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version 2.1 of the License, or (at your option) any later version. This library is distributed
in the hope that it will be useful,but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details. You should have received a copy of the
GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA.
unRAR copyright: The decompression engine for RAR archives was developed using source
code of unRAR program.All copyrights to original unRAR code are owned by Alexander
Roshal. unRAR License: The unRAR sources cannot be used to re-create the RAR
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RAR (WinRAR) compatible archiver. 7-zip Availability: http://www.7-zip.org/

AMD Version 2.2 - AMD Notice: The AMD code was modified. Used by permission. AMD
copyright: AMD Version 2.2, Copyright © 2007 by Timothy A. Davis, Patrick R. Amestoy,
and Iain S. Duff. All Rights Reserved. AMD License: Your use or distribution of AMD or any
modified version of AMD implies that you agree to this License. This library is free
software; you can redistribute it and/or modify it under the terms of the GNU Lesser
General Public License as published by the Free Software Foundation; either version 2.1 of
the License, or (at your option) any later version. This library is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser
General Public License for more details. You should have received a copy of the GNU
Lesser General Public License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Permission is
hereby granted to use or copy this program under the terms of the GNU LGPL, provided
that the Copyright, this License, and the Availability of the original version is retained on
all copies.User documentation of any code that uses this code or any modified version of
this code must cite the Copyright, this License, the Availability note, and "Used by
permission.” Permission to modify the code and to distribute modified code is granted,
provided the Copyright, this License, and the Availability note are retained, and a notice
that the code was modified is included. AMD Availability:
http://www.cise.ufl.edu/research/sparse/amd

UMFPACK 5.0.2 - UMFPACK Notice: The UMFPACK code was modified. Used by permission.

UMFPACK Copyright: UMFPACK Copyright © 1995-2006 by Timothy A. Davis. All Rights

Reserved. UMFPACK License: Your use or distribution of UMFPACK or any modified version

of UMFPACK implies that you agree to this License. This library is free software; you can

redistribute it and/or modify it under the terms of the GNU Lesser General Public License
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as published by the Free Software Foundation; either version 2.1 of the License, or (at
your option) any later version. This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies. User documentation of any
code that uses this code or any modified version of this code must cite the Copyright, this
License, the Availability note, and "Used by permission." Permission to modify the code
and to distribute modified code is granted, provided the Copyright, this License, and the
Availability note are retained, and a notice that the code was modified is included.
UMFPACK Availability: http://www.cise.ufl.edu/research/sparse/umfpack UMFPACK
(including versions 2.2.1 and earlier, in FORTRAN) is available at
http://www.cise.ufl.edu/research/sparse . MA38 is available in the Harwell Subroutine
Library. This version of UMFPACK includes a modified form of COLAMD Version 2.0,
originally released on Jan. 31, 2000, also available at
http://www.cise.ufl.edu/research/sparse . COLAMD V2.0 is also incorporated as a built-in
function in MATLAB version 6.1, by The MathWorks, Inc. http://www.mathworks.com .
COLAMD V1.0 appears as a column-preordering in SuperLU (SuperLU is available at
http://www.netlib.org ). UMFPACK v4.0 is a built-in routine in MATLAB 6.5. UMFPACK v4.3
is a built-in routine in MATLAB 7.1.

Qt Version 4.6.3 - Qt Notice: The Qt code was modified. Used by permission. Qt copyright:
Qt Version 4.6.3, Copyright (c) 2010 by Nokia Corporation. All Rights Reserved. Qt
License: Your use or distribution of Qt or any modified version of Qt implies that you agree
to this License. This library is free software; you can redistribute it and/or modify it under
the

terms of the GNU Lesser General Public License as published by the Free Software
Foundation; either version 2.1 of the License, or (at your option) any later version. This
library is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies.User

documentation of any code that uses this code or any modified version of this code must
cite the Copyright, this License, the Availability note, and "Used by permission.”
Permission to modify the code and to distribute modified code is granted, provided the
Copyright, this License, and the Availability note are retained, and a notice that the code
was modified is included. Qt Availability: http://www.qgtsoftware.com/downloads Patches
Applied to Qt can be found in the installation at:
$HPEESOF_DIR/prod/licenses/thirdparty/qt/patches. You may also contact Brian
Buchanan at Agilent Inc. at brian_buchanan@agilent.com for more information.

The HIiSIM_HV source code, and all copyrights, trade secrets or other intellectual property

rights in and to the source code, is owned by Hiroshima University and/or STARC.
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Errata The ADS product may contain references to "HP" or "HPEESOF" such as in file
names and directory names. The business entity formerly known as "HP EEsof" is now part
of Agilent Technologies and is known as "Agilent EEsof". To avoid broken functionality and
to maintain backward compatibility for our customers, we did not change all the names
and labels that contain "HP" or "HPEESOF" references.

Warranty The material contained in this document is provided "as is", and is subject to
being changed, without notice, in future editions. Further, to the maximum extent
permitted by applicable law, Agilent disclaims all warranties, either express or implied,
with regard to this documentation and any information contained herein, including but not
limited to the implied warranties of merchantability and fitness for a particular purpose.
Agilent shall not be liable for errors or for incidental or consequential damages in
connection with the furnishing, use, or performance of this document or of any
information contained herein. Should Agilent and the user have a separate written
agreement with warranty terms covering the material in this document that conflict with
these terms, the warranty terms in the separate agreement shall control.

Technology Licenses The hardware and/or software described in this document are
furnished under a license and may be used or copied only in accordance with the terms of
such license. Portions of this product include the SystemC software licensed under Open
Source terms, which are available for download at http://systemc.org/ . This software is
redistributed by Agilent. The Contributors of the SystemC software provide this software
"as is" and offer no warranty of any kind, express or implied, including without limitation
warranties or conditions or title and non-infringement, and implied warranties or
conditions merchantability and fitness for a particular purpose. Contributors shall not be
liable for any damages of any kind including without limitation direct, indirect, special,
incidental and consequential damages, such as lost profits. Any provisions that differ from
this disclaimer are offered by Agilent only.

Restricted Rights Legend U.S. Government Restricted Rights. Software and technical
data rights granted to the federal government include only those rights customarily
provided to end user customers. Agilent provides this customary commercial license in
Software and technical data pursuant to FAR 12.211 (Technical Data) and 12.212
(Computer Software) and, for the Department of Defense, DFARS 252.227-7015
(Technical Data - Commercial Items) and DFARS 227.7202-3 (Rights in Commercial
Computer Software or Computer Software Documentation).
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Load Pull DesignGuide

Load Pull simulation is frequently used by power amplifier designers to determine, which
load impedance to present to a device or amplifier in order to achieve a particular power
delivered, power-added efficiency, intermodulation distortion level, adjacent-channel
leakage ratio, and other specifications.

The Load Pull DesignGuide has simulation setups for working with measured load pull data
files and with nonlinear device models. The first two selections, that begin with Load Pull
Measured Data (Maury) - Check Contours..., enable you to specify a region of the
Smith Chart and verify that the measured data file will generate the contours you expect.
These are useful for determining approximately the optimal load impedance. The third
selection, Load Pull Measured Data (Maury) — Matching Network Optimization...,
shows an example of optimizing an impedance matching network. The first three
selections each utilize the DataBasedLoadPull component. This component simulates the
S-parameters of the network connected to it, and uses S11 as an index into the measured
load pull data file to read out (possibly with interpolation and extrapolation) the
corresponding measured data.

The Load Pull Measurement Data Import Utility (Focus or Maury) uses the Load
Pull Utility, which is unchanged from earlier ADS releases. This is necessary because the
DataBasedLoadPull component does not yet work with Focus data files.

The remaining selections in this Load Pull DesignGuide are all for running various different
types of load and source pulls on nonlinear device or amplifier models.

