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INTRODUCTION

APower Amplifiers for Efficiency and Power Output
ABJTsGaAsFETYDMOS, LDMOGaN

AControlled source and switched mode PA

AModes ofOperation for controlled source PAs,: B AB, C
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PA FUNDAMENTALS

ASSUMPTIONS

A Load is purely resistive
A All harmonics shorted
A Constant trans

DC Blocking Hi-Q "Tank*

C;p

conductance ] 5 ) o
A Knee voltage is small ', R
compared with drain o Vos | Vour
voltage I@
vﬂ'ﬂ'
o
Z = R +]0 (f)
Z = 0 (21 3f, etc.)
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PA FUNDAMENTALS
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PA FUNDAMENTALX:

Efficiency

n percent
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Collector voltage swing V.,
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PA FUNDAMENTALS
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PA FUNDAMENTALS

P ¢
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Is the current conduction angle (CCA)
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PA FUNDAMENTALS
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PA FUNDAMENTALS

Optimum load at fundamental frequency s
given by
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SEMICONDUCTOR PROPERTIES

Property Si GaAs
Energy Gap (eVv) 1.11 1.43
Critical Electric Field
(MV/cm) 0.6 0.5
Charge Density
(# x 1x10*3/cm?) 0.3 0.3
Thermal Conductivity
(W/cm/K) 1.9 0.5
Mobility (cm?/Vv/s) 1300 6000
No No
No No

Power
Handling

Low Loss, Low
Noise

UNREALIZED
Potential
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SEMICONDUCTOR PROPERTIES

Property Si GaAs GaN
E, (eV) 1.1 1.4 3.4
i Ve (10 7cm/s) 0.7 0.8 2.5
: ....... ?or
] ""2’-/301 X-Band Military Radar
% ...-‘.{?_)'[? 'O
] ."'{'--:?{V S Commercial Satcom Transmitters
e (VSAT — 1MBPS)

|

Commercial Broadband Satcom
(VSAT - 16 MBPS)

Communications ~8s

Base Stations | @ |  he ] e
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FEATURES

APPLICATIONS
Up to 4 GHz Operation

16 dB Small Signal Gain at 2.0 GHz
12 dB Small Signhal Gain at 4.0 GHz
55 W Typical P,

55 % Efficiency at P,

28 V Operation

2-Way Private Radio
Broadband Amplifiers
Cellular Infrastructure

Test Instrumentation

Class A, AB, Linear amplifiers suitable
for OFDM, W-CDMA, EDGE, CDMA

waveforms
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PA DEVICE SELECTION

Absolute Maximum Ratings (not simultaneous) at 25°C Case Temperature

— e ——————— ———
Parameter Symbol Units Conditions
Drain-Source Voltage Vipes 84 Volts 25°C
Gate-to-Source Voltage Vs -10, +2 Volts 25°C
Storage Temperature U -65, +150 °C
Operating Junction Temperature T, 225 “C
Maximum Forward Gate Current [ 15 mA 25°C
Maximum Drain Current! |y 6 A 25°C
Soldering Temperature? T 245 “C
Screw Torque T 30 in-o0z
Thermal Resistance, Junction to Case? Rc 2.8 “C/W 85°C

Case Operating Temperature®# T, -40, +150 °C
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PA MODEL

Simulated Source and Load Impedances

———— —
D
N
Z Source Z Load
T ome [
|
s
Frequency (MHz) Z Source Z Load
500 4.1 + )5.27 14.73 + j6.91
750 29+j4.1 12.3+37.6
1000 2.48 + 30.06 8.13 + j6.85
1100 19+33.1 9.2+j6.2
1500 2.1-j25 6.0 +j4.3
1700 1.05 - )2.48 5.07 +j.2.29
1800 2.1-31.9 5.8+)4.1
1900 0.89 - j2.62 4.81 +j2.17
2000 0.69 - j3.75 4.93 +j0.16
2100 1.5-j4.4 51+j2.8
3000 1.06 - j8.92 4,04 -j2.98
4000 1.67 - j18.1 4,97 - j8.25

Note 1. V,, = 28V, I, = 800mA in the 440193 package.

