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Abstract: With the large signal model extracted from the InGaP/ GaAs HBT with three fingers, a three stage, class AB power am-

plifier at ISM band is designed. Through the optimization of the traditional bias network, the gain compression at the low input power

level is eliminated successfully. At 3. 5V of supply voltage of the power amplifier after optimization exhibits 30dBm of maximum lim-

ear output power, 43. 4% of power added efficiency 109. 7TmA of a quite low quiescent bias current , 29. 1dB of the corresponding

gain, and — 100dBe of the adjacent channel power rejection ( ACPR) at the output power of 30dBm.
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1 Introduction

Power amplifier is a key component in mobile conr
munication system, which directly influences the standby
time and communication quality, and has been a hotspot of
current research. As the mobile communication after the
3rd generation demands very low distortion and long talk
time, power amplifier in mobile communication often has a
strict requirement of linearity and efficiency.

In order to prolong the talk time, generally speaking,
we need to improve the efficiency of the power amplifier
and reduce the power dissipation. However, this can drive
the transistor near the region of saturation, thus leading to
gain compression and phase expansion, that is, poor lin
earily.

Because of nonlinear factors of the transistor, the
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output power deviates from the linear amplification and
exhibits gain compression when the input power is above
certain level, which greatly adds difficulty into linear pow-
er amplifier design'®. Too often, designers adopt some lin-
earized techniques, such as feedforward! ! \ cartesian! 6],
LINC and so on , to realize linear amplification in a wide
range. On the other hand, these techniques often come a
long with the shortcomings of increasing the complexity
and the cost, reducing the bandwidth and so on, with the
result of limited applications.

In this work, we adopt and optimize a novel bias net-
work, based on which we realize a three stage medium
power amplifier. This power amplifier consumes a quite
low quiescent bias current, with each stage of 12. 1, 42.2,
and 35. 4mA respectively, which is apparently below that
of the similar product international' % And at the shut-

down mode, the amplifier has an extremely low leakage
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current of 36. 6pA. Under the operation of 3. 5V, this amr
plifier achieved the gain up to 29. 1dB, maximum linear
output power of 30dBm, and a good power added efficien-
cy( PAE) of 43.4% with the adjacent channel power re-
jection( ACPR) of — 100dBe at 1S95 Reverse Link CDMA
Signal Source (1. 2288MHz primary channel bandwidth,
30kHz adjacent channel bandwidth, and £ 885kHz fre-
quency offset) . Thus the performance of this power ampli-
fier has reached that of the similar product internation-
al'”!

2 Device design

HBT device has such the virtues as high power den-
sity, high drive ability, low phase noise, high linearity, sin-
gle voltage operation, and a relatively low requirement of
lithography precision, which make it especially applicable
for power amplifier. In this work, we adopt InGaP/GaAs
HBT with extramely reliable.

In practical, an emitter with long length can result in
thermal failure. On the other hand, when the emitter width
falls below a certain value, the influence of parasitic pa
rameters increases greatly and lowers [ In this work,
we adopt the HBT with 3Hm x 15Hm of emitter size, which
can balance both the frequency performance and the drive
ability! "1

As the current density in HBT is very high during
the work, the device temperature arises quickly with the
influence of the self-heating and the heat dissipation from
nearby devices. Positive feedback between the temperature
and current can worsen device performance, or even
lapse. Thus, the dissipation condition of the circuit and the
thermal stability of the semiconductor material play a key
role in HBT reliability.

To prevent the thermal collapse in HBT, we extracted
the parameters from a cell formed by three transistors in
parallel and the circuit adopts mulircell in parallel as
shown in Fig. 1. This way not only reflects the realistic

performance of the devices, but also takes the thermal ef-

fect into consideration, which can make the model in high-
ly accordance with practical work and prevent the thermal

collapse in a maximum length.

Fig. 1 HBT layout of three fingers used in parameters ex-

traction

Too often people use the ballasting resistor in serial
connection with the emitter or the base, in order to bal-
ance the current and meliorate the thermal distribution. On
the other hand, the resistance can also affect the frequency
performance of the transistor and the power gain of the
circuit, which demands a trade off decision.

