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Predistortion Concept

PA response after |
This back-off valueis (Ideal predlstortion algorlthm :
limiter Saturation pointPAPR | [ —s e SRR
of input signal)

This back-off valueis
determined to give no
significant nonlinear region
for peak input power

Input Power PAPR
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Correction Techniques for Cellular Base Stations

Correction

Correction

Correction
Bandwidth

Relative

Technologies

Capability*

Cost

Feed Forward 25-35 dB > 100 MHz High
Envelope Feedback 10-20 dB <5 MHz Med
Analog Pre-Distortion 5-10 dB > 25 MHz Low
Adaptive Pre-D 10-20 dB > 50 MHz Med

* IMD Correction based on 8-Tone Continuous Random Phase

Georgia
Tech @

J. Stevenson Kenney $

September 9, 2002



Predistortion Linearization

Pre-D

Predistortion Bandwidth | Relative IMD Comments
Technology Correction
Open Loop High Low Simple
Analog Pre-D Implementation
Adaptive Analog Moderate Moderate No 1/Q stream
Pre-D required
(Work function)
Digital Baseband | Moderate Good Depends on DSP

computational
capability
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Baseband Pre-Distortion

RF
Q DSP DACH X —PA o
Stream Pre-D -' — Output

Input
Error Signal

S q:ADC

o Adaptive Filter to Minimize MSE

« ADC/DAC Requirements:

— 20 MHz BW b 100 MHz with 5" order IMD
— 3X over sample P 300 Msps (on both | and Q)

« DSP Speed: >64.08 MAC/sec

— 0.18 mm CMOS: ~1.5 nW/MAC

Georgia — b ~1W DC power
Tech P

— LUT update must also be performed



rends in Analog-to-Digital
Converter Technology
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® Figure 1. A survey of analog-to-digital converters.

Adapted from R. H. Walden, Performance Trends for Analog-to-Digital Converters, IEEE
Communications Magazine, February 1999, pp. 96 - 101.
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Pre-D Results with Low Power Amplifier
(0.5W Class-AB GaAs HFET)
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Disadvantages of Baseband Pre-D

Sampling Requirements

DSP speed (power)

Digital 1/Q input stream required
LUT update must be performed in

background
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Sampling in Predistorters

» A predistorter samples signals at the input and output of a power

amplifier to identify its AM-AM, AM-PM characteristics.
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| Predistorter

&

RF
Downconverter

Sample & Hold
Circuit

A/D Converter

O
J

RF
Downconverter

Sample & Hold
Circuit

A/D Converter
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Input Nyquist Rate

e Input Nyquist rate is when

fo+BW/2=f f_ — BW/2

e Again, this is equivalent to
the second figure in terms of
aliasing

fIF s™lF

Therefore, this is 33% of the

output Nyquist Rate, @
considering 39 order IMD.

0 £
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Input Nyquist Rate

 The original signal can be from the sampled signal if

the signal is sampled so that its spectrum is not overlapped in
frequency domain.

Sln[p (t ) kTs) /Ts] i
P (t - kTs) /Ts Ts ) °

X(t)= & x(KT.)

Kk

* Input Nyquist rate is the sampling frequency when the highest

frequency of the input signal coincides with the lowest frequency of
the image signal.

- |
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Output Nyquist Rate

e With predistortion systems, the analog-to-digital conversion at
the output of a PA is traditionally done with ‘above’ Output-
Nyquist rate in order to avoid the aliasing at the output
spectrum.
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Sub-sampling

fs= 10MHz 11 fs=5.01MHz
il (67% overlapped)
f =62
_ | \I | |
O  f=2 1, 8 f,, f.=10 0 ¢ £t
=3.84 ¢ " =5.01
F=2
BPF
fs<3.55
' i (Morethan 133%
' i overlapped)
I [
f, fe=2 1,
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Sampling Requirements for Nonlinear
System ldentification

 The goal of the sampling system is the pre-D
system Is not to reconstruct signals, but to
identify the nonlinear distortion.

Therefore, It Is not necessary to do Nyquist
rate sampling.

e According to the Generalized Sampling
Theorem*, a nonlinear system may be
accurately identified if the output signal is
sampled at the input Nyquist rate.

