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* Mix Withf€omplex Oscillator To Generate Baseband (0 Hz IF) Signal
» Decimate Down From The Sample Rate Of The Oscillator & ADC (122.88 Mhz)
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DIGITAL UP-CONVERSION TRANSMITTER
(DUC)

GENERATE DIGITA DIGITAL UPCONVERSION

-
Process in ’ ‘
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Generator Oscillator Amplifier
.

* Interpolate Up To The Sample Rate Of The DAC & Oscillator (122.88 Mhz)
e Mix With Complex Oscillator To Generate The RF-Frequency Digital Signal
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WHY ?

Because the amplifier is NOT perfectly linear!
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AMPLITUDE NON-LINEARITY
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CORRECTION BY PREDISTORTION
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ADAPTIVE BASEBAND PREDISTORTION

Basic Concept

Generate 1,Q
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ADAPTIVE BASEBAND PREDISTORTION

Basic Concept

DIGITAL UPCONVERSION

Generate 1,Q ."
Signal ‘

Correction

| |
S DIGITAL DOWNCONVERT Oscillator

0 ROJS gy
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ADAPTIVE BASEBAND PREDISTORTION

Basic Concept

Generate 1,Q Apply 1 e :
Signal Correction J

N\ \

Correction
Amplifier
Compare |

Signals &
Calculate
Correction

* 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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ADAPTIVE BASEBAND PREDISTORTION

FIRMWARE

Generate 1,Q Apply ] 1,Q
Signal Correction J

N

Correction

Compare
Signals &

Correction

Calculate
|

]

VAN, EIAE £ mir r

Copyright ©2014 Warren Pratt, NROV

N\

N\

7

\

Amplifier ]7_




ADAPTIVE BASEBAND PREDISTORTION

FIRMWARE

Generate 1,Q Apply ] 1,Q
Signal Correction J

N

Correction

Compare
Signals &
Calculate
Correction

N\

N\

7

\

Amplifier ]7_

» 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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ADAPTIVE BASEBAND PREDISTORTION

FIRMWARE

Generate 1,Q Apply K
Signal Correction o

N\

Correction o
: N Amplifier
Compare ‘

Signals &
Calculate
Correction

e Samples from the amplifier Input and Output are synchronized
* The Input I,Q and Output I,Q are interleaved in network packets
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ADAPTIVE BASEBAND PREDISTORTION
APPLYING CORRECTION

Signal In Apply Signal Out FOR EACH iq_sample
,Q Correction 1,Q mag = sqrt (i* + g°)

R g = gain_correct ( mag)
@ = phase_correct ( mag )

Correction

Correction

Q

il iout =g* (i*cos(9)-q* sin(¢))
Signals & A *

S~ 1 gout=g* (i*sin (@) +q*cos (®))

/

Multiply by the

: , Rotate the phase
gain correction
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ADAPTIVE BASEBAND PREDISTORTION
CALCULATING CORRECTION

Apply FOR EACH pair_of_iq_samples
,Q Correction in_mag = sqrt (iinz + qinz)
Out—mag = Sqrt (iout2 i qoutz)
Amp Input g = scale * (in_mag / out_mag )

Compare 1,Q (p = arctan ( (' iin i Qout + in * iout) /
iout + qin - qout ) )

Correctlon

Signals & ( i ¥
Calculate . tout ) —
Correction mp Outpu save_gain_correction

LQ save_phase_correction

“scale” compensates for amplifier
gain and feedback attenuation
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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:
CLASS B AMPLIFIER
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MEMORY EFFECTS
THE PREDISTORTION ENEMY !

Drain Current Device Temperature

EXAMPLE:
CLASS B AMPLIFIER

DIJ 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

ir coupler.
earity” to open the PureSignal form.

WerasL

Setup Memory Wave Equalizer XVTRs CWX  Diversity Collapse  Linearity RA

VFO Sync

14.300 VFO Lock

Tune
Step: - 10Hz +

7000000 |

Save || Restore |
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USING PURESIGNAL

orate to activate PureSignal
turn on the two-tone generator.
itors for a GREEN Feedback Level indication.
’ ontrols per the “Information” document.
Relax and mpView just to see what’s happening.

