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Fundamental Outphasing Operation

Outphasing PA, Simplified Model
Undesired PA branch

' phase perturbations
Outphasing Power Amplifier
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Fundamental Outphasing Operation

|S,,|=0.7 (assume PA branch phase perturbations = 0):
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Fundamental Outphasing Operation
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|S;,]=0.5 (assume PA branch phase perturbations = 0):

L 02
[ O

0.9
0.8
0.7
0.6
0.5
0.4
0.3

L\
NN \
0.4
N\

T B B B S ey B e e L L

\
Vo \

1“ c“ ‘ 0.1
)] 02

-0.3

-0.5
-0.6
-0.7
-0.8
-0.9

Input vector,
instantanous value

© 2014 Rockwell Collins
All rights reserved.

0.4\ N\

A IR N BT B N SR R e B S L

HERE
\ ‘\ \\ \\
AN

\ l\

\ \ \
N\
N

T
RN

Outphasing vectors s;, s,
result from adding and
subtracting perpendicular:

2

)

/ /
o2t/ /| / /)

09l - g N

0.8- e — I ~_ O\

0.7 e ;//:/***ﬁ ) \\\\\ \S out

0.6 / ) - o \\ \

osl /AN
/ / A\

gg:/ // / 'C/ ™ P :{'{\'\ AR\

0.1

011
0.2 | |

Vo \ \\\ \ /S / / //‘; I

031 | AN s il ya / /)
\ \ . - g S /
041\ \ \ N~ T—— S~ S/ /)
-0.51- \ \\ ‘ D g / ) /
-0.6/. SN/ /
0.7L \ e
-0.81 N T—— e
0.9l N e S B //
'1 the r R e .

Distribution Statement “"A” - Approved for Public Release, Distribution Unlimited



gavo>w

Fundamental Outphasing Operation

|S,,|=0.3 (assume PA branch phase perturbations = 0):
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Fundamental Outphasing Operation
What do we know about these random PA branch phase perturbations?

Chireix combiner impedance varies with outphasing angle. Branch PA are not
ideal voltage sources and are not strictly identical. These two effects result in

PA branch phase perturbations ¥, (f) and ¥, (¢)

Phase perturbations vary dynamically with signal envelope as well as
instantaneous frequency. In general they are not equal. They are difficult to
measure, however the overall PA phase shift can be measured and is W, (1) +, (1)
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damental Outphasing Operation

Another look at random instantaneous PA branch phase perturbations
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How do these change the
outphasing PA output?
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Fundamental Outphasing Operation

PA branch phase perturbation effect: Yellow is ideal output, Blue is perturbed output
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Note that these phase perturbations are a Both terms are phase shifted by:
small scale dynamic problem - not the same
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as a static PA phase response mismatch.
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ACI Due to Branch Phase Perturbations
Wl(t)zlzoal/jz(t)zéf

For this example,

1S;,|=0.5
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Key observation: As the output signal (blue) gets smaller the ‘q’ vector gets larger and,
if y,(1) 2y,(t) then the undesired output (red) gets larger:
I %() l/lz() u ! u pu ( )g g (Wl(t)_l/jz(t))

2

2 jq(t)sin

Thus for y,(¢) # v, (¢t) attempts to null the PA output give rise to this irreducible
component of the output. This implies an output dynamic range limitation.
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ACI Due to Branch Phase Perturbations
Outphasing PA ACl is due to random phase perturbations.

In the ACI spectral region

(outside of +/- symbol rate) we

typically need to null the output
| power.

/] Difference in random phase
| perturbations gives rise to the red
vector and interferes with nulling
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ACI Due to Branch Phase Perturbations
The up-side-down ACI difference between outphasing vs. single branch PA:

Outphasing and single branch PAs both have what looks like spectral regrowth into the
adjacent channel region but they are radically different!

At high signal levels, the outphasing PA generates far less ACI than single branch. However,
at low signal levels, outphasing PA ACI goes up due to the phase perturbations while single
branch ACI goes down as it becomes more linear.

