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1. Introduction – Classical Characterization Methods.

2. RF Time-domain characterization

3. Conclusion and future investigations

Outline
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Introduction : General overview

���� Telecommunication systems :  

Emitter

Receiver 

� Use of Digital complex modulations

� Base-band modules based on DSP

� Critical specifications for RF modules in terms 
of linearity, RF power and DC comsumption.

�Linearity versus efficiency optimization 
of power amplifier

Base-band 
Modules

FI 
Modules

RF 
Modules

Linearity
Efficiency
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Single tone characterization

x(t) : Single tone
����Constant envelope

����Wavef orm  
Dist or t ions

Non linear
Device

y(t)x(t) Non linear
Device

Non linear
Device

y(t)x(t) y(t)x(t)

Time Domain approach
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Time Domain approach
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Time Domain approach

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

0 10 20 30 40

time (ns)

V
ol

ta
ge

 (V
)

Pin

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

0 10 20 30 40

time (ns)

V
ol

ta
ge

 (V
)

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

0 10 20 30 40

time (ns)

V
ol

ta
ge

 (V
)

PinPin

x(t)

-12,0

-8,0

-4,0

0,0

4,0

8,0

12,0

0 10 20 30 40

tem ps (ns)

V
o

lta
ge

 (
V

)

Pout

-12,0

-8,0

-4,0

0,0

4,0

8,0

12,0

0 10 20 30 40

tem ps (ns)

V
o

lta
ge

 (
V

)

PoutPout

y(t)

Non  l inear Dev ice  :
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Non l inear Dev ice  :
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Frequency Domain approach

Frequency domain Input

Frequencyf0

Fundamental

Frequency domain Input

Frequencyf0

Fundamental

harmoniques

Frequency domain Output

Frequencyf0

Harmonics

2f0 3f0

harmoniques

Frequency domain Output

Frequencyf0

Harmonics

2f0 3f0

X(f)

Y(f)

Frequency Domain approach

Frequency domain Input

Frequencyf0

Fundamental

Frequency domain Input

Frequencyf0

Fundamental

harmoniques

Frequency domain Output

Frequencyf0

Harmonics

2f0 3f0

harmoniques

Frequency domain Output

Frequencyf0

Harmonics

2f0 3f0

X(f)

Y(f)

����Gener at ion of  
har m onics

Basic correspondences t o 
kept  in m ind 

Basic correspondences t o 
kept  in m ind 
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x(t) : Two-tones
����Non Constant envelope

���� Carr ier  and 
e nv elope 

Dist or t ions

Time Domain approach

x(t)

y(t)

Non linear Dev ice  :
�Averag e Pow er  Ch arac t er ist ic s  

�Gain  Co m p ressio n/exp ansion  

Frequency Domain approach

X(f)

Y(f)

����IMD Product s
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Frequency domain Input

Frequencyf1 f2

Frequency domain Input

Frequencyf1 f2f1f1 f2f2

���� Tim e v ariab le 
inst an t a neous gain   

Basic corr espondences t o 
kept  in mind

Basic corr espondences t o 
kept  in mind

Two tones characterization
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����Dynamic behavior
Bot h Dom ain Visu alizat ion : 

����Average o f  t he  nonl inear phenom ena
dif f icult  t o dist inguish  an d analyze.

Linear i t y specif icat ions : 

st rongly depend on  t he  
app licat ion

x(t) : Complex modulated signals
����Non Constant envelope

Non l inear  Dev ice  :
�Aver age  Po w er Charac t er ist i cs  

�Gain  Com p r essio n/exp ansion   
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Representation
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Representation

� Complexity test signals
����

� difficulty of comprehension of the 
fundamental phenomena

Complex modulated signals
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� Charact er iza t ion  m et hods and t ools are  necessary t o  aid in   :
���� de f inin g DESIGN CRETERIA
���� im ple me nt ing PRACTICAL and EFFICIENT solut ion s

