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Connecting Minds. Exchanging Ideas.

» Overview of approaches for improving efficiency at
power back-off

» Supply modulation (envelope tracking)
 GaN PA design (10GHz carrier)
«  Supply modulator (100MHz switching)
« Integration and modeling
» QOutphasing
 Quasi-MMIC isolated and non-isolated
« Measurements of load modulation internal to the PA
« Outphasing with supply modulation

» Measurement challenges and approach to nonlinear
measurements based on NI equipment in a LabView meta-
Instrument environment
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Main challenges in PA design @2 IMS
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Amplifying high PAR signals onIMS
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» Efficiency of RF front ends dictated by PA efficiency 1} High efficiency

o

* High-efficiency PAs are:
o efficient only at peak power
o highly nonlinear

Low efficiency

» Approaches for efficiency enhancement for high
PAR signals involve adding a second amplifier:
o Doherty PA
o Outphasing (Chireix)
o Envelope tracking (ET)

— Supply modulation helps efficiency T

Baseband
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Outline aNiMmMS
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» Supply modulation (envelope tracking)
« GaN PA design (10GHz carrier)
 Supply modulator (100MHz switching)
 Integration and modeling

» QOutphasing
 Quasi-MMIC isolated and non-isolated
« Measurements of load modulation internal to the PA
« Outphasing with supply modulation

» Measurement challenges and approach to nonlinear
measurements based on NI equipment in a LabView meta-
Instrument environment
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Supply modulation (Envelope Tracking) @2 1IMIS
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- . . Digital : Analog

* Amplifier designed over wide range of Vdd = Supply Modulator

* Supply modulator: efficient, high slew rate - :

* Various forms of distortion need linearizing | | e
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same GaN process
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Example of a GaN MMIC X-band PA ﬂiles

Pout>12W, PAE>65%
Gsat>20dB, f=10GHz

Qorvo GaN15 process

Modelithics nonlinear model

Measured Pout and Gain
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MMIC characterization

Fixture

Measurement
Refer‘ence
Planes-

A

Power
Meter

Cold Plate
Power Setto 25C
Meter at Block
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EM models for bondwires
included in MMIC design




Static PAE vs. Pout IMS
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Real signal, integrated transmitter @2 IIMS
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G = 18dB (constant) PA MMIC EG0490A, two stages, 10W

Both stages supply-modulated oL R To PRl . | oo
For reasonable AM/AM, 11V of voltage |
dynamic of the drain supply

At low Vdd, gain drops

Increasing gate bias voltage may improve the
achievable dynamic range

Trajectory (Vdd vs. P, .iabie)

s Yoltage
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Signal Characteristics oNIMS
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Example: LTE 18MHz 3GPP standard signal, envelope transient simulation

Envelope Power (dBm) versus Time

Envelope in time domain
Average power 16dBm

FPout_dBm

CCDF Spectrum
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Example GaN Supply Modulator @2 1IVIS

100 MHz, n>90% 10W peak

« Switchers with integrated gate 2.4 x 2.3mm, QFN package

drivers, Qorvo GaN15
* 1 >90% , up to 200 MHz sw.
frequency, up to 15 W peak power
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Measured vs. simulated DSM OnNiIMS
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GaN half bridge switcher Meas/Simul
22 T

— Simulation

20 —Measurement i

18
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16

|
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time (s) ¥ 107

2
n (v —V: 1
RMS error = 100 x\/ t_l( 2L m’t) X =4.5%
i (Vout_max - Vout_min)
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onIMS
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PA performance with LTE signal

Instantaneous PAE Gain and PDF of the output signal
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- MMIC on carrier
board
4mm X 5mm
Includes: 12-W PA,
 100-MHz switcher
i and 500-MHz
cascode PA

P Load dBm

* PAPR=10W /1.4W, 20-MHz OFDM, 10dB PAR,
CPAE >40%
* PAPR =6dB, 20-MHz QPSK, CPAE>45%
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Measured static drain impedance, fixed Voo @) |IIV1S
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vdd = 15V
Vg1=-2.8V, Vg2=-3.75V

250

#4200

w0, Trends similar to simulations.

