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 Doherty Amplifier (DPA)

— MISO Doherty

— Shaping Function

* Load Modulated Balanced Amplifier (LMBA)

* Pseudo-Doherty LMBA (PD-LMBA)
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— Shaping Function
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* Typical DC Power Consumption —Class-AB PA
70 - ——Symmetnc_al DPA
—  64Tx Transmit Power: 160 EAC; 2W/TX - oD T eLReA "
I signal PDF

— 3.16W/PA — PA Eff. =40% (1.5dB PA post loss/TX)

Radio Component DC Power [W]
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w
Signal PDF (%)

Drain Efficiency (%)
»
o

Transceiver (64TX/64RX) 112 30 -
64x PA (Eff= 40% each) 506 20

Digital (FPGA) 200 10 -
PSU 104 (-)18 16 14 12 -10 -8 -6 -4 -2 00
Total DC Power [VV] 922 ) Ouput Power Back-Off (dB)
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* Load Modulated Power Amplifiers
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Doherty Amplifier

Class-AB

Input "":
""" A/a | A/a
1 |Peak [T 1— output

Class-C

* Highly Efficient
 Narrow-band (~25%)

e Relatively easy to linearize

* Mainstream PA since 3G era

Input :

Conventional LMBA

f ] | Ctrl

e |
Delay Line
Class-AB
- IA1 -
3 dB Hybrid — | 3 dB Hybrid
— PA1l - 0
jlce
—
Class-AB

jIAZ
—
— PA2 —— Output
Roé

 Medium Efficiency
 Broadband (~50%)

Input '

* Relatively easy to linearize

* R&D Stage
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Pseudo-Doherty LMBA

—1 Lo
Delay Line
H Class-AB
: Ipy :
3 dB Hybrid —» | 3 dB Hybrid
—Peakl o
ilvel
jIne
Class-C
Ip;
—>
—Peak2 — Output

Highly Efficient
Broadband (~50%)
Hard to linearize
R&D Stage

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©



[ — RN

o S
oIS AR
Connecting Minds. Exchanging Ideas. P t t . O t I . . o

 Doherty Amplifier (DPA)
— MISO Doherty
— Shaping Function
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LIMS Doherty Amplifier

v'e's % s‘é}
R F I[ 8 agaags W
* The Doherty Amplifier has been introduced by William H. Doherty at Bell Labs in 1936 [1]
ass-
A/
w l—» E— e Doherty Design Equations:
I Z Ipk
Input i —MV c +—
— v T ] e
Peak OQutput ’
f' N Main (& Zwm Peak
Class-C R, Srcl []RL Src2
Zpk
05 Main, Peak Drain Currents Main, Peak Output Voltages
— Mﬁ — 1dd_M
E 0-43 ——Idd_P < 30 GN 5
-ul 0.3—: ':
Z 02 %2
s 02 s R Ipk [ Ry
3'0_1_; > 104 —M [ ] RL= 0/2 ’ZIIVI:RL(]_ +m ’ZC= ZMXZMZ?
0-0: T T T T G T T T T T T T ‘_IVPl . .
00 02 04 06 08 10 0.0 02 04 06 08 10 * o.: main to total power ratio at peak power
Normalized Input Magnitude Normalized Input Magnitude
. . R I
ZM, ZPK vs. Input Voltage Drain Effciency vs. PBO . YA M= —LI and Zp= R L <1 + ﬂ)
150 _ —Class-AB az (1 +ﬂ) IPK
—_ —ZM ‘3_2' €0 —Doherty IM
_g 125-{ — ZPK = .
S, g * 2regimes:
x 100 ﬁ 40 Ry
N c H . — — -
= 754\ £ 2 —~  Power back-off regime: Ipi = 0 4,Zy =_% and Zpg=o0
T T T T T T T T . . . H . e e —_ RL
D0 02 0a s o8 10 %0 15 -10 5 0 — Peak Power regime: Iyy = Ipg, Zy = Zpg = 2a?
Normalized Input Magnitude Power Back-Off [dB]

[1] W. H. DOHERTY, “A NEW HIGH EFFICIENCY POWER AMPLIFIER FOR MODULATED WAVES, Proceedings of the IRE, Vol. 24, Number 9, Sept. 1936
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L0IMS Doherty BW Limitations 8
Delivered Power (Red) PAE (Blue)
* Doherty PA is inherently narrow-band ! ek e e power Back-OFF Match
— High Q power device impedances \\\\\ -
— Doherty combiner BW W10 6as 060

