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Abstract transistors the use of many small emitters can create hot-

A bias boosting technique for a 3.2V, 1.9GHz Class ABPotting and lead to a thermal runaway [6]. To prevent
RF amplifier designed in a 30GHz BiCMOS process #lis, ballasting resistor is often used i.e. a resistor is
presented in this paper. In a Class AB amplifier, the averaiggroduced in series with each emitter (or base) to divide
current drawn from the supply depends on the input sigrtéle current evenly among the emitters [1,7].
level. As the output power increases so does the average ]
currents in both the emitter and the base of the powdr Conventional Class AB
transistor. The increased average current causes an increaselig_ 1 shows the schematic of an amplifier with a
voltage drop in the biasing circuitry and the ballast resistqfyrrent mirror bias: QO is the amplifying transistor, RO
This reduces the conduction angle in the amplifier, pushingffe pallast resistor, LO the ground inductance, R5 the

deep into Class B and even Class C operation, reducing fllese piasing resistor, and R2 the load resistor. Due to the
maximum output power by 25%. To avoid the powe

. o ) .é]xponential nature of the I-V characteristic of BJTS,
reduction, the amplifier should have a larger bias whic : C . .
inevitably has a larger power dissipation at low output powg}"rrent mirror biasing is ”?e‘j to bias QO in Class AB
levels. The proposed bias boosting circuitry dynamicalﬁr/mde' R4 and R6 arg N tlmes larger than RS and RO
increases the bias of the power transistor as the output poig#Pectively, and Q1 is N times smaller than QO. The
increases. The amplifier has less power dissipation at I@s current of QO is, therefore, N times the current of
power levels with an increased maximum output power. Q1.
_ As the input RF signal V2 is increased, the output
1. Introduction voltage VO increases. Fig. 2a shows the power gain, and
In an ideal Class B amplifier, the transistor operatesso rms and average collector currents in QO versus
as a current source with a conduction angle of’@® output power for a supply voltage of 3.2V and an input
an amplitude proportional to the input signal [1]. At thérequency of 1.9GHz. The dc current increases as the
presence of a tuned circuit at the output, a Classdsitput power increases resulting in a dc voltage increase
amplifier has a linear input-output relationship anigh the bias resistance of R5 (15 ohm) and emitter ballast
provides a high efficiency, theoretically equal to 78.5%R0 (50 mohm) (Fig. 2b). In large signal operation, we
To avoid crossover distortion, the transistor is nefan say that as the RF signal V2 is in its positive half-
biased at the edge of conduction. It is usually biasedaicle, QO is conducting and it loads the input signal
a small quiescent current with a conduction angiurce. For the negative half-cycle of V2, QO is off. The
slightly greater than 180 Under these conditions, theinput matching network has a series capacitor to isolate
transistor is referred to operate in Class AB modthe dc path of the amplifier from the input signal. During
Class AB amplifiers have been widely used in Rfhe positive half-cycle of V2, this capacitor is charged
applications [2-5]. through QO. During the negative half-cycle of V2 (when
RF power transistors are usually interdigitated QO is off), this capacitor is discharged through R5. As
reduce the base (or gate) resistance. In bipoRb is larger than the impedance of QO in the positive

half-cycle (in our design 15 ohm compared to 5 ohm),
Permission to make digital or hard copies of all or part of this work for ; ; ; ;
personal or classroom use is granted without fee provided that copiL@e negative swing at base of QO is Iarger than its

are not made or distributed for profit or commercial advantage and thggositive swing. This provides a positive DC current
copies bear this notice and the full citation on the first page. To cop .
otherwise, or republish, to post on servers or to redistribute to listdhrough RS which has an average value equal to the dc

requires prior specific permission and/or a fee.
ISUPED 2000Rapallo, ltaly. current of the base o_f QO. In other words, the dc voltage
Copyright 2000 ACM 1-58113-190-9/00/0007 ...$5.00. drop at base of QO is necessary to draw the dc current
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from the bias circuitry. However, this bias drop reducescurrents in QO, average voltages, power added
the conduction angle of transistor QO, pushing theefficiency (PAE) and power gain, when bias boosting is
transistor deep into Class B and even Class C. Thieff and using an ideal off-chip matching network.
makes it more difficult for the input RF signal to Figs. 8a, 8b & 8c show the results when bias boosting
increase the output power. is applied. Bias boosting increases the maximum
) , , output power from 1.6W to 2.2W. It also increases the
3. Bias Boosting Technique PAE at maximum output power from 57.5% to 61.5%.
In this paper, we present a bias boosting technique tghe same 2.2W maximum output power could have
provide extra dc current required in Class AB as theneen achieved without bias boosting, if a larger current
output power is being increased. Fig. 3 shows the samg00mA compared to 170mA) had been provided to the
Class AB as in Fig. 1 with the added ideal bias booshower transistor. However, this extra current causes

circuitry consisting of a voltage-controlled current excessive power dissipation at low output power levels.
source GO, and a dc voltage source V1 with a value

