?rst state, the bias con 
troller uses closed-loop control to adjust the bias voltage to 
Whatever level is needed to achieve the target level of 
quiescent current. After some de?ned duration, the bias 
controller transitions from its ?rst state to its second state, at 
Which point it locks or otherWise holds the adjusted level of 
bias voltage irrespective of any changes in the supply 
current into the poWer ampli?er circuit. 

[0008] In operation, the ?rst state is made to occur during 
quiescent conditions of the poWer ampli?er circuit, such as 
before a radio transmit burst. As the bias controller transi 
tions from its ?rst to its second state, it locks or holds the 
adjusted bias voltage and maintains this bias voltage value 
through any subsequent radio transmissions. 

[0009] In some exemplary embodiments, the bias control 
ler is con?gured With a measurement path for measuring 
supply current into the poWer ampli?er circuit that is inde 
pendent of the primary path that provides supply current to 
the poWer ampli?er circuit during transmit operations. In 
this manner, the bias controller avoids loading the primary 
supply path With any current measurement devices it might 
use to sense supply current into the poWer ampli?er during 
bias voltage adjustment operations. 

[0010] In other eXemplary embodiments, the bias control 
ler may use a reference current that has some de?ned 
proportionality to the actual supply current. Such reference 
currents are sometimes used in current modulators used in 
envelope-elimination-and-restoration (EER) applications. In 
EER systems, Which are also referred to as “polar” modu 
lation systems, the poWer ampli?er is biased for saturated 
mode operation. A constant-envelope, phase-modulated sig 
nal is applied to the ampli?cation input of the poWer 
ampli?er, While its supply terminal is supplied With ampli 
tude modulated supply voltage and/or current. Where cur 
rent modulation is used, the bias controller may use a 
reference current generated as a scaled reference of the 
modulated supply current. 

[0011] With this approach, the bias voltage adjustment 
control loop may be closed based on sensing the reference 
current rather than the actual current. Again, this approach 
avoids placing dissipative components in the supply current 
path of the poWer ampli?er. During its ?rst state of opera 
tion, amplitude modulation of the supply and reference 
currents is suspended, and no RF signal is applied to the 
poWer ampli?er. The bias controller may include sWitching 
elements for isolating the current modulator from any input 
modulation signals to force this quiescent condition during 
the bias controller’s adjustment operations. 
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[0012] Regardless of the its particular implementation, the 
bias controller’s closed-loop adjustment approach accom 
modates variations in the relationship betWeen supplied bias 
voltage and resultant quiescent current, thereby eliminating 
the need for stored calibration information, and any tem 
perature-or voltage-based bias adjustment tracking. That is, 
With the bias controller of the present invention, the bias 
voltage is adjusted under closed-loop control to Whatever 
value is needed to ?x the quiescent supply current of the 
poWer ampli?er circuit at the target value. 

[0013] Generally, the bias controller includes accommo 
dations to ensure that the supply voltage applied to the 
poWer ampli?er circuit during its bias voltage adjustment 
operations is of suf?cient magnitude to reliably set the 
quiescent current level. That is, With some ampli?er types, 
such as With bipolar junction transistor ampli?ers, an 
adequate voltage betWeen the collector and emitter, is 
required to reliably set the quiescent current level. Field 
effect transistors (FETs) typically have corresponding drain 
to-source voltage ranges that should be maintained While 
setting bias voltage. Further, the bias controller operates to 
ensure that any voltage differences betWeen the ?rst state 
(adjustment) and the second state (transmit operations) are 
not so substantial that errors Would result in the quiescent 
current level betWeen the tWo operating states. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a diagram of a conventional Wireless 
communication device employing stored calibration infor 
mation to effect ampli?er bias voltage control. 

[0015] FIG. 2 is a graph illustrating the generaliZed rela 
tionship betWeen transistor ampli?er operating point and 
input/output RF poWer. 

[0016] FIG. 3 is a diagram of a single-stage transistor 
ampli?er subject to bias voltage control. 

[0017] FIG. 4 is a diagram of an exemplary communica 
tion device incorporating a bias controller according to the 
present invention. 

[0018] FIG. 5 is a diagram of exemplary details for one 
embodiment of the bias controller. 

[0019] FIG. 6 is a diagram of another embodiment of the 
bias controller con?gured to operate in conjunction With a 
current modulator. 

[0020] FIG. 7A is a diagram of exemplary details for the 
bias controller and current modulator of FIG. 6, While FIG. 
7B illustrates exemplary control Waveforms associated With 
timing the operation of the bias controller and current 
modulator. 

[0021] FIG. 8 is a graph of exemplary bias adjustment 
timing in a radio transmit burst environment, such as that 
employed in by the GSM communication standards. 

[0022] FIG. 9 is graph of alternate bias adjustment timing 
relative to the burst transmission. 
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[0023] FIG. 10 is a diagram of another embodiment of the 
bias controller and current modulator Where the poWer 
ampli?er supply voltage used during bias voltage adjust 
ment is independent of the primary supply voltage used 
during transmit operations. 