Re(Zd) Ohms

- 1100

Real part is high at low
= frequencies and decreases to
reach 1.5Q at 500MHz.

600 "o Pin (dBm)

. At saturation, the real part
.. remains under 20 Q.

-50-
- 1-60

Im{Zd) Ohms

At low power, the drain
impedance is highly capacitive
and becomes almost purely real
at compression.

-100~ - 80
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Outline aNiMmMS
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» QOutphasing
 Quasi-MMIC isolated and non-isolated
« Measurements of load modulation internal to the PA
« Outphasing with supply modulation

» Measurement challenges and approach to nonlinear
measurements based on NI equipment in a LabView meta-
Instrument environment
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Quasi-MMIC outphasing PA aniIMS
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PA element for outphasing PAs

ww £°¢

3.8 mm

e Single-stage
 Biased in class-B

« GaN MMIC PA
(TriQuint 0.15 um)

+ 10 x 100 pm FET
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Isolated combiner

e 180° rat-race
30 mil Ro4350B
e <1.4dBloss
e 22.5 dB isolation
e >19.5dBreturn

loss

onIMS
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— PA; Match (L) —Su (L)
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Non-isolated Combiner OB\ L=
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Low Output

Power Axis of
-1'pa1 7 ; Power
, b

1'paz
==PAFE

B PAE,.q.
- Pout

o Pouf,,ma,ﬂ:

Peak Output
Power

!‘\\‘_
* Shunt susceptances and tuned 90° TLs
 Load modulation intersects at peak PAE load
* Internal PA power balance reasonably maintained
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Internal PA Load Modulation OnNiIMS
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Coupler -------_- - Low-Loss Coupler
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Isolated Outphasing PA IMS
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Outphasing Angle (0°)

* Finite isolation yields minimal load modulation
* PAs rotate in opposite direction around contours
« 0.4 - 1.7 dB internal PA Pout imbalance caused by varying load

Workshop WME



Non-Isolated Outphasing PA IMS
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— 15 o 35
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Outphasing Angle (6°)

* Load modulation shows slight CW rotation due to +1.5 dB
internal PA Pout imbalance

 Peak power occurs near peak PAE
 Minimum Pout of 3.6 dBm near edge of smith chart
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Comparison IMS
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Isolated Non-isolated

o PAEPAI X PAEPAZ o PAEPAI X PAEPAZ
a Pout . ta] PiSO a Pout v PAEtota] PiSO

vﬁv' vy f v'e. "“', Y
0 G oV

lllllllllllllllllIlllllllll O_FlwlllllIllllllllllllllllllllll‘ﬂ
-180 120 -60 0 60 120 180 180 -120 60 0 60 120 180

. . (@] . .
Differential Phase 0 Differential Phase 6°

* Peak Pout = 35.8 dBm / 36.8dBm Peak Pout = 35.7 dBm / 37dBm
« Peak PAE =41.6 %/ 59% Peak PAE =41.5% /60% (L=1.3dB)
* Integrated design: 1 dB less loss 8 % improvement in PAE at 4 dB OPBO
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Outline oIS
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» Overview of approaches for improving efficiency at
power back-off

» Supply modulation (envelope tracking)
« GaN PA design (10GHz carrier)

« Supply modulator (100MHz switching)
 Integration and modeling

» Outphasing
 Quasi-MMIC isolated and non-isolated
« Measurements of load modulation internal to the PA
« Outphasing with supply modulation

» Measurement challenges and approach to nonlinear
measurements based on NI equipment in a LabView
meta-instrument environment
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RF instrumentation in LabVIEW IMS

THE GOOD
* Build a GUI with two clicks ;
* Does not require any hard programming skills.

THE BAD

* LabVIEW code is difficult to read in big projects ;
*  Mix of GUIs, algorithms and instrumentation drivers ;
* VISA interface is UNIVERSAL but...
* IVlis not:
*  ManyDLLs;
* No universal handle manager in LabVIEW ;
* Open/Closing sessions not convenient.