From a Schematic window, Select DesignGuide > Load Pull where you can see different
options in the Load Pull dialog box.
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& Load Pull:1 X

iLoad Pull Measured Data (Maury] - Check Contours, Circular Region
Load Pull Measured Data {Maury) - Check Contours, Arc-3haped Region
Load Pull Measured Data {Maury) - Matching Mebwork Gptimization Example
Load Pull Measurement Data Inpork Ukility (Focus or Maory)
Sample Load Pull Data File
Reflection Coefficient Utiliky
Cne Tone, Constant Available Source Power Load Pull
One Tone, Swepk Available Source Power Load Pull
One Tane, Conskant Available Saurce Pawer Load Pull with Swept Parameter
Cne Tone, Conskant Available Source Power Source Pull
One Tone, Constant Power Delivered Load Pull
Cne Tone, Conskant Power Delivered Load Pull with Swept Parameter
Cne Tane, Constant Power Delivered 2nd Harmonic Load Pull
One Tone, Constant Power Delivered 3rd Harmonic Load Pull
2ne Tone, Constant Power Delivered Source Pull
Two Tone, Constant Available Source Power Load Pull
Two Tone, Swept Available Source Power Load Pull
Two Tone Constant Power Delivered Load Pull
Two Tone Constant Power Delivered Load Pull with Swepk Parameter
Twia Tone, Constant Pawer Delivered 2nd Harmanic Load Pull
+- DA Load Pull
Additional Load Pull Information and Examples
Toaqgle Quick Help

When you click on one of the options in the Load Pull dialog box, for example, OneTone,
Constant Available Source Power Load Pull, a simulation schematic and the corresponding
data display file are copied into your working workspace directory. You modify the
schematic by deleting the sample device, inserting your device, editing the parameters on
the load pull instrument to set voltages as needed, and specifying the circular region of
the Smith Chart for the load reflection coefficients. Then you run the simulation and view
the results in the corresponding data display file. Following are the three load pull
simulations:

e One Tone Simulation (dgldpull)
e Two Tone Simulation (dgldpull)
« WCDMA Signal Simulation (dgldpull)

The constant power delivered simulations are achieved using an optimization, and include
one-tone, two-tone, and WCDMA input signals.

One Tone Simulation

Contents

e One Tone, Constant Available Source Power Load Pull (dgldpull)
e One Tone, Swept Available Source Power Load Pull (dgldpull)
8
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e One Tone, Constant Available Source Power Load Pull with Swept Parameter
(dgldpull)
One Tone, Constant Available Source Power Source Pull (dgldpull)
One Tone, Constant Power Delivered Load Pull (dgldpull)
One Tone, Constant Power Delivered Load Pull with Swept Parameter (dgldpull)
One Tone, Constant Power Delivered 2nd Harmonic Load Pull (dgldpull)
One Tone, Constant Power Delivered Source Pull (dgldpull)
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One Tone, Constant Available Source
Power Load Pull

This setup simulates the device or amplifier with a constant available source power while
the load reflection coefficient is swept in a circular region of the Smith Chart. This
simulation is the fastest, simplest one. It just runs a load pull simulation at a single
available source power level. This is useful for seeing the power, gain, and PAE contours of
a particular device at a single input power level. It does not provide information about
how far into compression the device is. However, you can quickly change the settings in
the schematic and see if you are getting the performance you are expecting.

One Tone Load Pull Simulation;
output power and PAE found at
each fundamental or hammonic
load

Load_Pull_Instrum ent1 Load Pull Instrument 1

X3
V_Bias1=2 V/ S_Load_Radius=03  |{.Tone =
\_Bias2=5.8V Mum_Points=144 =
RF_Freq=850 MHz Z_Source_Fund=5+["0 ?33;?5,351 % S 4o L0

Paw_dBm=15 Z_Soume_Znd=1000 | &
F0=50+0

Specify_Load Center_S=1

Swept Harm cnic_Mum=1

£ |l oad Baseband=50+*0

Z_Load Center_Fund=50+*0

Z_lLoad Center_2nd=1000+j*0 |

Z_Load_Center_3m=1000+*0 i

[
S Load Baszeband=0*exp(*0*pi)
g

S Load Center Fund=0.6%>p(*0.85*pi)
S Load Center_2nd=1*exp(j*0*pi)
S Load Center_3rd=0*exp{*0*pi)

HP_MOS
Mote: HPMOS51
If specifying a complex Z0, i
for exam ple 54*10, a load .J Model=hpmos
1m ped:lml:ﬁ of 5-i*u] purtres;%unds J Wiot=(7de-G)"cells
o a reflection coefiicient of 0. o
You can obtain finer resolution q @ VAR MN=8%ells
near thfg Bdge of the Smith Chart WAR
by specifying a com plex Z0. HP_MOS_Model cells=28

You need to specify multiple things while using this schematic, such as:

1. Replace the device with your device or amplifier.

2. Set the bias voltages v Bias1 and V_Bias2 or modify the bias network in the
Load_Pull_Instrumentl subcircuit, as needed. However, the DC power consumption is
computed in an equation within the subcircuit, assuming current probe Is_1 is
connected to supply voltage node Vs_1 and current probe Is_2 is connected to supply
voltage node Vs_2. If you delete any of these or re-name them, you must update the
Pdc equation so the DC power consumption is computed correctly.

3. Specify the available source power Pavs_dBm and input frequency RF_Freg, source
impedances at the fundamental Z_Source_Fund_, and 2nd harmonic Z_Source_2nd

frequencies.

4, There are three main ways to specify the region of the Smith Chart that will be
sampled by the load pull:

10
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1. Set the reference impedance Z0 to 50, and set Specify Load Center_S=1. In
this case, the center of the circle of simulated reflection coefficients (and
harmonics) will be set by the S _Load Center_ * parameters, which are reflection
coefficients.

2. Set the reference impedance Z0 to 50, and set Specify Load Center_ S=0. In
this case, the center of the circle of simulated reflection coefficients (and
harmonics) will be set by the Zz Load _Center_ * parameters, which are
impedances.

3. Set the reference impedance Z0 to the complex conjugate of the impedance at
the center of the circle of reflection coefficients you want to simulate. In this
case, you could set Specify Load Center_S=1 and use the S Load Center_ *
parameters. Remember that in this case, a reflection coefficient of 0
corresponds to setting the load impedance to the complex conjugate of the
reference impedance.

5. Specify the radius of the circle of the reflection coefficients S Load Radius and the
number of points Num_Points.

If the device or amplifier is potentially unstable and the circle of reflection coefficients that
you specify includes the unstable region, the simulation may run into convergence
problems. This would be due to the device wanting to oscillate. A solution to this problem
is to add stabilizing components at the input, output, or in parallel with the device. You
may want to use a simulation setup for this purpose, DesignGuide > Amplifier > S-
Parameter Simulations > Feedback Network Optimization to Attain Stability.
Another solution is to specify the circle of reflection coefficients such that the unstable
region is avoided.

You can select DesignGuide > Load Pull > Reflection Coefficient Utility to see a data
display with a graphical tool to help you see the circle that corresponds to particular
values of the s11 _rho and s11 center variables.

Run the simulation just as you would any other. When it finishes, open the
HB1Tone_LoadPull data display.

11
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At load that gives maximum power (and gain)

A R of ) COMeSDOnas

Sysiem Reforance impedarce 20 [ 50000 + [0.000|
o o a
load

Powar

Dt Py RARABIE & ITPedEngE

Impecdanc e of con(I0) contox ERconow=45
TasCarmet_o_las ower || Doad sl Wakowar | | UnF oesites | PAE and Deiesnd Power Contours Reraly, o
0364 || 4678+ 8 125 | [ omsasise.oe | ;’:a Re-Momalzed PAE and
- / 1 Deiverod Fowsr Contours
[
Z_in_ail_land cetst Ga Mianf ot :p @\
619 7,202 IR |I
jg

At load that gives maximum PAE:

BaComent & Vel A M NpPE | [ SeaaE e [PAE. %) (Panr Doliversd. dim
aTT 5537 « (12 950 | | 0812/ 1200
Il 55 LEDET1, rumienre 35kl 20 305473, numbsse52
| Band + |1;|<_||1| | =18 :';:l
I ManFaE Gain_a_M TP E
el
i
Atload selected by marker mi: s, _-’::;;E
H 4]
Baatumes wmn | Fosgatmi | Aeeaimt ] QE:-_i HUmPAE _lines=5
our] tssm.gnon || esseriean || B2IE
- in_stap=1
PAE ml CE [NurmGain_ines=5
b _at_mi [ Ganami |
260w |
Eiack dot s ingud refeciion coalcent
Pdal_d&8m_at_m1 with koad selec ted by marias m1
B = T
JEEH R FRTone_LesdPuil

This shows the contours of power delivered, PAE, and gain. You may want to change the
step sizes between and the number of contour lines. The boxes on the left show that you
get slightly different performance results depending on whether you choose the load to
maximize power delivered or PAE. The lower Smith Chart shows how the input reflection
coefficients vary as a function of the load reflection coefficients.

=)
w8
37
-

= i
SE[EE
Y S E
838
goE
“c"cc.]g
m:u:.g
i W
= 1 3
ce @
m _|
o2

o

@® Black dot is input reflection coefficient
with load selected by marker m1.
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One Tone, Constant Available Source
Power Load Pull with Swept Parameter

The One Tone, Constant Available Source Power Loadpull with Swept Parameter
simulation allows you to see how the contours and performances vary with some arbitrary
swept parameter (such as a bias voltage and the input frequency). However, the available
source power is held constant.