*John Tsimbinos, and Kenneth V. Lever, “ Sampling Frequency Requirements for
@/ | dentification and Compensation of Nonlinear Systems,” in Proc. ICASSP, val.

11, 1994, pp. 513-516. $
J. Stevenson Kenney
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Basic Operation of the
Generalized Sampling Theorem

X(t) Nonlinear | - yty = f(x(t))
! Mapping ‘
(3

|

YO | sampler | ()| Nonlnear | gyt X(t)

=k, Mapping i
gy =f1(3

\ yiy i \
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Sub-Sampling Architecture
ADS Simulation
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Sub-Sampling Architecture
ADS Simulations (cont.)
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Sub-sampling Architecture Test Bed
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Measurement Results
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Figure 6: Measured AM-AM Characteristic
of SHF-0189 when f, = 10 MHz (includes
3'd order distortions).
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Figure 7: Measured AM-AM
Characteristic of SHF-0189 when f, =
5.3 MHz (67% of output spectrum is
overlapped).
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Indirect Learning
Predistortion Architecture

Power
Amplifier

y(n)

(n)

o«
x(n) w| Predistorter z(n)
(Copy of A) ‘
Basic Algorithm: n e
y(n) = f(z(n)), -
e(n) = z(n) - g(y(n)), £(n)

wheref (¥ isthe nonlinear

transfer functionof PA,

and g(Jisan estimate of f*(>
calculated by method of Least Squares
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Predistortion Results
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Predistortion Results (cont.)
Sirenza SHF-0589: 2W GaAs HFET PA
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Predistortion Results (cont.)
Motorola MRF-9180 170W Si LDMOS
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Impact of Memory Effects
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Impact of Memory Effects (cont)
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RF Envelope Predistortion

* Predistortion is performed directly on the
modulated RF carrier using a high-speed
vector modulator

VMOD is driven by a look-up table (LUT) that

IS Indexed by the instantaneous input power
level

Kusunoki, et al., demonstrated 6-7 dB ACPR
Improvement without adaptive feedback*

- Predistortionfor Cellular Phone, 2002 |EEE MTT-SInt. Microwave
Georgia | smp. Dig, pp. 765-8, Seattle, WA, June 4-6, 2002.

*S.Kusunoki, et al., “Power Amplifier Module with Digital Adaptive
Tech @
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Adaptive RF Envelope
Pre-Distortion Test Bed
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FPGA LUT Implementation
(Xilinx Vertex-I1)

Virtex Il
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FBext
PCserial UART RX Controller

UART: Universal Asynchronous Receiver Transmitter
TeCh DCM: Digital Clock Manager

Georgia LVDS: Low Voltage Differential Signaling $
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RF Envelope Pre-Distortion
ADS Simulations

]
:

l
/
%,

dBm
ACPR Improvement, dB

(a) 2x Sampling

N
/

(®)wio Pre-D
—%— ADClorDSP

770_; B DAChWOD
‘ _ (d) Source
nBits

90 |||||||||||||||||||||||||||||||||||||||||||||||||||
847.4 852.6

Mega Hertz

Georgia $
TeCh J. Stevenson Kenney

September 9, 2002 33

9=
N

mB
~
©
©
B
=
N
&
N




RF Envelope Pre-D Test Bed
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Signal Integrity ADC-LUT-DAC Path
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Signal Integrity ADC-LUT-DAC Path (cont)

ﬁ .
% + 4 i
(3-a) 10MHz inpu_[:,_!\lo _filtering
..... " 4+
e W I + [ e Py
it T § { F A i : .--L' = o 2 ™~ !
¥ _f# ¥ [ L1 . b
- 4 g S T o ]
(3-b) 10MHz input, Filtering (fc=20MHz)
*

Tech

J. Stevenson Kenney
September 9, 2002

Georg Ia @/ (3-c) Glitch due to the crosstalk of data lines and overflow
—



Outline

e Introduction to Predistortion

e LUT Updates using Sub-sampling
Recelvers

 RF Envelope Predistortion

Georgia
Tech \

37



Summary and Conclusions

o Sub-sampling architecture developed to
reduce sampling and processing
requirements
— Sample rate 3 2 x BW of input signal
— Memory effects may increase this

« RF Envelope pre-D is an alternative to
baseband digital pre-D

— No digital I/Q stream required
— Lower power, high BW
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