Nevertheless, there is a hope...

RF instrumentation is based on a very limited number of instruments:

- Power meters;

- RF Sources ;

- DC power supplies ;
- Scopes; and

- just one big analyzer.

|
7

i

Connecting Minds. Exchanging Ideas.

and THE UGLY
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RF instrumentation in LabVIEW Q2 IMS

Connecting Minds. Exchanging Ideas.

Available Instrumentation Device Under Test

Simulation
Platform

Microwave
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USER

UPDATE

LabVIEW Toolbox Principle

Bench.vi

onIMS

Connecting Minds. Exchanging Ideas.

LIBRARY

Dynamic
Applications

Very High Level
Functions

v

High Level
Generic Drivers

[ s |

Low Level
Drivers

May, 23 2016

[®pcwin mETERy]  [@LS]
= =
[Mesmuremenss =] | [Messuremens: ) FEED
A
f ? DATA
ol
EASY & SIMPLE

Freedom of measurements with a
minimum number of subVls
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LabVIEW Toolbox Principle IMS

Connecting Minds. Exchanging Ideas.

-';fu hihho‘f&i anrs Ij 'w
13 ..ﬁ Dow —nn orkzr  pamety gw:u.:uc. Une em.v.- et : .
& 9O A RSDUS (U E : - :

e N ERRE @ Best Visualizing Tool is the

e DESIGN PLATFORM

FEED

A
>| DATA
SET

4

&3 1. EXPORT DATA in MDIF =t
B 2. IMPORT in DATA DISPLAY tool ¥ :/,-
| wot
Switching datasets e
allow to compare
easily measurements

and simulations.

LSNA Load-Pull Measurements in Keysight ADS igadout pornswimss

&HIEEE JW\ ~@® e
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onIMS
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Instrument Manager

@k Configuration RFCaIK11 Instruments | LSNA | Measurement

[ sourcemanacer x| — inTex (il cLose pxi ,
PSS Some elements are
| POWERMETER MANAGER |

already defined in the
array of ‘Sources’.

SCOPE MANAGERGIEN

€ The array of ‘Power
wiy meters’ is currently
=22 empty.

amdl D&

ONE VI ONLY
TO ACCESS __
ARRAYS OF Some GUIs (Sources and Scopes) includes

INSTRUMENTATION - - PXI session init and close on the fly.
eneny Array can be deleted by clicking on the “X'.

Arrays of instruments are defined
by GUI and located in a global variable.

\ il =9
.\ A 3
A\ @
A / A“ \.‘- o) L L=
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Instrument Manager Example @2 IMIS

Connecting Minds. Exchanging Ideas.

...... (3 SOURCE _e...(me5em|

{4 SOURCE_MGR_NC_EDIT.

SOURCE Editor

Local Oscillator : Mame

R e R e New e
e Agilent 332504
NL-FGEN Holzworth H53001 A4 (USE)
NI-RFSG . Agilent MI310A (USE)
‘IIP ower [dBm] Frequency [GHz] . Wiltron
A® 5o 20 I GPIBO::28: Anritsu
None
HP
. . HP 836504
Interactive control (useful with PXI S
sources). Open and Close PXI Aeroflex IFR 3414
session on the fly if needed. B e B

WTD SWAP X-402 (FraclN)

List of instrumentation

, . _ previously defined in low-
All instrumentation in a lab previously level drivers.(Typedef file)

defined in Iow-Iev.e.I drivers. Here we Here is the list for VISA
have 3 driver families : VISA, NI-FGEN
(LF PXI) and NI-RFSG (RF PXI)

\
.\ A
A\ 4
(] / ‘>‘ \-

iInstruments.
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Complete Library IMS

Connecting Minds. Exchanging Ideas.