This setup adds the sweep of an arbitrary parameter to the simplest constant available
source power load pull simulation. You have to assign the parameter SweepVar to some
component or variable on the schematic. In this case it is assigned to the input signal
frequency RF_Freq.

v One Tone Load Pull Simulation
ﬁ&[ PARAMETER SWEEP I with sweep of arbnra:g #)arameter,
_ output power and PAE found at
&L;es Assign “SweepVar variable to each fundamental or harmonic

p apVar the parameter you want ko Sweep. load

Start=T50 MHz

Thelite Load_Pull_Instrument1 Load Pull Instrument 1

Step=125 MHz %1
"::_g:azliE W S_I.nad_Ra-:?uFD 3 1-Tone ;é-é*
“Bias2=5.8V Num_Points=144 Source |52 Load
RF_Freq=Sweep\Var Z_Source_Fund=5+"0 [ ney st i Bias? (N0 DL)
Pavs_dBm=15 Z_Source_2nd=1000 | B [
Z0=50+j*0 '
Specify_Load_Center_S=1 1 1 Ide"’

Swept_Harmonic_MNum=1
Z_Load Baseband=50+"0
Z_Load Center Fund=50+"0
£_Load Center_2nd=1000+"0
£ Load Center 3rd=1000+"0 HP MOS
5S_Load_Baseband=0"exp(]"0"pi)

5_Load_Center_Fund=0.6"exp("0.85"pi) Al T

5_Load_Center_2nd=1"exp(j*0"pi) : | Model=hpmos

W

S Load_Center_3rd=0"exp{)*0"pi) Wiot=(7 04 e-6)"cells
N=8"cells

The above figure specifies the limits of the swept variable, SweepVar, and assigning it to
RF_Freaq.

One Tone, Constant Available Source Power Source Pull

This setup simulates the device or amplifier with a constant available source power while
the load reflection coefficient is swept in a circular region of the Smith Chart. This
simulation is the fastest, simplest one. It just runs a load pull simulation at a single
available source power level. This is useful for seeing the power, gain, and PAE contours of
a particular device at a single input power level. It does not provide information about
how far into compression the device is. However, you can quickly change the settings in
the schematic and see if you are getting the performance you are expecting.

13
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One Tone Source Pull Simulation:
output power and PAE found at
each fundamental or harmonic
source impedance

i’:l"-"t & _Pull_Instrument 1 Source Pull Instrument 1
V_Biasi=2V 5_5rc_Radius=1

V_Bias2=58V Mum_Points=100

RF_Freq=850 MHz Z0_Load=50+"0

Pavs_dBm=15 Specify_Load_S=0

Z0_Src=5-j*10 Z_Load_Baseband=50+*0

Specify_Src_Center_S=0 Z_Load_Fund=4.7+j*0.1

Swept_Harmonic_MNum=1 Z_Load_2nd=50+j*0

Z_Src_Bassband=50+"0 Z_Load_3rd=50+j"0

Z_Src_Center_Fund=5+"10 §_Load_Baseband=0"exp{*0"pi) HP_MOS
Z_S8rc_Center_2nd=50+"0 S_Load_Fund=0"exp(j*0°pi) = HPMOS1
Z_8rc_Center_3rd=50+"0 S_Load_2nd=0%uxp{j*0*pi) | — Model=hpmos
S_Src_Baseband=0exp(i*0*pi)  S_Load_3rd=0%xp(*0*pi) — =
S_Src_Center_Fund=0%exp(j*0*pi) § :v_h;i g:“-m‘sﬁe"s
S_Src_Center_2nd=0"exp(*0*pi) = N0 Ll

S_5rc_Center_3rd=0exp(*0*pi)

Because the optimal source impedance is usually close to the edge of the Smith Chart, in
this case we have set the reference impedance for the source z0_Src to a value that is

near the complex conjugate of what we expect will be the optimum.

The left Smith Chart below shows much better resolution of the contour lines because its
center corresponds to 5+j*10 Ohms.

| Source Reference Impedance 20:
(and gain)s # Rhoof0corespondsio a Power Set new source reference impedal

source impedance of conj{20). contour

WaxPowsrRho ] PAE and Delivered Power Contours levels, dBm T z0new=504"0
L e L S g,};ﬁg Re-Normalized PAE and
230,50 Delivered Power Contours
30,00 g i
29.50 g \\\
29,00 - \\\
S I 28.50 o
b axPower E.’g g o
] -
16.359 8% wBes SR,
5 PAE contour 7023 I
i levels, % Loy Hi
B E‘ 3 L :ﬂ" !
T0.175 o B i .
rogee  Cled A
ssao CEiE
i
RE: 68.000
MaAF Fho | (PAE, %) (Power Delivered, dSm) - /
1801 1577 P —
—_— level=T0.175095, number=76 lavel=31.327706, number=58 e
1.304 +j9.141| 0.829 + 9,592
Available Source
TMaPAE ] Transducer Power Galn Contours, Power, dBm
ax Simulated Source Reflection Coefficients and m St power and gain contoul
16278 Caorresponding Input Reflection Coefficients stap sizes (dBs) and PAE
- T T [T A eantnr stan sira (%Y and
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One Tone, Constant Power Delivered
2nd Harmonic Load Pull

The One Tone, Constant Power Delivered 2nd Harmonic Loadpull
(HB1Tone_2ndHarmLoadPull_ConstPdel) simulation runs a load pull in which the load
at the fundamental frequency is held constant and the load at the 2nd harmonic is allowed
to vary. As above, the available source power is optimized until the desired power is
delivered to the load. The second harmonic may only have a significant effect on the
performances of devices being driven well into compression. This simulation is identical to
other load pull simulations, except that the load impedance at the second harmonic
frequency is swept.

One Tone Load Pull Simulation;

the available source power is optimized
You must start this simulation || such that the power delivered to the load
using Simulate > Optimize, or || is within the limits you specify.

click the Optimize icon.

Hote This is exactly tha same
LC%?&E:{I Fl’no?.:rélrmﬁieeqrw ed a5 the HB1Tone,_LoadPull_ConstPdel
ad e rosd Pohel1 schematic extept for diferent pararmeter

%1 values on the Load_Pull_inst_Const_Pdall

X T nstrurment. Therefore, i you stafed with
V_Biasi=15V Mum_Points=188 ha HB1Tone_LoadPul_ConsiPdal schematic,
V_Biasi=58v Z_Souse Fund=5+0 you could continue wsing that schematic and
RF_Freq=850 MHz Z_Sowsce_2nd=1000 jug change the paramelers on the

ST 10 SWeaD M 2nd o 3nd harrmonic
krads

Pavs_dBem_rrin=-10
Pavs_dBm_miae=20
Poel_gBm_goal_min=250
Poal_aBm_goal_ma=251
Z0=80+"0

Specify_Load Center_S=1
Swepl_Harmuonic_Murr

5 _lLoad_B aseband=0"exp{*0"p)
S_Load_Center_Fund-0 9%p(j" 145"p/ 180)
5 _Load_Cenber_2nds 0Mexp(]"0°pi)
S_LLoad_Center_3nd=1"exp(| 07 pi)
5 Load Radius=1

5

hpmos

This schematic is identical to the corresponding one for a load pull at the fundamental
except that now the Swept Harmonic_ Num variable is set to 2 instead of 1. (In fact, you
could just use the schematic set up for the fundamental sweep, instead of this one.) Since
we are sweeping the impedance at the second harmonic frequency, the load at the
fundamental frequency will be fixed at S_Load Center Fund Or Z_Load_Center_Fund. The
further into compression the device is being driven or the more non-linearly it is
operating, the larger the effect of the second harmonic impedance.

The variation in performance due to the 2nd harmonic impedance may be small.
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0428 - 7087 8277 '5"& o wtia g contour s, O HUmPAE_lines=5
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One Tone, Constant Power Delivered
Load Pull

The One Tone, Constant Power Delivered Loadpull
(HB1Tone_LoadPull_ConstPdel) simulation optimizes the available source power level
until the desired power is delivered to each load reflection coefficient. You would use this if
your device or amplifier needs to deliver a particular power level and you want to choose
the optimum load considering other performances (such as gain, gain compression, PAE,
and bias current.)

This setup sweeps the load reflection coefficient in a circular region of the Smith Chart and
optimizes the source power level for each load reflection coefficient until the desired power
is delivered to the load. The data display shows contours of constant PAE, bias current,
gain, and gain compression. The input reflection coefficient is also shown for a particular
load that you specify. These data allow you to pick the optimal load that produces the best
PAE, gain, gain compression, or bias current, or make trade-offs amongst these
specifications.