Note 2. Optimized for power gain, P_, and PAE.

Note 3. When using this device at low frequency, series resistors should
be used to maintain amplifier stability.
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SIMULATED LOAD PULL

Device | and V Waveforms at Min Bias Current ) - ) ) PAE and Delivered Power Contours  Maximum . imum pAE
At load that gives minimum bias current: and contour and contour Set new reference impedancg:
. levels, %:
| L levels, dBm: ’ Z =5-j*12
= e 2 \ MinBiasCurrent \ \ Zload_at_MinCurrent \ \ MinCurrentRho \ 46.41 65.181 Onew=5-j
2 60| _ . X
g rog 0502 | 0.472+/12.070 | | 0.990/44.997 | 46.00 60.000
$ "8 45.00 55.000 Re-Normalized PAE and
£ Foly PAE_at_MinCurrent % 2 2‘%88 32888 Delivered Power Contours
. Fo i 1.021 23 42:00 40,000 / T
o 204 r 2 38
£ F g o, g
§ o3 Z_In_at_MinCurrent Gain_at_MinCurrent 3L ,,,\’;‘
0— - [N bl 5
2 2.526 +j2.165 6.672 80338 33
1 r Reference Z0 8;'2 g 3 St
T T T T T T T T T T 20 19
00 02 o4 06 o8 10 12 14 15 18 20 [ Pdel dBm_at_MinCurrent | %g%% 35‘
time, sec ‘ 27.328 ‘ g“—“é § @i‘;m
e (PAE. %) - (Power Delivered, dBm) 8‘5‘0“'I gg
Device | and V Waveforms at Max PAE ' 70 gowe E=
. ) . level=65.181, number=29 level=46.412, number=64 %i §§
] At load that gives maximum PAE: ‘ 4.996 + j3.389‘ ‘ 3200 + j0,777‘
50 r [ BiasCurrent_at MaxPAE || Zload at MaxPAE | [ MaxPAE Rho | Available Source
w o] — ‘ 1.861 H 5.043 +3.366 ‘ ‘ 0.318/70.739 ‘ Contours of Constant Transducer Power Gain, Power, dBm
T 40 2 simulated load reflection coefficients and
H L bad ) S
2 ‘g corresponding input reflection coefficients
® %0 r2 2 | 65048 Fundamental Source Z )
g 1 H o) © Stet power (adnéi ?alndcggtgur
2 r j step sizes (dBs) an
3 2 3 Z_In_at_MaxPAE Gain_at_MaxPAE 0500 +j0.900| | step siz <tep size (%), and
> room 2.470 +i1.511 11.422 - number of contour lines
o . . R 4
7 F - Maximum
, Pdel_dBm_at_MaxPAE Epds 'IF:ransdécefr . PAE_step=5
L e e S B e s s sy B Q ower Gain an ines=
00 02 04 06 08 10 12 14 16 18 20 45.422 %E‘ E‘g contour levels, dB: el NumPAE_lines=5
time, sec 282 12.446 s ; N
Pees 12.000 el Gain_step= P
i i R i in)e I~ 3= - o 0
Device | and V Waveforms at Maximum Power At load that gives maximum power (and gain): s ot 11&888 = NumGain_lines=5 EA%E
*° g o 9.000 ©2ES
g [, [ BiasCurrent_at MaxPower || Zload_at_MaxPower || MaxPowerRho | | & 8.000 oY PowerStep=1 E.i‘:@
| s
8 7 I 3265 | 2486+/0564 || 03431163060 | 2 NumPower_lines=5 | §583
3 re 2 N5
%7 P8 PAE_at_MaxPower NN
i ot P E
o 2§ ‘ l ‘ . l with load selected Select value of swept variable by moving marke cTE
% 20 70 3 ‘ Z_In_at_MaxPower ‘ ‘ Gain_at_MaxPower ‘ by marker m1. T wplnd E
4 I H i ]
. ol [ 3 2.181 +j0.986 12.458 9 m5_Z
L2 R R R R e e S R -
q L \ Pdel_dBm_Max | 5 & & & & & & onoa 7.243 +j5.358
S S N N A \ 46.458 | g ¢ g8 ¢ & ¢ g ¢ ¢
0.0 0.2 04 06 0.8 1.0 12 14 1.6 1.8 20 ® ® ® ® ® ® [9) ® [0}
time, sec HB.SweepVar Device Load Lines
At load selected by marker m1: / Device | and V Waveforms at Marker m1 Load 1
ata Display: HB1Tone_LoadPull_Sweep_CGH40045F 5 12
ataset Date/Time: Mar 07, 2015 05:14:07 PM - | E i
ataset: HB1Tone LoadPull Sweep CGH40045F [ BiasCurrent at m1_|| Zload_at m1 | Rhoatmi | ] 1o §g%
\ 4333 | 1316-[1.243 || 0.604/-150.215 | a0 r siks
- ] L — |88
PAE_at m1 E o] e §|325F
_at | ® l F 5558
24.293 P 0| 8843
g ool 5eg
Zin et mt o5 |8t
2.275 +j0.439 10.868 105 —0
Pdel_dBm_at m1 ] 2 R e B EARES EEa s Ann s e
44.868 | T ) -10 0 10 20 30 40 50 60 70
- 00 02 04 06 08 10 12 14 16 18 20 Vdevice_at_m1
. Vdevice_at_MinCurrent
time, sec Vdevice_at_MaxPAE
Vdevice_at_MaxPower