Global Variable BENCH.VI describes any bench...

e bewsimi $)] BENCH_MGR to Load/Save/Switch ON/OFF any bench
[r@score] Sk
@ @ One VI only per instrument
»@®SOURCE] family. Final code is totally
[P@TuneER] — hardware independent.
INIT ~
(x) =2p CAL Measure

[: dBm »Vpp ~|]  [Display ~]| [Freq List ~|

One VI per meta-instrument

Additional Tools

lm Measurements and

MDF

[MDF_GENERIC_SWEEP ~] i Swe(?p-plar}s
functions will be

merged in a single VI
as well.

OIEEE /V\ ~® T

May, 23" 2016 Workshop WME
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Configuration Example: CW Source oNIMS

Connecting Minds. Exchanging Ideas.

P SOURCE e...!

{4 SOURCE_MGR_NC_EDIT.

SOURCE Editor

Local Oscillator IReSs Mame
RF Source 1.000000 -60.000000 .
Agilent E8257D
LF Source 0002000 0.000000 New Source =
Agilent 332504
NLFGEN Holzworth HS3001A (USE)
MI-RF5G ﬂg”Eﬂt MO310A I:U SB:I
!‘Power[dﬂm] P\Frequency[GHz] Wiltron
-] 70 70 L GPIBO::28: Anritsu
HP
. . sTOP HP 836504
Interactive control (useful with PXI P 80
sources). Open and Close PXI Aeroflex IFR 3414
session on the fly if needed. VTD SWAP X-402 (External)

WTD SWAP X-402 (Frac)

List of instrumentation

_ o _ previously defined in low-
All instrumentation in a lab previously level drivers.(Typedef file)

defined in low-level drivers. Here we Here is the list for VISA
have 3 driver families : VISA, NI-FGEN
(LF PXI) and NI-RFSG (RF PXI)

Instruments.
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Configuration Example: Load-Pull @2 IMS

Connecting Minds. Exchanging Ideas.

rm TUNER_Selector.vi ¥ - @
{3 TUNER_MGR.vi |
. CENTER POSITION
Mame Mode | Calibrated | f [GHz] Fidure  Jbalackies d GRID - DUT Ref Plan QuIt Lanr s B
LOAD | 279 2.000000 2 e .
: Sul. u.s—é n—
1‘-l : . Ra;i:_; 71?'?1;:3
TUNER ADD 1 1':. 2
MANAGER Ilﬁ 23 O OO O O DELETE | = .
EDIT | 06 =
0 o 0 0 0 0 0 = i m-;l
ﬂn o o Ho To Ho o | SELECT | - is
Bucy N “B .
. | 0- 0
Frture File” Impedance Selection @ DUT
IXTUr | m
ure rile may Reference Plane
be extracted from
. Fidure File Tuner MDF Load File
LT IKi
I\S/IO CalKit t q 1 I I = Rk =3 PN <
easurements Y su <
LSHA
B | o |
R = L,
- |
[51 | 1}
[ B e
I Power Meter

Ref. Plane
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Program Example: IV-S

File Edit Yiew Project Operate Tools Window Help

2 (4B IEI | 15pt Application Font |« || o ”T]Ev ”gv ||@‘:3v |

lﬁ SWEEP_EXAMPLE_IV.vi Front Panel on BENCH.lvproj/My Compute e ECE -

o IMS

Connecting Minds. Exchanging Ideas.

% e N2
Search _‘\ |_ [] %52F

MDIF File Export M52P File Export

% Ch\Usersh...CH\Measurements_Data\Example_IV.mdf EI % Ch\User..\Measurements_Data'\Example_mS2P.mdf El

User defined

‘Sweep plans’

READY TO USE
AND AVAILABLE AS
EXAMPLE.

V1 SWEEP  y1_swp \—l V2 SWEEP  v2 swp T'}M{(‘u’l@MM‘u“l 24

2wsW1 2 ws W2

VMA
M

Measurements

m

May, 23 2016
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Program Example: IV-S

onIMS

Connecting Minds. Exchanging ldeas.

THIS IS THE COMPLETE

LABVIEW CODE.
YES! IT’S LIGHT!