[0024] FIG. 11 is a diagram of another embodiment of the 
bias controller and current modulator Where the supply 
voltage limit is detected and fed to the baseband processor, 
Which then adjusts VIDQREF to compensate for battery volt 
age variation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] FIG. 1 illustrates an approach to poWer ampli?er 
biasing as might be used in a conventional Wireless com 
munication device 10. The device 10 comprises a transceiver 
12, Which cooperates With a digital signal processor (DSP) 
14 to process a received signal from an antenna assembly 16 
after ?ltering and conditioning by a ?lter circuit 18. The 
transceiver 12 also cooperates With the DSP 14 to produce 
a transmit signal Which is input to a poWer ampli?er 20. 
Ampli?cation of the transmit signal by the poWer ampli?er 
20 generates an RF output signal suitable for transmission 
by antenna assembly 16. An impedance matching circuit 22 
may be used to couple the RF output signal from the poWer 
ampli?er 20 to the antenna assembly 16. 

[0026] Commonly, the device 10 is required to transmit its 
RF output signal at a speci?ed transmit poWer, or at least 
Within a speci?ed range of output poWers. The RF output 
poWer achievable With a typical poWer ampli?er is deter 
mined by its operating point. FIG. 2 is a generic graph of the 
relationship betWeen input RF poWer and output RF poWer 
as a function of poWer ampli?er operating point. Bias 
control is used to establish the operating point of a poWer 
ampli?er, and FIG. 3 illustrates a typical poWer ampli?er 
circuit arrangement and the mechanism for receiving a bias 
voltage signal. 
[0027] For simpli?cation, poWer ampli?er 20 is illustrated 
as a single stage transistor ampli?er comprising transistor 
Q1 having its collector tied to an input supply terminal 34 
Which is coupled to a supply voltage VDD through an 
inductor L1, an emitter tied to signal ground through termi 
nal 36, and a base coupled through R1 to a bias voltage 
applied to terminal 38. The base is also AC-coupled through 
capacitor C1 to an RF input signal applied to terminal 30. 

[0028] In operation, a bias voltage is applied to terminal 
38 to establish a quiescent current into the collector of 
transistor ampli?er Q1, thereby establishing the transistor 
operating point. Application of the RF input signal causes 
the transistor O1 to begin self-biasing, but nonetheless the 
average bias point is maintained by the bias voltage VBIAS 

[0029] One of the dif?culties encountered in proper poWer 
ampli?er biasing arises from the uncertainties in the rela 
tionship betWeen a given bias voltage and a resultant qui 
escent current. That is, the same bias voltage applied to 
different specimens of the same type of poWer ampli?er 
circuit, or applied to the same ampli?er at different tem 
peratures produces varying quiescent currents. Table 1 
beloW illustrates output poWer sensitivity relative to ampli 
?er quiescent current for a typical RF poWer ampli?er. 
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TABLE 1 

TYPICAL LINEAR PA SPECIFICATIONS 

PARAMETER MIN TYP MAX 

PWR GAIN 28 dB 31 dB 34 dB 
IDQ 50 mA 100 mA 300 mA 
ACPR 26 dBc 29 dBc 32 dBc 

[0030] As seen from the table data, power gains in a 
typical power ampli?er vary signi?cantly With changes in 
quiescent current IDQ. Moreover, differing quiescent cur 
rents varies the operating point of the poWer ampli?er, 
causing changes in its ampli?cation characteristics (e.g., 
linearity), Which in?uences the adjacent channel poWer ratio 
(ACPR) performance of the poWer ampli?er. ACPR perfor 
mance is important because of the need to minimize cross 
channel interference betWeen the closely spaced communi 
cation channel frequencies in a typical Wireless 
communication system. 

[0031] With the above voltage biasing problems in mind, 
the reader is referred back to FIG. 1 for an understanding of 
hoW these dif?culties are addressed in the conventional 
device 10. In the illustration, one sees that the DSP 14 has 
access to a look-up table (LUT) or some other similar data 
structure implemented in a memory 24. Data stored in 
memory 24 comprise calibration information for needed 
variations or adjustments of power ampli?er bias voltage 
over temperature, and potentially over time (e.g., drifting 
due to component aging), and may include multiple sets of 
data for different operating points, corresponding to different 
modes of device operation. Indeed, the overall set of vari 
ables that in?uence the resultant quiescent current for a 
given bias voltage value are complex enough that individu 
aliZed calibration data is often collected and stored for each 
device 10. In any case, an undesirable amount of time and 
labor is expended, often on a per-unit basis, to characteriZe 
and store the needed calibration data in memory 24. 