Pdel_Z
level=46.412, number=72
‘ 3.298 +j0.096

PAE_Z
level=40.000, number=28
‘ 2.802-j1 .256‘

PAE and Delivered Power Contours

5

=)

5

=
I AN

0 5 10 20 30 35

real(PAE_contours_Z)
real(Power_contours_Z)

Contours of Constant Transducer Power Gain,
simulated load impedances and
corresponding input impedances

0 5 10 15 20 30 35
real(GainTransducerContours_Z)
real(Z_surface_samples)
real(Z_In_Fund)
real(Z_In_with_m5_load)
Gain_Z

level=12.446, number=35

__2.468 +]0.563
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SIMULATED LOAD PULL

Reference Z0 5.000 +j0.000

Select value of swept variable Choose desired point on power-delivered-versus-power-
added-efficiency curves. Tabular data, black dot on .
SwpI‘ndx2 Smith Chart and traces below will be updated. PAE and Delivered Power Contours
] 50
] mPdel_vs PAE  _
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ . : o Y (>B
-_— -_— -_— - .A -_— -_— -_— -_— :E, 457 “, Hlﬁ
n n n (&) N n n n n HH B ) o>
o o o o o o o o o o - < ol
o o o o o o o o o X B oo
® ® ® ® ® ® ® ® ® 2 ] £P2
Swept Variable Values . w'=
&, ] E mg_,l
Source Zs at Fund, Load Zs at 2nd & 3rd & = o
2nd & 3rd Harmonics Harmonics (if sweeping ° ] 2125
- Z at fundamental) [ n g9
0.500 +j0.900 S 30 B o
! ~7.308T - }10.807 T 20 =
m
10.00 ] ouw
2.756T - j7.892T 25 T T 1T ‘ T T 1T ‘ T T 1T ‘ T T 1T ‘ LR ‘ T T ‘ T T 1T ‘ T 1T Elg
1.000 K -10 0 10 20 30 40 50 60 70 E
PAE[SwpIndx2,::,::]
Available Source mPdel_vs_PAE
A 4B indep(mPdel_vs_PAE)®$61.136 mé _ m7 ~
ower, d5m plot_vs(Pdel _dBm[Swplndx2,::,::], PAE[SwpIndx2,::,::])=46.068 level=40.000, number=11 level=46.412, number=65
34.000 3.416 +j10.986 3.963 +j0.872
Data corresponding to marker mPdel_vs PAE:
Maximum .
Power MaXImum PAE
BiasCurrent_at_mPdel_vs_PAE || Zload _at mPdel_vs PAE || mPdel vs PAE_Rho and contour and contour
0o/ -
2.311 " 6.089 +j1.245 || 0.148 / 42.420 levels, dBm: levels, %:
46.41 65.181
PAE_at mPdel vs PAE 46.00 60.000
45.00 55.000
61.136 44.00 50.000
43.00 45.000
Z In_at mPdel vs PAE Gain_at mPdel _vs PAE 42.00 40.000
2.630 +j1.400 12.068
Pdel_dBm_at_mPdel_vs PAE Contour levels are specified on
46.068 "Contours at a Single Value of
Swept Param." page.