� Input  Pow e r  Back-o f f   

� Ex t e rnal l inear isat ion (Fee df orw ard,  
Cart esian Fee d back,  … )

���� ���� over-sized Pas (poor efficiency performances)

����� Complex sub-
system Designs

From  opt im ize d t ransist or  proce ss :

� Opt im izat ion of  Ope rat ing co ndi t io ns o f  t ran sist o rs 
(RF im ped ance s, biasin g cir cuit  t opology)

� « SMART POWER » De sig n Solut ions (d yn amic biasin g,  
CALLUM, adapt at iv e pre-dist o rt ion s)

���� Classical approach:

���� New trends:
���� A Post er ior i   Curat ive solut ions���� A Post er ior i   Curat ive solut ions

Linearity /efficiency improvements
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���� Simp le  t est  signals :

Simple test signal More complex test signals

� CW t est  sign al  :
Pout (f 0)

Pi n (f 0)

Pou t (f 0)Pout (f 0)

Pi n (f 0)

Pou t (f 0)

Pi n (f 0)

Pou t (f 0)

� Tw o-t one s t est  sign al
Pout

Pi n

d Bm

d Bm

(C/ I)3

P out(
2f

1
- f 2

)
Po u t(f 1)

IP3
Pout

Pi n

d Bm

d Bm

(C/ I)3

P out(
2f

1
- f 2

)
Po u t(f 1)

IP3
- IMD

- (C/ I )3@  Pout

- IP3

� Band-lim it ed noise :

� Digi t ally  modulat ed car r ie r :

DSP

f

DSP

f

NPR
Non linear 

Device

DSP

f

DSP

f

DSP

f

NPR
DSP

f

NPR
Non linear 

Device
Non linear 

Device

DSP

f

DSP

f

ACPRNon linear 
Device

DSP

f

DSP

f

ACPRNon linear 
Device

AM/AM
AM/PM

Charact e r ist ics

Int ermodulat ion n oise

Spe ct ral reg row t h

����Design methodology and criterion identification

���� Complex t est  signals : ����validation step

Linearity : figures of Merite



31/01/2005 10

���� Needs of specific characterization tools making enab le :

� Average Power measurements :  

� Spectrum Analyzer
� Scalar Analyzer
� Power Meter

� Frequency Domain Measurements
� Vector Network Analyzer

� Time Domain measurements.
� sampling Oscilloscopes
� MTA
� LSNA
� DC current and voltage probes

The simplest and easiestto implement

The simplest and easiest

The simplest and easiestto to implement
implement

The most conventional

TheThe most conventional

most conventional

The most informative
BUTMore complex  to implement

TheThe most most informative
informative

BUTBUTMore More complex  
complex  to to implement

implement

Expression of the needs for linearity characterizat ion
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1. Introduction – Classical Characterization Methods.

2. RF Time-domain characterization

3. Conclusion and future investigations

Outline
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Reference
Clock

10 MHz

Filtre 
Pas se basd’échantil lonnage

Amp lificateur

à gain varia ble

Mise en f orme 

d’impuls io ns

FI Output

Syn thé tiseur
(Frac N)

CAN

23 bits

CAN

23 bits

CAN

23 bits

Micropro cesseur

DC - 4 MHz

DC - 4 MHz

DC 4  MHz

Down conversion circuit
Filter

Amplifie r

Synthesize r
(Frac N)

23 bits

23 bits

ADC
23 bits

Micropro cessor

DC - 4 MHz

DC - 4 MHz

ADC

ADC

SRD Diode =
Pulse  ge ne rat o r

Analog
Digital

Converter
a1RF(t)

Pulse
shaping

b1RF(t)

b2RF(t)

a2RF(t)

a1BFb1BF

a2BF b2BF

� Large Signal Network Analyzer (LSNA)���� Measurement Instrument :