PureSignal 1.0

Information

moxwaitsec)  [ENIIPRER
Calibration Wait (se=7 (INE
Amplifier. Delay (ns)
|:| Feedback Level

| Two-tone Gen |

|~Correc10n Save / Restore

Copyright ©2014 Warren Pratt, NROV




SING AMPVIEW
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PURESIGNAL RESULTS
Kurt, DLOSM

e 50V LDMOS Final
SD2918
NXP, 2x e Low Idq = 0.7A/device
 >1200W Capability

ClassA [°] BLF578

* 80M, 1 KW
* Low memory effects visible

0,4
nput Magnitude

Fhase Zoom
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'URESIGNAL RESULTS
Kurt, DL9SM

PowerSDR™/0penHPSDR ¥2.2.3 (4,/8/12) -- DL95M

Setup  Memory  Wave  Equalizer  ®WTRs QX Collapse
Rl Meter T Meter ——

3,700 500 || reprae - i we v ®) e PyreSignal OFF

VFO Lock

e « IMD3 ~ -31dBt

3,660 3,685 3,640

!
AGC Gaire 77
1
Drive: 15

I
AGC  ATT ] USB  DSB

1 e | e

Lonold| 0de K| CwWlU M

1 AM  SAM  SPEC
DIGU DRM

 PureSignal ON
e IMD3 ~ -53dBt

Center : 5 1x 2x Ax e
" 5.0k 4.4k 3.8k

SPLT A>B MR ANF Panadapter | 0 Tranzmit Profile: 3.3k = Bk'- 27k
I 2.4k 21k LE:LS
29.03.2014 D Beat A<B 0dB —I T
— Bals 10k Varl Var?
LoC 21.24.I]B| _—
IF>Y AGE RXEQ TXEQ

CPU% 23 | I 1000 .
WT 0 RIT O VAC THFL Widt !

I 19 .
MultiRX Shift:

Swap
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'URESIGNAL RESULTS
Kurt, DL9SM

PowerSDR™/OpenHPSDR v2.2.3 (4/8/12) -- DLI5M

Setup  Memory  Wawve  Equalizer XWTRs  CW¥  Collapse

Sp— ;:IET - 100Hz 4 Signal tic ﬂ
¥FO Lock . I D N 3 O d B
| T 7.000000 Save | Restore -12 |\ /I =

3,680 3,685 3,690

—— Rl Meter T Meter —— [ J Pu reSignaI OFF
3,700 000]

1
AGC Gair: 77

|
Driver 15

|
AGC ATT

Longﬂ| de ﬂ|

DIGL  DIeU

 PureSignal ON
e IMD ~ -52dB

0.5x 1x 2y 4x S —
- 5.0k 4 4k 3.8k

3 3k 2.7k
SPLT A>B Paradapter ﬂ| Transrit Prafile: e
24k 21k 18k
29.03.2014 Ach e N Replay [~

— 1.0k ¥arl War2
LOC 21:38:25 —_—
IF>Y AoB RXEQ TXEQ
CPUZ 25 e =——— -
AT 0O RIT D v

e VAC TXFL
[ =] [0 S| — " MultiRX Shift:

Swap
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PURESIGNAL RESULTS
Kurt, DLOSM

- Herm) $D2918

“Transceiver Class A

NXP, 2x
BLF578

* 50V LDMOS Final
e Low Idq = 0.7A/device
* >1200W Capability

0.4 0,6
nput Magnitude

Phase Zoam
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*20M, 1 KW

* Most non-linear band for this amp
* Low memory effects visible
 Should correct well




'URESIGNAL RESULTS
Kurt, DL9SM

PowerSDR'™/0penHPSDR ¥2.2.3 (4,/8/12) -- DL95M

Setup  Memory

!
AGC Gaire 82
I
Drive: 15
1
AGC ATT

Lonold| 0ce K|

29.03.2014 |
LOC 20:33:58'
CPUZ 24 I

Equalizer  X¥TRs  CwiX  Collapse

YFO Sync Tune
e Step:

14,200

VFO Lock

| ™® 7.000000 Save

- 100Hz  +

Restore

14,180 14,185

Panadapter ﬂl

DBeat A<H AVG Peak
IF>Y AGE

SPLT  A>B

®T 0 RIT O
[i] =| -400 =

MultiRx

Swap

14,190

RXEQ TXEQ

VAC

wro:COpyright ©2014 Warren Pratt, NROV

TXFL

Rx1 Meter

Signal

T Meter ——

B tic

-127,2

5.0k 4 4k

3.3k

2.4k

1.0k

Width

Shift:

Low| oM High| 2300008

2.9k

21k

Var 1

I

3.8k

2.7k

1.8k

Var 2

Reset

 PureSignal OFF
* IMD3 ~-21dB

 PureSignal ON
e IMD3 ~ -51dB



'URESIGNAL RESULTS
Kurt, DL9SM

PowerSDR™/OpenHPSDR. v2.2.3 (4,/8/12) - DL9SM

Setup  Memory  Wave  Equalizer  ¥¥TRs  CWx  Collapse
Rl Meter  TH Meter ——

14,200 000 || rrrma i e s Evem|  ® PureSignal OFF
1L o |MD ~ -31dB

| L 7.000000 Save | Restore

14,170 14175 14,180 14,185 14,190 14,195 14,200 14,205

mH
=20

-30
-40
=50

! 60
BGE Gain 82

!