— Matching Network dispersion 2:1 VSWR Circle

— Efficiency contours vs frequency
— Doherty Power dependent phase unbalance

Power, PAE Contours

indep(PAE_contours_scaled) (0.000 to 50.000,

Frequency Devl Z Load Devz Z Load indep(Pdel_contours_scaled) (0.000 to 95.000,
[MHz] [Ohm] [Ohm] freq (1.805GHz to 1.995GHz)

1805 11.8+j13.2 11.8 +j1.2 ~ . PEAK

L OFF-STATE
1880 9.2+j12.5 9.2+j0.5 IMPEDANCE
1995 6.0+j12.9 6.0+j0.9 oc

2200 7.5-j14.5 7.5-j2.5

X v i
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LIMS Doherty Variants

Symmetrical DPA

=
s
M

Asymmetrical Inverted DPA

Class-AB Class-AB
A/4
]
Input Input
A/a
Peak |_> 4]:_ Output
Class-C ZPK RL
Symmetrical Doherty: *  Asymmetrical Inverted Doherty:
— a=0.5R =250hm — a=04,R =12.50hm
— Full load modulation not possible —  Full load modulation
05 Main, Peak Drain Currents 150 ZM, ZPK vs. Input Voltage 05 Main, Peak Drain Currents 200 ZM, ZPK vs. Input Voltage
— E : II:::QII | —_—ZM ‘ = Idd_M —IM
< 0.4- — — 7PK < 0.4 ~lddP — 160 = ZPK
o 1 € 125 - 3 ]
! 0 3_- y n'l = ]
3 S o' 0.3 S 120
= ol ¥ 100 2 x
s 0.2 e 5 0.2- N 80
| ] - 3 ]
s 0.1 = 75 3 0.1 = 2]
O T e " og 50 e e 000 02 04 06 08 10 0 S oa | o6 o8 |
00 02 04 06 08 1.0 00 02 04 06 08 1.0 : oo : = : 0.0 0.2 0.4 0.6 0.8 1.0
Normalized Input Magnitude Normalized Input Magnitude Normalized Input Magnitude Normalized Input Magnitude
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Digital
Splitter Main
Py H N 1 xc[n] DAC\ Input oo | B, Output
Carrier and Peak input split — , u } m—
— Better control of the input drive levels el 8P ES e
— Maximize the Doherty efficiency )
— Improve the linearity
— Improve the Doherty bandwidth
Efficiency (%) vs. Output Power (dBm)
100
.. : fe 1 SISO HB Sim.
* Digital Splitter < g0 e MISOHBSm,
— Optimized Carrier x.[n] and Peak x,[n] Shaping 3
Function magnitude and phase S
=
— Multiple Shaping Function solutions =
* Mag & Phase opt vs. power; Eff. S
* Phase opt vs. frequency; BW 0
T ‘ T | T | T ‘ T | T | T | T | T ‘ T ‘ T | T
— Single input Digital Predistortion (DPD) 34 36 38 40 42 44 46 48 50 52 54 56 58

Output Power [dBm]
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LIMS MISO Doherty Co-Simulation
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M

 MISO Doherty MATLAB-ADS Co-simulation  ADI B3 40W Inverted Doherty Sim.
— Shaping function extraction — GTRA184602FC, 460W (P3dB)
— Digital Predistortion (DPD) — Operating frequency: 1805-1880 MHz

ﬁ — Pout: 47.5dBm, Eff. : 57%, Psat: 56.5dBm
Digital - O

‘ MathWorkse Splitter En v T = N

N
Fnom=fc DAC \\ CD Vgs:M IL—"TM"_.-“l

Rout=50 Ohm

Vdd_M

N vinG | —* + Vdd_M

- Vde=Vdd_M
4 —— f—= D
* ISO1 lout
SRC9 ¢ Loss1=0.0001 4B T =
he' V_Tvan:hle(D(C_MN_Q “voltage”} VSWR1=1 _?.‘.‘q Vout
— = Isolat=100 dB [
o Z1=50 Ohm Vis
Z2=50 Ohm Ly Y
_____ - ety U= R1
\ Py L/ R=50 Ohm
MOD3 =
Fnom=fc DAC N\ @ 1 —
R Idd_PK

Rout=50 Ohm \ = | lin_P "
. "°" s N ! | vier [— X1 Doherty Biags 2
8- 7 -~ : Y T
7 +| vgg A Lgi]vAm = + | | I

Input

ufn]