Single branch, Class A, B

Power-amplifier output signal (normalized)

Single branch high level ACI

due to gain compression
Outphasing does this at low levels
due to dynamic phase perturbations

=5dBm INPUT e

-4 =10 dBm Input — |-
=15 dBm Input —
-20 dBm Input
~25dBm INPUT s

-60 | | |
5215 5220 5225 5230 5235 5240 5245 5250 5255 5260 5265
Frequency—MHz

ACI due to compression: generates
odd-order intermodulation distortion
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Lowering ACI by Counteracting Phase Perturbations

Challenge: Make outphasing null better for low signal levels

X-band GaN HEMT Qutphasing PA MMIC

|
|
Symbol Rate v | |
— 5 O=r(e" [ pO+60) D Praetel® | —>f DAC>— s | |
" § I (t _ lookup tbl > DAC Q Upconvert | |
b(n) | Baseband O petto 0 |8l 0 Dynamic Phase -~ \/ — :
- Q » A 8 GHz |
—{ Modulator q(0) c::\lfae:t a(1) ,‘3 Q)(t)> Pert Model W:(t)ﬁ _ 5 ' :
b Phase to IQ DAC Quad |
= > sin/cos —< ve —>
i o(t)-0(1) \r/ lookup thl EE S :
| .
oo P

Blue =DSP
= Analog hardware

Solution: A dynamic phase perturbation parameterized model that
predicts and counteracts branch phase perturbations in real time.
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Lowering ACI by Counteracting Phase Perturbations
How to determine dynamic phase perturbation model parameters?

X-band GaN HEMT Outphasing PA MMIC

[‘Static Phase Offset A |

|
| i (t |
: ej‘/’l( ) :
Symbol Rate b Phase to 1Q ' ' '
—_— j — > |
5. (1) =r()e”? [ 90)+60) AR sinjeos | DAC> PR P = ) |
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g / Phalsj tolQ DAC>|— Quad | M % |
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i P(t)-6(t) \ / lookup tbl DACSS Ll : / :
— ! Gain=G |
| Static Phase Offset B |- b |
Model \ypy o ] Monltor Recelver, Gain = (/@) + Coupler loss _________,
Parameter ( ) J(Q(k)) l |
Vector Phase Error | ! ACl || Cmplx Baseband @ RF - IF [
Model Trainer | || Measurement Downconvert Downconvert |
- J

Blue =DSP
= Analog hardware

Solution: A monitor feedback receiver that uses ACI measurements
to guide model adaptation
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Lowering ACI by Counteracting Phase Perturbations

Dynamic Phase Perturbation Model

Envelope Input nonlinear shaping Fine time delay adjust Output nonlinear shapping
e no a(r) 5 d(t L v, (t)
| a={fo+70 Y a0 () — X 7et-)) 0 YAd) -
Jj=0 j=0 Jj=0
Instantaneous Frequenc /\ C(t)
u u
i(1) dq()q ydi() - 7, (1)
> it0| 49 g 22 il . b(t § _ e(t z : v,
q(1) | o= [ d: ) qz ( dt ) Z,B,fj(t) Q — Zajc(t_.]) ® Zﬂjel(t) —
> i“()+q°(® Jj=0 Jj=0 Jj=0
Blue =DSP

= Analog hardware

Solution: A monitor feedback receiver that uses ACI measurements
to guide model adaptation
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ACI Measurement

Adjacent Channel Interference Ratio Estimator

Resampler Output Spectrum
-10 : : : : : : :

Receiver DSP internally generates
a spectrum measurement that is
very similar to a spectrum analyzer
connected to the PA output

We need lower adjacent channel
power to increase PA output

: : , : : : , dynamic range and meet regulatory
R I ] requirements.

PSD (dB)

To lower adjacent channel power
we must measure it accurately.

The challenge is to measure close
in adjacent channel power without
interference from side lobes that
are part of the signal.