=70

Drive: 15 P

1 -an
AGC ATT 100

Lona || 0dE ﬂl

* PureSignal ON
e IMD ~ -51dB

Center : 5 1x 2 A e
5.0k 4.4k 3.8k

: 33k 29 27k
SPLT A>B MR ANF Panadapter | Transmit Profile:
24k 21k 18
G A A<B NB | NBZ Peak |
— — 2B 1.0k Warl Var2
LOC 20:38:43 Fov AGE TS arl  Var
CPUZ 24 )
®T 0 RIT 0 VAC TXFL Width: 1
[ BTN —|" MultiRX Shift: | Feset
Swap Low| 0| High| 330088
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PURESIGNAL RESULTS
Clyde, K2UE

M?22M-1K2

2M Xvtr

* ANAN Low-Pwr Xvtr Output
e Full-duplex Transverter
e 1200W 2M Amplifier

AmpView 1.0

e 2M Amplifier is VERY non-linear
e LDMOS, Very low memory effects
e Should be very correctable!
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PURESIGNAL RESULTS
Clyde, K2UE

RIGOL 17:53:27 2014-03-25 Amplitude

Status|  _pRef-20.00 dBm At 1048

Auto Scale
Reference Level

-20.00 dBm Ref Level

-20.00 dBm

Input Att.
10 dB

o * PureSignal OFF

10.00 dB

Scale Type * IMD3 ~ -16dBt

Units
dBm

UserKey Set: System, Ref Offset

0.00 dB

7120Cenler Freq 14414 MHz 25.000 kHz
RBW 100 Hz VBW 100 Hz 250005 142

RIGOL 17.52:03 2014-03-25 Local Amplitude

Status| Rl -20.00 dBm Alt__10dB

Auto Scale
20— Reference Level

-20.00 dBm Ref Level
-20.00 dBm

-40)

-50 Input Att.
10 dB
60 At

BaaleHy * PureSignal ON

10.00 dB

50 scale Type e |IMD3 ~ '48d Bt

40|
Units
-100

dBm
110

UserKey Set:  System, Ref Offset

0.00dB

120
Center Freq  144.14 MHz 25.000 kHz
RBW 100 Hz 25000 5 142
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PURESIGNAL RESULTS
Helmut, DC6NY

* Push-Pull LDMOS

Freescale ¢1.8—70 Mhz.
MRFE6VP6300HR5 e 300+ Watts

* Class AB or Class B

* 40 Meters

* Class B Operation
*ldg =20 mA

* Drain efficiency = 80%
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PURESIGNAL RESULTS
Helmut, DCENY
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* 40 Meters, Class B
 PureSignal OFF
e IMD3 =-16 dBc
e IMD5 =-28 dBc

e PureSignal ON

e IMD3 =-51 dBc

e IMD5 = -64 dBc

e~ 35 dB Improvement




PURESIGNAL RESULTS
Focko, DJ5)J

f

B

on

X ]

®

XRD16HHF1 MOSFET 2x 3-500Z
(Grounded-grid)

vo P-P Stages
OPA2674C -RF492 BJT

PuwerSDR ™ UpentIPSOR mil S w1.2.10 (3/25/14) — ol
Setup Memory  Wawe  Cqualzer  XWTRs OWX Dwersty  Expand  Deply Cortrok D59 Fiter

T R QRO @RQ
ar 1 !

R : i [ - | 7 B

MIXED TECHNOLOGY
* 80M, 900 Watts

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

5 CWL  CWU ™ AN SAM  SPEC DIGL  DIGU

2 m
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PURESIGNAL

What’s Next?

e Exploration of algorithms to actively correct memory effects

* Probably difficult for modes such as SSB and AM

e Probably requires a different mathematical formulation

than is currently used in Telecom
e Some simulation already in place

e More days and hours required!
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