Shaping
Function

7/ 1502 = Vdc=Vgs_P RFfreq=1842 5 MHz
SRC15  p \L/‘gzgf}:oo‘ @8 |- Zioad=50 Ohm Vdd_P
V_Trar?ﬂe { DAC_PK_Q, "voltage" I AR Vdd_M=48V Vdc=Vdd_P
— solat=100 dB — Vdd P=43V
4isonmn Vas_M=-2.925V
Z2=50 Ohm Vgs_P=-40V
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E 1 T T T T T T T T T
e Shaping Function extraction: 20MHz LTE (8dB PAR) -
Z05F :
Digital o —fp,amp (X[n
Splitter Main = 0 ] | I 1 L I I I
Xc[n] Output » 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
y[n] Normalized Input Magnitude
o C
Input o x[n]| .E g _ 0 T T T T T T T T T
i S 33 T
Input Class-C T
-1.5E ] 1 ] L ] | ] ] | =
0 0.1 0.2 03 0.4 05 0.6 07 08 0.9 1
Normalized Input Magnitude
6 AM-AM ” AM/PM Distortion
= SISO DPA - Eff. 57.4% g  EEO DA B A
. . . - 4 | - MISO DPA - Eff. 61.6% g - MISO DPA - Eff. 61.6%
* Shaping Function Equations: e 3 20f
o €
:
— i(zx[n]+ (x[nD - S
XC[TL] - fC,amp(x[n]) e (x[n] Tepn (n1) g g
— izx[n . 201
Xp (n) - fP,amp (x [Tl]) e [l -% =27 §
O B . . . . .
% 45 40 5 0 5 10 T L

Input Power (dBm) Input Power (dBm)
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* Load Modulated Balanced Amplifier (LMBA)

 Pseudo-Doherty LAMBA (PD-LMBA)
— MISO Pseudo-Doherty LMBA
— Shaping Function
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e The LMBA has been introduced by D. J. Shepphard and S. Cripps in 2016 [2]

F=
()

1

| Ctrl
| S
Delay Line I/

Class-AB

| ,
3 dB Hybrid AL, [3dB Hybrid b
— PA1 il
jlce’ PAE Contours %----
oG

Class-AB Max PAE

jlaz @ 6dB OBO ™~
—}i — Output
Rug
\/—Ice]@ ADS
* gy =Zp=|1+V2 > slg1 = 1y = 1y (1) =~

I, I;: main to total power ratio at peak power

Input —

load dB

. &
« P =Py =Py, = %IjZORe {1 —2 ’Cl‘jﬁ} = Zo(1Z = V2141 cos®)  (2) f N
*  With Pyt = %ICZZC and with Z, = Z, (3) E 3”‘:
© Pour = Zo (I3 = VZIlc 0@ + 2 13)=2X Py + Peon (4) g ::
e Witha = PL;” sets the mod. impedances for Z,; and Z,, % 5]
c P=¢ PCPL;“: sets the rotation angle on the constant amplitude = Pdel_load_dBm

[2] D.J. Shepphard, J. Powell, and S C. Cripps, “An Efficient Broadband Reconfigurable Power Amplifier Using Active Load Modulation”, IEEE Microwave & Wireless
Components Letters, Vol. 26, No. 6, June 2016
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— } Main (y
] (o}
Delay Line n( A) G(d B)
H Class-AB A
Input
. Ipy .
3 dB Hybrid —» | 3dB Hybrid
—1Peakl
e
Class-C
>Ii
—
—1Peak?2 —— Output
Ro§
* Low power regime: up to PBO, Peak1, Peak2 OFF, > - >
80— m2 » POUt
- IPl = IPZ = 0 A L~
jo aEJ
_ _ Ipme ©
*  Zpipeo = Zp2peo = Zo (1 + \/51 ) =
P1,P2 E
* Zp1peo = Zp2,pB0=® o
* Zmppo=Zo g
w
o
* High power regime: PBO to Pyt , %
— Iy = Iymax » Ip1 = Ip2 =Ip max sl
Im Maxejm ‘%
*  Zpisar = Zpasatr = Zo (1 + \/E—I' )
P,Max
*  Zusar= Zo Pdel_dBm

[3] Yuchen Cao and Kenle Chen, "Pseudo-Doherty Load-Modulated Balanced Amplifier with Wide Bandwidth and Extended Power Back-Off Range", IEEE
Transactions on microwave theory and techniques, vol. 68, no. 7, July 2020
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* Pseudo-Doherty LMBA
— Highly efficient at 10+ dB power back-off
— Main stage IM compresses up to Psat!
— AM-AM hardly compressed (hard to linearize!)

