Chapter 2

Power Control and Linear Transmitter Fundamental Theory
2.1 Typical power control architecture

The digital wireless communications standard requires accurate control of a
unit's transmitted power over a wide dynamic range. Accurate power control is
required to meet system specifications under operating conditions like supply voltage
variation.

Today, The most common solution today is a power-control loop based on a
directional coupler with a peak detector and a comparator.
2.1.1 RF attenuator power control architecture

With RF attenuator power ‘control, the attenuator is inserted into two stages (is

shown in Figure 2.1) before the power amplifier. Figure.2.2 shows the RF attenuator.
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Figure 2.1 RF attenuator power control




RFout

Figure 2.2 A four diode attenuator

This decreasing the RF power into the power transistors, hence reducing the RF

output power, as long as the amplifier is not driven into saturation.

The output power in the RF attenuator control is related to the linear

attenuation of input power. The: fact that there is<a simple linear relation between

control signal and RF output power pravides three disadvantages:

1. It is too small that the dynamic range of the RF attenuator is 20 dB.

2. The diode is saturated when large signal into the pin diode of RF attenuator.

3. The mismatch between the two stages is caused by the reflecting attenuator.

2.1.2 A variable gain of pre-amplifier power control architecture

The amplifier is designed to a variable gain device. Figure2.3 shows the

architecture. The different gain control is based on a attenuation relation between the

power of the amplifier.
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Figure 2.3 Pre-amp variable gain power control

If the output power versus gain characteristic is known for a given amplifier, the

output power can accurately set. The advantage of this configuration is the possibility

to achieve the wide dynamic range of power:control. But there are the following

disadvantages to this method:

1. The consideration of the power,eensumption of the other amplifiers.

2. Allinear power amplifier is demand.

2.1.3 A variable gain of output power amplifier power control architecture

The power control architecture of my propose is a variable gain output power

amplifier as shown in Figure 2.4. The principle of power controlling is the closed loop

approach. Under this approach, the RF output power is sensed via a directional

coupler and is detected across a fast Schottky diode. The resulting voltage signal is

directly proportional to the RF peak voltage and is compared with a reference voltage

in an error amplifier. The loop controls the power amplifier gain via a control line to



force the detected voltage and the reference voltage to be equal. Power control is

accomplished by setting the reference voltage. Figure2.5 shows the PA bias circuit
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Figure 2.4A variable gain of output power amplifier power control
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Figure 2.5 PA bias circuit



The advantage of the closed-loop power control method is an excellent behavior

under mismatched conditions. This method performs well under mismatch because

the directional coupler can distinguish between incident and reflected power. The

attenuation of the variable gain amplifier is mach than the RF attenuation. And the

input and output signal are separated by the amplifier.

In the linear region, | set the gate DC voltage to control the RF attenuation value

from positive gain to the negative gain. A variable gain amplifier is made use to

achieve wide power control range.

I control the gate DC voltage of the jpower amplifier to compensate the

movement of bias point when large AC signal input the device. We utilize the

different gate bias voltage to change the gain-of device to achieve power gain

linearizer.

Both the power control and linearizer can be accomplished. Figure 2.6 shows

the attenuation v.s. the gate Vg bias. The power gain is decreasing from 10.67 dB

to —29.33dB at different \Vg bias voltage. Figure 2.7 shows the change of Vg bias

depends on the different input power to compensate the non-linear power gain curve.

When input —1dBm, the gate voltage should be set —0.725 V. And when input 11 dBm,

the gate voltage should be set —0.880 V.
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Figure 2.7 Input power V.S. power gain@gate Vg bias



2.2 The linearizer fundamental theory
2.2.1 A Microwave Miniaturized Linearizer Using a Parallel Diode with a Bias Feed
Resistance
In this paper [3], a miniaturized linearizer using a parallel diode [4] with a bias
feed resistance is proposed and its operation principle is investigated. Figure 2.8.
shows a block diagram of the power amplifier with the linearizer. The linearizer
achieves positive gain and negative phase deviations with the increase of input power
because of a nonlinearity of the diode and movement of bias point caused by a voltage
drop at the bias feed resistance. Moreover, the author make it clear that A.M./A.M and
A.M./P.M. characteristics of the linearizer can be easily adjusted by controlling the
anode supply voltage of the diode. They employ a variable gain amplifier between the
linearizer and the power amplifier to control RF input power level of the power

amplifier and achieve high isolation.
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Figure 2.8 Block diagram of the power amplifier with the linearizer
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The linearizer described above is used to compensate for the distortion of an
S-band power amplifier.