[0032] FIG. 4 illustrates an exemplary communication 
device 50 according to the present invention. Here, the 
communication device 50 includes an exemplary bias con 
troller 52, Which comprises a supply current detection circuit 
54, and a closed-loop control circuit 56. Device 50 further 
includes a poWer ampli?er 60, impedance matching netWork 
62, antenna assembly 64, transceiver 66, and baseband 
processor 68. 

[0033] In operation, bias controller 52 supplies poWer 
ampli?er 60 With a bias voltage adjusted to set the quiescent 
current of poWer ampli?er 60 to a desired quiescent current 
value. Bias voltage adjustment operations of the bias con 
troller 52 are controlled relative to the transmit operations of 
device 50, such that bias voltage adjustment is performed 
under quiescent conditions of the poWer ampli?er 60. 

[0034] PoWer ampli?er 60 generates a RF output signal 
(RF_OUT) responsive to an RF input signal (RF_IN) from 
transceiver 66. The RF_OUT signal is coupled to antenna 
assembly 64 through the impedance matching netWork 62, 
Where it is radiated outWard as a transmitted signal. The 
radio transceiver 66 cooperates With baseband processor 68 
to generate the RF_IN signal according to desired transmit 
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information, and in accordance With applicable modulation 
protocols (e.g., IS-136, GSM, or other Wireless communi 
cation standards). 

[0035] In terms of bias control, baseband processor 68 
cooperates With the bias controller 52 to achieve an adjusted 
bias voltage level that sets the quiescent current into the 
poWer ampli?er 60 at a desired target value. In this embodi 
ment, the baseband processor 68 generates, or otherWise 
controls, a reference voltage VIDQREF that is proportionately 
representative of the desired quiescent current value. Thus, 
the baseband processor, Which may include digital analog 
conversion facilities, controls the magnitude of VIDQREF in 
accordance With the desired quiescent current value. Bias 
controller 52 uses closed-loop control responsive to VDDQREF 
and the measured supply current (IPA) into the poWer 
ampli?er 60 to set the quiescent current level of IPA. Once 
the appropriate adjustment for the bias voltage VBIAS is 
obtained, the bias controller 52 holds this voltage constant 
irrespective of any subsequent change in supply current into 
the poWer ampli?er 60. 

[0036] More particularly, the bias controller 52 operates in 
a ?rst state Where it dynamically adjusts the bias voltage 
VBIAS to achieve the desired quiescent current value for the 
poWer ampli?er supply current IPA) and then transitions into 
a second state Where it holds or otherWise maintains the 
adjusted level of VBIAS irrespective of changes in IPA. 
Transitioning betWeen the ?rst and second states of opera 
tion for the bias controller 52 is controlled by enable signal 
(EN) generated by the baseband processor 68. As Will be 
explained in more detail later, the baseband processor 68 
typically asserts the enable signal in advance of radio 
transmit activity. That is, the EN signal is generally asserted 
before transmit operations, With the poWer ampli?er held at 
quiescent conditions (With no applied RF poWer). The 
timing function Within the bias controller 52 converts the 
enable signal into a shorter duration control pulse. While the 
control pulse is asserted, the bias controller 52 operates in 
the ?rst state by applying closed-loop adjustment to VBIAS 
to achieve the desired quiescent current value of IPA) and 
upon de-assertion of the pulse, it transitions to the second 
state Where it holds the adjusted level of VBIAS. 

[0037] FIG. 5 illustrates details for an exemplary embodi 
ment of the bias controller 52. Here, the closed-loop control 
circuit 56 comprises an ampli?er circuit 80 and a track-and 
hold circuit 82. The ampli?er circuit 80 generates an error 
signal based on a difference betWeen VIDQREF and the 
detection signal provided by the current detector 54. In this 
embodiment, the detection circuit 54 comprises a sense 
resistor RQ disposed in series in a measurement path that 
selectively couples the supply input of the poWer ampli?er 
60 to the supply voltage VDD through operation of a sWitch 
84. While sWitch 84 is draWn as a single-pole, double-throW 
(SPDT) sWitch, it should be understood that its implemen 
tation might involve the use of separate sWitches. In any 
case, supply current IPA to poWer ampli?er 60 may be 
selectively conducted through either the measurement path 
or through a primary path by operation of sWitch 84, Which 
might comprise discrete ?eld effect transistors dis 
posed in series in the primary and measurement paths. 

[0038] Regardless of the particular approach taken for 
selectively enabling the measurement and primary paths, the 
measurement path is sWitched in during the adjustment 
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period of operation for the bias controller 52. That is, supply 
current IPA to the poWer ampli?er 60 ?oWs through the 
measurement path and therefore ?oWs through the sense 
resistor RQ during the adjustment period. Consequently, the 
detection signal represents a voltage signal that is beloW the 
supply voltage VDD by an amount proportionate to the 
magnitude of supply current IPA ?oWing into the poWer 
ampli?er 60 because of the voltage drop caused by that 
current across the sense resistor RQ In this manner, the error 
signal is responsive to the actual level of quiescent current 
?oWing into the poWer ampli?er 60 compared to the desired 
or target quiescent current value. 