equal to the amplitude of the RF signal V2. Under thisS- Conclusion
ideal bias boosting condition, as the amplitude of the In a bipolar Class AB amplifier, the dc current increases
RF input is increased, so does the dc current generatég the output power increases resulting in a dc voltage drop
by GO which provides for the extra dc current in QO. in the bias circuitry and ballast resistance. Therefore, the
By comparing Figs. 4a-4b with Figs. 2a-2b, we canconduction angle reduces as the output power increases. As
see that the bias boosting technique increases tﬁ@e transistor is pushed into Class C operation, the maximum
maximum output power (2.5W compared to 2W) I,[output power is reduced. The higher the resistances on the dc
should be pointed OUt. the Same maxi_mum OUIPUt p.owepower reduction is. To have Class AB operation at high
could have been achieved without bias boosting, if th utput power requires the transistor to have a large bias. This

bias circuitry had been designed to provide higher dgegyits in an unnecessary higher power dissipation at low
current: 600mA compared to 170mA (please refer tqutput powers. It is shown that a bias boosting technique can
Figs. 5a-5b). This extra dc current at low output powersge used to compensate the excess voltage drop in the bias
is undesirable. It pushes the transistor deep intaircuitry as the output power increases. Current sensing of
Class A and causes excessive power dissipationhe driver stage is used to extract the signal level applied to
Considering the 3.2V supply voltage, the extra 430mAthe power stage. This current is averaged, scaled and then

dc current translates into 1.3W of power dissipation. Used to increase the bias voltage of the power transistor.
Simulations indicate that for a 3.2V, 2W, 1.9GHz Class AB

4. Class AB amplifier with bias boosting amplifier the maximum output power is increased by 25%.

~The practical realization of the bias boostingpofarences
circuitry for a 1.9GHz Class AB amplifier in a 30GHz _ _ . L
BICMOS brocess is described in this section. Fi 6[1] H. Krauss, C. Bostian, F. Raab, Solid State Radio Engineering,

P o oo : g John Wiley & Sons, New York, 1980.

ShOW_S a two stage amplifier consisting of a _d”Ver[Z] K. Sakuno, et al, “A 3.5W HBT MMIC power amplifier
transistor Q5 and a power transistor Q0. Q5 is alSenodule for mobile communications”JEEE Microwave and
biased in Class AB. Transistor Q6 is in parallel with Q5Millimeter-wave Monolithic Circuit Symposiyrpp. 63-66, 1994.
and is M times smaller. Q6 senses the current of thé] J. Muller, et al,, "A small chip size 2W, 62% efficient HBT
driver. As the input drive signal increases so does th M:\fofog 1\; Pl(é';';fggg‘;a“l‘;gé'EEE J. Solid-State Circuitsrol.
current in Q6. This current is then averaged, scaled andj's. wong and S. Luo, “A 2.7-5.5V, 0.2-1W BICMOS RF driver
mirrored to be added to the current bias of the powegmpiifier IC with closed loop power control biasing functions”,
transistor (shown as the Ave./Mirror block in Fig. 6). IEEE J. Solid-State Circuitsol. 33, No. 12, pp. 2259-2263, 1998.
The function of averaging, scaling and mirroring is[5] W. Simburger.et al, “A monolithic transformer coupled5SW
done by the use of resistors and capacitors (RC timéilicon power amplifier with 59% PAE at 0.9GHZEEE J. Solid-

. . . _State Circuis, vol. 34, No. 12, pp. 1881-1892, 1999.
constants), PNP and NPN transistors in current mlrr0f6] R.H. Winkler, “Thermal properties of high-power transistors”,

co_nfiguration_s. The power dissipation in the_ Ave./|EEE Trans. Electron Devicesol. 14., pp. 260-264, 1967.
Mirror block is small (less than 80 mW at maximum [7] J. Jang, et al, “Characterization of RF power BJT and

power) because of the scaling factor N used in the biagnprovement of thermal stability with nonlinear base ballasting”,
circuitry of the power transistor. IEEE J. Solid-State Circuitd/ol. 33, No. 9, pp. 1428-1432, 1998.

Figs. 7a,7b & 7c show the rms and average collector

ath of the currents of base and emitter are, the higher the
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Fig. 1: Conventional Class AB amplifier Fig. 3: Ideal Bias Boosting in Class AB amplifier
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Fig. 2a: Currents and Gain in conventional Class AB Fig. 4a: Currents and Gain in bias boosting Class AB
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Fig. 2b: Average voltages in conventional Class AB Fig. 4b: Average voltages in bias boosting Class AB
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Fig. 5a: Currents and Gain in Class A amplifier Fig. 5b: Average voltages in Class A amplifier
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Fig. 6: Two stage Class AB amplifier with bias boosting
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Fig. 7a: Currents in two-stage conventional Class AB
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Fig. 7b: Voltages in two-stage conventional Class AB
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