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Abstract — ACPR requirement is constant over wide
power range. ACPR at lower output power is excessive in
conventional constant bias current. New bias control
technique to decrease bias current at lower power level is
proposed by implementing hyperbolic tangent function
(tanh) with offsets. It is verified indirectly by measurement.
The measured bias current is reduced by amount of 22 %
over control range compared to the conventional one, in
addition to meet ACPR requirement simultaneously over all
range of output power.

|. INTRODUCTION

The drcuit blocks used in CDMA RF transmitter
require high linearity due to high peak to average ratio.
The required linearity of each block is edfied with an
ACPR (Adjacent Channe Power Ratio) parameter.
Minimum standard on the ACPR is spedfied in 1S-9598
and J-STD-018 such that spurious emisson levels sall
be lessthan —42 dBc/30kHz at Cellular and PCS CDMA,
respedively, at each condition of offset frequency. In
practice, this requirement becomes svere as output power
approaches maximum within range of output power. Note
that the same amount of ACPR is spedfied regardless of
output power.

Our previous and other works [1], [2] showed that the
ACPR is the function of output power (Po) and output
intermodulation intercept point (olP3) and that the
relationship of them can be approximated by

ACPR=2(olP, - P, +Q) )

where the ACPR represents the absolute value and the
value of a is about 10.0 and 6.7 in case of Celular
CDMA when the 3 order and the 5" order
intermodulation term is considered, respedively. In
reality, our experimental results are doser to the smpler
3" order approximation. Eq. (1) means that, in a given
condition of constant ACPR, when Po is deaeased, the
ol P3 can be deaeased by the same amount.

Our previous work [3] shows that olP3 of cascode
amplifier  with emitter degeneration inductor is
proportional to has current as down in Fig. 1.
Conventional approach sets bias current high in order to
mee high olP3 at maximum output power. High bias
current flows over al range of output power. However,
ACPR is excessve over most of range ecept near
maximum output power.
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Fig. 1. Typica gain and non-linearity characteristic (ilP3,
Gain, and ol P3) vs. colledor bias current (Icl) in the ase
of cascode amplifier with emitter degeneration inductor
(Lel). Here, Lel = 4 nH, operating frequency = 850 MHz.
It is calculation by Volterra series and simulated by HP
ads [3]. The ilP3 represents input intermodulation
intercept point.

Il. IMPLEMENTATION OF BIAS CONTROL BLOCK

New bias control technique is proposed to deaease bias
current within control range of output power. Although
bias current is <t to low at medium power, the ACPR at
medium power can be no worse than one at maximum
power because output power becomes low simultaneously.

Usualy, gain is proportional to hias current in analog
circuit block. However, in the ase of RF amplifier using
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emitter (source) degeneration inductor as like driver
amplifier and LNA, gain does is not changed much with
various bias current as diown in Fig. 1 and described in
[4].

New technique to control bias current monotonically
without discontinuity is proposed [5]. The shape of bias
current over control voltage is hyperbdi ¢ tangent function
with offsets auch as tanh (B(Ven-Vier)/2). When output
power beames low, bias current deaeases to reduce DC
power consumption. When high linearity is required at
higher power, bias current increases. To reduce bias
current furthermore, bias current is fixed to constant as
output power goes into maximum power. Then, it is
operated on classAB mode due to self-bias.

Contrary to anticipation, class AB operation is more
linear than classA operation at high output power [1], [6].
As output power goes into near saturation, the third order
intermodulation distortion (IMD) output (Pws) of class
AB is snaller than that of classA. Typica result of Pys
and Poin classA and AB amplifier is wown in Fig. 2 [1],

[6].
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Fig. 2. Typica power transfer characteristic on two-tone
test in classA and AB amplifier. Dueto theindent in Py
curve of class AB amplifier, class AB has larger
intermodulation regjedion at high power region [1], [6].

In the opposite case, that is, when output power is
below certain power level, bias current is fixed to constant
to prevent the increase of output noise power and to
stabilize gain. When bias current is too small, output
noise is abruptly increased due to small transconductance
and the gain is changed by input power due to self bias by
saturated swing. As described in the abowe, new bias
control technique makes hias current constant at bath
extreme @ntrol range and high dynamic range @n be
obtained.

Recantly, such method to set bias current at constant
minimum and maximum is suggested in commercial

product [7]. However, it is used to control gain slope and
to proted over-current. Within real application range, it
is operated on exponential trend rather than our tanh one.

