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2 Definition of S-parameters

As function of
frequency f,

b(f,) =8,/ a(fo)+S,(fo)a,(fy)
b,(fo) =55 (fo) a(fo) + S5, (fo) ay(fy)

» S-parameters are a behavioral model
» S-parameters describe completely the linear behavior

» S-parameters cannot be determined properly with one measurement
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n Measuring S-parameters

fo 50Q 500 fo
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with i representing different experiments _
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!Example: Packaged FET
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S-parameter Measurement
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i S-parameter Measurement with De-embedding
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Nonlinear Behavior - Intermodulation Generation
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“/ - NMDG Engineering

Leading beyond S-paramelers

Vector Signal Analyzer Display

What is the meaning of this measurement?
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» Complete Characterization of Active Components

Realistic
Stimulus

Measurement System

<
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e Representation Domain||e Physical Quantity Sets
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- Time (t) - Voltage/Current (V, 1)
-  Freq-time
(envelope)
Characterization

Realistic
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» Small-Signal Network Analysis: S-parameters
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I Measurement System

! im

Transistor
a, RFic a,

System
by b,

Experiment 1

|:> ali 9 bli b a2i b b2l'

50Q2 5002

Measurement System

Transistor
a, RFic a,

Superposition

)

with i representing different experiments

*/ NMDG Engineering
Leading beyond S-paramelers

System
b, b,

Experiment 2

e Analysis
b, =S,,a, + 5,4,
b, =[S,,a, +S,,a,
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i Large-Signal Network Analysis

Measurement System
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Stimulus
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i Large-Signal Network Analysis in a nutshell

Measurement System
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'| Vector Network Analyzer

Response
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" Large-Signal Network Analyzer

Response
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" Acquisition in LSNA

Sampling Converter

——*—/ —»| Filter >
——#—/ —»| Filter >

—-*—/ —»|Filter >
— —»|Fi >
#—»{ Filter

Qe

Capturing broadband HF signals (harmonics and modulation)
using low-frequency data - acquisition
requires samplers

PC Acquisition Unit
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" Representation Domain: Continuos Wave Signal

All voltages and currents or waves are represented by a

fundamental and harmonics (including DC)

Freq. (GHz)

Freq. (GHz)
DC1 2 3 4
Z1 [
DUT
Freq. (GHz)
IZ;C1 2 3 4 > €7
4=
Complex Fourier T»
coefficients X, of
waveforms Freq. (GH2)

DC1 2 3 4
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Freq. (GHz)

DC1 2 3 4
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" Representation Domain: Amplitude and Phase
Modulation of Continuos Wave Signal
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o © Copyright 2005 NMDG Engineering 20
*/ NMDG Engineering

Lobakiy boyond S-patanistirs Certain slides are with permission from Agilent Technologies



" Representation Domain: Periodic Modulated Signals

Phase
Amplitide/v
Phasor
req. (GHz)
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With proper processing the class of signal is extendable to any type of multi-tone signal

Freq. (GHz)
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|
erracticaI Limitations of LSNA

e Large-Signal Network analysis will be performed using
periodic stimuli

- one - tone and harmonics
- periodic modulation and harmonics
- other types of multi - tones are possible

e® The devices under test maintain periodicity in their
response
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"LSNA Calibration

F,=1GHz

Modulation

Source
. . Reference
Calibration Planes
_aDUT_ _am_
1 ) 1 . .
,PUT Linear b  Regular VNA Calibration
Lo 'Relationsh'ip o T « Power Calibration (power meter)
2 a; » Phase Calibration (pulse gen)
_szUT_ _bén_
Actual waves Measured
at DUT waves
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" Measurement Traceability

Relative Cal Phase Cal Power Cal

Agilent
Nose-to-Nose EQOS
Standard (*)

(NIST) (demonstrated
already with NIST)

National Standards

(*) Licensed to Maury and NMDG
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!Available Large-Signal Network Analyzers

MT4463B - 50 GHz

MT4463A - 20 GHz
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" Active HF Component Characterization

Requirements
DC IV Modulation
Characterization MT4463A/B Characterization
=
Small-Signal ez
Large-Signal -

Adding Adding
... DC Capability ... Modulation Capability
Accurate
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Active Passive
Tuning Tuning
Under different
Adding Impedance Conditions Add}"iers
... 1u
... Pre-match Tuner © Copyright 2005 NMDG Engineering 28
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!Example: Packaged FET

Commercial available FET in fixture =)

Test
Port 2

- \ Bias Control

Test

@ Port 1
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‘1_ b ¢

I

One connection
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o
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Resolution BW: 1000 Hz S —
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& BE ont £ Local |
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Large-Signal Measurements - CW - voltage/Current