[0039] A pulse generator 86, Which may be a one-shot 
device, generates the bias calibration control pulse, here 
labeled as QCHK that drives the path selection sWitch 84 
and the track-and-hold circuit 82. Operation of the track 
and-hold circuit 82 in response to the QCHK signal is 
discussed beloW. 

[0040] When the enable signal is asserted, the pulse gen 
erator 86 asserts QCHK for a de?ned period. While QCHK 
is asserted, the track-and-hold circuit 82 operates in a 
tracking mode, and varies the generated bias voltage VBIAS 
as a function of the error signal output by the ampli?er 
circuit 80. Thus, the bias voltage VBIAS tracks changes in the 
error signal during the ?rst state of operation to provide 
closed-loop adjustment of VBIAS. Because the magnitude of 
the bias voltage VBIAS controls the magnitude of supply 
current IPA into the poWer ampli?er 60, a closed-loop control 
mechanism is established Whereby ampli?er circuit 80 
drives the error signal either up or doWn such that the bias 
voltage VBIAS moves either up or doWn to minimiZe the 
difference betWeen the detection signal and VIDQREF. Thus, 
While in its ?rst state of operation, the bias controller 52 sets 
the bias voltage VBIAS to Whatever level is needed to achieve 
the desired or target quiescent current value for supply 
current IPA as represented by the reference voltage VIDQREF. 

[0041] At the conclusion of the de?ned period, control 
signal QCHK is de-asserted, and the tracking circuit 82 
transitions to its second state Where it holds the adjusted 
level of the bias voltage VBIAS. Additionally, sWitch 84 
changes state, thereby coupling the supply input of the 
poWer ampli?er to the supply voltage VDD through the 
primary path, thus avoiding the need for sourcing supply 
current IPA through sense resistor RQ during normal transmit 
operations of poWer ampli?er 60. 

[0042] At this point, the current ?oWing through the sense 
resistor RQ goes to Zero and the detection signal rises to the 
level of the supply voltage VDD. While this change in the 
detection signal causes a potentially large change in the error 
signal generated by the ampli?er circuit 80, the track-and 
hold circuit 82 ignores changes in the error signal. Bias 
voltage VBIAS is thus maintained at the previously adjusted 
level irrespective of changes in the actual supply current IPA 
into the poWer ampli?er 60. In this second state, RF input 
poWer may be applied to the poWer ampli?er 60 Without 
upsetting or otherWise changing the level of bias voltage 
provided by the bias controller 52. 

[0043] While it Was generally assumed in the preceding 
discussion that the bias controller 52 provided bias voltage 
to establish a linear point of operation for the poWer ampli 
?er 60, linear operation is not necessary or even desirable in 
some applications. FIG. 6 illustrates the poWer ampli?er 
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circuit 60 con?gured for use in an envelope-envelope 
elimination-and-restoration (EER) application. Here, the 
poWer ampli?er circuit 60 is operated as a saturated mode 
ampli?er, and the baseband processor 68 generates separate 
phase and amplitude modulation Waveforms. Thus, the 
RF_IN signal to the poWer ampli?er 60 comprises a constant 
envelope phase modulation signal, While the poWer supply 
signal from an AM modulator 90 comprises a supply current 
modulated in accordance With a desired modulation signal 
AM_IN. Consequently, the RF output signal RF_OUT from 
the poWer ampli?er circuit contains both phase and ampli 
tude modulation information. 

[0044] Depending upon the particular con?guration of the 
modulator 90, the bias controller 52 may or may not use a 
measurement path to detect supply current into the poWer 
ampli?er circuit 60. FIG. 7A illustrates an exemplary 
embodiment of the modulator 90 and bias controller 52. 
Referring to FIG. 7B, the enable signal EN is asserted in 
advance of transmit operations. Upon assertion of the EN 
signal, the pulse controller 86 of the bias controller 52 
generates the QCHK control pulse, Which has a de?ned 
pulse Width that is typically much less (e.g., 15 us) than the 
typical Width of the overall enable pulse. Upon assertion of 
QCHK, irrespective of Whether negative or positive logic 
sense is used, transistor Q3 is turned on thereby enabling 
supply current IPA to How through the measurement path 
Which includes the sense resistor RQ of detector circuit 54. 
Simultaneously, sWitch 102 connects the input of differential 
error ampli?er U1 to ground, effectively turning off Q1 and 
Q2, and disabling the primary path. In this sense, transistor 
Q3 and sWitch 102 function together as the selector sWitch 
84 shoWn in FIG. 5. 

