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AMPLITUDE NON-LINEARITY

Ideal
Actual
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CORRECTION BY PREDISTORTION
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ADAPTIVE BASEBAND PREDISTORTION

Basic Concept

— )
Generate ]h»‘-i Apply 1Q s puc > DAC i \
Signal Correction
) ) >
- Correction (
N Amplifier ]—_
Compare \
Signals &
Calculate
Correction L DDC ADC [< o

- » Apply Correction to the out-bound signal

» Calculate Correction by Comparing the Input & Output of the Amplifier
* BASEBAND — [,Q Before Up-Conversion / |,Q After Down-Conversion
* ADAPTIVE — Repeat the process to Adapt to Changing Conditions
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e Samples from the amplifier Input and Output must be matched in time
» Network delays create variability in timing of amplifier Output samples
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e Samples from the amplifier Input and Output are synchronized
* The Input |,Q and Output I,Q are interleaved in network packets
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,:_\D}_-\,wj\ ASEBAND PREDISTORTION
~ APPLYING CORRECTION

SignalIn [ apply | SignalOut FOR EACH iq_sample
Q7| Correction L - mag = sqrt (i2 + q2)

Correctio i ’ g = gain_correct (\mag)

@ = phase_correct ( mag )

Compare iout =g*(1*cos(¢)-q* sin(¢))
gk & g_out=g* (i*sin (@) +q*cos (¢))

Correction

G

Multiply by the

: _ Rotate the phase
gain correction
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TIVE BASEBAND PREDISTORTION
CALCULATING CORRECTION

Apply
Correction

™~

Amp Input
Compare 1,Q
Signals &
Calculate

Correction AmpOutput

1,Q

“scale” compensates for amplifier
- gain and feedback attenuation
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FOR EACH pair_of_iq_samples

in_mag = sqrt (i,,> + q;,%)
OUt—mag = Sqrt (ioutz + qoutz)
g = scale * (in_mag / out_mag )
Q = arctan ( (' iin i Qout + din * iout) /
| ( iin i iout I qin 9 qout) )
save_gain_correction
save_phase_correction
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MEMORY EFFECTS
THE PREDISTORTION ENEMY |

Drain Current Device Temperature

EXAMPLE:
CLASS B AMPLIFIER
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MEMORY EFFECTS
THE PREDISTORTION ENEMY |

Drain Current Device Temperature

EXAMPLE:
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MEMORY EFFECTS
THE PREDISTORTION ENEMY |

Drain Current Device Temperature

EXAMPLE:
CLASS B AMPLIFIER

0.6 A.

00 200 400 600 800

Same Input Mag/Phase =» Different Output Mag/Phase
Why? The amplifier “remembers” the past inputs!
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USING PURESIGNAL

oupler.

Click “Linearity” to open the PureSig nal form
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T PureSignal 1.0

PureSignal requires special hardware setup and caution in use.
If you are not familiar with this technology, click Information’,

AutoCalibrate

MOX \ait (sec)

Single Calibrat Calibration Wait (sez

[l Relax Tolerance

u

N
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PowerSDR™/OpenHPSDR ¥
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PURES

S[€)

RESULTS

* 40 Meters, Class B
e PureSignal OFF
e IMD3 =-16 dBc
* [IMD5 = -28 dBc

e PureSignal ON

e IMD3 =-51 dBc

e IMDS5 = -64 dBc

e ~ 35 dB Improvement

37



. a .
I .@I

OXRDI6HHF1 MOSFET 2x 3-500Z
2x MRF492 BIT (Grounded-grid)

B 1114 mW e -|

MIXED TECHNOLOGY
* 80M, 900 Watts

* IMD3 -28 - -55 dBc
* IMD5 -34 - -70 dBc
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- PURESIGNAL

What’s Next?

e More days and hours required!
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WHO WORKS ON MEMORY EFFECTS?
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WHO WORKS ON MEMORY EFFECTS?

bt An thow Inal lilo?
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KS ON MEMORY EFFECTS?

WHO WOR

AL A¥ An Fhovr lanl, ITLn?D

e [talian Mathematician

» Developed the Volterra Series
The Taylor Series
approximates the response of
a nonlinear system

e The Volterra Series

incorporates memory effects!

Dr. Vito Volterra

©2014 Warren Pratt, NROV
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WHO WORKS ON MEMORY EFFECTS?

- Dr. Vito Volterra

©2014 Warren Pratt, NROV

VALt An o lanl TiLbe?

Dr. Warren Pratt
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T PureSignal 1.0 —— [ ——

PureSignal requires special hardware setup and caution in use.
Ifyou are not familiar with this technology, click Tnformation’.

