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Prof. Carlo Carobbi
Universita degli Studi di Firenze
Facolta di Ingegneria

- Richiami e definizioni. Decibel e unita logaritmiche assolute. Attenuatori resistivi. Serie di
Fourier, serie di Fourier di onda quadra. Rumore termico, cenno a rumore granulare e
rumore di contatto 1/f. Densita di potenza di rumore e sua misura, banda equivalente di
rumore. Guadagno di potenza e funzione di trasferimento di un quadripolo. Fattore e cifra
di rumore. Cifra di rumore della cascata di N quadripoli non interagenti, discussione e
semplici applicazioni. Linee di trasmissione. Caso di linea corta rispetto alla lunghezza
d’onda chiusa in cc oppure in ca. Caso generale (sempre per I<<A). Analisi della cascata
infinita di celle L-C. Impedenza e funzione di trasferimento. Dalle costanti concentrate alle
costanti distribuite. Caso di linea infinita o adattata. Onda diretta, espressione matematica
(fasori e dominio del tempo in regime sinusoidale). Lunghezza d'onda, velocita di
propagazione, verso di propagazione. Relazione fra parametri per unita di lunghezza,
impedenza caratteristica, velocita di propagazione. Equazioni per tensione e corrente
lungo la linea di trasmissione, onda diretta e onda inversa, coefficiente di riflessione (lungo
la linea, al carico, al generatore). Rapporto d'onda stazionaria. Impedenza (lungo la linea e
all'ingresso). Espressione esplicita di tensione e corrente. Analisi con le riflessioni multiple
e interpretazione fisica del risultato dell'analisi. Potenza che fluisce lungo la linea. Potenza
diretta e inversa, potenza disponibile. Perdite: come si modificano le equazioni
fondamentali per includere le perdite. Attenuazione nei cavi. Casi particolari (generatore
e/o carico adattati). Comportamento reale dei componenti. Resistore. Condensatore
(inclusa derivazione induttanza parassita interna per condensatore con armature piane
parallele e circolari). Induttore (con discussione del fenomeno del rilassamento e perdite
per isteresi del materiale magnetico). Induttori mutuamente accoppiati. Corto-circuito
(inclusa trattazione dell'induttanza interna per filo tondo e formule per cavo coassiale).
Circuito aperto.

- Analizzatore di spettro. Presentazione del visore (REF_LEV, SPAN, dB/, CF, ATT, RBW.
Ricevitore supereterodina, oscillatore locale, segnale, frequenza intermedia. Mixer:
sovrapposizione del segnale e delloscillatore locale, ipotesi Vy>>V (prodotti di
mescolazione esclusi). Non linearita intrinseca del mixer e prodotti di mescolazione nfotfs
(nfotmfs se Vs diviene comparabile con V,). Equazione di sintonia: fo-fs=fir. Rivelatore di
inviluppo a valle di filtro + amplificatore a frequenza intermedia. Necessita di bande di
risoluzione variabili per risolvere componenti spettrali vicine (Af=B3z). Perdita di
conversione del mixer. Analisi della risposta del filtro IF (filtro gaussiano) ad un segnale
con frequenza modulata linearmente. Condizione T > k-F/Bs>. Esempi numerici. Criteri
progettuali analizzatore di spettro (fr<fLo,mn<fir, frequenza di taglio inferiore). Livelli
caratteristici: sensibilita, livello esente da spurie, punto di compressione ad 1 dB,
danneggiamento mixer, danneggiamento attenuatore. Gamma dinamica massima e
gamma dinamica istantanea. Tecnica per la verifica di eventuale comportamento non-
lineare. Cifra di rumore dell'analizzatore di spettro. Rumore rivelato e densita di probabilita
di Rayleigh. Filtro video e condizione T > k-F/(B3By). Valore medio del rumore sul display:
scala lineare e scala logaritmica. Vari metodi di determinazione della cifra di rumore
dell'analizzatore di spettro: 1) dal livello di rumore medio in scala lineare, 2) dal livello di
rumore medio in scala logaritmica, 3) dal valore efficace della tensione rivelata, 4) da
valutazione di un fattore di cresta. Tracking generator e misura della perdita di inserzione,
relazione con funzione di trasferimento. Normalizzazione delle tracce. Risposta



dellanalizzatore di spettro agli impulsi. Banda equivalente impulsiva. Casi in cui |a
frequenza di ripetizione degli impulsi & maggiore o minore della banda di risoluzione.