[0045] QCHK also drives the track-and-hold circuit 82. 
More speci?cally, the track-and-hold circuit 82 includes the 
logic inverter U3 to generate the inverse of QCHK, Which 
inverse signal is used to drive sWitch 100 that couples a 
signal input of the track-and-hold circuit 82 to the error 
signal generated by the error ampli?er 80, shoWn here as U2. 
When sWitch 100 is closed, the error signal voltage is 
impressed on capacitor CHOLD, Which is coupled to an input 
of buffer ampli?er U4. Thus, in this embodiment, the bias 
voltage VBIAS represents a buffered version of the error 
signal voltage impressed on the storage capacitor CHOLD. 
Thus, storage capacitor CHOLD functions as an analog stor 
age element that tracks the error signal voltage during the 
time that the coupling sWitch 100 is closed. 

[0046] At the same time, sWitch 102, Which also forms a 
part of the bias controller 52 in this embodiment, sWitches 
the input of a modulation control ampli?er U1 from its 
default connection With the amplitude modulation signal 
AM_IN to its bias voltage calibration connection With 
ground. SWitching the inverting input of U1 to ground 
disables Q1 and Q2, thereby disabling the primary current 
path into the poWer ampli?er circuit 60, and causing all 
supply current IPA into the poWer ampli?er 60 to How 
through sense resistor RQ during quiescent conditions, e.g., 

[0047] At the end of the QCHK control pulse, sWitch 102 
decouples the inverting input of U1 from ground and again 
couples that input to the amplitude modulation signal 
AM_IN. Likewise, transistor Q3 shuts off thereby disabling 
the measurement current path. Similarly, sWitch 100 opens, 
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thereby placing the track-and-hold circuit 82 in its hold 
condition. Note that use of the buffer ampli?er U4 prevents 
loading of the storage capacitor CHOLD by the bias input of 
poWer ampli?er 60. That is, the very high input impedance 
of buffer ampli?er U4, in combination With the high input 
impedance of the open sWitch 100, results in essentially no 
discharge of the storage capacitor CHOLD betWeen bias 
voltage calibration cycles. 
[0048] FIG. 7B introduced the idea of synchroniZing bias 
voltage calibration operation of the bias controller 52 With 
radio transmit operations. FIG. 8 provides considerably 
more detail for such an implementation in the context of a 
transmit burst as might be used Where the device 50 is 
con?gured for operation in a Wireless communication sys 
tem based on, for example, the Global Standard for Mobile 
Communication (GSM). 
[0049] In GSM, transmit bursts consist of a burst start 
Where the transmit poWer is ramped up to a de?ned level, 
folloWed by a modulation period, and then terminated by a 
ramp end Where the transmit poWer falls off in controlled 
fashion. A poWer mask envelope de?nes permissible trans 
mit poWer during these various portions of the transmit 
burst. 

[0050] In typical operation, certain elements or circuits of 
the communication device 50 are operated in intermittent 
fashion relative to the transmit bursts to save poWer. For 
example, certain portions of the transceiver 66 and perhaps 
of the baseband processor 68, as Well as the bias controller 
52 and poWer ampli?er 60, are operated in intermittent 
fashion synchroniZed With the required transmit burst. Thus, 
the enable signal EN may be set to produce an enable pulse 
Width that is someWhat Wider than the required transmit 
burst Width, With the initial portion of the EN signal leading 
the actual start of the transmit burst by a desired amount of 
time. Thus, the pulse controller 86 can be made to generate 
a control pulse at the beginning of the much Wider enable 
pulse. This alloWs the bias controller 52 to calibrate or 
otherWise adjust the bias voltage VBIAS to the level required 
to hit the target quiescent current level for the poWer 
ampli?er circuit 60, and then lock and hold that adjusted bias 
voltage into and through one or more subsequent transmit 
bursts. 

[0051] FIG. 9 is similar to FIG. 8 but shoWs an alternative 
placement of the bias voltage calibration process relative to 
the transmit burst. Here, bias calibration is synchroniZed 
essentially With the start of the transmit burst, such that bias 
voltage calibration occurs before the start of actual RF signal 
modulation, but Within the beginning period of the transmit 
burst. Indeed, the control pulse is con?gured to occur not at 
the very beginning of the transmit burst, but at a slightly later 
point Where the alloWable transmit poWer as de?ned by the 
transmit poWer mask is more generous With respect to 
radiated poWer from the communication device 50. 

[0052] One reason for position adjustment operations at 
that point is that as various portions of the transceiver 66 are 
poWered up, e.g., oscillators, etc., there may be some loW 
level leakage signal into the RF input of the poWer ampli?er 
circuit 60. Such leakage might result in greater than alloWed 
RF signal poWer inadvertently radiating from the device 50 
during bias voltage calibration. Thus, moving bias voltage 
calibration to a point Where the transmit poWer mask alloWs 
appreciable radiated poWer prevents inadvertently violating 
the poWer mask limits. 

