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Motivation

Linearity vs. Power Efficiency

. Battery lifetime
Power efficiency |:> v i

Thermal management

Sophisticated
Linearity Modulation Spectral efficiency
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Measure real PA - synchronization

Automatic phase synchronization of two signals
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Techniques For Analysing And Modelling Non-linear

Systems

Volterra series

y(t):k0+2;7“;1 ffooo ffoookn(tﬁt?’-"vtn)x(t_t2) (1)
< X(t— ty)dtydip - - - dty,

where kj is called the Volterra series kernel and can be
regarded as a higher-order impulse response of the system.

Tomas GOTTHANS Linearization of power amplifier 7.6.2012 5/27



Polynomial series with memory

K Q
y(t)=> " akg x(t—q)x(t — q)|* . (2)

k=1g=0

Despite the simplicity of the definition the stability and condition
when performing the inversion of the generating matrix, the
method is not very stable due the ill-conditioned matrix.
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Orthogonal polynomial series with memory
To increase the stability of matrix, when performing
Moore-Penrose pseudo-inverse, orthogonal polynomials can be

used. _
il )5
aj =2 (,_1> aj, 3)
2

y(t) = "> akg x(t—q)lx(t—q) . (4)

k=1g=0
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Dynamic Deviation Reduction (DDR)

V() = S0 o2 Gawrna () Ix(n = DE*x(n—1) o

+Zk 1 Z, 1 Gok+1,2(7) |[x(n — i)|2(k_1)x*(’7— f).
For second-order the model is rewritten as

v = _21:?01 S24 Gakt,10) x(n = DIPx(n — i)

+zykT1 S21 Gokir,20) Ix(n = HEE=DE (n)x* (n — i)

5B S0 S8 aneralins )x(n = DEETD X ()x(n — )x(n — i) (6)
+zk:21 S0 S0 Geker,alin, ) Ix(n — NEED x(mx™(n — in)x(n — iz)

+E 8 SE S0 G 50 ) x(n — DEFTE xS (m)x* (0 — i )x (0 — ).

And then simplified

y(t) = Zk OZ, 0 G2k+1,1 (1) [x(n)PXx(n — i)
+Zk 12, 1 Gek1,2(0) 1X(n) DX (m)x* (n — i)
+Zk 12, 1 Gok1,3(D X (M) P x(n)|x(n — D)2
+Zk 12, 1 Gek1,4(D)X(M)PED x*(m)x?(n — ).
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Feedforward techniques
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- Matching delay lines, amplifier gains not trivial.
- Susceptible to drift and ageing.

- Low-loss delay lines, summations critical.
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Feedback adaptation of predistortion

(x)
&
X0 i
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Results for different methods |

Orthogonal Polynomial  polynomial level =7, OFDM {64 carriers, 2400 Data bits, 16QAM), Saleh PA
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Results for different methods I

Orthogonal Polynomial  polynomial level = 15, OFDM (64 carriers, 2400 Data bits, 160AM), Saleh PA
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Results for different methods IlI

DDR second-order (real data class AB PA working at 1.455
GHz, Motorola MRFC1818 GaAs MESFET)
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Adaptive system - with distortion

DDR2 Model (Diaz data)

Predistorter

[ap] nod

Normalized mean square
error for modeling the PA is
-33 dB.

P=27 M=0 NMSE=-24.67 dB Condition=22905

Output without P. "

d
Output with P.

ACPR, = —33.6789[dB|
ACPRg = —33.8989[dB]
Distortion(t) = 0.01 x(t) sin(0.3 = f)
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Available predistortion boards on the market

Y LINEAR
L TECHNOLOGY

Bandwidth: Claim 60MHz, but in the notes Multiple Memory Correction Models
there is written 20 MHz — with Spartan-6

Bandpass filter 184MHz Center,
125MHz Bandwidth

Pinmax=1591mW

Digital Analog
1

-1 —

LTM9003

o uee B
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Available predistortion boards on the market

& XILINX. oPo 2.0

Bandwidth: 15MHz+ Virtex-4 FPGA, 20MHz+  Memory and reactive models
Virtex-5 (but up to 20MHz+)

Pinmax=1200mW
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Available predistortion boards on the market

£9Scintera.