80

60 [
S —o—1.9GHz
w 40 f ——2.0GHz| -
g 2.1GHz

20

oll 1 L 1 L L 1

15 20 25 30 35 40 45 50

Output Power (dBm)
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IM [A], 1A [A]

Gain (dB})

Pseudo-Doherty LMBA (PD-LMBA)
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e
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Carrier Current
Saturation!

\

25 30 35 40
QOutput Power [dBm)]

20
15
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PD-LMBA Bandwidth

. . Input Offset Line | Frac. BW
PA Configuration Length [cm] [%]
SISO PD-LMBA 11.2 25 ~55%
SISO PD-LMBA 14.8 40 ~55%
MISO PD-LMBA N/A >50 ~60%
\ J
|
Input Class-AB
3 dB Hybrid _N 3 dB Hybrid
/ LI
Class-C
—jIs
—y — Output

4 IEEE
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Drain Efficiency (%)
(4]
o

45
—0—2.5\/2 Offset
40| —o—3.3)\/2 Offset
=@=Optimum Phase
35 L L 1
1500 1750 2000 2250 2500
RF Frequency (MHz)
80 T T L L] Ll T
70 F
60
_50r
X
w 40
<
® 30t —e—1.5GHz] -
—e—1.7GHz
20 2.0GHz| 1
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10 —o—2.5GHz|
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* Analog Devices PD-LMBA prototype:

. Carrier and Peak inout split — Main PA: 10W CGH40010 (Class-AB)
put sp — Peak PA: 2x 30W CGHV40030 (Class-C)

— Better control of the input drive levels — Driver PA: 10W CGH40010 (Class-AB)

_ . i . . — Operating frequency: 1.5-2.5GHz
Maximize the PD-LMBA efficiency _ Pout: 40dBm, Eff. : 50+%, Psat: 47.8dBm
— Improve the linearity

2 V ‘\'\n

- - -Main PA -
[ . - PRUIMBAIE
. . B \ \i o o ° o o :\ égx{"«ll_c%g o ° -C
* Digital splitter : o e
— Main and Peak Shaping function 1
Main
Input @
Input Digital Class-AB
Splitter
Peak 3 dB Hybrid 1a | 1338 Rybria
Input PR peaa y -
jIue
Class-C
—jla
—
—Peak?2 —— Output
Roé
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G1IMS MISO PD-LMBA Shaping Function 1 (ADI) 8
Connecting Minds. Exchanging Ideas. = a p I n g u n C I O n ﬁﬁf %Mm“@@s"
Digital i 70
Splitter I":S:ﬂ
£2 s 45 = B O S |
— DPD | E g . weeps J
° Dlgital Splltter v 3dBHybrid _%SdBHybrid E‘:w
Peak
— Optimum dual input drive levels e Class- »
* Carrier Shaping function —% ey
* Peak Shaping function 5 N T T T

RF Power (dBm)

50 1

* Shaping Function Av-AM - o

200MHz 10CC LTE
20MHz 1CC LTE

200MHz 10CC LTE
20MHz 1CC LTE

— Instantaneous efficiency extraction
— Linearity improvement

45

Output signal (dBm)
&
Phase change (rads)

25

20 25 30 35 40 45 50

Requested signal (dBm) 20 o 30 35 40 45 0

Requested signal (dBm)
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o IMS \M|SO PD-LMBA Shaping Function 2 [UPC]

, 4 Main * Frequency-Domain Lmear Shaplng [4]

e o
acaags W

=
s
M

. Input_ {5
u.l opp X Sapping — : X[k] = DFTy{x[n]} 0
> Function || PYUC - M[k] = (1 + A[k]) X[k] e~0l1 | = 0
P ea — _ +i6[k]
e Plk] = (1 — Alk]) X[K] e | e
Z % \\. ] 2
g A
y DDC < RF OUtPUt A[k] — ak + ﬁ (kL S k S kU) Em- 1= O,(p = —10 u
B (others) E_m
Best phase for efficiency or gain, Pct = 24 dBm Q[k] = .uk t+ @ i
180 T A mln] = IDFT, {M[k]}, L ~
— balanced ’ 470 " " i N ~
5 — 270 ,/,,: pln] = IDFT,{P[k]} " Fraquency () '
A ,/ 7/
§ 0T 84 P o g ACPR (dBc) = -23.80 -> -28.16 Eff(%) = 44.37 -> 44.43
- — 29.0 st T -90 0.2
2 Opt. for ,‘“':ﬁ",,“‘—_ & < Foxed Phase *  Fixed Phase
= 0- —e— Eff. /,{,’—’“' g/ 3 % 100 FLF Sheping 0.15 S
o —A- ISO Gain A ./0"""' Z 440 i
% =k 'A’ 7 37. §
A= o i L i ‘ ‘
9 -90 - %:ZI/ %’_120 0.1
£ e .%31 ‘ .2 -130
(a1 :%. ”/':;,/’ g 0.05
180 Aqrm==ti==T] ; ! u g
1800 1900 2000 2100 2200 150 0
Frequency (MHz) 400  -200 0 200 400 0 0.05 0.1 0.15