To demonstrate the capability of this linearizer, the characteristics of the
amplifier in the following condition.

Condition A: without the linearizer (idle current Ido = 1 A);

Condition B: without the linearizer in low current (idle current Ido = 0.52 A);

Condition C: with the linearizer in low current (idle current ldo = 0.52 A);

The gain and phase deviations of the power amplifier in condition-B become
worse than those of the power amplifier in condition-A. We find the amplifier with the
linearizer in condition-C achieves the “improved A.M/A.M and A.M/P.M
characteristics compared with the amplifier in"condition-B. Figure2.9 shows the gain

and phase deviations.
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Figure 2.9 Gain and phase deviations of the power amplifier
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2.2.2 Linearized High Efficient HBT

Application

Power Amplifier Module for L-Band

In this paper [5], a new on-chip linearizer that is applicable to L-band application is

proposed as shown in Figure 2.10. It is composed of base-emitter diode of the active

bias transistor and a capacitor for RF sig

nal shorting to the base node of the active

bias transistor [6-7], which improves the gain compression and phase advance of the

power amplifier with no additional dc power consumption, and has negligible signal

loss with almost no increase in die area.
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Figure 2.10 Circuit topology of the linearizer

Figure 2.11 describes the effect of the capacitance value on the Vbel of the RF

amplifier (HBT1) simulated as a function of input power level. Capacitance of 6pF

keeps the Vbe to the designed value upto the input power of 5 dBm, and shows 16dB

improvement in input power stability of Vbe compared to the OpF capacitance case.
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The input impedance to the linearizer from the RF amplifier (HBT1) decreases with
the increasing shunt capacitance, so there will be an increase of RF power loss to the
linearizer. Figure 2.12 shows the simulated gain compressions and phase distortions
of the power amplifier as a function of input power level for the different values of

linearizing capacitance in the bias circuit.
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Figure 2.11 Vbel and insertion power loss V.S. linearizing

capacitance as increasing input power
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Figure 2.12 Gain compression and phase distortion for

different value of linearizing capacitance



2.3 PHEMT device

An Aluminum Gallium Arsenide / Indium Gallium Arsenide (AlGaAs/InGaAs)

Pseudomorphic High Electron Mobility Transistor (PHEMT) as shown in Figure2.13,

Utilizing an Electron-Beam direct-write 0.25 um by 750 um schottky barrier gate [8].

The recessed “mushroom” gate structure minimizes parasitic gate-source and gate

resistances. The epitaxial structure and processing have been optimized for reliable

high-power applications. Figure 2.14 2.15 2.16 show the performance specification.

Figure 2.17 shows the libra model.
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DIE SIZE: 12,6 % 16.9 mils {320 430 um)
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BONDING PADS: 3.3x2.4 mils (85 ® 60 um typ.)

Figure 2.13 LP750 PHEMT 0.5W

SYMBOLS |PARAMETERS MIN TYP | MAX | UNITS
Ipss Saturated Drain-Source Current 190 225 265 mA
"'J{DS =2V V.;::,g =0V
Piag Output Power at 1dB Gain Compression
Vpg = 8.0V, Ing = 50% lpsg f=18 GHz 26.5 28.0 dBm
Giae Power Gain at 1dB Gain Compression
Wps = 8.0V, Ips = 50% Ipss =18 GHz 8.0 10.0 dB
NADD Power-Added Efficiency 55 %o
Iasc Maximum Drain-Source Current Vps =2V Vg = 400 mA
+1V
G Transconductance Vps =2V Vgg =0V 180 230 mS
Ve Pinch-Off Voltage Vps =2V Ips = 4mA -0.25 -1.2 -2.0 \
lzso Gate-Source Leakage Current Vg = -5V 5 40 LA
BVas Gate-Source Breakdown Voltage lag = 4mA -12 -15 W
BVap Gate-Drain Breakdown Voltage lsp = 4mA -12 -16 A
@, Thermal Resistivity 65 "G
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Figure 2.14 0.5W power PHEMT

RECOMMENDED CONTINUOQUS

OPERATING LIMITS

SYMB PARAMETER RATINGZ2
OL
Vps Drain-Source Voltage 8v
Vias Gate-Source Voltage -1V
Ios Drain-Source Current 0.8 % lpss
I Gate Current 8 ma
Pin RF Input Power 150 myWv
Ten Channel Temperature 150°C

Tzt | Storage Temperature -20/50°C
Pr Power Dissipation 20w
Gxge | Gain Compression 8 dB

Figure 2.15 continuous operating limits

ABSOLUTE MAXIMUM RATINGS

(25°C)