Aug. 21, 2003 

[0053] FIG. 10 illustrates an approach similar to that 
adopted in FIG. 7A. HoWever, in FIG. 7A the supply 
current for the poWer ampli?er circuit 60 Was sourced from 
the same supply voltage VDD during both bias voltage 
calibration and during normal transmit operation. One 
subtlety associated With conducting bias voltage calibration 
operations using supply voltage VDD to provide supply 
current IPA is that VDD is often times simply the direct output 
of a battery. This is particularly true Where communication 
device 50 comprises a mobile communication device such as 
a cellular radiotelephone or other type of mobile station. 
Thus, the magnitude of the supply voltage VDD varies as a 
function of the state of charge of the battery (not shoWn). As 
those skilled in the art Will readily appreciate, VDD Will 
exhibit a discharge curve characteristic of the particular 
battery technology (chemistry) used. 

[0054] Generally, this poses no dif?culties With regard to 
accurately setting the bias voltage to achieve the desired 
quiescent current level, but may be undesirable for certain 
types of poWer ampli?er circuits 60, or for other reasons. In 
those instances, or as desired, the bias controller 52 may be 
modi?ed to operate such the supply current IPA during bias 
adjustment operations is sourced from a different voltage 
supply than that used during transmit operations. 

[0055] In an exemplary approach, a reference voltage 
V is used to source IPA during bias voltage adjustment. 

QSREF . 

QSREF may be, for example, a regulated voltage that is 
derived from the supply voltage VDD. No particular require 
ments dictate a speci?c design for the supply voltage used 
during bias voltage adjustment, but it should be noted that 
the current sourcing capability of Whatever circuit is used to 
provide the reference voltage VQSREF must be suf?cient to 
alloW proper bias voltage calibration. For example, depend 
ing upon the type of transistor elements Within the poWer 
ampli?er circuit 60, and upon the target output poWer levels, 
one might expect typical quiescent current values for IPA to 
range from 100 milliamps up to and above one Amp 
depending on the speci?c design at hand. 

[0056] FIG. 11 shoWs yet another of the many possible 
approaches to accommodating changing VDD voltage in the 
bias voltage calibration process. Here, as With FIG. 7A, the 
source for supply current IPA into the poWer ampli?er 60 
under quiescent conditions is the same supply voltage VDD 
as used for normal transmit operations. HoWever, the base 
band processor 68 measures the magnitude of VDD (or a 
scaled version of VDD) and makes any adjustments neces 
sary to the bias voltage reference VIDQREF. That is, the 
reference voltage VIDQREF may be varied as a function of the 
supply voltage applied to the poWer ampli?er 60 during bias 
voltage calibration. This approach may be helpful for some 
types of transistor poWer ampli?ers, Where there the quies 
cent current for a given bias voltage depends on the applied 
supply voltage. Therefore, With this approach the baseband 
processor 68 adjusts VQSREF such that it is alWays repre 
sentative of the desired quiescent current value regardless of 
the changes in the supply voltage VDD. 

[0057] In a related alternative, VQSREF may be generated 
to have a ?xed nominal value, three volts for example, but 
made responsive to changes in the supply voltage VDD. One 
approach Would be to couple VQSREF through a voltage 
divider (e.g., a resistive voltage divider) such that a fraction 
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of VDD is applied to VQSREF. In that manner, the fractional 
component of VQSREF determined by VDD Would vary With 
VDD. 
[0058] Whether or not any of the above approaches, or 
variations thereof, are adopted, one should ensure that the 
calibration supply voltage applied to the poWer ampli?er 60 
is suf?cient to ensure proper operation. Further, if different 
supply voltages are used betWeen bias voltage calibration 
and normal operation, one should ensure that the calibration 
supply voltage is suf?ciently close to the normal supply 
voltage of the poWer ampli?er 60 to prevent shifts in 
quiescent current When the poWer ampli?er 60 is sWitched 
from the calibration supply voltage to the normal supply 
voltage. 
[0059] As control of the quiescent current reference volt 
age VIDQREF is subject to several different approaches, 
including the VDD-dependent control aspects above, so too 
are other aspects of bias control operation subject to much 
variation. For eXample, the detection circuit 54 may sense or 
otherWise measure supply current IPA ?oWing through 
either the measurement or primary supply paths, but also 
might measure a reference current that is slaved or otherWise 
made to vary in proportion With the actual poWer ampli?er 
supply current. For an example of this, the reader is referred 
to the co-pending and commonly assigned application 
entitled, “CURRENT MODULATOR WITH DYNAMIC 
AMPLIFIER IMPEDANCE COMPENSATION,” and 
Which is incorporated herein by reference in its entirety. In 
the co-pending application, a reference current is held at a 
knoWn proportion to the actual poWer ampli?er supply 
current, and the bias controller 52 may measure the actual 
poWer ampli?er supply current by sensing the magnitude of 
that reference current. Those skilled in the art Will readily 
appreciate that measuring poWer ampli?er supply current for 
closed-loop bias voltage adjustment may be accomplished 
directly or indirectly in a variety of Ways. 