Finetuning Academy (www.finetuningrf.com)

SIMULATED LOAD PULL

File Edit View Circles

DEef& @9 hed HX
[ -4

Help

Freq (GHz) Z0 (Ohms) Current Schematic SmartComponent
[g E] 15 I ¥ Normalize | CGH40045_SingleStagePA_template [LoadPull_layout 0. v | |
| Define Source/Load Network Terminations. .. |
e |
‘ L 1 Metwork Response
1 26.227 Deg T
gk || L
Type
‘W ;
Tracel
3 =
g Trace2
) | 0 L

Min
Start Freg: Stop Freq: 1.7e8 | | Reset |
10
Network Schematic
M
zs? {1 { F=<z>
F1 P2
<> Laoad D D
T Source
L
[] Lock Source Impedance Lock Load Impedance < >
Gamma: 1,22038 < 46,8262 z: -0.59723 + 2.17252 Delete Selected Component Set Defaults...
VSVIR: |-10.0753 | v 0.11765 | 4 -0.42795 Zo: Value: Loss:

Build ADS Circuit Auto 2-Element Match

ENG 1254 PM
IN  9/03/2015

A [l a0
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Powa‘r(dBl
PAMEASUREMENT
A One tone measurement : AM\M and
AM-PM distortion e
A Two tone measurement : IMD > Froqusney
(typically 30dbc for constant envelope —_— | -
modulation) $ A 3rd dog
A ACPR, EVM, CCDF are metrics for I
Digitally modulated signal

» Frequency
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Transducer Power Gain and

Two Tone IMD Measurement

3rd- and 5th-Order IMD, dBc

_ Gain Compression, dB -15
e Interpolated output power (dBm), gain (dB), -20
B 50 and gain compression (dB) 25
IS
2 15 ® 40.004 16.112 0.143 -307
g " _: o -35- _
‘E_ ] = -
g 1.0 & - -40
o E Interpolated Low- and High-Side 45 =T
£ 059 TOI and 5thOI Points, dBm ) T
° E -50 T T T T T T T T 1
0.0F—F——————1——1—1 50.915 50.978 48.286 48.428 R T T S
[ I B T - T~~~ O “O N o OO o0 O U O o O o o O,
o © o o - = N N w w » >
© o0 o o o o o o o o o o Output Power, Both Tones, dBm
Output Power Both Tones, dBm Zoomed Output Spectrum, dBm Output Spectrum, dBm
Set Desired_Pout_dBm = to desired g 40 50
output power in dBm. The gain, gain £ 4 A | A 40 ‘
compression and spectral data will 8 30 E 30 \
be interpolated to find the values N, 4 = ] ‘
that correspond to this output power. E 20 8 20 |
Desired_fPout_dBm g 7 2, 107 |
2 10 o 0
7] J Qo i ‘
SRRNS TR S S (S NS [SMSMES SNBSS S S < 5 109 ‘
400 405 410 415 420 425 430 435 440 445 450 % Oi g -20— ‘
Pout_dBm_values _g_ ~104 kS -30*7
Pl s 1
Fundamental £ 20— e e e S0t
Frequencies = S =N @ A oD N ® © 3 =
°d o °d (o (4] [ (20 [, (4] o o o o o o o o o o b -
Use with HB2ToneSwptPwr 5 % & &8 8 2 8 & ¢ S 88 8 888 8 8 8 8 8
Schematic Template 1.549500 G S S =1 S =1 S S S S S ® O 6 60 60 0 0 0 60 6 6
1.550500 G ® 06 06 6 6 6 & o o Frequencies
Frequencies
Available Fundamental
Source Power, Output Power, Gain . . . .
Both Tones, Both Tones, Transducer Compression Low and High Side Low and High Side Low and High Side Low and High Side
dBm dBm Power Gain dB Output TOI Points, dBm  Input TOI Points, dBm  Output 5thOl Points, dBm Input 5thOI Points, dBm
23.00 39.25 16.25 0.0000 50.60 50.61 34.346 34.356 48.554 48.532 32.300 32.278
24.00 40.09 16.09 159.7 m 50.95 51.02 34.858 34.927 48.253 48.415 32.158 32.320
25.00 40.90 15.90 350.2 m 51.22 51.33 35.317 35.427 48.480 48.632 32.575 32.728
26.00 41.66 15.66 595.2 m 51.27 51.31 35.610 35.650 49.159 49.243 33.500 33.583
27.00 42.35 15.35 903.7 m 51.12 51.13 35.773 35.780 49.595 49.555 34.244 34.204
28.00 42.98 14.98 1.273 50.95 50.97 35.965 35.991 49.646 49.629 34.664 34.647
29.00 43.56 14.56 1.692 50.88 50.86 36.318 36.299 49.688 49.726 35.126 35.164
30.00 44.10 14.10 2.153 50.86 50.83 36.758 36.732 49.586 49.668 35.485 35.567