� 4 fully synchronized 
Channels of acquisition

� Use of harmonic 
repetitive Sampling 
Principle

� Bandwidth limitation : 
low pass Filter

New Trends : Waveform measurements
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� Large Signal Network Analyzer (LSNA)���� Measurement Instrument :

C

���� Analog IF signal is
an equivalent image of 
the analog RF signal

����frequency translation 
and compression

Frequency translation/compression
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Measurement of a 8x75 µµµµm FET

Vgs0=-4,5 V - Vds0=6 V    Ig0=0 mA - Id0=5 mA f 0=1,8 GHz

CW Measurement Results

���� Accurate validation of non linear models of transisto rs
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LSNA and High Impedance Probes (HIP)

IN OUT

Frequency

LSNA Analysis Grid

2.15 GHz

Fundamental + 8 harmonics

Vbe = 1V Vce = 9V

5
8

10
12
13
14
15

Pin
(dBm)

Measurement setup

GSGGSG

DC
BLOCK
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HIPHIP
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���� Experimental results on a non linear class F operation mode amplifier :
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LSNA with Pulsed f 0, 2f0, 3f 0, …, nf 0 signal

�Only the center frequency iFi of each sinc envelope is to be considered.
� One must check that lateral (sinc) frequencies do not overlap iFi frequencies.

f f racn

Ffil ter f0

iF

iF
FFT-1, 

calibration & 
correction, 

FFT

f iF

Filter

T

foτ
fadc

quantization

ADC

RF

f0 f0 2f0 4f03f0

iF0                 iF1 iF2 iF3

FiF
iF0 =  f0 - j f fracn

iF1 = 2f0 - k f fracn

iF2 = 3f0 - m f fracn

���� Limitation of the bandwith : Ffilter
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4 frequencies/periods are to be considered: fo, ffracn, fadc, T (Pulse Period)

The idea :    T =  q × common period of (fo, ffracn, fadc)  +  ε

εεεε looks like the very slow phase drift of a stroboscope.

On

Off

RF, Bias

tT (Pulse period)

Array of 2n

ADC samples

LSNA with Pulsed f 0, 2f0, 3f 0, …, nf 0 signal

���� Time Domain representation : � Large Signal Network Analyzer (LSNA)
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Timing distribution

DUT

Step attenuators

TunerTuner

V1, I1
V2, I2

Oscilloscope
On / Off

Modulator

50 Ω

Pulse generator Pulse generator

f0

Downconverters

10 MHz

ffracn

fadc

Trigger

Burst

ADCs

PC Controller

Id

Vds

a1 a2 b2b1

SRD

Pulsed RF large signal measurement setup

�All frequencies/clocks derive from the RF synthesizer high precision reference
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Pulsed RF large signal measurement results

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

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

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

Pulse period : 5,3125 µµµµs, Pulse duration 400ns, pulsed bias and pulsed RF
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Ta 0.15  624  AA17   BIAS Vgs=-0.796 V, Vds=+3.432 V, Id =+0.112mA
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Vgs=+0.400 V
Vgs=+0.200 V
Vgs=-14.90nV
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RF Cycle
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1. Introduction – Classical Characterization Methods.

2. RF Time-domain characterization

3. Conclusion and future investigations

Outline
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Analysis…
Identification…

Understanding…

of
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Time Domain
Integration

Time Domain
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Time domain
consistency

Optimized designs of MMICs

MEASUREMENTSSIMULATIONS

Harmonic
Balance

+
Envelope
Transient 

LSNATime domain
consistency

+ HIP
Time & space

domains
consistency

Conclusion
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� New large Signal characterization  with modulated signals

Challenges:

� Evolution of the LSNA to the characterization of RF complex signals

Future investigations

Synthesizer
(FRAC N )

Synthesizer
(FRAC N )

Synthesizer
(FRAC N )

Synthesizer
(FRAC N )

ADCADCADCADC

Clock
fclock MHz

DC - fclock /2MHz

SRD Diode

� Definition of a new calibration procedure

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


