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» Telecommunication systems :

% Use of Digital complex modulations
D>>>>>> % Base-band modules based on DSP
Recelver
% Critical specifications for RF modules in terms

of linearity, RF power and DC comsumption.
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& Linearity versus efficiency optimization
of power amplifier
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X(t) : Two-tones
% Non Constant envelope
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Non linear Device :
& Average Power Characteristics

hput\oltage (V)

4 Frequency domain Output

ol el X

& Gain Compression/expansion

Y Time variable
Instantaneous gain

& Carrier and
envelope
Distortions

Basic correspondences to
kept in mind

& IMD Products
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Hfl'_&H YPE-H Complex modulated signals

X(t) : Complex modulated signals
% Non Constant envelope

Time Domain Frequency Domain

J Representation Representation
Pin Pin (MW) I L il 4 1 I | | . .

Non linear Device :
U Average Power Characteristics

L Gain Compression/expansion

L Dynamic behavior

Both Domain Visualization :
Linearity specifications : L Average of the nonlinear phenomena
difficult to distinguish and analyze.
ﬂ' 2 Complexity test signals
strongly depend on the 3
application 7 difficulty of comprehension of the

fundamental phenomena
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» Classical approach:
= Input Power Back-off & ¢ over-sized Pas (poor efficiency performances)

= External linearisation (Feedforward, =% Complex sub-
Cartesian Feedback, ...) system Designs
3 A Posteriori Curative solutions

» New trends:
From optimized transistor process:

&  Optimization of Operating conditions of transistors
(RF impedances, biasing circuit topology)

&= « SMART POWER » Design Solutions (dynamic biasing,
CALLUM, adaptative pre-distortions)

& Characterization methods and tools are necessary to aid in

» defining DESIGN CRETERIA
» implementing PRACTICAL and EFFICIENT solutions
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HF&H YPEH Linearity : figures of Merite

Simple test signal

& CW test signal : & Band-limited noise :
DSP
Pout (Fo) T Pout(fo) AM/AM DSPA

AM/PM Non linear
o ] _ ]
P. (f Characteristics > Device
|n( 0)
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Intermodulation noise

< Two-tonestest signal

P
out A

dBm - IMD = Digitally modulated carrier :
DSP

v"“‘:. b, DSP
o) - >_ (C);@ Py, Non linear fe=4 ‘ ﬁLACPR
DeV|ce
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Spectral regrowth

Y Simple test signals: =Design methodology and criterion identification

Y Complex test signals: =validation step

31/01/2005 9



AreHYPER

Expression of the needs for linearity characterizat ion
[EFROFE 1005

% Needs of specific characterization tools making enab le :

= Average Power measurements : The Sim plesy
v' Power Meter to j an Casiegt
v' Scalar Analyzer mp’en’tent
v’ Spectrum Analyzer
= Frequency Domain Measurements hemOSt conventio
v" Vector Network Analyzer nal
% Time Domain measurements.
v' sampling Oscilloscopes he Moy ;
v MTA 'nformati\/e
v LSNA ore Bur
v' DC current and voltage probes ©
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= ¢ = New Trends : Wavef t o —
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» Measurement Instrument ;= | arge Signal Network Analyzer (LSNA)

/ Down conversion circuit ‘
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» Measurement Instrument : < Large Signal Network Analyzer (LSNA)

» Analog IF signal is
an equivalent image of
the analo(g RF signal

SRD Diode = Glock U frequency translation
com® generator o and compression

10MHz

Harmonic Mixing Analog IF signal
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F—f_ J'F__&H YF E E CW Measurement Results

Measurement of a 8x75
V950:-4,5 V-Vyo=6V IQO:O MA - 140,=5 MmA f,=1,8 GHz
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» Accurate validation of non linear models of transisto rs
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> Experimental results on a non linear class F operation nie amplifier :
Vbe =1V V

uT

:-
L B rrrrirreen
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=] {'-_&H  f 2/ = W LsnAwin Pussedt o, 21, 3f,, ..., nf g signal

ADC |
f : : FFTY,
'“Hh ﬂﬂ‘— I e o ML : /) quantizationy [ calibration &
Filter : : I_ correction,
-------------- ' FFT
IIIIIIIIIIIIII LU
fracn f
',-.Av.ﬁ' PR, ‘||i§ Awn __A‘h - >
2o 31, af, f
iI:0 = f0 - J f fracn
!Fl = 2f0 -kf fracn
IFZ = 31EO -m ffracn

»Only the center frequency;iéf each sinc envelope is to be considered.

» One must check that lateral (sinc) frequencies do not overl&eafiencies

» Limitation of the bandwith : Fgq,
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HF ﬁfPEH LSNAwith Pulsed f o, 2f,, 3f,, ..., nf , signal

ENROFE 00

» Time Domain representation : & Large Signal Network Analyzer (LSNA)

4 frequencies/periods are to be considergd f., .., T (Pulse Period)

Theidea: T = g x common period of (fa,.f, f.q) + €

RF, Bias
On {
Off Ll1]] NN w_|’._‘!|§!l§!‘|| .
Array of 20
-0-0-0-0—0-0-0-0-0-0—-0O-0=-0-0-0-0—0-0-0-0-0-0—0-O- — — —_o6-0-0-606e
ADC samples 7//L
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Pulse generator JL JL Pulse generator
- JL JL) wvi 1 :
fo Onj Off  Tuner Oscilloscope Tuner 50 Q
Y Val A
| | % DUT § | |
@ =t // | | | | //
Modulator b1 al a2 b2

10 MHz A A A A

fn  SRD Step attenuators // // // //

LLLL]
( :) B4 PC Controller

@ Downconverters 4@ _® @? @

Id

I [ - [\

Timing distribution Burst >

» All frequencies/clocks derive from the RF synthesizer high precisfenance

31/01/2005 18




RreHYPER

Pulsed RF large signal measurement results

-Il-ntﬁ-'rh-

= Crrrp e Ceorp s = Rlenores

TPk TN W e
e re o rean

Measurement of a 6x40 HMm P-HEMT 0,15 Um - f, =1GHz

Pulse period : 5,3125 s, Pulse duration 400ns, pulsed bias and pulsed RF
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Pulsed RF large signal measurement results

r_ 1 -omm =
e e
= Crrrp e Ceorp s = Rlenores

.—=. q_:.:—u-h

Measurement of a 6x40 HMm P-HEMT 0,15 Um - f, =1GHz

Pulse period : 5,3125 s, Pulse duration 400ns, pulsed bias and pulsed RF

Ta 0.15 624 AA17 BIAS Vgs=-0.796 V, Vds=+3.432 V, Id =+0.112mA
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Conclusion

Analysis...
|dentification...
Understanding...

of

DYNAMICS
NONLINEAR
PHENOMENA

SIMULATIONS

Tim ain
B .
H In on

MEASUREMENTS

Time domain Ti omain
consistency Chaffat®erization

Harmonic
Balance Time & space
+ domains LSNA+ HIP
Envelope consistency
Transient

Optimized designs of MMICs
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> New large Signal characterization with modulated signals

v" Evolution of the LSNA to the characterization of RF complex signals

SRD Diode

Clock

~ Tclock

Challenges:

» Definition of a new calibration procedure

» Definition of a new phase reference standards for modulated signal
(multicarrier signals)
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