These become invalid as the amplifier is driven into compression. If the low and high side
TOI points do not agree, try increasing the order of each tone and/or the maxorder.
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One Tone Measurement

Use with HB1ToneSwptPwr Schematic Template

Output Spectrum, dBm

” Transducer Power Gain, dBundamental and Third Harm., dBm Efficency % and gain
5 4 2 6 L2 80
40 1 1 1 o 19 L2
1 184 i N 2 1] Fes
(] 1
807 1 — 204 7 0] [s6
] 16 i o
20 ] 2 §§ 04 PIRLE! Fio
104 144 [ 4 Ho15 40 >
4 4 . :: -20 “ 1] mb [z
0] T T 124 0o —ap] 2 1 et
ERLE o e e e e e e 1 o 1 w1 [ie
1 0T T o g0 0 r
0 1 2 3 4 5 6 7 8 UASLUABUSU LN ] L s
15 20 25 30 35 40 45 50 oy
-8 T[T [T [T [T [T T[T [TTTT T[T [T [T T T T T T TT
freq, GHz 15 25 30 35 40 45 50
Move Marker m3 Fund. Output Power, dBm 0 5 10 15 20 25 30 35 40
to update output = RFpower Pdel_dBm
spectrum plot. P

Available Power Selector Cain CompressioountPUt Power

between markerast Marker m2
dB dBm PAEmax

. = m3

y
TITT[TI T [TITT[TITT[TITT[TTIT[TTTT[TTTT

o o I - S 0 W [} IS 3.715 57.709

. . o a o} ol} o} ol} o

o o - . . . . . .

o] o] [e] o] o] o o o] [e]

o

RFpower
FundamentalAVailabl@“undamentaT] Second Third Fourth Fifth Available Gain Delt )
FrequencySource Powaltput Powerransducgr Harmonic Harmonic Harmonic Harmonik SOUrce PoweReductiohhase SHift
m dBm Fower Gain  ggc dBc dBec iBe dBm B degregs
2.000 19.81 17.81 -73.04 -85.10 -115.3 -149.2 2.000 0.000 0.000
4.000 21.81 17.81 -71.03 -81.06 -109.3 -141.0 4.000 | -7.17. .. 0.012
6.000 23.81 17.81 -69.00 -76.99 -103.4 -132.7 6.000)-2.34... 0.031
8.000 25.81 17.81 -66.96 -72.87 -97.39 -124.2 8.000 -0.001 0.061
10.00 27.81 17.81 -64.90 -68.67 -91.37 -115.5 10.000 -0.002 0.110
15.00 32.79 17.79 -59.52 -57.26 -74.59 -91.82 15.000 -0.019 0.409
15.50 33.29 17.79 -58.94 -55.96 -72.54 -89.27 15.500 -0.024 0.466
16.00 33.78 17.78 -58.34 -54.60 -70.37 -86.68 16.000 -0.032 0.530
16.50 34.27 17.77 -57.72 -53.18 -68.09 -84.06 16.500 -0.042 0.603
17.00 34.76 17.76 -57.08 -51.67 -65.71 -81.39 17.000 -0.055 0.687
17.50 35.24 17.74 -56.39 -50.07 -63.22 -78.68 17.500 -0.072 0.784
18.00 35.72 17.72 -55.65 -48.37 -60.63 -75.93 18.000 -0.095 0.897
18.50 36.19 17.69 -54.83 -46.55 -57.96 -73.14 18.500 -0.126 1.029
19.00 36.65 17.65 -53.91 -44.61 -55.23 -70.32 19.000 -0.168 1.188
19.50 37.09 17.59 -52.85 -42.57 -52.47 -67.50
20.00 37.51 17.51 -51.65 -40.46 -49.79 -64.82 Use these values in GComp7
section of SRD data file,