Frequency (MHz)

[4] Wantao Li and al. “Digital Shaping and Linearization of a Dual-Input Load-Modulated Balanced Amplifier” , 2023 International Workshop on Integrated
Nonlinear Microwave and Millimetre-Wave Circuits (INMMIC)
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e Digital Predistortion (DPD)
— MISO Doherty with DPD
— MISO PD-LMBA with DPD
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Digital Predistortion (DPD)

 \olterra-Based Models

Effective behavioral modeling of non-linear systems

x[n]

e

\QHM 2

7,

o iy
o
it

2 &
" gy W

GMP derivative of Volterra Series [5]; reduced complexity (Linear Regression Estimation) " DPD
lLiega Jiead K v
y(n) = > @ x(n+ Dlxn + DI

i=_llag j=_]lag k=0

 Spline DPD [6]

Ilead Jiead
y(n) = x(n+1) S;;(Ix(n+ ) s
i=_31[ag j=_]lag gw
Sij(x) = z Aijk,r (x — xr)k for x, Sx < Xpiq %35
w0 In] 1 ] §30 :
@3 PA — ¥
e Artificial Neural Network (ANN) yin] “ e
— Captures complex non-linear mappings I/ X G 202
— Challenging in practical | EI _ | predistorter
— Back-Propagation (Adaptation) :_ Training

Divides the input space in multiple regions: [xg, ..., X ]
Powerful for stringent PA non-linearities

/

y[n]

1/G

Predistorter
Training

»i

\

Fig. Indirect Learning

200MHz 10CC LTE
20MHz 1CC LTE

AM-AM

JMTT-S
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45

40

Requested signal (dBm)
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8 20M|Hz LTEI(PAR=I8dB) | AMAM - 20MHz LTE an . AMIPM 20 MHz LTE
—SISO ILC 4 ' ' ' ' S50 o;l)e Coor ’&T > SISO openLoop
o0k —MISO ILC o ° n o > MISO Lo
- 20 SISO GMP j% " i o | -?? Sl . $1S0 Gens DPD| _
L 401 — M50 GMP S & = MISO Gen5 DPD| | = ® MISO Gen5 DPD
£ B 9
8 -60 §0 Tt o
— % 7
2 -80 | | 7 "\|" M i“ :\HJ O (] 20
\( WH \iw UN” I ‘nﬁ =27 &
-100! m‘& w i L S o
T o
120 h A Ill Il ||."h LA i NN AN A -4 L 1 L L L -40 ! ! ’ ! !
60 40 20 0 20 40 60 20 15 -0 5 0 5 d W =’ = = 0 8 L
Frequency (MHz) Input Power (dBm) Input Power (dBm)
Ilterative Learning Control (||_C) SISO DPD - No DPD -15.7 -27.4 47.7 57.4
4 N\ MISO DPA - No DPD -14.3 -24.9 47.2 61.6
Xpi1 = Xp +1lr X e,
SISO DPA - ILC -48.5 -64.3 47.9 58.1
e, = Uu, —
n n= In MISO DPA - ILC -45.4 -60.9 47.4 61.6
; SISO DPA - ADI Gen5 DPD -47.7 -60.9 47.9 58.1
\lr: Learning Rate y
MISO DPA - ADI Gen5 DPD -41.1 -50 47.8 61.7
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2AMS - MISO Doherty with DPD (Co-Sim.)