-1
Frequency Nomalized to Symbol Rate (fT)
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ACI Measurement

Adjacent Channel Interference Ratio Estimator Receiver DSP

Digital Front End Fs = 4Fgym Raised Cosine Adjacent Channel Interference Estimator
F. = 2000 MHz (o e e |
o | 0.5F,
| Complex |
o ~ | Tone |
PA °|“t/F:“‘ it ' 3 8| |3 & | High Pass Low Pass Vector Mag. Exponential l
couple/funeftliier : + = 21 g— : HalfBand HalfBand Approximation Average :
[ ko) 1
| % § (,,EU I S | Reset |
el IE] [ <! = [ |
1 [Z] [3] 8 I v v E al | ACI Estimate
118 ol K I ERCFilter ector Mag. xponentia
| e} Approximation Average
L) L) L 8 | |
““““ ! El 1 1
Symbol Span Estimate . 2 Symbol Ready

To Modem DSP

Estimator is run for about 0.2msec after every transmit PD model parameter adjustment.
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ACI Measurement Adjacent Channel Power Measurement
On Channel Power Measurement Resampler Output Spectrum
Resampler Output Spectrum 10
' I v R
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Lowering ACI by Counteracting Phase Perturbations

Simplified view of zero order search algorithm for driving ACI
as low as possible

Y

Save current cost function: e =J(Q)

Phase perturbation model parameter vector: Q(k )
Perturb up current parameter vector: ', =Q+A k = adjustment cycle

Save resulting cost function:  J,,= J(T,y ) Total integrated adjacent channel power:
J(Q(k))
Perturb down current parameter vector: Iz =Q-A ( )
1 the “cost function”
Save resulting cost function:  J5,=J(T,)

If (Vg <Joeer <J) then Q=T

If (Vs> oo >J,,) then Q=T

Else  unchanged

© 2014 Rockwell Collins Distribution Statement “"A” - Approved for Public Release, Distribution Unlimited 18
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Lowering ACI by Counteracting Phase Perturbations

Outphasing PA Output Spectrum Showing Adjacent Channel Power
Reduction

LINC PA Tx PSD, Pi/4 DPSK, Fsym= 125 MHz, Fs = 1000 MHz
I | | | I T I | [ [ [ | 1
: : : : ; : : T I PreDistort off
PreDistort on
Data Link Spectral Mask

...................................................................

Red and Blue signals
were collected

from lab PA and
analyzed in Matlab.

.......................................................................

45 i i \ l i i
500 -437.5-375 -312.5-250 -187.5-125 625 O 62.5 125 1875 250 312.5 375 437.5 500

Frequency (MHz)
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Lowering ACI by Counteracting Phase Perturbations

Outphasing auto-adapting ACI reduction experiment
Lab equipment setup

Agilent EB251A
10.3 GHz Rx LO
Input: Current iteration complex
PA output complex baseband outphasing samples HP 837528
baseband at 500MHz Output: Analog complex 9.8 GHzTx 1O
2 GHz sample rate baseband outphasing signals
4 20dB
< = | o< < : Load
g z g = g 8 PXle Embedded 5| LINCPATest > Analyzer
= g s E % & Controller i > Fixture > — .
B . | gilent M9330A monitors ACI
T § Lo |2 Matlab Simulation => Arbitrary Waveform 9.8 GHz
o |d |2
© 2014 Rockwell Collins Distribution Statement “"A” - Approved for Public Release, Distribution Unlimited
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Lowering ACI by Counteracting Phase Perturbations

Outphasing auto-adapting ACI reduction experiment
Lab equipment setup, pictorial view

J | HP 83752B
Monitor Receiver -——M atlab/Simulink Control —|~L PA Control j 9.8 GHz Tx LO
Master-Slave sync cables not shown
L] A o} o
RF Atten. \mamom e 305000 ,*%‘j A @ @ @ Aqilent A ® @ Rgilent B @
T MQ'EDZA. f ] A
®fna Y ¥ Ovtpety MII5ZA 4 9330A 125630 15t
s - s [y et i “9'" © MI330A 1mcsn-ste (%] \
? RS pyegr N X o
R :o ; ) ax
1 T LT w
|0 gmmy. L g o LAl ) @-’-@_>
® O [orf :

oo

o & o

9
® (0

w \
vt

Outphasing PA Test Fixture

Agilent E8251A @, ~ % B @ 2
10.3 GHz Rx LO s @ ] L AL

pe——— L] Wonrs @ .

P TwsAn

ACI Optimization loop, Feb 28, 2014, J. Reyland
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Lowering ACI by Counteracting Phase Perturbations
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