SYMBOL PARAMETER RATING!
Vo Drain-Source Yoltage 12V
Viag Gate-Source Voltage -4V

los Drain-Source Current 2% lpss
la Gate Current 35 mA
Pin RF Input Power 300 mWw
TeH Channel Temperature 175°C
Tsto Storage Temperature -65/175°C
Pr Power Dissipation 2 o4

Figure 2.16 Absolute maximum ratings
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Figure 2.17 Libra model

2.4 Specification

2.4.1 Cascaded 2-Tone, 3rd-Order Compression Point (IP3)

When two or more tones are present in a nonlinear device, inter-modulation

products are created as a result. A power series describes all of the possible

combinations of generated frequencies, 3rd-order products lie near in frequency to the

two input tones and are therefore very likely to fall in-band at the output. As a device
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is driven farther into its nonlinear region, the amplitudes of the third order products
increase while the powers of the input tones decrease. If the device was not limited in
output power, then the powers of the inter-modulation products would increase in
power until they were eventually equal in power with the input tones at the output.

Assuming a gain of 1(0dB) the slope of the fundamental gain line would be 1:1;
the slope of the 3rd-order gain line would be 3:1. The slope of the 3rd-order gain line
would 3:1. Figure 2.18 shows the IP3 point. The slope of the 3rd-order product line is
2:1 relative to the fundamental gain line. Accordingly, the 3rd-order products increase
in power at twice the rate of the input'tones and are always three times farther away
from the IP3 than the input tones when not near saturation.

The power of the 3rd-order-products can be predicted when the IP3 is know, or
the IP3 can be predicted when the relative amplitudes of the 3rd-order tone and the
input tones are know.

Equal Input Powers

Pard-order products = Ijim:lut tones@output 2. (IP3 - Ijim:n_lt tDI‘IES@DUtDUt) {dBm}

=3P 2 -1P3 {dem?}

I:'Sruzl-u:uruzler products input tones@output

IP3 =3/2 - I:|in|:|ut tones@output 1/2 Pard-arder products 1dBm} (21)
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Figure 2.18 IP3

Calculating the cascaded values for IP3 requires the following operation base upon

ratios for gain and IP3:

1 _ 1
ip3py Z H
=1 ip3;* H gan;
jmivl

convert to decibels

IP2 = 10 - logy [ip3] {dB} (2.2)

The following equation is a series expansion of the mixing of two pure tones:

Pour = ap*(f1)+ag* £y )+ ag*[l#f] £1+f,)+
ag*(lef) 220 ) +ag# (20 £16fy)+ < 3rd- Order Pr oducts

ag*(2ef) 22y . ba, w00t £ ook )

Conversion of the IP3 and IP2 reference may be accomplished with the following

equations:
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IP3/1P2 7pur = (IP3/1P2pypy T + Gain) {dBm} 2.3)

IP3/IP2 et = (IP3/IP24 eyt - Gainy {dBm} (2.4)

Unequal Input Powers

P3 ——— —— — ——-
P1 P2
P =P, - 2*(IP3 - Py) F; F'+U
Py=PRy - 2%(IR3 - Py) fi f £ fu

Where power units are kept constant in dBm

Figure 2.19 2-tone inter-modulation

2.4.2 1dB Compression Point (Pids,)

Active components are limited to-themamount of power that can be provided.

When operating within the linear region of the component, gain through the

component is constant for a given frequency. As the input signal is increased in power,

a point is reached where the power of the signal at the output is not amplified by the

same amount as the smaller signal. At the point where the input signal is amplified by

an amount 1 dB less than the small signal gain, the 1 dB compression point has been

reached as shown in Figure 2.20. A rapid decrease in gain will be experienced after

the 1 dB compression point is reached. If the input power is increased to an extreme

value, the component will be destroyed.

18



Passive, nonlinear components such as diodes also exhibit 1 dB compression
points. Indeed, it is the nonlinear active transistors that cause the 1 dB compression
point to exist in amplifier. Of course, a power level can be reached in any device that
will eventually destroy it.

Gigs (dB) = Go(dB) - 1 (2.5)
P10sdBm) = Gygg (dB) + Pin(dBm) (2.6)
Go : linear gain

P1gs : 1dB gain compress point

Pin :inputsignal 1dB compress point
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Figure 2.20 P1dB
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2.5 Budget

Figure 2.21 Stage cascade

IP3 of stage= P14g + constant (2.7)
2 Tone IMD of stage = 2* (P1gg - Pourt CONStant) (2.8)

2 Tone IMD of cascade = ROUND(-20*LOG(10"(- last stage IMD/20)+

107(- stage IMD/20)) (2.9)
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