LuteCalibrate MOX \wait (sec) _
Calibration Wait (sec) _
Arter Dty ()

|nformation

Eottorn Panadapter Displays FX

Comection Save / Restore

B Felax Tolerance
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50,002 50,004 50,006 50,008 50,010 = 50,012 50,014 50,016

» PureSignal OFF
 |IMID3 ~ -260Bt

* IMDS ™ -40aBt

50,002 50,004 50,006 50,008 0 50,014 50,016

* PureSignal ON
* IMD3 ~ -60aBt
* IMD5 ~ -70adBt
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PURESIGNAL RESULTS

Helmut, DC6NY

BJT

e
SRR 2x —
MRF429

TMOS \ J
. )

in . 2x y out
BLF278 | Splitter MRF429 Combiner

+25 dBm l +59 dBm

m——
2X

N—

A

* Frequency Range: 1.8 —30 Mhz e Saturation Power: 1035 Watts
*\/dd = 48 Volts * 1 dB Compression: ~ 800 Watts

w01 ©2014 Warren Pratt, NROV
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LMMMWM

 PureSignal OFF
* IMD3 -28 dBc
e IMD5 -33 dBc

* PureSignal ON
* IMD3 -48 dBc
e IMD5 -53 dBc
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DC6NY RF SAMPLER

power flow

* Designed by Helmut, DCENY

* Posted on hamsdr.com

* Designed-in flexibility

* PCB group-buy was done by Steve, G1YLB
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' Peter, DK7SP

’ﬂfﬂ.?’-‘Jr'ﬂfi‘ C*{(’:f:llcu—\-fe 'fﬁﬁtfi{:ﬂ ,.-ri-f-[,-,\ 1‘3 p"f FﬂﬁQEE’{’CT

L)

¥ * 10W, Single-stage P-P
¥ « 2x RD16HHF1

| e Low Idqg, 175mA/dev
* Optimized Z-matching
" ¢ \oltage Feedback
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N, 30+db Improvement

10| -1oi x|

Setup Options Setup Options  About
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PURESIGNAL RESULTS
Focko, DJ5JB

Frequency Response

Frequency (MHz)
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IZGNAL RESULTS

- * Two Push-Pull Stages TI OPA2674C
‘» Push-Pull Mitsubishi RD15HVF1 MOSFETs
Push-Pull Mitsubishi RD100HHF1 MOSFETs

18.116 50128

18.118 21310 21312 24954 24956 2 28.365 28.36M4

l 'ndl
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PURESIGNAL RESULTS
-~ Mike, N1JEZ

1 KW, 6M Amplifier
NXP BLF-178

Hermes - Class A Driver
Transceiver Modified HARDROCK-50

> EXtensive 6 Meter Testing

* Paper & 'Sntation — 40t Eastern VHF/UHF Conference, April 2014
- “LDMOS RF Amplifier Linearization using PowerSDR mRX Pure Signal”

. Clé's AB and Class B Testing of Homebrew LDMOS Amplifier
Testing of ANAN-100 with ACOM—-1006 (4CX800A / GU74B, 1 KW)

©2014 Warren Pratt, NROV 60



PURESIGNAL RESULTS
Mike, N1JEZ

F.be‘ni‘iig‘Es"Jz?é‘ﬁl?f{?fé?m, ﬁ MMMMMMMMM 1 KW, 6M Am plifier
IHl / NXP BLF-178
. A
b
T
N I~
o A NN T
etk b LAY WY LV s R IREIN,
H jf * Class AB
1. o 740W PEP
H rf e IMD3 -38 = -54 dBc
: }”\ ] e IMD5 -42 > -65 dBc
T N T Y AV * Higher-order Down
o U N A Significantly

B s

Ref Delta
H H
O] O
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PURESIGNAL RESULTS
Mike, N1JEZ

1 KW, 6M Amplifier
NXP BLF-178

* Class B, I,,,,=100mA

e 740W PEP

* IMD3 -22 - -56 dBc

* IMD5 -28 - -63 dBc

* Higher-order Down
Significantly
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RESULIDS

1 KW, 6M Amplifier

NAP BLF-1/06




PURESIGNAL RESULTS
Mike, N1JEZ

ANAN-100

ACOM-1006

Spectrum Analyzer Data
FileName_#4 (3/16/2014 12:33:24 PM)

: - ) ’ L [ L s .
50.1320 50.1420 50.1480
0.140 000 MH. Span: 20.000 kHz

Ref Freg Ref Amp Delta Freg Delta Amp
| E E 50.140 691 MHz -21.00 dBm -1.200 kHz -52 69 dB
2 E E 50.141 891 MHz -21.00 dBm -3.600 kHz -63.48 dB

©2014 Warren Pratt, NROV
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