RFIC s
-20 - T AMAM - 20MHz LTE -
— SISO ILC 4 - : : : 40 AMPM -20MHzLTE
40} —MISO ILC - ° SISO openLoop o o SISO openLoop
SISO Gen5 DPD w © MISO openLoop = o MISO L
N s 3 2§ SISO Gen5DPD| | & | nde.
T .60 MISO Gen5DPD|| T “& en 3 20p SISO Gen5 DPD
E .9 a MISO Gen5 DPD : & - MISO Gen5 DPD
m t o
= o . 9
@ -100 a ° 7
o .% 2t 8 (=) -
120 O -
©
! ! ! ! i =
-140 ' ' : ' ' "320 15 10 -5 0 5 10 © 0 ' : : : :
60 40 20 0 20 40 60 20 15 10 5 0 5 10

Frequeny [MHz] Input Power (dBm)

(*) Gen5 DPD in ADRV904x

Input Power (dBm)

SISO DPD - No DPD 15.7 275 47.5 57.4
MISO DPA - No DPD 14.8 25.6 47.5 61.6

SISO DPA - ILC 55.6 67.4 47.6 57.4

- SISO DPA - ADI Gen5(*) DPD 51.8 63.0 47.7 57.4
e A MISO DPA - ILC 533 67.7 47.8 61.4
8T8R SOC with DFE Seeaitt MISO DPA - ADI Gen5(*) DPD 44.6 51.9 47.8 61.4
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o2IMS  MISO Doherty with DPD (Co-Sim.)

M

AMAM - 100MHz NR AM/PM - 100MHz NR

' 100IV!Hz NR.- PARI=8dB , . 40 ¢ .
—— SISO ILC P o SISO openLoop e ; o SISO openLoop
-40 F ——MISO ILC % ° MISO openLoop = © MISO openLoop
~ SISO Gen6 DPD - 5 .fe'-' - SISO Gen6 DPD |1 _g = SISO Gen6 DPD
= 60} R0t 5 | = MISO Gen6DPD|| = =_MISO Gen6 DPD
= = =
5 -80 5 o0 £
k=) - » 0 L ..09,
a -100 (m] =
g M £ -5 22
120+ © ; o B
O = [
M50 150 100 50 o  s0 100 150 200 10 ' ' ' ' ' * 40 ' : ' : :
) ’ ) . -20 -15 -10 -5 0 5 10 20 15 10 -5 0 5 10
(BG CAISet Minz) Input Power (dBm) Input Power (dBm)
SISO DPD - No DPD -15.4 -26.8 47.6 54.3
MISO DPA - No DPD -14.7 -25.3 47.5 58.7
SISO DPA - ILC -44.0 -54.7 47.6 54.4
SISO DPA - ADI Gen6 DPD -43.7 -53.5 47.6 53.4
MISO DPA - ILC -42.8 -51.6 46.6 57.4
MISO DPA - ADI Gen6 DPD -41.7 -50.0 47.6 57.4
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* DPD Results 1OOIVIHz NR with 8dB PAR
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-150 -100 -50 0 50 100 150 -2@& > ILC DPD
. Large GMP DPD|
Frequency (MHz) : © Sam GMP DPD

Normallzed Input Amplltude

No DPD -24.9 11.8 40.9 443
— &8T8R Transceiver

ILC -44.1 -58.1 1.97 40.3 44.2
— 600MHz-7.2GHz

Large GMP DPD -40.7 -50.0 2.02 40.3 44.0

ADI Gen6 DPD -40.0 -49.4 2.02 40.3 443

 ADI ADRV9030
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=4 \ Frequency (MHz) Normalized Input Amplitude
Ne° of ACPR [dBc] EVM[%] Pout [dBm] Eff. [%]
Coeff.
[ ]
ADI ADRV9030 No DPD/Fixed Phase SP - -16.3 -22.6 7.65 40.4 51.0
— 8T8R Transceiver No DPD/Linear Phase SP ; -20.9 -28.4 4.75 39.9 50.9
— 600MHz-7.2GHz
GMP DPD 458 -34.3 -40.3 1.9 40.3 49.7
ANN DPD 1000 -40.1 -46.5 1.8 40.3 49,5

[4] Wantao Li and al. “Digital Shaping and Linearization of a Dual-Input Load-Modulated Balanced Amplifier” , 2023 International Workshop on Integrated
Nonlinear Microwave and Millimetre-Wave Circuits (INMMIC)
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e Conclusions
* Next Steps
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 MISO Highly Efficient PAs will find applications in broadband radios

* Dual-input Doherty enhances further the bandwidth and maximizes
efficiency

 PD-LMBA is a promising broadband PA architecture but still present some
challenges to Digital Predistortion technics

e Shaping function optimization is crucial for MISO loaded power amplifier
linearization
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* |nvestigate more shaping functions for MISO PAs

 Demonstrate Highly efficient PAs with BW > 400MHz

 Enhanced DPD architecture for MISO loaded modulated power
amplifiers
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