- Impedenzimetro vettoriale (HP 4193A, 400 kHz — 100 MHz): schema a blocchi e principio
di funzionamento (con cenno a schema di principio di rivelatore di fase e traslazione di
frequenza per tramite di campionamento). Parassiti (residenza fisica, valutazione ordine di
grandezza, misura, modello circuitale, depurazione della misura dagli effetti dei parassiti).
Analisi specifica nel caso del parassita ohmico-induttivo. Specifiche dello strumento,
accuratezza, ripercussione degli errori di misura di ampiezza e fase su parte reale e parte
immaginaria dell'impedenza, esempi.

- Wattmetro bolometrico (HP 432A, 10 MHz — 18 GHz): schema a blocchi semplificato e
principio di funzionamento (basato su impiego di termistori). Dettaglio dello schema dello
strumento di misura e della testa bolometrica HP 478A, 10 MHz — 10 GHz (in particolare
evidenziata la separazione del circuito di polarizzazione da quello RF). Cenno alla
necessita di mantenere la potenza dissipata sul termistore costante al variare della
frequenza (DC vs. RF, considerazioni su effetto pelle e parassiti). Specifiche. Misure di
precisione con wattmetro bolometrico: effetto del disadattamento del wattmetro e del
generatore (fattore di calibrazione, correzione per riflessioni multiple).

- Cenno al principio di funzionamento dell'accoppiatore direzionale (linee accoppiate in
mezzo omogeneo).



Simulation and automatic code generation for real time embedded systems using
ScicosLab and Erika/Linux

Tutors:
Simone Mannori - ScicosLab developer (www.scicos.org, www.scicoslab.org)
Paolo Gai - Evidence S.r.I.
Claudio Macchiavelli - I.A.F. (Industrial Automation Freedom, Lugano, CH)
(http://www.iafreed.com/)
Matteo Morelli - RTSS developer (Robotics Group at Centro "E. Piaggio”, University of Pisa.
http://rtss.sourceforge.net/)
Roberto Bucher - SUPSI Lugano

Location
Florence University - Plesso didattico, Viale Morgagni 40, Firenze, ITALY

Time
3 days (3 day course)
19/20/21 October 2010
Morning : 9:00 - 13:00
Afternoon : 14:00 - 17:00
Open Talk : 17:00 - 19:00
Web page:

http://erika.tuxfamily.org/scilabscicos/scicoslabcourse2010.html

Registration
Registration is mandatory:
https://www.softconf.com/b/scicoslab2010/cgi-bin/scmd.cgi?scmd=people&pageid=0

Languages
- Italian as default spoken languages, English and French on request; books and documents in
English.

Target audience
- Students, engineers and scientists working with complex simulations and control systems.

Prerequisites

- A personal computer (Linux/ Windows/ Mac 0Sx)

- A clean USB key for file exchange

- Internet access is not required but could be useful

Note for Windows users: some exercises require the presence of a C compiler. Under Linux "gec" is
installed as default (check with "gcc -v"). Windows users must install Visual C/C++ Studio Express
2008 (this version is freely downloadable from Microsoft's web site).

References

- The new Yellow Book: Modeling and Simulation in Scilab/ Scicos With Scicoslab 4.4,
Stephen L. Cam pbell, Jean-Philippe Chancelier, et Ramine Nikoukhah

- On line documentation available here: http://www.scices.org/documentations. html

Rationale

This three days course is a general purpose introduction to the art of dynamical systems simulation
and automatic code generation for real time embedded systems using ScicoslLab/Scicos. We will
make references and comparisons with Matlab/Simulink, Kepler and Ptolemy. The course is
focused on ScicosLab/Scicos, ERIKA and Scicos-FLEX.



Day One: "Basic".

Morning sessions

1./ "ScicosLab /Scicos for dummies like us" - Simone Mannori (2h)
- Gentle introduction to simulation and automatic code generation

- ScicosLab basic features

- What you can simulate with ScicosLab?

- Scicos: a dynamical systems simulator

- What a dynamical system is ?