— - One Tone Load Pull Simulation;

You must start this simulation || the available source power is optimized
using Simulate > Optimize, or || such that the power delivered to each
click the Optimize icon. load is within the limits you specify.

Load Pull Instrument,
Constant Power Delivered

Load Pull Inst Const Pdeld

X1 ——

V Biasi=2V Num_Points=169 1-Tone ’é\}; g8

V_Bias2=58V Z_Source_Fund=5+"0 Source |- ’j = Load

RF_Freq=850 MHz Z_Source_2nd=1000 [No OC)_ Bias1 = Sips2 (Mo OC)

Pavs_dBm_min=-10 | Kl Probé '

Pavs_dBm_max=20 i Idey

Pdel_dBm_goa_min=25.0 ‘:D

Pdel_dBm_goal_max=25.1 =

Z0=50+{"0 _J

Specify_Load_Center_S=1 .

Swept_Hamonic_Num=1 Viey

5_Load_Baseband=0"exp(]*0*pi) — HP MOS

S _Load_Center_Fund=0.55"exp(j"0.85"pi) —

S_Load_Center_2nd=1"exp{*0*pi) | rﬂgr:!ﬂe?:sr11pmos

S_Load_Center_3rd=1"exp{j"0"pi) a i .

S _Load_Radius=0.4 i Wtot=(704e-6)"cells
— N=8%ells

You have to make the same types of edits to this schematic as with the others described
above . Also, you have to specify the minimum and maximum allowed values of the
available source power, Pavs_dBm_min and Pavs_dBm_max, respectively.

During the optimization, the available source power is adjusted within these limits until
the power that you want is delivered to the load. Depending on how high a power you
want delivered to the load and the gain of the device, you may have to adjust the
Pavs_dBm_max limit.

In this example, the power delivered (based on Pdel_dBm_goal_min and
17
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Pdel_dBm_goal_max) is to be between 25 and 25.1 dBm. With this value and a
Pavs_dBm_max value of 20 dBm, it is specified that the lowest transducer power gain
accepted is 5 dB.
You may also specify different load impedances or reflection coefficients at the harmonic
frequencies and (for the source) at the fundamental and harmonic frequencies.

To launch the simulation, click the Optimize icon E’ If the simulation is started by hitting
the F7 key or by selecting Simulate > Simulate, then an optimization is not executed
and the simulation results are not displayed correctly in the data display.

After running the optimization, the HB1Tone_LoadPull_ConstPdel data display shows
the results.

System Refomnce Impedance 200 [ 50 o0 = 10 000
a5 Cument H 50000 + 000
" Rho of 0 coresponds 50 a
i At load that gives minimum bias current: ken] s of bOrgC0)
- - Contours of Constant Trangducer Power  Fof a0 of Ehase coniours. T power
\ b Gain and Gain Compression Seitwced 1 (P boid wirs aponommual el
i1 e & P Ry | Pasiveres sfm_mean |
Y o 'n PAE _a1_MinCurment GainCome_s_MinCument pr N\ 25040
M [ B 45820 11645 e
" 8 g £ \l'- ,
il 1 = 1 (VT
R Z_In_g_MinCurent Gain_a%_MinCurrert S \ \ Tansxce Winirrum Gain
LU - n q \ A | PowerGainand  COMDREANN and
-y 0500 - 7,012 4,039 i A | contour leveis, g SORICU levels, 9B
L L HE R
= g 3 .! Ly naa
T e Foel_dbm_at_WinCurent [ ] : a8
gy LI / 2,000 1 260
LY / 14 300 r
MPAE . )/ 3000
[ At lead that gives maximum PAE: \"-\.\_\_ . A —
™ == BapsComvent gt MaPAE 1 Tiosd st U asPaAE Big Pkl By Te—— af Fundamantal
\ Lo s 1.358 » {12 125 G

LR 7 Gain G5 [Gain Comyression) T oo+ oo | Set
[ orenils 17 085438 rumber=3%  lgwel= 0 S00000. rumiber=17
1 e PAEmax GanComp_at MaxPAE B GEEEE| | ales -l ]
I 1 F = o L | | M aimmam PAE
V4] Jee F £F nin el Contour

VIY gl 2 Gain, ‘r% MarPAE . i
1 A . - (ConioUrs. of CONSEINE biag curent and PAE £ A58 =l
ML 2] Semiiatnd ko3l MIClon CooTichnts and i g
L S e o A Coampsponcing inpul o tion Coaficenis 5000 v
e z — o 5 4
¥ o4 I B 500 - . B . /
Il /
H
sain Com 3 RELT.
o P At load that gives minimum gain compression: i 124
[ [[(Fescomer_x _inGacomg || Zoad_al_WrasnComs || Mnoentomgene E B 2 :_.
e 20 YT e - it \
L i o Fxatd
II!. fles 2 FAE_at_MinGaniComp 5 *f 2 \K
| ir., & 2898 D545 5 \\\
1 Sl ; I
| [ Z_In_at_MinGainCor Gain_at_MiGanCam =
e d 4072 - 5ITE W TE .
. .II".x o [Foe_gEm_ai_irisartore | o —
o [ 75,057 | ol

To see the contours effectively, you may need to change the CurrentStep, PAE_step,
Gain_step, and GainCompStep variables. These set the step sizes between the contours.

The upper Smith Chart shows contours of constant gain and gain compression. The lower
left Smith Chart shows contours of constant bias current and power-added efficiency
(PAE), as well as the simulated load reflection coefficients and the corresponding input
reflection coefficients.

In the green boxes on the left side are data that correspond to a particular optimal
condition such as minimum bias current, maximum PAE, or minimum gain compression.
However, you have to make sure that the desired power delivered was actually achieved.
For some load impedances close to the edge of the Smith Chart this may be difficult.
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You also have the option of selecting any of the simulated load reflection coefficients with

marker m1. The corresponding data appears in a separate box.

| EE At | =i
At load that gives minimum gain compression: ;LEE ]
B : M

[ Bascuren st Mrsancers || fload sl MnGanGomp || MnGancen#he o ) Bi
- 0142 5630 + 13024 0779/ 150.333 ) ol
3 & .
B PAE at_MinGainComp GainZomphin
o 20043 0.752
8 Z_In_at_MinGainCamp Gain_at_MinGainComp #® Black dot is input reflastion cosffisiant
E D443 - 5152 16 683 with load salected by markar m1.

Pdel_dBm_al_MinGainComp =
75 48 / impadanca = 12 605 = j8.018

At load selected by marker m1: // Device | and V Wavefarms at Marker m1 Load
BiasCurrant_at_m1 | Flaad at_m1 Fho_at_mi " {1 . o
0.158 | 12 606 + 8018 001 J 180,560 " J.-"
B |
PAE_at_mi CanComp_at_m1 z .1 =
13,147 0512 ,,-: B 2
B =
Z_1n_at_m1 Gain_at_m1 E o] a
1,386 - 7152 14,410 X .
Peial_dBm_at_m1 2] L
26,083 N "
—_———— T
@d 03 Q44 08 0F WD vE N4 e g 30 R 4
i, nEgs

Data within the red box corresponds to the reflection coefficient selected by marker M1.
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One Tone, Constant Power Delivered
Load Pull with Swept Parameter

The One Tone, Constant Power Delivered Loadpull with Swept Parameter
(HB1Tone_LoadPull_ConstPdel_Sweep) simulation adds the sweep of an arbitrary
parameter. This sort of simulation is very useful if you want to see how the optimal load
impedance, load pull contours, and the device performances vary versus some arbitrary
parameter. For example, how does the optimal load vary with frequency and how do the
power added efficiency and other parameters change with the bias voltage. If you have
included some stabilization network around the device, how does the performance vary as
you change one of the parameters.

This simulation setup and data display are nearly identical to the version without the
parameter sweep.

m PARAMETER SWEEP I One Tone Load Pull Simulation;
- " i - the available source power is optimized
Sweepd w?h?mramri;rwvwﬂﬂ such that the power delivered to each

NE="Swgervar D Swisep. reflection coefficient is within the limits

you EPE{:ifjr.