Wireless LabVIEW
The complete
Bench is stored

S2P Measurements (optional)

in a global variable \
"A-XXZ@M
E] s

AX V2 @ MAX V1

V2 SWEEP
XD

Update
‘Sweep2’
plan on

All Biases |-V Display mS2P Export
Measurements (Append file)

/ /

/ /

[o[False ~}]

MDIF Export
(Append file)

‘ OPEN SOURCE
_______________ — s || [ .
| - 1 e fl MEASUREMENTS

the fly

‘Sweep1’ Management

Workshop WME




Program Example: IV-S oNIMS

Connecting Minds. Exchanging Ideas.

Frequency Marker

el index W1 index W2

3 15
o ;—/_/_/_1/_/—/_’_ o 2464 GHz
T

LI B B B B B R B B B
2 2 30 32 34 356 38 0

ts D14 0.001 2.347 0221 o
g i | Keysight ADS can convert
. directly (no simulation needed)
] - any Generic MDF / mS2P files
" I-V Marker in datasets.
N /‘ > Possibility to superpose
2 o] simulation results.
g ]
= " Interactive ‘data display’
] template is possible with 3
] E equations only!
-] /E
index_\/1=m1_\/1_inde><

Helglindex_V2=find_index(MEAS_IV..V_VD[index_V1,:]indep(m1))

index_freq=find_index( MEAS_S2P . .freq[index_V1,index_V2,::] indep(m2))
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Hardware Example: Source-Pull G2 IMS

Connecting Minds. Exchanging Ideas.

RE Source Local Oscillator

HP 83620A
(NI PXle-5652) ) ONE PORT LSNA WITH MIXERS

Power Splitter (Mini Circuits ZX10-2-42)
Mixers (Marki M10204SA and M10208MA )

Scope (NI PXI-5922) DUT ref. plane

Source-Pull removed for real impedance measurements (indeed, cheaper than a Source Tuner)
Load-Pull measured like before (Power meter for receiver)
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Hardware Example: LSNA onNiIMS

L]

Connecting Minds. Exchanging Ideas.
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onIMS

Connecting Minds. Exchanging Ideas.

LSNA object in the Toolbox

Bias the RF samplers ‘

LSNA MANAGER
MName

e Once the bench is initialized, we can edit LSNAs ;

e LSNAs are managed as standard instruments: user defines an array
of LSNAS ;

e LSNA works like a scope but requires a calibration procedure and test
(‘CALIBRATE’ and ‘CAL TEST’ buttons) to calculate and validate a 8-

terms error matrix ;
e Each LSNA contains a hardware structure (next slide), calibration Switch ON/OFF
measurements and a 8-error term matrix ; Local Oscillator and
e Several LSNAs can have exactly the same hardware configuration perform user defined
(click on ‘COPY’ to do it). It enables to consider several error term VI for selected LSNA
matrix ;

e ‘MEAS. perform a single point PA measurement before to launch user
defined loops of acquisitions.
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Connecting Minds. Exchanging Ideas.

LSNA object in the Toolbox oNIMS

LSNA MANAGER - ~— SOURCE
— B SCOPE Name [NoP  {Freq(Hz)  {Range[V] {AutofClock {4 Name Output | Frequency [GHz) | Powes [d8ml_{ 4] 1200
PXI Scope }15000 150000(0 il.OOOOOO v ‘lnt
Manager ' scope use [15000 | 15000000 (1000000 [V |int "-:::“'“ ;m fgm [aoo |
[ eom | “ . ; ' ‘ LF Source Iv | | -10000000 |
} ; 1 | | v [stor d
<COPEN] | | ‘ k4| ! i
|.5COF‘EP [@®SOURCE]

i | [ causrate | [ meas |

cLose| |_caLTesT (s g s .