The implementation of proposed control technique is
shown in Fig. 3 and is operated as the foll owing equation:

I all
| - NB _ MAX min 5
drv |:| MAX 1+ eﬁ(vcml _Vref) |: ( )

where Imax, Imin represent maximum and minimum bias
current, respedively and Ventl, Vref represent control
and reference voltage, respedively and B relates to gain
dope parameter and N is the area ratio o driver to
reference The gain dope at center point (Vref) can be
expresed as

al drv

:BUMAx;Imin) 3)
2,

ref

cntl |y

cntl

B _ Rslopei (4)
Rv:ntl kT

[t can be controlled by the ratio of Ryepe t0 Ry @nd the
center point can be controlled by V.« The simulated
results with several bias combinations by HP ads are
drawn in Fig. 4. It shows that the smulated results agree
well with equation. This bias control block is under
fabrication.
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Fig. 3. Theimplemented bias control circuit to deaease
bias current [5].
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Fig. 4. The smulated results of bias reference current
(Iref) on such combinations as;

A.Imin=80 pA, Imax=360pA.

B. Imin=80 pA, Imax=180pA.

C. Imin=40 pA, Imax=360A.

D. Imin=40 pA, Imax=180pA.
X-axis and y-axis represents control voltage (V) and bias
reference arrent (A), respedively. Here, Vref=1.41 V,
Rentl=80 kQ, and Rdope=5 kQ.

I1l. MEASUREMENT

To verify the abowe description, the 1st stage of our
previous circuit [3] is modified as sown in Fig. 5. To
control bias current, an external current source is used
and the node G is ac grounded by external two capacitors
(1uF and 100p-). Two capacitors are used to ground at
bath lower and RF frequencies.
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Fig. 5. Theused schematic of driver amplifier to control
bias current.

To clarify the difference between conventional method
and our proposed tedchnique, each performance is
compared at the same @ndition except bias current of the
1st stage. Both gains are ntrolled by Ventl. The
external current sourceis controlled by HP VEE program.
The bias current (Idrv) is controlled by (2) at proposed
technique. Fig. 6(a) shows bias current with resped to

control voltage in bath cases. Fig. 6(b) shows output
power with resped to control voltage. This figure also
represents a gain indiredly becuse input power is fixed
to constant at —22 dBm. Even though bias current is
deaeased by amount of 50 % at 1.3 V, Fig. 6(b) shows
that measured gain is changed lessthan 2 dB compared to
conventional one. The gain variation is not problematic
but can be used to enhance gain dynamic range. Fig. 6(c)
shows ol P3 with resped to control voltage. As anticipated,
olP3 is deaeased as bias current is deaeased at proposed
technique. However, measured ACPR is not degraded
than one of maximum output power due to smultaneously
deaeasing output power. All value of ACPR is above 60
dBc over range of output power. Still, the worst ACPR
exists a maximum output power. To \verify our
asamption about the relation between olP3, Po and
ACPR, calculated ACPR by (1) is drawn together with
measured ACPR at Fig. 6(d). This figure shows that
cdculated ACPR follows the same trend well with the
measured ore acossall power levels.

IV. CONCLUSION

On the basis of relationship among ol P3, Po and ACPR,
it is sown that olP3 can be deaeased as output power is
deaeased in the mndition of constant ACPR. A new bias
control technique is proposed to reduce ecessve bias
current at lower output power. It is verified by indirea
measurement that ACPR can be met at reduced current by
amount of 22 % over control range. According to CDG
field data[8], average transmit power is at least 15-30 B
lessthan maximum power, so current reduction ratio by
our proposed technique bewmmes higher in  red
application. Our proposed technique @an be more dfedive
in power amplifier and LNA appli cation.
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Fig. 6(a) Bias current vs. control voltage
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Fig. 6(c) Output intermodulation intercept point vs.
control voltage
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Fig. 6(d) Adjacent Channel Power Ratio vs. output power

Fig. 6. The @mparison of characteristic between
conventional constant current and our proposed current
control. Box, circle represents measured conventional
(constant) and proposed bias control, respedively. Cross
mark represents the alculation by (1) based on measured
datain Fig. 6(b) and (c). Operating frequency is 850 MHz.
Vref=1.5V, =4, Imin=2 mA, and Imax=7 mA.
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