- Mathematical models

- Differential equations (explicit and implicit form, linear and non linear)
- Modelica language and simulations

- Continuous, discrete and hybrid systems

- How Scicos works (basic introduction to the internal structure)

- Basic example of code generation

2./ "Real Time Operating Systems for embedded applications” Paoclo Gaij (2h)
- Introduction to embedded real-time systems

- Introduction to the FLEX Boards

- Introduction to the OSEK/VDX operating system and ERIKA Enterprise

Afternoon: workshops

1./ Simone Mannori

- How to configure and compile ScicosLab

- Familiarisation with ScicosLab

- Familiarisation with Scicos

- How to build a diagram and run a simulation
- Import/export simulation's results

Exercises (physical modeling, simulation, controller design)
- DC motor

- Three pole RC filter

- Coupled mechanical oscillator

Basic block development.

2./ Paoclo Gai (1h)
- OSEK/VDX and ERIKA Enterprise Examples



Day two:
"We do ScicosLab - and other things - not because they are easy but because they are
hard".

Morning sessions

1./ "Scicos guts. No guts, no glory." - Simone Mannori (2h)

- ScicosLab from a development standpoint

- How to develop a simple Scicos block from scratch

- Interfacing function structure

- Computational function structure

- Examples of Scicos block development

- Scicos-FLEX: the Flexible Code Generator from Switzerland (Roberto Bucher)
- Scicos-FLEX for dummies

- Scicos-FLEX internals

2./ "Real Time Operating Systems for embedded applications" Paolo Gai (2h)
- OSEK/VDX and ERIKA Enterprise examples

- Details on the code generation using ScicosLab and the FLEX Boards

Afternoon: workshops

1./ Simone Mannori

- Scicos Blocks development with examples

- Scicos FLEX code generator usage and development (with examples)

2./ Paolo Gai (0,5-1h)

- Code generation examples with ScicosLab



Day three: "ScicosLab is who ScicosLab does".
Morning sessions

1./ Real time communications: CAN and Powerlink - Claudio Macchiavelli ( 1.5h)
- Earlier communication between Control and Sensor/actuator
- Up-to-Date realtime digital communication overview
- Network time and the collision problem.
- Protocol type: Master/Slave or Distributed ?
- The real world:
- Netwok: RS485, CAN, Ethernet, WLAN
- Protocol: canOpen, Powerlink, Ethercat
- IEEE1588:A Precision Clock Synchronization Protocol
- The future

2./ ScicosLab/Scicos for robotics applications - Matteo Morelli (1.5h)
- RTSS: the Robotics Toolbox for Scilab/Scicos

- Rigid motions representation in R~3 with ScicosLab

- Robotic manipulators modelling with Scicoslab

- Robotic control systems simulation with Scicos

- Robot control code generation for use with Linux RTAI

3./ Wrap up session - Simone Mannori, Pacle Gai - (1h)
- What you have learnt during the last three days?

- What you have enjoyed/hated?

- Suggestion to improve the training course.

Afternoon: workshops

1./ Claudio Macchiavelli
- CAN in practice with IAF servo drives and ScicosLab based host station

2./ Matteo Morelli

- Installation of RTSS

- Review of some basic examples included in the distribution

- Kinematic models of simple planar manipulators from real data

- From task space to joint space references via kinematic inversion

- Adding dynamics to the models: dealing with real inertial and actuator/transmission parameters
- Joint space centralized control of the planar manipulators developed above

- Controller code generation for Linux RTAI



IL DECIBEL (1 di 2)

Il decibel '(si abbrevia, dB) e definito da

P
2

dove P; ¢ P, sono due POTENZE e i] logaritmo ¢ in base 1(.

L'utilita del decibel risiede ne] fatto che

1-11 logaritmo comprime i valorj alti ed espande i valori bassi = il dB
viene usato quando si ha a che fare con grandezze caratterizzate da una

grande dinamica;

2 - Prodotto, divisione ed elevazione a potenza (operazioni molto comuni
nella tecnica) vengono trasformati, usando j dB, in operazioni piu semplici:

somma, sottrazione e prodotto, rispettivamente.