mspgc““m:ﬂgm(”nad‘Zlnzd[n]Pigaininz“!ﬂ‘mersspec““m[1]xaé‘;e,delta:phau(vload[1])7phaxe(vlnad[0,l]) with option line:
TOlnutp\lt:l.5‘Spectr\lm[1]fﬂﬁ'pupﬂ.ﬂ'ﬁmﬂﬁﬂn]n“'_p“g,pigainih-a ain_Reduction=P_gain_transducer-P_gain_transfucedfo] AC( GHZ S DBM DB R |50.0 )
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ACPR WCDMA (PAR 6db)

Adj._& Alt. CPRs (dBc) versus Output Power (dBm Percent EVM versus Output Power (dBm
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Introduction

AModern Communication systems demand high PAR
AHigh Efficiency

AMultiband cMulti standard operation

ABetter linearity

ADOHERTY POWERPLIFIER
AENVELOPE ELIMINATION AND RESTORTION
ABIAS ADAPTION
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DOHERTY PA

Ald IL
Input O—

VL RL= 50Q
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ENVELOPE ELIMINATION AND RESTORTION

Envelope
Detector

'*‘L Alt) oy Video power DC Supply
:JL. conditioner (modulated)

\y 1
J\ H'(A)

Limiter N P,=H (V)
1> >—PA >—>—
Sa(®) /_\_/ Si(t) Sorlt)
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BIAS ADAPTION

DC Supply
Envelope I
Detector A)
F'k‘r T >— Modulator
T e
N

—— > PA >
Sm (t) Sout (t)
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ldeal Class B Amplifier

Aldeal efficiency value 78.5% at maximum power output

AEfficiency decreases as the input drive level is reduced

A' = Pil4*p : pis the reduction in input voltage drive

Alncrease the load resistance by same factor p its possible to return to

ideal efficiency value of 78.5% il
60 DOhCl:t{ /ﬁ/%
40 / /

A
ooy L | Class B _|
//

0
-1

-12 -6 0
Backoff power level, dB
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Conventional Doherty PA

AActive load pull concept, dynamically alters the load resistance for
maximum efficiency

AExtends high efficiency operation to lower power levels
Ad) :‘Y *(p _) I, Vi I,

G@ﬂ'] Rl Gen‘2
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Conventional Doherty PA

AThree distinct operating regiorase defined for DPA

ALow Drive region: Carrier amp conducting Peaking amp OFF
ALoad Modulation Region: Carrier saturated Peaking turning ON
APeak Power Region: Carrier and Peaking amplifiers saturated

Vee

" 4 Low-drive Load-

. . modulation
i : G : _13, e region
PA PEP
: Z» : i point
Carrier R Ry Al4 I Carrier i
— PA Va
Input O— Ve !
O A Peaking
PA
o b n R.=50Q
| —
A/4 : 1
R,

& Input voltage



Finetuning Academy (www.finetuningrf.com)