= each ‘ring’ is auto populated according to

s | global variables [ocd
Name of the current Setup V1 Additional User VI for
LSNA I initialisation

Downconverter (e.g. SPDT matrix
Independant 4 Channel e Frequency (Ha) configuration)
channels 0 o 959E8
receivers C )

0 Level (dBm) Local Oscillator
1 Local Oscillator = | 735 ¢ (optional)
CW Source for
calibration CW Source _
j Frequency Grid Freglist (Hz)
RF Source \—I Level (dBm) 40 Start il rr . .
; r’ 1E+9 268 @— —
Optional GPIB 4 RF Freqlist (Size = N)
RF Switch Step FFT Bins
controller for RF mode A .
SPTD SW|tCheS VISA Session Instrument Name MNumber of points :_ FFT BInS (S|Ze = 4XN)
(V7D SWAP X-402 | & 2| tore o o’ each receiver may
compatible : Lo have independent
I ] Cooe o il sampling frequencies

RF Freqlist an
FFTbin generator
for LSNA user
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LSNA Embedded Calibration

Init the system

AlLaunch “CAL
TEST”

i3 LSNA_MGRV‘ == i3 LSNA_MGRV‘ ==
LSNA MAMNAGER - LSNA MAMNAGER -
e K e K
| EDIT EDIT
- -
LO ’ ] LO ’ ]
i | causraTe Meas. TEST E -.wRATE Meas. TEST
|crose] | cavtest Meas. CONF [crose] | cavtest Meas. CONF

oniImMS

Connecting Minds. Exchanging Ideas.

43 LSNA_CAL MGR.vi

CALIBRATE THE LSNA E-

CALKIT File
b C\Users\tibo\Desktop\BENCH\SETUP\CalKit\CALKIT_SOLT.dat

‘ PORT 2

=l

PORT1 PORT AUX THRU

Agilent 85052C (26 GHz) | toto = | toto i | toto i |
@) e @ °
) @ o °
0 e ?
s) o 9 e

| @ [ o o ® [ e

ments on pragress ()

Calibrate the system

LSNA_CAL TEST.vi

CALKIT Filename
% CAUsers\tibo\Desktop\BENCH\SETUP\CalKit\
Peort AUX

The calibrated measured
data are automatically
compared to the CalKit
definitions.

Standard =
RMS Error

Standard = |LOAD indar

RMS Error Calkit Name.

Calibration Manager

User can check the
calibration on port 1
(Gamma - top- and
- Power -bottom-).

| Only in Forward

0 toto.

Virtual HPR
1-
08-|
06-]
04-]
0.2-]
o]
z -0.2-|

nal [Volt]

R sig

May, 23 2016

HPI

04}
06}
08}

0.0136586

CAL
TEST

mode in this case.

FORWARI

REVERSE

22E+9

Frequency [Hz]

rort1 [RE
=
-

Workshop WME



Develop your code! IMS

Connecting Minds. Exchanging Ideas.

,

Source-Pull

WValuek

Power [Watt]

Garmrma

2

ESource

]
WValuek

(%)

|f:Wx-dBm -

5 0
-_. LSMA el Pin (W) ::
e L%:A’ 5 | =2 I Ei|‘|“-IGI'||'n= L_éﬂf o f{x)
\::aE; LL@ |f: W= dBm ~]

Calibrated measurements

with a power-meter based
Load-Pull

Q .

Calibrated measurements
with a LSNA

A LSNA releases V and | data. “VI > RF” give access to common RF data
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Envelop Tracking Example IMS

Connecting Minds. Exchanging Ideas.

- y NATIONAL

- INSTRUMENTS

3 ' 4 |

3 - FAIl
Chassis Controler Sampler Clock ADC (4 ch) ADC (4 ch)
PXle-1062Q PXle-8840 PXI-5404 PXle-5922 (x2) PXle-5162

BW=6 MHz (24 bits) BW=1.5 GHz (10 bits)
| L —
FUR? XA LF LSNA |

LF Source

InP HBT Sampler Downconverter (x4) i * *
Clock: 5 MHz - 3 GHz LrOas 109 | —{OI—I T C)
BW > 50 GHz

RF LSNA LF Coupler

Y, TN VDD
@ ll> _“3 = ,q - @ % RF Load-Pull

y RF Coupler RF Coupler
RF Source RF Driver RF Bias Tee RF Bias Tee

GaN HEMT
(bUT)

LF S-parameters under large signal condition is a minimal configuration to optimize filter
between the LF modulator (PWM signal) and the RF-PA (Analog signal)
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Envelop Tracking Example

W PARAMETER SWEEF |

Param Sweep

Swe=p?