Se P e P, sono potenze dissipate sulla stessa resistenza, R allora;

P V2/R 1%
10 log (4) =10log | ~X—|=2010 (-_1)
| P, V%/R s V,

P I’R I
10 log (—1) =10log | 2= | =20 log (——1>
PQ I%R Iz

Anche il rapporto di tensioni e correnti puo essere espresso in dB (usando
il fattore 20 anziché 10 a meltiplicare) ma sofo se tensioni e correntj
corrispondono a potenze dissipate sulla stessa resistenza R.

Carobbi, I decibel pag. 1



IL DECIBEL (2 di 2)

Nella tecnica con il dB si usa esprimere anche il valore di grandezze

assolute.
10 log (T%W)’ dove la potenza P ¢ espressa in mW

dB(pV) 20 log (-1—%‘7), dove la tensione V' ¢ espressa in pV

Se P ¢ la potenza dissipata ¢ V la tensione applicata alla stessa resistenza.

F =50 Q allora
P(in dBm) =V (in dB(uV)) —107

Seguendo il principio su cui € basata la definizione di dBm e dB(pV) si

possono definire dB(W/m?), dB(xV/m), dB(uT), dB(...).

Tabella dei loga.ritmi

p,/P, - 10 log(P, /P,)

0
- 3.0
~ 4.75
6.0
7.0
~ T1.75
8.9
9.0
9.5

© 00D U W

Carobbi, II decibel pag. 2
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LIVELLO DI RUMDRE MEDIQ SPETTRO ANALZIATORE

—40dBm

EFFETTO  DELLA VARIAZIONE DI B3

200 .00MHz 2MHz

10dB/

oA W

Fo2F6 48

] L . o —~103.4 dBm

5l 287

—40dBm

ATT 0dB ¥F 10HZ

200 . 20MHZ 2MHz

10dg/

7w

(U
(D)

Ben & 356 kiiz

Ta27.0 48

T T T T T T T 94,0 4Bm

S 20ms/

ATT 0OdB VFE 100Hz



DISTURBO f LARGA BANDA [N coErENTE (RUMORE TERHICO)
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SPETTROANALIZZATORE: MESCOLAZIONE IN FONDAMENTALE

|
1
!4 Max Tuning Range N '_~ Max LO Tuning Range |
lﬁ_ﬁ_ﬂ_qﬂi |
/ -’_ U | |
Il J Input Filters \\ I ‘
| AL }
| \ l ]
| \ | | f
. I l I | J 2
1 - - . I A— :
fgmin faMan: ‘lfhle fsMaz+fIF
.—'iE" LO min —PEM&':

Si impone che Ja frequenza intermedia sia al di fuori della gamma

di segnale che s1 intende osservare. In questo caso si sceglie:

fsMaz <FrIF
condizione garantita dal filtro passa-basso, taglio a e

fsMaz<Ffr <frFp
Vogliamo anche:

~(

f smin
Per coprire U'intervallo f__ . < f < f_, deve aversi:
Fsmint F17 = FL0min S L0 < Fr0 Maz > f s Maz+ F1F
In pratica si adotta:
' fLOmin< :fsmin_{_fIF
(per cui il segnale del LO appare sul visore all’estremo sinistro della
gamma di sintonia)

Infine: f, ... > ~0 < f;z (con filtro passa-alto, Fiagtin .8 o prisn)



Consente di effettuare misure scalari di perdita di inserzione (insertion

Joss), funzione di trasferimento, coefficiente di riflessione (insieme a un

ponte a radiofrequenza).

Principio di funzionamento (DUT = Device Under Test):

SPECTRUM ANALYZER

Fs FiF
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[Panoramicitae selettivital

Per ottenere panoramicita (alta f;p =~ foarax) € selettivita (By stretta)

sono necessari piu stadi di conversione.

Esempio:

1.=26Hz =L Gtz T T0M:  Tipe20 M L,
A HIXT HIX.2 HIx.3 HIX & RIVELRTORE

el | . . ¢ ; .%__

Y

'FO.:FZ T4 Ghz —}:QL'.',:: 18 GHz '?ouo-:’[& 0 Mz ~F0LJ+"'- T+ Mtz

G DI RANPA

> L’ultimo filtro a frequenza intermedia ha banda Bj; variabile da
pannello frontale (sequenza 1—3—10) e determina la selettivita dello

strumento.