Conventional Doherty PA

: l.oad-
/ Low-drive T
l",l_. l.ow-drive Loaf". L4 l’cgion mOdU'l aton
4 region modulation region
& region PEP PEP
I point point
Carrier
PA
: Carrie
Peaking ?{2“
PA
Peaking
PA
: o
o - o4

Input voltage Input voltage
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Theory of operation

Input O—
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Theory of operation

Ao O \F (1)

AO=——"0x :"0O=———"e

A0 0="0—+1)=— T @UKSNB i Aa 0KS OdzN.
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Theory of operation

Impedanceseen at the output of th&arrier amplifiers

AY = =— 2)

And the impedance seen at the output of the Peaking amplifier is

AY = = (3)
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Theory of operation

ACasel (Symmetric Doherty)
OdzZNNBY (G YR LI26SNI RAGAAAZY NI GA 2
Y =Y =Y =0 = in Peak PoweRegion

A for® =35 and’Y =50
AY="Y=Y=(H =50
Aln low power region

Y =—"Y =100 (6db backoff)
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Theory of operation

ACase2 (Asymmetric Doherty)
current and power division ratios 8fT i T n ®H p
Y=w=Y=0"Y inPeak Power Region
for =15 and’Y =50

AYTOT18 ;'Y =Y /3=6

Aln low power region

Y =——=72 (12db backoff)
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Limitations of Conventional DPA

Alnthe low power region, the assumption of Peaking Amplifier being
open is difficult to achieve
AThepower splitter and combiner at the input and output of the DPA are

Inherently narrowband due to the presence of lambda by four
transformers

AThePeaking and Carrier amplifiers are to be designed using wideband
matchingtechniques
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Modified DPA

ASimple modifications to improve operating BW of Conventional DPA

A30% operating BW centered around 1450MHz till 6db kdtk

ACree CGH40045aNtransistor for Carrier (Class AB) and Peaking
Amplifier (Class C)

ASymmetric DPA structure

ABetter than 30% efficiency over full BW andt® Backoff range
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Modified DPA

AThe Carrier and Peaking amplifier were designed over a broad range of

frec
anc

frec

uencies 1.2GH¥.8GHz. ADS simulations weaaried out tocheck
optimize the performance of Carrier and Peaking amplifier over this
uency range

AReplacinghe 50 ohms impedance inverter at the output of Carrier
amplifier by a 70 Ohms impedance inverter, inserting another 70 ohms
Impedance inverter at the Peaking amplifier output and removing the
35 ohms Impedance transformer at thead. Thdoad is now directly
connected at the junction of two 70 Ohms impedance inverters
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Modified DPA
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Modified DPA

A-
A-

"herelatively smaller impedance step (from 50 ohms to 100 ohms) at
ne output of Carrier amplifier improves the BW by a factor of 1.73.

"he power splitter at the input is a modification of Branch line hybrid

where additional lambda by four sections are included to make it
operate over octave band (2835) without changing its siappreciably

AOffset delay lines were included at the output of the Carrier and the
Peaking amplifier
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Modified DPA

MTEE_ADS MTEE_ADS
Tee8

Tee5 eel
Subst="MSub1" Subst="MSub1"
W1=1.1 mm 1=

Num=1

Num=1
Z=50 OhmL=5 mm

MTEE_ADS MLIN

MLIN

T4 Tee3 TL
MLIN Subst="MSub1" Subst="MSub1" Subst="MSub1" e
L9 W=059 mm  W1=0.59 mm W=0.59 mm Toma
Subst="MSub1"  L=l1mm 2=0.59 mm L=1 mm Nomes
W=0.59 mm W3=0.59 mm 256 ohm

mm

MTEE_ADS
Teel
Subst="MSub1’
W1=0.59 mm

MTEE_ADS
T

MLOC

T
Subst="MSub1"
W=0.59 mm

"MSub1"
.59 mm
mm

MTEE_ADS
Teed

Num=4

Num=2

Optim
Optim1
OptimType=Random

FinalAnalysis='
NormalizeGoal
SetBestValues=yes
SaveSolns=yes
SaveGoals=yes
SaveOptimVars=yes
UpdateDataset=yes
SaveNominal=no
SaveAlllterations=no
UseAllOptVars=yes
UseAllGoals=yes