L P ol | res brum ént,

Constant Power Delivered — :
x1 You must start this simulation
V_Bias i =Sweagar Mum_Points=165 UE_-I['IQ Elmulﬂ_lﬂ_:" Gpﬂm 1Za, or
V_Blxad=5aV Z_Souré_Fund=5+10 click the Optimize icon.
RF_Freq=850 MH: Z_Soure_2nd=1000
Pars_dBm_min=-10

Pars_dBim_man=20
Pael_dBra_goal_man=25.0
Pdel_dBrn_goal max=25 1
Z0=50+0

JJ
Spacify_Load_Certer_Sa1 _,J :I
e —

Swept_Harmonic_Mums1
5_Load_B aseband=0"ap(*0°pi)

5_Load_Center_Fund=0 55%exp(|"0. 85 i) | S hpmos

5_Load_Cenler_Jnds 1"expd("0"pi) HFPMOS1 vAH

5_Load_Center_3rds 1%eup( 0" pi) 1 Modai=hpmos VAR

5_Load_Radiss=04 = Wipl=(T04e-6) cells cells=28
N=8"ceills

You have to assign the swept variable SweepVar to some parameter on the schematic as
well as set its sweep limits. In this case, the gate bias voltage v_Bias1 will be swept from
1.5 to 2.25 Volts. After running the optimization, open the
HB1Tone_LoadPull_ConstPdel_Sweep data display and make sure the default dataset
name is set to the name of the dataset the simulation just created.
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All the data is now indexed to the swept parameter value,
SweeplIndx marker. There is a change in the power-added efficiency as you change the

bias voltage.

21

which you select by moving the



Advanced Design System 2011.01 - ADS Load Pull DesignGuide

At load that gives minimum bias current:

MinBiasCurrent Zload_at MinCurrent MinCurrentRho
0.102 1.513 + 14199 0.946 /148 267
PAE_at_MinCurrent GainComp_at_MinCurrent
41.647 14.232
Z_In_at_MinCurrent Gain_at_MinCurrent
0744 -)6.631 4 227
Pdel _ dBm _at MinCurrent
24227

At load that gives maximum PAE:

BiasCument at MaxPAE Zload at MaxPAE MaxPAE Rho

0.1a 1.358 +j12.125 095071527, ..

PAEmMax GainComp_at MaxPAE

47 688 10.059
Z_In_at MaxPAE Gain_at MaxPAE

0.523-]5.283 8 .656

el dBm_at MaxPAE
25.009

The above figure displays the data with swept variable (gate bias) set to 2.25 Volts.
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At load that gives minimum bias current:

MinBiasCurrent Zload at MinCurrent MinCurrentR ho
0.061 2008 + j16682 0.930 /143 049
PAE at MinCument GainComp _at MinCurrent
51.810 0.627
Z In at MinCumrent Gain at MinCurmrent
1132 - j7.720 3178
Pdel dBm at MinCurrent
23178

At load that gives maximum PAE:

BiasCurrent_at_MaxPAE Zload_at MaxPAE MaxPAE_Rho
0.081 4.200 + 15860 0.858 /1445 .
FAEmMax GainComp at MaxPAE
69 6561 £.744
Z In at MaxPAE Gain at MaxPAE

0.331 -{7.110 9.865

__el_dBm_at_MaxPAE
25.098

The above figure displays the data with swept variable (gate bias) set to 1.5 Volts.

When the GainComp values are negative, it means gain expansion is occurring. This could

be because the device is biased off or at a low bias current and that this bias point shifts
when a large enough signal is applied.
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One Tone, Constant Power Delivered
Source Pull

The One Tone, Constant Power Delivered Source Pull
(HB1Tone_SourcePull_ConstPdel) simulation is most useful for determining the
optimal source impedance to present to a device. The source impedance should mostly
affect the gain and gain compression. This setup sweeps the source reflection coefficient
in a circular region of the Smith Chart and optimizes the source power level for each
source reflection coefficient until the desired power is delivered to the load. The data
display shows contours of constant PAE, gain, and gain compression. This allows you to
pick the optimal source that produces the best PAE, gain, or gain compression, or make
trade-offs amongst these specifications.

The lower left SmallSignal and Sweep3 parameter sweeps are only used to obtain output
powers when the device is being driven with a small signal. These output powers are used
as references in the gain compression computations.

One Tone Source Pull Simulation;

the available source power is optimized

such that for each source impedance or
reflection coefficient, the power delivered

to the load is within the limits you specify.
Prior to the optim zation, the same source pull
15 run with a small available source power.
This simulation is considered the reference
for the gain compression calculations.

Source_Pull_Inst_ C

X1

W Bias1=2\/ 5 Src_Center_Fund=0%xp(j*0*pi)

VW _Bias2=58V S_5rc_Center_Znd=0%exp(*0*pi) 1T =
RF_Freq=850 MHz 5_Src_Center_3rd=0"exp(*0*pi) -lone S
Pave_dBm_min=-3 S_Src_Radius=0.6 S g_, Load
Pavs_dBm_max=20 Mum _Points="100 _l* = o L !

Pdel_dBm_goal min=25

Pdel dBm_goal m ax=25.1
Z0_Src=54*5
Specify_Src_Center_S=1
Swwept_Harm onic_MNum=1
Z_Src_Baseband=50+*0
Z_5Src_Genter_Fund=50+*0
Z_Src_Center_2nd=50+j*0
Z_5Src_Center_3rd=50+*0

onst_Pdel1

Z0_Load=50+*0
Specify_Load_S=0
Z_|oad_Baseband=50+*0
Z_Load_Fund=4.3+*14 .3
Z_Load_Znd=500+j*0
Z_Load_3rd=500+)*0

5 Load Baseband=0*exp(*0*pi})
S Load Fund=0*exp(*0*pi)

5 Load Z2nd=0%exp(j*0*pi)

Source Pull Instrument,
Constant Power Delivered

idev

HP_MOS

HEM S
Model=hpmos
Wtiot=(70de-G)*cells
M=E*ells

S5 _Src_Baseband=0"exp(*0*pi} S_Load 3Ird=0%e>p(*0*pi)

ITT

| T

Relative to the other constant power delivered simulation schematics above, the only
difference is that you have to specify the constant load impedance at the fundamental
frequency, instead of the source impedance. You may also specify different load and
source impedances at the harmonic frequencies. Typically, you would first run a load pull
simulation to determine the fundamental load impedance to use here.
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To launch the simulation, click the Optimize E icon. If the simulation is started by hitting
the F7 key or by selecting Simulate > Simulate, then an optimization is not executed
and the simulation results are not displayed correctly in the data display.

After running the optimization, the HB1Tone_SourcePull_ConstPdel data display shows
the results.
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To see the contours effectively, you may need to change the PAE_step, Gain_step, and
GainCompStep variables. These set the step sizes between the contours. As stated
above, if you have modified the bias network, you will have to edit the Pdc equation on
the Equations page.

Also, the bias supply current calculations only include the current in the probe Is_high. If
you change the name of the current probe, you will need to edit the BiasCurrent equation
on the Equations page.

The upper Smith Chart shows contours of constant gain and gain compression. The lower
left Smith Chart shows contours of constant power-added efficiency (PAE) which may not
vary much, as well as the simulated source reflection coefficients and the corresponding
input reflection coefficients, which may be just a single point since they should not depend
on the source impedance. The lower right Smith Chart shows the same data on a Smith
Chart with a different reference impedance.

In the boxes on the left side are data that correspond to a particular optimal condition
such as maximum gain, maximum PAE, or minimum gain compression. However, you
have to make sure that the desired power delivered was actually achieved.
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The source that corresponds to the maximum gain is very nearly satisfying the conditions
for oscillation at the input (Z_In_at_MaxGain+Zsource_at_MaxGain =0, approximately),
so you would want to avoid setting the source impedance to this value or you would want
to add some sort of stabilization network around the device.
You also have the option of selecting any of the simulated source reflection coefficients
with marker m1. The corresponding data appear in a separate box.

At source selected by marker m1:
BiasCurrent_at_m/1 Zsource_at_m1 Rho_at_m1
0134 2835 +{7.012 0.895 / 163,983
PAE_at_m1 GainComp_at_m1
41.951 1489
Z In_at m1 Gain_at_m1
-0.848 - j3.883 18.180
Pdel dBm_at m1
25.088

The above figure shows the performance data corresponding to the source impedance
selected by marker 1. This enables you to see potential trade-offs. As you move away
from the maximum gain source impedance, the gain drops rapidly.
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One Tone, Swept Available Source
Power Load Pull

The One Tone, Swept Available Source Power Load Pull setup adds a sweep of the
available source power for each value of the load reflection coefficient. It enables you to
see how the contours change as the device is driven from small signal to large signal into
compression. The schematic has an additional parameter sweep for the available source
power variable Pavs_dBm.