> La prima frequenza intermedia determina la panoramicita (intervallo di

frequenze di sintonia)
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LIVELLI TIPICI DI SEGNALE NELLO SPETTROANALIZZATORE

+30 dBm (1 W)
+20 dBm (0.1 W)
+10 dBm (10 mW)
0 dBm (1 mW)

— 5 dBm
—10 dBm (0.1 mW)

—40 dBm (0.1 uW)

—~110 dBm (1074 W)

+ Danneggiamento attenuatore di ingresso

4 + danneggiamento mixer

T &
+—Y_  — Compressione 1 dB

-
[ + Distorsione trascurabile

L4

L ~ 70 dB di gamma dinamica
(istantanea)

-+ esente da spurie
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NON 'PEALITA' DEL RES|ISTORE

L = 5nH.
C =0.15pF



NON IDEALITA DEL CoNDENSKTORE (1 Dt 2)

00l | 10 o 100 110’

L=3nH
R=10% © (F intz, R w )



NON IDEALITA DEL. CONDENSHTORE (2 D\ 2)

a01

110 °

B [=10nH

C =10000pF R =10*f
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Figure 15. Impedance vs. Frequency of some single hole
: shield beads in Fair-Rite 43 material. 43 mate-

rial is a nickel zinc material with medium per-
meability and high resistivity, recommended for

frequencies up to 200 MHz.
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CASO PHRTICOLARE PER -

B 10 Raw Cp= 0.5 pF
C=100¢F l.rz—.ﬂo nH
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SECTION I

OPERATING INFORMATION

3-1. INTRODUCTION.

3-2, The Model 432A Power Meter operates with HP
temperature-compensated thermistor mounts such as
the 8478B and 478A Coaxial, and 486A Waveguide
series. The frequency range of the 432A with these
mounts in 50-chm coaxial systems is 10 MHz to 18
GHz; in waveguide systems it is 2.6 GHz to 40 GHz.
Full-scale power ranges are 10 microwatts to 10 mil-
liwatts (-20 dBm to +10 dBm). Extended measure-
ments may be made to 1 microwatt (-30 dBm). The
total measurement capacity of the instrument is di-
vided into seven ranges, selected by a front-panel
RANGE switch.

3-3. This section describes general operating pro-
ceduresand error analysis in microwave power meas-
urement. Application Note 64, available on request
from Hewlett-Packard, is a detailed analysis of mi-
crowave power measurement problerns and techniques,

3-4. CONTROLS, CONNECTORS, AND
INDICATORS.

3-4. The froni and rear panel controls, conneciors,
and indicators are explained in Figure 3-2. The de-
scriptiong are keyed tothe corresponding items which
are indicated on the figure.

3-6. The COARSE ZERO and FINE ZERQ controls
zerothe meter. Zero carry-over from the most sen-
sitive range to the other six ranges is within =0.5%.
Whenthe RANGE switch is set to COARSE ZERO, the
meter indicates thermistor bridge unbalance, and the
front panel COARSE ZERQO adjust is for initial bridge
balance. For best results, FINE ZERO the 432A on
the particular meter range in use.

3-7. The CALIBRATION FACTOR swilch provides
discrete amounts of compensation for measurement
uncertainties related to SWR and thermistor mount
efficiency. The Calibration Factor value permits di-
rect meter reading of the RF Power delivered to an
impedance equal to the characteristic impedance (Zg)
of the transmissionline between the thermistor mount
and the RF source. Calibration Factor values are
marked on the label of each 847T8B, 478A or 486A
Thermistor Mount. For further details, see Para-
graph 3-23.

3-8. The MOUNT RESISTANCE switch on the front
panel compensates for three types of thermistor
mounts. Model 486A waveguide mounts can be used
by setting the MOUNT RESISTANCE switch to 1008
or 200Q, depending on the thermistor mount used
(refer to Table 1-2}. The 200% position is used with
Models 478A and 8478B Thermistor Mounts.

3-9. The rear -panel BNC connected labeled RE-
CORDER provides an output voliage linearly propor-

tional to the meter current; 1 volt inte an open cir-
cuit equals full-scale meter deflection. This voltage
is developed across a 1K resistor; therefore, when a
recorder with a 1K input impedance is connected to
the RECORDER output, approximately .5 volt will
equal full scale deflection. This loading of the RE-
CORDER output has no effect on the accuracy of the
432A panel meter.