Term
Term2
Num=2
Z=50 Ohm

SaveCurrentEF=no
EnableCockpit=yes
SaveAllTrials=no

MTEE_ADS MLIN MTEE_ADS MLIN

Tee6 TL2 Tee? TL15
Subst="MSub1" Subst="MSub1"  Subst="MSub1" Subst="MSub1"
W1=0.59 mm W=0.59 mm W=1.1mm

W L=11 mm L=5 mm

MLOC

TL12
Subst="MSub1"
W=0.59 mm
L=I3 mm

) e

Goal
S_Param OptimGoalt
~ Expr="db(S(3,1))"
Start=1.3 GHz SiminstanceName="SP1"
Stop=1.7 GHz Weight=1
Step=10 MHz ¢
06+033 mm

T=17 um

TanD=0.0037

Roug

Bbas

Dpeaks=

Num=3

GOAL

Goal

OptimGoal2
Expr="db(S(4,1))"
SiminstanceName="SP1"
Weight=1

0
-10—
o= 15
TOoN
23932
mmm 20
TT T
-25—
-30—
'35 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
130 135 140 145 150 155 160 165 1.70
freq, GHz
180
160—
140—
120—

100—

Differential
3
|

60—
40
20—_
O T
OptimGosts 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70

Expr="db(S(2,1))"
SimlnstanceName="SP1"

Weight=1 freq s GHz

=elgl Differential=(unwrap(phase(S(4,1)))-unwrap(phase(S(3,1))
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I[=—i

One Tone Harmonic Balance
Simulatio
power; swept frequency.

P_1Tone
PORT1
Num=1
=50 Ohm

T
V_DC

Vds
Vdc=28 V

P=dbmtow(RFpower) CHa004s
FroqeRFireq iTHuum,wMamhede
HARMONIC BALANCE I Set "‘313”\@'“95‘
Eyars
HB1
Freq[1]=RFireq ;izz\fga—aw _dBm
Order(1}
UseKrylov=auto
VAR

“quationNamel 11="RF power"
EquationName{2]="Zload"

Transducer
20

Swepl_Var_Initalization
RFioq=1600 MHz

DisplayTemplate
disptemp1
"HB1ToneSwptFreq”

Power

Gain,

18-
16—
14—

124

10 T

T
T
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D002
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Input insias
Bias Portr.““m'“

Output
Bias Port
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Modified DPA

BranchLineHybrid
2

MLIN

TL6
Subst="MSub1"
=1.1 mm

9 Ved
Num=3 Num=4

MSTEP
Step3.
Subst="MSub1"

MLIN

TL11 TL1
Subst="MSub1" Subst="MS
W=1.1mm

L=I3 mm
CGH40045_wMatchedNw
x1

MSABND_MDS
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Bend3
Subst="MSub1"
W=1.1 mm

CGH40045_ClassC_wMatchedNw
@ MSTER Subst="MSub1"
Step2 W=0.6 mm
Subst="MSub1"

W1=1.1 mm
W2=0.6 mm

RFIn RF o0
Vd,

MLIN MLIN MLIN MSABND_MDS
TL3 TL9 TL4 Bend1
Subst="MSub1" Subst="MSub1" Subst="MSub1"  Subst="MSub1"
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L=12 mm Vro Vo it mm L=5mm

Num=5 0 Num=6

[1=1 NS

VAR2
1=11
14=18 {t)
13=4 (1}
12=0 {8

Cond=1.0E+50
Hu=1.0e+033 mm
T=17 um
TanD=0.0037

Dpeaks=

p—
MLIN
TL7

Subst="MSub1"
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DISCUSSION OF SIMULATION RESULTS

AModified DPA delivers good efficiency over a broad BW
ADemonstrates Linearity improvement over Class AB amplifier
ASuffers from BW limitation of output combiner

AFurther improvement possible by designing a wideband output
combiner to covet the entire 0.8G to 2.7G cellular band
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Result Discussion

Fundamental 1.450 GHz
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Result Discussion
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Result Discussion

Power-Added Efficiency, %
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