One Tone Load Pull Simulation with input
power sweep; output power and PAE
:‘c-u;d at each fundamental or hamonic
oa

Load_Pull_Instrument_PSweep1 Load Pull Instrument

x4 w/ Source Power Sweep
V Biasi=2V S_Load_Center_3rd=0"exp(j"0"pi)
WV Bias2=58V S Load Radius=0.3
RF_Freq=850 MHz Num_Paints=100 1-Tone
Pavs_dBm_Starti=0 Z Source_Fund=10+j"0 .SEQ‘EEE
Pavs_dBm_Stop1=10 Z_Source_2nd=1000 =2
Pavs_dBm_Stkep1=25
Pavs_dBm_Star2=11
Pavs_dBm_Swop2=15
Pavs_dBm_Swep2=1
Z0=50+j"0
Specify_Load_Centar_5=1 —
Swept_Harmonic_Num=1 ‘ — HPMOS1

S Load_Baseband=0"exp{j"0"pi) —] Model=hpmos
S_Load Center_Fund=06"exp{j*0 85"pi) s Wiot=(704e-6)"cells
S _Load_Center_2nd=0"exp()*0"pi) - N=8*cells

Load
Bias2 (N3 OC)

HP_MOS

In addition to the various settings done in the HB1Tone_LoadPull schematic, you also
have to specify the sweep limits for the Pavs (Power available from the source) variable.
Here we have two ranges, one with a coarser step (assumed to be the linear region) and
one with a finer step (in the compressed region.)

After running the simulation, open the HB1Tone_LoadPull_PSweep data display and

make sure the default dataset name is set to the name of the dataset generated by the
simulation.
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The data display shows the transducer power gain, gam compressmn power delivered,
and PAE contours for a particular value of the available source power that you select using
SwpIndx marker. The gain and gain compression curves that correspond to several
optimal load points (for minimum gain compression, maximum PAE, and maximum power
delivered) are also shown.

Two Tone Simulation

Contents
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Two Tone, Constant Available Source
Power Load Pull

This simulation setup and data display is identical to the "One Tone" version, except that
now two tones are supplied instead of one. A two tone test signal stresses the device
more because of its much higher peak-to-average ratio. The data display from this
simulation shows the same information as shown in the one-tone version and also
includes intermodulation distortion.

Two Tone Load Pull Simulation;
output power and FAE found at
each fundamental or hammonic

load

Load_Pull_Instrum ent2 Load Pull Instrument 2
X1
W _Bias1=2 W Z_Soume Fund=10+1"0 |3 Tone @ =
W Bias2=5.8 Z_Source_2Znd=1000 S S

- = = ource = Load
RF_Freq=330 MHz {Mo DC) Blasi = gagz (Ko OC)
F_Spadng=50 kHz I T&l [
Max_IMD_Order=5
Pawe dBm=15
Z0=50+*0
Specify_Load Genter_S=1 .
Swept Harmonic_Mum=1 HP_MOS
S_Load Baseband=0texp{*0*pi) —  HPMOS1
5_Load_GCenter_Fund=0.65%xp{*0.9*pi) —  Mod el=hpmos
5 Load Center_2nd=1%=p(*0*pi) - Wiot=(T04as$ Vcells
S Load Center_3rd=1*exp{*0*pi} 2 N=B*I:|:EIIS }

5 Load Radius=03 =
Mum _Points=100 -

Here also you have to replace the sample device with yours and adjust the bias voltages
as needed. In addition to all the other variables that you must specify as before, you need
to specify the following two variables:

1. Frequency spacing between the two tones F_Spacing.

2. Maximum order of intermodulation distortion tones to be included in the simulation
Max_IMD_Order.
The simulation results include similar information as shown above, with the addition
of intermodulation distortion.
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Two Tone, Constant Power Delivered
Load Pull

This simulation setup and data display is identical to the "One Tone" version, except that
now two tones are supplied instead of one. A two tone test signal stresses the device
more because of its much higher peak-to-average ratio. The data display from this
simulation shows the same information as shown in the one-tone version and also
includes intermodulation distortion.

) A different device is used here.

Two Tone Load Pull Simulation;

the available source poweris optimized
such that the power delivered to the load
Is between Pdel dBm_goal_min and

—— - Pdel dBm _ goal max.
You must start this simulation Prior to the optimization, a load pull is
using Simulate > Optimize, o run with a small available source power.
click the Optimize icon. This simulation is considered the reference

forthe gain compression calculations.

o Sl e Bazl fhsk Load Pull Instrument,

hy Constant Power Delivered

V' _Biag1=2% S _Load Center_3rd=1*exp(*Epil

% _BiasZ=5 VW S5 _lLoad Radius=0.5 =

RF_Freq=850 MHz Num_Points=144 2-Tone =

F_Spacing=100 kHz Z_Soure_Fund=10:0  |Source 5 Load

Max_IMD_Omer=4 Z_Source Znd=1000 —— et E'Es*l L

Pawe_dBm_min=-3

Paws_dBm_max=20 LT‘

Pdel_dBm_goal min=25

Pdel_dBm_goal _max=25.1

Z0=50+*0 GaAsFET

Specify_Load Center_S=1 FET1

Swept_Harm onic_MNum=1 Model=FLC301XP EIEIZ_L'F de
S_Load Baseband=0*exp{*0*pi) ApEn FLC201XP
5_Load_Center_Fund=0.4%p[*1*pi) ® Temp= Tnze=
5_Load_Center_2nd=1%exp()*0*pi} — Trize= Imelt=

Here also you have to replace the sample device with yours and adjust the bias voltages
as needed. In addition to all the other variables that you must specify as before, you need
to specify the following two variables:

1. Frequency spacing between the two tones F_Spacing.
2. Maximum order of intermodulation distortion tones to be included in the simulation
Max_IMD_ Order.

The simulation results include similar information as shown above, with the addition of
intermodulation distortion.
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At load that gives maximum PAE: o
G (Gain) GC (Gain Compression)
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i 22500
1.575 - T 355 5034 2000
_el_dBm_2_MarPAE IMD_37d_dibic_at_MarPAE - i
25031 1336 2,
Eg-Rpd
SgoCEs
At load that gives minimum gain compression: LY :.3:5_
T52HS 3
maCument_ sl MinGsnt omp Zoad ot MinGenComp WenGainComoRho - ;:—' %ar"; '::' E:‘-‘-_.“' EIE‘I;I'E.IFH
> - = MG 1 i
037y B0 + 1422 G718/ 7608 35 = MO and and confo
= caniou hervarls, &,y
PAE_ai_MinGanComp GainComphlin evals, dBc
16625 0.268 .20 e om
= 2 2E0.0m
Z.In_at MinGanCo Gain_at_MinGanCeomp @ Black dot isinput reflection coefficient Z80.0m
D.B48 - jB 282 11,087 with 1080 Selec bed Dy mMarker mil, 5 }:‘vgnm
Pgel_dEm_atl_MinGainComp IMD_3rd_dBc_al_MinSanComp -
25100 -36. 203 f E
At load that gives minimum 3rd-order |MD: / At load selected by marker m1:
BiasCurrent_at_MinlMD3 IIUEd_,EILHIIiH 03 MinlMD3_Rha BeasCurrent_at_m 1 Zlu\ad_aq_nﬁ Rho_at_m1 E
0.377 8,204 +j1.422 07187176651 0.358 10158 - 1B 238 || 069773858 5
1]
PAE_a_MiniMD3 GainComp_a_MinMD3 PAE _al_m1 GainComg_at_mi g
16.925 0.269 14751 28912 =
Z_In_at_MiniMD3 Gain_al_MiniMD3 Z_In_at_m1 Gain_at_m1 [%
0.848 - ja 282 11.087 3.831- )4 54 5547
Pdal_dBm_at_MinIMD3 WD _3rd_dBcM in Pdal_dBm_at_m1 IMD_3rd_dBc_at_m1
25100 =36 23 25083 =16 797

There is a clear trade-off between PAE and distortion. For this bias point, if you want
maximum PAE, you suffer a lot of gain compression and intermodulation distortion.

At load that gives maximum PAE:
BiasCurrent_at MaxPAE Zload_at_MaxPAE MaxPAE_Rho
0.230 32.969 + j29.219 0.384 /100.8...
PAEmax GainComp_at_MaxPAE
24 683 7.363
Z In_at MaxPAE Gain_at MaxPAE
1.575 -7.355 0.034
...el_ dBm_at MaxPAE IMD_3rd_dBc_at MaxPAE
25.031 -13.356
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Tolerating a lower PAE allows much lower gain compression and intermodulation
distortion.