3-10. A digital voltmeter can be connected to the
rear panel RECORDER output for more resolution of
power meter readings. When a voltmeter with input
impedance greater than 1 megohm is connected to the
RECORDER output, 1 volt equals full scale deflec-
tion.

3-11. The 432A has two calibration jacks (Vyyg and
Veomp) on the rear panel that can be used for pre-
cision power measurements. Instrument error can
be reduced from +1% to +(0.2% of reading +5uW) of
reading, depending on the care taken in measurement
and on the accuracy of auxiliary equipment. For fur-
ther informaticn, see Paragraph 3-27.

3-12. BATTERY OPERATION.

3-13. The Model 432 A Option 001 instruments contain
tery and conventicnal 115~ or 230-volt line power. A
rechargeable Nickel - Cadmium battery is factory -
installed in Option 01 instruments. The same battery
can be ordered and later installed on thebasic instru-
ment, thereby modifying the power meter to the Op-
tion 01 configuration. The battery installation kit,
HPpart number 00432-6016 (including battery charg-
ing circuit) maybe ordered from the nearest HP Sales
Office.

3-14. It is recommended that the Model 4324 be
battery-operated for up to eight hours, and then al-
lowed to recharge eight hours, or overnight. Coatin-
uous battery operation is possible for up to about 20
hours, but then the battery must be recharged for
about 20 hours.

3-15. The 432A avtomatically operates on its inler-
nal battery whenever the ac line power is disconnected
and the POWER switch is ON, When the battery ter-
minal voltage decreases f{ar enough to force the power
supply voltage regulator out of regulation, then the
meter stops working and the meter indicator points
to the red RECHG BAT. To recharge the battery,
simply commect the 432A to ac line power, and turn it
ON.

3-16. Battery Storage. Storage of the batteryator
below room temperature is best. Extended storage at
temperatures above room temperature will reduce
cell charge, butwill not damage the battery; however,
the battery should nol be stored where the tempera-
ture exceeds 60°C (+140°F),
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3-17. MICROWAVE POWER MEASUREMENT
ACCURACY.

3-18. A number of factors affect the overall accuracy
of power measurement. The major sources of error
are mismatch error, RF losses, and instrumentation
error.

3-19. Mismatch Error. In a practical measurement
situation, both the source and thermistor mount have
SWR, and the source is seldom matched to the ther-
mistor mount unless a tuner is used. The amount of
mismatchloss in any measurement depends on the total
SWR present. The impedance that the source sees is
determined by the acutal thermistor mount impedance,
the electrical length of the line, and the characteristic
impedance of the line, Z,.

3-20. Ingeneral, neither the source nor the thermis-
tor mount has Zp impedance, andthe actual Impedances
are known only as reflection coefficients, mismatch
losses, or SWR. The power delivered {o the thermis-
tor mount - and hence the mismatch loss - can only be
described as being somewhere between two limits.
The uncertainty of power measurement due to mismateh
loss increases with SWR. Limits of mismatceh loss
are generally determined by means of a chart such as
the Mismatch Loss Limits charts in Application Note
64. The total mismatch loss uncertainty in power
measurement is determined by algebraically adding
the thermistor mount losses to the uncertainty caused
by source and thermistor mount Zq match,

3-21. RF Losses. RF losses account for the power
entering the thermistor mount but not dissipated inthe
detection thermistor element. Such losses may be in
the walls of a waveguide mount, the center conductor
of a coaxial mount, capacitor dielectric, poor con-
nections within the mount, or due to radiation.

3-22. Instrumentation Error. The degree of inability
of the instrument to measure the supstitution power
supplied tothethermistor mount is calledpower meter
accuracy or instrumentation error. Instrumentation
error of the Model 432A is «1% of full scale, 0°C to
+55°C.

3-23. CALIBRATION FACTOR AND EFFECTIVE
EFFICIENCY.