When people adopt the way of base ballasting resis-
tance, generally they use a capacitor in parallel connection
with resistor. This kind of design not only adds the conr
plexity into layout design, but also has a shortcoming of
the ballasting effect existing only in DC condition. Thus in
this work, we adopt the way of emitter ballasting resistance
to increase the stability, which can realize the negative
feedback not only in DC condition, but also in RF condi-
tion, and thus the thermal collapse can be prevented more
effectively. According to Ref. [ 1], the optimal emitter re-
sistance needed to prevent the collapse is given below

Rgop = Run $BVegpo(1- ¢)

%T.\ 1 2
= B P s
where 2= 2 ¢ x IoRun BVepo is the
thermal electrical ~ feedback  coefficient, equal  to

1. 0mV/ C; N is the collector current ideality factor, equal
to 1. 1. Namely, both of ® and N are independent of tenr
perature or current level; 7, is the maximum collector
current; ¢ is themmal stability factor. The HBT' is thermally

stable if ¢ 21 and no ballasting resistance is needed.
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When ¢< 1, finite emitter ballasting resistance must be
added to prevent the collapse. Ry is thermal resistance
of finger 1 due to power dissipation in finger 1. According
to the relationship between the themmal resistance and
substrate thickness of the HBT' with 3dm x 15Hm of emit-

ter size in Fig. 217
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Fig. 2 Thermal resistance versus substrate thickness

Here R, is 1000 C/W as our substrate thickness
is thinned to 100Hm.

Accoreding to the equation, we can get the emitter
resistance needed to keep the stability. After we subtract
the emitter intrinsic resistance and the ohmic contact re
sistance from the resistance calculated, resistance needed
in serial connection with the emitter outside is about
2.50. And through simulation, we find the added resis-
tance of 2.5Q affects the frequency performance of the
HBT slightly, so the effect on the frequency performance

can be ignored in this case as shown in Fig. 3.
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Fig.3 Simulation result of frequency performance deperr

dences of emitter ballasting resistance

3 Circuit design

Figure 4 shows that the power amplifier consists of a
three stage cascaded circuit. According to the power as-
signment, the circuit consists of a high- pass input match-
ing network, a driver stage HBT' with 3Hm x 15Hm x 6 of
emitter size, a middle stage HBT with 34m x 15Hm x 24 of
emilter size, a power stage HBT' with 30m x 15Hm x 64 of
emitter size, and a high- pass interstage matching network,
together with an output matching network. The input stage
and output stage are matched to the characteristic
impedance of 509, with the input VSWR of only 1.7. On
the other hand, to achieve passive components with high
(0, we leave the output matching network and part of bias
networks outside of the die, which can not only make up
for the problem brought by the process tolerance variation,

but reduce the cost.
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Fig. 4  Circuit schematic of the ISM three stage power am-

plifier

In order to achieve high efficiency and high linearity
simultaneously, we bias the st stage near the class A op
eration while the rest of the stages are biased near class
B. Thus the quiescent bias current of the three stages is
separately 12. 1, 42.2, and 55.4mA, which is obviously
below that of the similar kind of product international'®'.
And at the shutdown mode, the power amplifier has an ex-
tremely low leakage current of 36. 6pA. Obviously, both of
them are favorable for the lower power dissipation and the
longer work time, making the power amplifier more appli-

cable for the mobile applications.
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T'his kind of bias network not only can realize the compen- o . )

sation for the temperature variation with the use of diodes,
but also help to increase the drive ability of the amplifier,

and improve the linearity through the discharge of C17.
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Fig. 5 Traditional bias circuit

It is known to all, the nonlinear characteristics of the
transistors make the amplifier deviate from the linear anr
plification and exhibit gain compression when the input
power reaches certain value. When the gain compression
reaches 1dB, the corresponding output power is so called
P 1a5. Though the bias network adopted can improve the
linearity effectively, in practical design we find that, with
the quiescent bias current being reduced, the class AB
power amplifier also appears gain compression even at the
low input power level. As shown in Fig. 6, there appears
signal distortion at small signal operation. Also in Fig. 7,
the amplifier does not amplify linearly at a constant gain,
even at the small signal operation, which is, obviously, not
what we expect and will definitely affect applications.

On one hand, there is a base emitter capacitance of
Cj.at BJT6 (Fig. 5). If we ignore the diffusion capaci-
tance, the capacitance at the BE junction is determined by

. . 1
the depletion capacitance and can be expressed as!'!,
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Fig. 6  Simulation result of gain compression versus input
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Fig. 7 Simulation result of power gain versus input power
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where € is the relative dielectric constant of InGaP, and
here it equels 11.9; A}, is the area of emitter junction,
and S .., is the undercut of the emitter; V. is the factor of
emitter; @, is BE junction built- in potential, which is de-
pendent on K. of InGaP and the AE, of the heterojunc
tion of InGaP/GaAs. Here E,. equels 1.85eV, and AE,
equels 0. 33eV; V. is doping concentration in InGaP lay-
er, which is 3 x 10"7em™ ? according to our epitaxy wafer.
Thus the BE junction capacitance is about 117 fF in the
HBT with the emitter sizes of 3Hm x 15Hm.