Bandwidth of Input signal: up to 60MHz  [EEEEEVEREEE

H . » PRODUCT DESCRIPTION
Operational BW: 698-2800MHz P/N: SC1889-EVK900 Evaluation Kit: 698 MHz - 960 MHz
Pinmax=450mW P/N: SC1889-EVK1500 Evaluation Kit: 1400 MHz - 1800 MHz

P/N:SC1889-EVK1900 Evaluation Kit: 1800 MHz - 2200 MHz
M del P/N:SC1889-EVK2200 Evaluation Kit: 2100 MHz - 2800 MHz
emory models P/N:SC-USB-SPI SPI-USB Interface/Controller

APPLICATION DIAGRAM *nwa

Joput 2dBTotal 1L Correction A Feedback
Coupler Coupler Coupler

L= f /"

REFBINP.
REFBINN

Vv Digio  SPl

SR OB e




Available predistortion boards on the market

£95cintera.

Attenuator
PA Module (as required)

m l Coupler lw‘:"l
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Spectum
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Fowsr
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(Optonal)

Windows PC use

0S: XP SP3

RF Signal Generator

(Ex: Agilent MXG, ESG)

Tomas GOTTHANS Linearization of power amplifier 7.6.2012



Available predistortion boards on the market

I3 TEXAS
INSTRUMENTS
GC5325

Up to 20-MHz Combined Signal Bandwidth
DPD: Memory Compensation
Transmit- and Feedback-Channel Equalizers

TRF3761

ADES1D THS9001  Mixer
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Available predistortion boards on the market

I3 TEXAS
INSTRUMENTS
GC5325EVM
TSW3100 VX0
Pattern I
Generator

JI GC5325
S,
FPGA 6727
(0
ADSE1B49

-l GC5325

PACSeaz TRF703

Figure 1. GC5325EVM Block Diagram
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Available predistortion boards on the market

i Texas
NSTRUMENTS | gasetand Digital Crest factor igi
generation | npnnr?vursinn reduction i % To Tx DAC
GC5322

Up to 40-MHz Signal Bandwidth

L.

{20 Wiz RF card
oy TS Mixer
& ®

: | BBIO
—) processor |
: | Data 20 MHz RF card
Mixer ®

with up to 20 MHz of signal bandwidth

GC5322ina
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Available predistortion boards on the market

intersil.

ISL5239

Up to 20-MHz Combined Signal Bandwidth

Memory effects compensation

1SL5239
data. Modulator Predistortion
Processor
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Available predistortion boards on the market

= -
intersil.
ISL5239EVAL1
Up to 20-MHz Combined Signal Bandwidth

Memory effects compensation

Matlab utility programs have been developed and are available to aid in
characterizing the Power Amplifier (PA) and to facilitate programming the
device Look-Up Table(s).
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ANALOG
DEVICES

Signal Bandwidth 122.88MHz ??
FPGA or DSP with implemented algorithm need to be connected
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Available predistortion boards on the market

P BA C First industrial solution

PMC-SIERRA PM7800 PALADIN 10
PM7815 PALADIN 15

Signal Bandwidth 10MHz - PM7800 PM7815 PALADIN 20

Signal Bandwidth 15MHz - PM7815
Signal Bandwidth 20MHz - PM7820 Supports macro BTS, micro BTS, and RRH architectures

Memory ?2?? Supports up to 4-carrier WCDMA systems
fp— Supports up to 16-carrier CDOMA2000 systems
PALAH
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Thank you for your attention.

The research is a part of the COST action IC 0803, which is financially supported by the Czech Ministry of
Education under grant no. OC09016. This work has also received funding through the operational program

WICOMT denoted as CZ.1.07/2.3.00/20.0007.

Linearization of power amplifier 7.6.2012