Sweapar="P_Eh."

Sim rsance Mame[1F" Sweep1”

m PARAMETER S EEF |

FaramSw eep
Sweep
S eepar="T0C"

SminstanceMame[1F"DC1"

Sim retance lame[2F SimnstancelameEF"HB 1"
Simirstanc: Mame[iF SmhnstanceManeBF

Sim retance Mame[4F Siminstancelame BE

Sim retance Mame[5F SmnstancelamefF

Sim rstance Mame[iF SmnstancelameBF
Start=0 Stat=2

Stop=12 Sope20

Step=2 Sep=2

RF Average Power DC VD sweep

compatible with LF VNA
measurements

compatible with LF
VNA measurements

DOFAIM_ oD B
I_&
Filerame= "ID_complete? b

m

M RF
% ER

I
EI{:I
5

onIMS

Connecting Minds. Exchanging Ideas.

@ LSSP

LSS
o HE
DC Freq[iF FRED Hz
Order{i]=5
AL L55P_FrqatPort]i]=
WOFS
OC=10
8 BN 10 (P _ENWZOH) )
F_EMES

P_nTare
PORT1
Murre 1
Z=60 Ohm
Freq[1]=FREQ1 He
=L P[iFpalandbmtow-4A000

F

an
ani
dni=zin(511,PortZ1)

]k
RS
FREQ1=500a3

§  DC_Block

DC_Block1

RF Envelope Input (volt)

under 50 ohms

May, 23 2016

S-par simulation
performed with
LSSP block
(Harmonic
Balance)

Workshop WME

S-par simul will not
take into account
non-linear Gd




Envelop Tracking Example IMS

Connecting Minds. Exchanging Ideas.

Very big capacitance
(transition between DC and LF)

Very simple circuit

al

"if':D:'i:'ﬁ:f:ﬁ::: 4 5 m
DRAIN MODEL 1@ "' g"

5 B | EHAVAN

Filename="ID_complete2.txt" .\ "

—
=
I

.

EXTRACTED FROM [(V) EXTRACTED FROM S-par

|
|
|| gd compensation
|
{Pr f(dBm) i 5} "
|Vin-(V)| =10 % : Output
" capacitance
Table based model. l
It included measured ID=f(Pav,Vd) / - Non linear elements T e
ADELEXHREAd G0 listed in the *.txt file | | (can be seen on
: | | real{y22))
|
|
L Y J : L Y I
|

47
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Envelop Tracking Example IMS

Connecting Minds. Exchanging Ideas.

. 40
o VD (V)
30 £ » :
c § 16.000
B8 15 : y
= £ 10—
[4
u 20 é’ 5 L] LJ L] l L L] L
& = 8 10 12 14 16 18 20
& RF POWER (dBm)
=
I g 6.000
2 ‘
9]
o
- e o ) LI L T L L R I
00 2DE7 40E7 60E7 SDE7 10ES 1263 14E3 16ES 1568 20E8
Frequency A
1.0—
000
& i
0.8—
-3.75 e =
L o5
k=
= g 0.4
o 750
g =
0.2
11.25
-4 00 1} l Ll [ T [ T I T [ L
. E 10 12 14 16 18 20
-15.0071r[r[r[r[r[r[t[t VD(V)

I |
00 20E7 40E7 60E7 80E7 10ES 1263 1463 16E8 18E8 20E3
Frequency

&HIEEE JW\ ~@® e
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More about this LabVIEW Toolbox ? @2 IMS

- AVAILABLE
- FREE
- OPEN SOURCE

WWW.MICROWAVE.FR/LABVIEW

May, 23 206 Workshop WME



on IMS

Connecting Minds. Exchanging Ideas.

$IEEE /W\ ~®
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