5

/ NMDG Engineering
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Large-Signal Measurements - CW - voltage/Current
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F
Large-Signal Measurements - CW - voltage Waves
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i DC-IV curve and RF Load Line (1)
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=
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i DC-IV curve and RF Load Line (2)
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m
Large-Signal Measurements - Modulation - voltage/Current
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Large-Signal Measurements - Modulation - voitage/Current

Zoom into one of the spectral components (fundamental frequency)
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m
Large-Signal Measurements - Modulation - voltage/Current
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m
Dynamic AM/AM and AM/PM (two-tone 10kHz spacing)
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m
Dynamic HDA (two-tone 10kHz spacing)
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H Component Characterization with Passive Tuners
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Input and Load Impedance under CW

AR R T e ——— [Memure ] srve Mesnremert > Mesnas Cortrunsty () Messrig e | -'.J
T iana Desplay =181x]
A 2] 1| owamiciner | Snthcharts | Dy i, e | Dynamcron | = ® rowmrm e o
Jrr— et oo
Cushom 2eh [~ Cusbom 2o [~
Input Impedance f Load provided
" ! e of component to component
torrs, impectarcn | w02 O EXD) wskm: [0 horms. trpectarce 7 | w0051 )= [-0.0075 | ekt 25
“Short” ' £
fommiar oo | - = Terminated ===
= B 1|z o | [maure ] Sro msnsware €7 Mesrs Cortrunisy () Masnsvg = e
Input Impedance f Load provided - —
of component 0 to component ez I —
d iy o
.
50 Ohm Terminated P I
Tuning
Custom Jch [ | Custom 3ch [
Input Impedance zf Load provided -
of component 0 tocomponent
L4 | -]:I

© Copyright 2005 NMDG Engineering 44

J"T’ . s
'/ NMDG Engineering Certain slides are with permission from Agilent Technologies
Leading beyond S-paramelers



!I
DC-IV curve and RF Load Line with “Short”
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Input and Load Impedance under CW
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i DC-IV curve and RF Load Line with “Towards Open”

“Towards Open” Terminated
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. Integration with Load-Pull Software

LSNA Power Block Diagram
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all aspects of
the component behavior

j{ NMDG Engineering

Leading beyond S-paramelers

iy snpw - [Contour Fisted Pull Display] E
GB Rl Ed View Refererceflans Window Help

S| 2w

Fixed Load Pull
Freg = 2.0000 GHz
T3ource: 0.0000< 0.00

Fout max = 13.46 dEm
at  0.,1741< -88.1%

5 contours, 0.50 dBm scep
{11.00 to 13.00 dBm)

Gt max = 6.46 dB
at 0.1741< -88.1%

3 contours, 1.00 dB acep

(6.00 to 8.00 dB)

Speca: OFF

Label:

RFIC Test

For Help, press F1

#istort]| (3 @ S ® BB ConmendP.. | [E] Mcosolt Ex.. | @8 Soow - Micr,.. | B2 arosofi.. <] ([ Visual sowrc.. |

1.321< 138

© Copyright 2005 NMDG Engineering

48

Certain slides are with permission from Agilent Technologies



. Real-Time Component Characterization - Setup
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Real-Time Component Characterization
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. Transistor Model Verification in ADS
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» The model is brought into the same state as the real component
» The simulated response should be equal to the measured response for a good model
» The comparison is done at the essential data, common to both: Voltage and Currents

© Copyright 2005 NMDG Engineering 52

NMDG Engineering Certain slides are with permission from Agilent Technologies

Leading beyond S-paramelers



H Outline

Review of S-parameters
Theory of Large-Signal Network Analysis
The Large-Signal Network Analyzer
The Calibration
Active Component Characterization

— under CW stimulus

— under modulation stimulus

— in non-50 Ohm environment
Modeling

— Model verification

- Measurement-based behavioral model
Conclusions

*/NMDG Engineering
Leading beyond S-paramelers

© Copyright 2005 NMDG Engineering 53

Certain slides are with permission from Agilent Technologies



n Measurement-based Behavioral Modeling
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Measurement based Behavioral Model in ADS
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Conclusion

e A Network Analyzer for active component characterization has been
presented

e |t measures the essential information (voltage and currents at
component ports) to characterize the nonlinear behavior
- accurately and completely
- in a unified way from transistor to system
- under realistic conditions
e The Network Analyzer is ideal to study the behavior from small-signal
to large-signal with one connection using simple and complex signals
e The Network Analyzer is ideal to certify models

e The Network Analyzer is ideal to create behavioral models
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