3-24. Calibration factor and effective efficiency are
correction factors for improving power measurement
accuracy. Both factors are marked on every HP ther-
mistor mount. Calibration factor compensates {or
thermistor mount VSWR and RF losses whenever the
thermistor mount is connected to an R¥ source without
a tuner. Effective efficiency compensates for ther-
mistor mount RF losses when a tuner is used in the
measurement system,

3-25. When the 432A CALIBRATION FACTOR selec-
tor is set to the appropriate factor indicated on the
thermistor mount, the power indicated by the meter
is the power that would be delivered by the source to

3-2
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a load impedance equal to Zg. More aceurately the
relationship between indicated power and the power
availableto a Zgload is givenbythe follo wing equation;

P indicated (1 « o.p ,52
Pl e TSRO
o Calibration Factor
where
P0 = power available to a Z, load
pg = source reflection coefficient
Py, = thermistor mount reflection coefficient
< SWR -3
P = SWR+1

Calibration factor does not compensate for source
VSWR, or for multiple reflections between the source
and the thermistor mount,

3-26. Tominimize mismatch between the source and
the thermistor mount without a tuner, insert a low
SWR precision attenuator in the transmission line be-
tween the thermistor mount and the source. Since the
mourt impedance {and corregponding SWR) deviates
significnatly only at the high and low ends of a miero-
wave band, it is generally umecessary to use a tuner,
A tuner or other effective means of reducing mismatch
error 15 recommended when the source SWR is high
or when more accuracy is required. For further de-
tails, there is a complete discussion of microwave
power measurement with emphasis on modern tech-
niques, accuracy considerations and sources of error
available in Application Note 64.

3-27. PRECISION POWER
MEASUREMENT.

3-28. GENERAL,

3-28. Using precision instruments and careful pro-
cedures, measurement error can be reduced to 20.2%
of reading +0.5 uW. The technique involves: 1) zero-
ing thebridge circuits and measuring the bridge amp-
lifier output voltage difference with a digital volt-
meter, then 2jconnecting RF power to the thermistor
mount and then measuring the bridge amplifier output
voltage difference again, and 3} ealeculating the power
[rom the two measurements, Figure 3-1 shows the
instrument setup for de substitution measurement,
Use an HP Model 3440A DVM. with a 3443A Plug-in
Unit or a digital voltmeter with equivalent accuracy.

3-30. MEASUREMENT PROCEDURE.

a. Connect the DVM to the 432A rear panel Vcomp
and VRy outputs. Be sure that the digital voltmeter
input is isolated from chasses ground.

b. Turn off, or disconnect the RF power from the
thermistor mount.
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3440A7 3443A

e ==

®

THERMISTOR MOUNT
RF 'N*Eb%i‘:‘:ﬂ]

Figure 3-1. Precision Power Measurements
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¢. Zero the 432A with the COARSE ZERO controls.

d. Depress the FINE ZERQO toggle, and measure
the differential voltage (Vo) between Voomp and Vyp.

Vo = Voomp™ Ve

e. Release the FINE ZERO toggle, and turn on, or
reconnect the R¥ power (o the thermistor mount.

f. Measure again the differential voltage (V1) be-

5 i 7
tween VRF’ and V cCoMP-

V1 = Veomp - VRF
g. Measure Yeoomp to ground.

h. Calculate incident RF power from the equation

e W .
p._ o H2VeompVi- Vo) +Vy- ¥y
RY EFFECTIVE EFFICIENCY

where
R is the thermistor mount resistance.

3-3
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Figure 3-2. Front Panel Controls, Connectors and Indicators (Sheet 1 of 2)
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POWER. Instrument power ON/OFF switch;
connects either ac line voltage or internal bat-
tery (Option 01 only) to internal voltage regu-
lator circuits. When ac power is on, optional
battery charging circuit operates.

COARSE ZERO. Meter zero adjustment; set
the RANGE selector to COARSE ZEROQO, turn
OFF the RF power, and adjust to zero the meter.

RANGE. Power measurement range selector;
selects ranges from 0.01 to 10 milliwatts (-20
to +10 dBm). COARSE ZERQ setting is used
to zero meter with no power applied to ther-
mistor mount.

FINE ZERO. Electronic zero that balances
the compensation bridge with zero RF input.
To zero meter during operation, close the
switch momentarily. Be sure that RF power
is not applied to the thermistor mount whenthe
FINE ZERQ switch is depressed.

Meter. Indicates power input to thermistor
mount in milliwatts and dBm. To use the dBm
scale, note the value in dBm of the range in
use, and subtract from it the reading on the
meter dBm scale.