At load that gives minimum 3rd-order IMD:

BiasCurrent at MinIMD3 Zload_at_MinIMD3 MinIMD3 Rho
0.377 8.204 +j1.422 0.718 /1 176.651

PAE_at_MinIMD3 GainComp_at_MinIMD3
16.926 0.269

Z_In_at_MinIMD3 Gain_at_MinIMD3
0.848 -j8.282 11.087

Pdel_dBm_at_MinIMD3 IMD_3rd_dBcMin

25.100 -36.203
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Two Tone, Constant Power Delivered
Load Pull with Swept Parameter

This simulation setup and data display are identical to the "One Tone" version, except that
now two tones are supplied instead of one. A two tone test signal stresses the device
more because of its much higher peak-to-average ratio. The data display from this
simulation shows the same information as shown in the one-tone version and also
includes intermodulation distortion.

) A different device is used here.

Two Tone Load Pull Simulation:
the available source power is optimized
|ﬁﬂ PARAMETER SWEEP I such that the power deliverad to the load

is between Pdel_dBm_goal_min and

iy Hoeg Agsign “Sweep\ar" wdable P{:!El_dmjoad_ma{':- .
e —— ,’g‘;‘g_:mmfrw waet | Prior to the optim zation, a load pull is
Staded TS run with a small available source power.

Stope-2.25 This simulation is considered the reference

Stepel 25 for the gain compression calculations.
wed_pu nist_Conas_Foeld Lead Pull Instrument
|/ Biasl=Sweepihr e i e s You must start this simulation
W Biasdus & Load_Radus=0.5 L= using Simulate > Optimize, or
RF_Frege350MHz Num_Points=144 s click the Optimze icon.
F_Spacngs 100 kHz 7_Soume_Fundeil+pQ |SOurce |
M IMD_Omersd 7_Soume_tnd=1000 k= ““I -

Paw_dBm_min=-}

Pass_dBm _m asw2(
Pded_dBm_goal_min=25
Pdai_dBem_goal_maom25.1
Z0=5040

Specily_Lead_Cender_Sai
Swempl_Harm onic_Hume1
5_Load_Baseband = expd§ 10 p)
S_Load_Center_Fund=0. 4" 1°pi)
5_Load_Cender_2nds 1%expd 0" o) =

Mode=FLCID1XP
Aeas

- Temipa
Trsa=

FLGIDIXP
AR Triges
s i A 2R b o Imedpe

Here also you have to replace the sample device with yours and adjust the bias voltages
as needed. You have to assign the swept variable SweepVar to some parameter on the
schematic. In addition to all the other variables that you must specify as before, you need
to specify the following two variables:

1. Frequency spacing between the two tones F_Spacing.
2. Maximum order of intermodulation distortion tones to be included in the simulation
Max_IMD_ Order.

The simulation results include similar information as shown above, with the addition of
intermodulation distortion.
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There is a clear trade-off between PAE and distortion. For this bias point, if you want
maximum PAE, you suffer a lot of gain compression and intermodulation distortion.
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Two Tone, Swept Available Source
Power Load Pull

This simulation setup and data display is identical to the "One Tone" version, except that
now two tones are supplied instead of one. A two tone test signal stresses the device
more because of its much higher peak-to-average ratio. The data display from this
simulation shows the same information as shown in the one-tone version and also
includes intermodulation distortion.

Two Tone Load Pull Simulation;
the available source power is swept

Load_Pull_Instrument_PSweep2 Load Pull Instrument

A1 w/ Source Power Sweep
V_Biasi=-2V Z_Load_Center_Fund=50+j*0

V_Bias2=5V Z_Load_Center_2nd=50+j*0

RF_Freq=850 MHz Z_Load_Center_3rd=50+j"0

F_Spacing=100 kHz S_Load_Baseband=0"exp(*0"pi)

Max_IMD_Order=5 S_Load_Center_Fund=0.35"exp(j*0.75"pi)

Pavs_dBm_Start1=-10 S_Load_Center_2nd=0"exp(j*0"pi)
FPavs_dBm_Stop1=5 S_Load_Center_3rd=0"exp{j*0*pi)
Pavs_dBm_Step1=2.5 S_Load_Radius=05

Pavs dBm_Start2=6 Mum_Points=100
Pavs_dBm_Stop2=10 Z_Source_Fund=5+'0

Pavs_dBm_Step2=1  Z_Soure_2nd=1000 T
Z0=50+0 FET1
Specify_Load Center_S=1 Model=FLC30MXP
Swept_Harmonic_Mum=1 » Area=
Z_Load_Baseband=50+"0 Temp=

& Trise=

Here also you have to replace the sample device with yours and adjust the bias voltages
as needed. In addition to all the other variables that you must specify as before, you need
to specify the following two variables:

1. Frequency spacing between the two tones F_Spacing.
2. Maximum order of intermodulation distortion tones to be included in the simulation
Max_IMD_Order.

The simulation results include similar information as shown above, with the addition of
intermodulation distortion.
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WCDMA Signal Simulation

WCDMA uses a source with WCDMA modulation instead of one or two sinusoids. The
adjacent channel power ratios are computed in addition to other performances such as
gain, gain compression, and PAE. These simulations take longer to run, so you might want
to run at least one of the one- or two-tone simulations above first.

Select WCDMA Load Pull > Constant Power Delivered, Mag/Phase Load Pull to
copy WCDMA_LoadPullMagPh_ConstPdel schematic and corresponding data display into
your workspace.

This setup sweeps the load reflection coefficient in a fan-shaped region of the Smith Chart
and optimizes the source power level for each load reflection coefficient until the desired
power is delivered to the load. The source is a WCDMA signal read in from a dataset, and
its amplitude (and thus the available source power) is set by a variable, SFexp, and the
gain applied to this signal is 10**(SFexp). The WCDMA signal was generated by
connecting a Timed Sink to the output of the signal source in the ADS example
examples/WCDMA3G/WCDMA3G PA Test wrk/WCDMA3G PA UE_ACLR schematic.

The load pull is performed twice.

1. In first case, SFexp is set to 0.01. This is assumed to make the input signal small
enough that the amplifier is operating linearly. The gain under this condition for each
load reflection coefficient is the reference used to compute the gain compression.

2. In second case, SFexp is optimized until the desired power is delivered to the load.

The data display shows contours of constant PAE, ACLR, bias current, gain, and gain
compression. The input reflection coefficient is also shown for a particular load that you
specify. This allows you to pick the optimal load that produces the best PAE, ACLR, gain
compression, or bias current, or make trade-offs among these specifications.
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When using this schematic, there are a number of different things you need to specify,
and these are listed in a paragraph on the schematic. First, you would replace the device
with your device or amplifier. You have to set the bias voltages or modify the bias
network, as needed. However, the data display calculates the DC power consumption
assuming current probe Is_Jow is connected to supply voltage node Vs_Jlow and current
probe Is_high is connected to supply voltage node Vs_high. If you delete any of these or
re-name them, you will have to modify the equations like
Is_highDC=mean(Is_high.i[0]) and the Pdc equation on the schematic.

You have to specify the range of phases and magnitudes of the reflection coefficients. The
total simulation time will increase linearly with the product of the numbers of phases and
magnitudes simulated. The tradeoff is that you should get better contour lines with more
points simulated.

RhoPhaseStart=150
RhoPhaseStop=200
RhoPhasePts=6
RhoMagStart=0.55
RhoMagStop=0.9
RhoMagPts=5
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If the device or amplifier is potentially unstable and the region of reflection coefficients
that you specify includes the unstable region, the simulation may run into convergence
problems. This would be due to the device wanting to oscillate. A solution to this problem
is to add stabilizing components at the input, output, or in parallel with the device. You
may want to use a simulation setup for this purpose, DesignGuide > Amplifier > S-
Parameter Simulations > Feedback Network Optimization to Attain Stability.
Another solution is to specify the range of reflection coefficients such that the unstable
region is avoided.

You also have to specify the reference impedance, Z0, and the source center frequency,
RFfreq.

You have to specify the nominal and allowed range of the signal source gain scale factor
exponent, SFexp. It is necessary to adjust this gain to set the available source power,
because we are using a voltage source to generate the signal.

Vtlataset

SRC9

Dataset="WCDMA3G_PA_UE_ACLR . ds"

Expression="WCDMA_Src"

Freq=RFfreg _ Vs,

Gain=10**(SFexp) + '

Z1P_Egn
Z1P1
- ZM1)=Z_s

It is not obvious what the relationship is between this exponent and the available source
power. However, the WCDMA_SrcTest schematic in the same workspace allows you to
sweep this scale factor and calculate the corresponding available source power. In this
case, stepping SFexp from -1 to 1 increases the available source power from about -20
dBm to +20 dBm. This does vary with the source impedance you specify.