According to our analysis, the problem mainly lies in
the current distraction effect. The BE junction capacitance
of BJT6 is in a serial connection with C17. After that, the

capacitance after the serial connection connects in parallel
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with the BE junction capacitance of BJT( 1, 2, 3) ( Fig.
4) . Thus this results that the input signal will be distract-
ed to the branch of the bias network, that is, the path of
the serial connection of BJT6 and C17, which makes the
input power relatively low and gain decreased.

In order to solve this problem, we optimize the net-
work design by adding an additional inductor, 18, shown
in Fig. 8. Because of the inductance, signal distraction is
prevented at small signal operation. When the input signal
is large, besides preventing the signal distraction, the self-
inductance can partly prevent over discharge of C17. Thus
the optimization can realize linear amplification in a wider
range.

Take the last stage as example, BJT6 is composed of
six HBTs in parallel connection, and thus the BE junction
capacitance is 702{F (6 x 117{F). If the capacitance of
C17 is 5pF now, the capacitance after the serial connec
tion( Fig. 5) is 616fF, equals to 1082( 1/ «C). While BE
junction capacitance of BJT'3 in the main path of the cir-
cuit is 7. 5pF, the capacitive reactance is 9Q. Thus there
will be 8 percent of the current distracted. If the induc
tance of L18 that we add is SnH, the capacitive reactance
is 75Q( «L) . And now there will be only 5 percent of cur-
rent distracted. According to the equation of P o I, the
distraction effect after optimization can reduce the power
loss by 61% compared to that in the before.

As far as the 2nd stage, BJT6 is composed of four
HBTs, and the BE junction capacitance is 468fF. If the
capacitance of C17 is SpF, the capacitance after the serial
connection( Fig. 5) is 428fF, which is equal to 155Q.
While the BE junction capacitance of BJT2 in the main
path of the circuit is 2. 8pF, the capacitive reactance is
24Q.Thus 13. 4 percent of the current will be distracted.
If the inductance of L18 is SnH now, then the capactive
reactance is 759Q. Now only 9 percent of current will be
distracted. As is seen from above, the distraction effect af-

ter optimization is reduced by 55% compared to that in

the before. Therefore, the influence of the distraction after
optimization is reduced greatly.

q[ E
1

the internal resistance of BJT( 1, 2, 3) decreases with the

At large signal operation, according to g. =

increase of the current, the effect of distraction is relative-
ly low compared to that at the small signal operation. At
the same time, the input signal is sin signal while dis
charge of C17 works by the exponent law. The difference
can be compensated by the self-inductance through pre
venting over discharge of C17. Therefore, the power ampli-
fier after optimization exhibits quite low gain compression
at a relative wider range of signal operation. And it is not
until the input power is quite large that the amplifier be

gins to appear the normal gain compression.

BJT_NPN
c BJT6

Fig. 8 Bias circuit after optimization

Comparing Fig. 10 with Fig. 6, we can find that the
small signal gain compression of 1.2 at input power of -
10dBm in Fig. 6 is almost eliminated in the result in Fig.
10 after optimization. Through the comparison of Figs. 11
and 7, we also can find that, the power gain, which is less
than 28dB at the input power of — 10dBm, rises to
29. 1dB after optimization, which is the same as the gain
at the input signal of OdBm. The results above show that

the design after optimization can realize linear amplifica
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tion in a wide range and can effectively solve the problem

of gain compression at the small signal operation.

5 Performance analysis

As we adopt some novel techniques in the work, the
final performance is satisfing. Under the operation of
3.5V, the threestage power amplifier consumes very low
12.1, 42.2, and
55. 4mA. This amplifier achieves the gain up to 29. 1dB

quiescent bias current, separately

(Figs. 9 and 13), maximum linear output power of 30dBm
(Figs. 12 and 11) and a good power added efficiency
(PAE) of 43.4% at the output power of 30dBm ( Fig.
10) ,when an adjacent channel power rejection ( ACPR)
can reach — 100dBe( Fig. 14) . From the results, we can
see that the power amplifier in this work owes the virtues
of high power gain and high power added efficiency and
linearity, which reach the performance of the similar prod-

uct international'®’ .
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Fig. 9  Simulation results of power gain and phase deviation

versus input power after optimization
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Fig. 10 Simulation resulis of gain compression and PAE

versus inpul power after optimization

6 Conclusion

Through the optimized bias network, a three-stage
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Simulation result of output power versus inpul
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Fig. 12 Simulation result of output power versus gain com-

pression after optimization
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Fig. 13 Simulation result of power gain versus output pow-

er after optimization
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Fig. 14 Simulation result of ACPR versus input power after

optimization

medium power amplifier at ISM band is realized based on
the large signal model extracted from InGaP/ GaAs HBET.
This power amplifier consumes very low quiescent bias

current, with each stage of 12. 1, 42.2, and 55. 4mA re
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