[0060] While the above details relate to exemplary 
embodiments of the present invention, those skilled in the art 
Will understand that it is not limited to those details. In 
general, the present invention provides a bias controller that 
provides dynamic calibration of bias voltage to set a desired 
quiescent current value of poWer ampli?er supply current in 
advance of radio transmit operations. Such bias voltage 
adjustment uses closed-loop control such that the bias volt 
age needed for the desired quiescent current is automatically 
set regardless of variations in circuit parameters or tempera 
ture, or device aging. Therefore, the present invention is 
limited only by the scope of the folloWing claims, and the 
reasonable equivalents thereof. 

What is claimed is: 
1. A bias controller to generate a bias voltage signal that 

sets a quiescent current value of a supply current into a 
poWer ampli?er circuit, the bias controller comprising: 

a current detector to generate a detection signal respon 
sive to the supply current; and 

a closed-loop control circuit to adjust the bias voltage 
responsive to the detection signal in a ?rst state such 
that supply current is set substantially equal to a desired 
quiescent current value, and to maintain the bias volt 
age during a second state irrespective of the detection 
signal. 
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2. The bias controller of claim 1, Wherein the closed-loop 
control circuit comprises: 

an ampli?er circuit to generate an error signal responsive 
to a difference betWeen the detection signal and a 
reference signal representative of the desired quiescent 
current value; and 

a track-and-hold circuit to generate the bias voltage as a 
function of the error signal in the ?rst state, and to 
maintain the bias voltage irrespective of the error signal 
in the second state. 

3. The bias controller of claim 2, Wherein the track-and 
hold circuit comprises: 

an input storage element coupled to an output of the 
ampli?er circuit in the ?rst state and decoupled in the 
second state, such that the input storage element tracks 
the error signal in the ?rst state and holds a last value 
of the error signal in the second state; and 

a buffer ampli?er coupled to the input storage element to 
generate the bias voltage based on the error signal in the 
?rst state, and based on the last value of the error signal 
in the second state. 

4. The bias controller of claim 3, Wherein the buffer 
ampli?er comprises a voltage folloWer circuit With a desired 
signal gain. 

5. The bias controller of claim 4, Wherein the buffer 
ampli?er comprises a unity-gain voltage folloWer. 

6. The bias controller of claim 4, Wherein the track-and 
hold circuit further comprises a coupling sWitch to selec 
tively couple and decouple the input storage element from 
the error ampli?er responsive to a bias adjust control signal. 

7. The bias controller of claim 6, Wherein the input storage 
element comprises a capacitor coupled at a ?rst end to the 
coupling sWitch and to an input of the buffer ampli?er, and 
coupled to a signal ground node at a second end, such that 
a capacitor voltage of the capacitor folloWs the error signal 
When coupled to the error ampli?er, and remains substan 
tially at the last value of the error signal When decoupled 
from the error ampli?er. 

8. The bias controller of claim 1, Wherein a supply input 
of the poWer ampli?er is coupled to a ?rst supply voltage 
through a measurement path including the current detector, 
and to a second voltage supply through a primary path 
bypassing the current detector, and Wherein the bias con 
troller further includes at least one sWitch to enable the 
measurement path in the ?rst state, and to enable the primary 
path in the second state. 

9. The bias controller of claim 8, Wherein the ?rst voltage 
supply is the same as the second voltage supply. 

10. The bias controller of claim 8, Wherein the ?rst 
voltage supply is a regulated voltage supply derived from 
the second voltage supply. 

11. The bias controller of claim 8, Wherein at least one 
sWitch comprises a ?rst sWitch to enable supply current flow 
through the measurement path in the ?rst state, and to block 
supply current flow through the measurement path in the 
second state. 

12. The bias controller of claim 11, Wherein the current 
detector comprises a sense resistor coupled to at a ?rst end 
to the second supply voltage, and coupled at a second end to 
a ?rst terminal of the ?rst sWitch, and Wherein a second 
terminal of the ?rst sWitch is coupled to the supply input of 
the poWer ampli?er circuit. 
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13. The bias controller of claim 11, wherein the at least 
one switch further comprises a second sWitch to disable 
supply current ?oW through the primary path in the ?rst 
state, and to enable supply current ?oW through the primary 
path in the second state, such that the supply current into the 
poWer ampli?er circuit does not How through the sense 
resistor in the second state. 

14. The bias controller of claim 1, further comprising a 
one-shot circuit to generate a state control pulse responsive 
to an enable signal, such that the bias controller operates in 
the ?rst state during assertion of the state control pulse, and 
operates in the second state When the state control pulse is 
de-asserted. 

15. The bias controller of claim 2, Wherein the closed loop 
control circuit further comprises an adjustment circuit to 
adjust the reference signal dependent on changes in the 
supply voltage. 

16. The bias controller of claim 15 Wherein the adjustment 
circuit detects the supply current and generates the reference 
signal responsive to the detected supply voltage. 