When setting the range of SFexp values, you want the highest SFexp value to correspond
to the maximum available source power you will accept. For example, if you want to
deliver 27 dBm to the load and you want the device to provide at least 7 dB of transducer
power gain, you would set the maximum value of SFexp to correspond to an available
source power of approximately 20 dBm. The optimization will run fastest if SFexp is
allowed to vary over a relatively large range, but with the nominal value close to the value
needed to give you the desired output power. You may get extremely high gain
compression values for some reflection coefficients near the edge of the Smith Chart.

Figure: Prior to starting on-screen editing
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Set these values:

E‘;:‘ VAR
STIMULUS
SFexp=0.5 {o}
RFfreq=825 MHz
Vhigh=5
Viow=-1

Figure: While performing on-screen editing
Set these values:

8

—=J STIMULUS
SFexp=05opt{0to 1}
RFfreq=825 MHz
Vhigh=5

Viow=-1

During the optimization, this variable is adjusted within the limits until the power that you
want is delivered to the load.

You specify the desired power to be delivered to the load in OptimGoall.
GOAL

Goal

OptimGoal1
Expr="mag(Pdel_dBm-27)"
SiminstanceName="Env1"
Weight=1.0
LimitType[1]="LessThan"
LimitMin[1]=
LimitMax[1]=0.25

In this case, we want the power delivered to be within 0.25 dB of 27 dBm. You may also

specify different load and source impedances at the harmonic frequencies and (for the
source) at the fundamental frequency.
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Set Load and Source
impedances at
harmonic frequencies

%] VAR
VAR2Z
Z_1_2=1000 +j*0
Z_1_3=1000 +*0
Z_1_4=1000 = j*0
Z_1I_5=1000 = *0
Z_s_fund =10 + "0
Z_s_2=1000 +"0
£_s5_3=1000+ "0
Z_s5_4=1000+j*0
Z_s5 5=1000+ "0

There is a bank of raised cosine filters connected to the output node. These are used to
compute the upper and lower adjacent and second adjacent channel leakage ratios. If you
modify this setup to simulate a signal corresponding to a different standard (non-WCDMA,
for example) then you most likely will need to modify the filter parameters and the
channel frequency limits, which are specified as an offset from the carrier center
frequency, RFfreq.

sl Measkgn

=" meast
Up2ndAdjLimits=mainlimits+{10 MHz)
UpAdjLimits=mainlimits+(5 MHz)
mainlimits={{-3.84 MHz)/2(3.84 MHz){2}
LowAd]Limits=mainlimits-{5 MHz)
Low2ndAdjLimits=mainiimits-{10 MHz)

As mentioned above the simulation time is directly proportional to the total number of
different load reflection coefficients. It also depends directly on the number of symbols
simulated at each load. When initially exploring the Smith Chart to find an approximate
optimal load, it might be useful to run the simulation with a relatively small number of
symbols. Later, after determining a smaller, optimal region of the Smith Chart, you might
want to increase the number of symbols to get more accurate results.

= VAR

— VAR1
sym_rate=3.84 MHz
sam_per_sym=8&
tstep= 1/(sym_rate*sam_per_sym)
numSymbols=256/2
tstop=numSymbols/(sym_rate)

If using a data file as the source, setting the simulation time step tstep equal to the time
step in the data file is good, to minimize effects that may arise due to interpolation.
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£9y | ENVELOPE I

Envelope

Env1
Freq[1]=RFfreq
Order[1]=5

SweepOffset=12/sym_rate
Stop=tstop+12/sym_rate
Step=tstep

The Envelope analysis includes a SweepOffset. This simulates but does not keep the first
12 symbols in the simulation during which the input signal amplitude is ramping on. If you
want to include this turn-on ramp data in the post-processing computations, just set
SweepOffset=0.

Because the simulation includes an optimization, click Optimize icon to launch the
simulation. If instead you just launch the simulation by hitting the F7 key or selecting
Simulate > Simulate, an optimization will not be run and the data display will not
display the simulation results.

After running the optimization, this WCDMA_LoadPullMagPh_ConstPdel data display shows
the results.

L L il B P |
TPAE Lowerand UpperACLR s EE -
P GE g
-j9.027 24725 24257 =g 6 %
— e PE BEQP
MaxPAE | Lower and Upper 2nd ACLRs 25 EE%E.
27172 £50B252
-37.333 -36 540 éi;'g%g%
EECEBET
=@
it gives minimum gain compression: EIL_E' 4 %
MinGsinComp Zload_at_MinGainComp MinGain ompRho & EI D
0774 5182 +(2.160 0.813 7 175.000 o
GainComp GainComphin (Gain_at MinGainComp
12.930 0.139 12 592 Mag.
S Lower and Upper ACLR s EEE-
GainComp )
o -4B.303 -47 B i
788563 hila _rhu=EI.B1|3 0813162
inGa Lowerand Upper 2nd ACLRs surface _samples=0. E
A MinGaintomp i Phi_rho=152 500000
27001 F1513 F1 123 impedance =5.294 +j7 611
it gives minimum ACLR: At load selected |
f_MinACLR fload_at MinACLRE MinACLRE_Rho BiasCument_at_m1
0774 5182 +j2.160 081371745000 0.753
linACLR GainComp_at MinACLRE (5ain_at MinACLRE FAE at m1 ':
17 oan m 130 17 RO 14 1733
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To see the contours effectively, you may need to change the CurrentStep, PAE_step,
Gain_step, GainCompStep, and ACLR_step variables. These set the step sizes between the
contours. The bias supply current calculations only include the current in the probe
Is_high. If you change the name of the current probe, you will need to edit the
BiasCurrent equation on the Equations page.

The upper Smith Chart shows contours of constant gain and gain compression. The lower
left Smith Chart shows contours of constant bias current, power-added efficiency (PAE),
and lower adjacent channel ACLR, as well as the simulated load reflection coefficients and
the corresponding input reflection coefficients. The lower right Smith Chart shows the
same data on a Smith Chart with a different reference impedance.

In the red boxes on the left side are data that correspond to a particular optimal condition
such as minimum bias current, maximum PAE, minimum gain compression, or minimum
ACLR. However, you have to make sure that the desired power delivered was actually
achieved. In some cases with load reflection coefficients very close to the edge of the
Smith Chart, the desired power will not be achieved.

The results show there is a trade-off between power-added efficiency and distortion. You
can get slightly better PAE if you are willing to tolerate higher ACLR levels.

At load that gives maximum PAE:
BiasCurrent_at_MaxPAE Zload at MaxPAE MaxPAE_Rho
0.493 2.820 + j13.358 0.900 / 150000
PAEmax GainComp_at_MaxPAE Gain_at_MaxPAE
16976 6.475 6.226
Z_In_at_MaxPAE Lower and Upper ACLRs
-1.164 - j7.026 -32.391 -29710
Pdel_dBm_at_MaxPAE Lower and Upper 2nd ACLRs
25.935
-48 213 -48 853

Note that the power delivered specification is not satisfied. You could re-run the
simulation, allowing SFexp to vary over a larger range, or you could move marker m1 to a
load near this one and see if the power delivered specification is satisfied. Moving marker
m1 allows you to select any of the simulated load reflection coefficients. The
corresponding data appears in a separate box, which allows you to see potential tradeoffs
as you move around the Smith Chart.
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At load selected by marker m1:

BiasCurrent_at m1 Zload_at_m1 Rho_at_m1

0.627 5.540 +j13.244 0813/ 150.000

PAE at_m1 GainComp_at_m1 Gain_at_m1
16.671 4003 10.244

Lower and Upper ACLRs
Z In_at_m1
-1.109 - j6.373 -29.667 -31.243
Pdel_dBm_at_m1 Lower and Upper 2nd ACLRs
27.066 -50.757 -50.776
The gain compression is still excessive, however.
At load that gives minimum ACLR:

BiasCurrent_at MinACLR Zload_at_MInACLR MinACLR_Rho

0777 5172 +3.029E-15 0.813/180.000

PAE_at_MInACLR GainComp_at_MInACLR Gain_at_MInACLR

12911 0.139 12212
Z In at MinACLR Lower and Upper ACLRs
1.065 - )8.926 47249 _48.655

Pdel_dBm_at_MinACLR
270567

Lower and Upper Znd ACLRs

-62.383 -62.053

The ACLR is somewhat sensitive to the load impedance.

The WCDMA Load Pull > Constant Power Delivered, Circular Region Load Pull
menu pick copies into your workspace a schematic and data display nearly identical to the
WCDMA_LoadPullMagPh_ConstPdel ones above, except that it sweeps a circular
region of the Smith Chart instead of a fan-shaped region.

Time Taken by Simulation

For 25 different load reflection coefficients, numSymbols=128, and the optimization type
set to Gradient with MaxlIters=5, this simulation required about 4 minutes. For 49
different load reflection coefficients, about 6.75 minutes were required.
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