17. The bias controller of claim 16 Wherein the adjustment 
circuit comprises a digital signal processor. 

18. The bias controller of claim 15 Wherein the adjustment 
circuit comprises a resistive divider circuit. 

19. A current modulator comprising: 

an output circuit to modulate a supply current responsive 
to an amplitude modulation signal; 

a bias controller comprising: 

a current detector to generate a detection signal respon 
sive to the supply current during quiescent condi 
tions; and 

a closed-loop control circuit to adjust the bias voltage 
responsive to the detection signal in a ?rst state such 
that supply current is set substantially equal to a 
desired quiescent current value, and to maintain the 
bias voltage during a second state irrespective of the 
detection signal. 

20. The current modulator of claim 19, Wherein the 
modulation signal is inactive in the ?rst state and active in 
the second state, such that the bias controller adjusts the bias 
voltage in the absence of the modulation signal. 

21. The current modulator of claim 20, Wherein the 
current modulator provides the supply current to the poWer 
ampli?er circuit as a scaled version of a reference current, 
and Wherein the current detector of the bias controller 
comprises a sense resistor disposed in series in a reference 
current path of the current modulator. 

22. The current modulator of claim 20, further comprising 
a modulation input sWitch that couples a modulation input of 
the current modulator to the modulation signal in the second 
state, and to a reference voltage in the ?rst state such that 
adjustment of the bias voltage occurs With a supply input of 
the poWer ampli?er circuit set by the reference voltage. 

23. The current modulator of claim 19, Wherein the 
closed-loop control circuit comprises: 

an ampli?er circuit to generate an error signal responsive 
to a difference betWeen the detection signal and a 
reference signal representative of the desired quiescent 
current value; and 

a track-and-hold circuit to generate the bias voltage as a 
function of the error signal in the ?rst state, and to 
maintain the bias voltage irrespective of the error signal 
in the second state. 
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24. The current modulator of claim 23 Wherein the 
track-and-hold circuit comprises: 

an input storage element coupled to an output of the 
ampli?er circuit in the ?rst state and decoupled in the 
second state, such that the input storage element tracks 
the error signal in the ?rst state and holds a last value 
of the error signal in the second state; and 

a buffer ampli?er coupled to the input storage element to 
generate the bias voltage based on the error signal in the 
?rst state, and based on the last value of the error signal 
in the second state. 

25. The current modulator of claim 24, Wherein the buffer 
ampli?er comprises a voltage folloWer circuit With a desired 
signal gain. 

26. The current modulator of claim 25 , Wherein the buffer 
ampli?er comprises a unity-gain voltage folloWer. 

27. The current modulator of claim 25, Wherein the 
track-and-hold circuit further comprises a coupling sWitch to 
selectively couple and decouple the input storage element 
from the error ampli?er responsive to a bias adjust control 
signal. 

28. The current modulator of claim 27, Wherein the input 
storage element comprises a capacitor coupled at a ?rst end 
to the coupling sWitch and to an input of the buffer ampli?er, 
and coupled to a signal ground node at a second end, such 
that a capacitor voltage of the capacitor folloWs the error 
signal When coupled to the error ampli?er, and remains 
substantially at the last value of the error signal When 
decoupled from the error ampli?er. 

29. The current modulator of claim 19, Wherein a supply 
input of the poWer ampli?er is coupled to a ?rst supply 
voltage through a measurement path including the current 
detector, and to a second voltage supply through a primary 
path bypassing the current detector, and Wherein the bias 
controller further includes at least one sWitch to enable the 
measurement path in the ?rst state, and to enable the primary 
path in the second state. 

30. The current modulator of claim 29, Wherein the ?rst 
voltage supply is the same as the second voltage supply. 

31. The bias controller of claim 29, Wherein the ?rst 
voltage supply is a regulated voltage supply derived from 
the second voltage supply. 

32. The current modulator of claim 29, Wherein at least 
one sWitch comprises a ?rst sWitch to enable supply current 
?oW through the measurement path in the ?rst state, and to 
block supply current ?oW through the measurement path in 
the second state. 

33. The current modulator of claim 32, Wherein the 
current detector comprises a sense resistor coupled to at a 
?rst end to the second supply voltage, and coupled at a 
second end to a ?rst terminal of the ?rst sWitch, and Wherein 
a second terminal of the ?rst sWitch is coupled to the supply 
input of the poWer ampli?er circuit. 

34. The current modulator of claim 32, Wherein the at 
least one sWitch further comprises a second sWitch to disable 
supply current ?oW through the primary path in the ?rst 
state, and to enable supply current ?oW through the primary 
path in the second state, such that the supply current into the 
poWer ampli?er circuit does not How through the sense 
resistor in the second state. 

35. The current modulator of claim 19, further comprising 
a one-shot circuit to generate a state control pulse responsive 
to an enable signal, such that the bias controller operates in 