Mechanical Meter Zero. Sets meter suspen-
sion so that meter indicates zero. To adjust
the zero:

a. Turn POWER switch off.

b. Turn the adjustment screw clockwise until
the indicator falls below zero and comes
back up to zero again,

¢. Turn the adjustment very slightly counter-
clockwise to free up the mechanism from
the adjusting peg.

CALIBRATION FACTOR. Amplifier gain com-
pensation selector. Set to correspond to the
calibration factor printed on the thermistor
mount body. See Paragraph 3-23 for more
mformation.

MOUNT RESISTANCE. Selects resistance
equal to that of mount in usetobalance bridges.
Table 1-2 lists Hewlett-Packard thermistor
mounts and resistances. Setwith meter power
OFF, when mount is initially connected to the
meter,

Thermistor Mount Cable Connector. Inputcon-
nectoriocr 5-1/2 foot cable that connects to the
478A, 8478B, or 4B6A Thermistor Mounts.

Figure 3-2. ¥ront Panel Controls, Connectors and Indicators (Sheet 2 of 2)

3-5
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Figure 3-3. Rear Panel Controls and Connectors {Sheet 1 of )
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Line Fuse. For 115 Vac or for 230 Vac use
1/8 amp fuse.

Power Cord Input. Use power cord provided,
HP 8120-0078. Line power limits are 115,/230
Vac, 48-440 Hz. Check FUSE rating and po-
sition of line voltage slide switch before con-
necting power.

Line Voltage Slide Switch: Set to line voliage
available (115 or 230 Vac, 48-440 Hz).

Mounting Hole for Option 002 Model Power
Meters. Thermistor mount cable connector

installed and wired in parallel with front-panel
connector. Only one mount at a time may be
used with the power meter.

Vrr Input. Connected directly to RF bridge.
Used for calibrating power meter with HP 8477A
Power Meter Calibrator. Also used for pre-
cision power measurements.

Veoump Iopul.  Connected directly to compen-
sationbridge. Used for calibrating power meter
with HP 84774 Power Meter Calibrator. Also
used for precision power measurements.

RECORDER OUTPUT. Voltage from meter
circuit to be used for recorder or digital volt-
meter. Output impedance is approx. 10000

Figure 3-3. Rear Panel Controls and Connectors (Sheet 2 of 2)
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Figure 3-4. Turn On and Zeroing Procedure (Sheet 1 of 2)
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Connect the thermistor mount and cable to
THERMISTOR MOUNT connector. Refer to
Table 1-2 for recommendedthermistor mounts
and their frequency ranges.

Meter Mechanical Zero:

a. With the instrument turned off, rotate the
meter adjustment screw clockwise until the
pointer approaches the zero mark fromthe
left.

b. Continue the clockwise rotation until the
pointer coincides with the zero mark. If
the pointer overshoots, continue rotating
the adjustment screw clockwise until the
pointer onceagainapproachesthe zero mark
from the left.

¢. Rotatethe adjustment screw about threede-
grees counterclockwise to disengage screw
adjustment from the meter suspension.

Set the MOUNT RES switch to correspond to
the operating resistance of thermistor mount
used.

Turnthe 432A POWER switch ON. Forbattery
operation, the AC LINE indicator doesnot turn
on.

Set the RANGE selector to COARSE ZERO and
then zero the meter with the COARSE ZERO
serewdriver adjustment.

Note

The power meter should be zeroed with the
RF power source turned off, or the mount
disconnected from the source.

Set the range selector to the 0.0l mW range;
then depress the FINE ZERO switch until the
meter indicates zero.

Note

Range-to-range zero carryover is less
than £0.5% if the meter zero has been ad-
justed (step 2 above), and the instrument
has been properly zero-set on the sensi-
tive range. For maximumaceuracy, zero-
set the power meter on the range to be
used.

Set CALIB FACTOR switch to correspond to
Calibration Factor imprinted on HP thermistor
mount label,

Apply RF power to the thermistor mount. Power
is indicated onthe meter directly in mW or dBm.

Figure 3-4. Turn On and Zeroing Procedure

3-9




Section IV

Principles of Operation

RE 1N >—

hF
ERIDGE

Vie

S xHz

MULTIVIERATOR

4-0

COMPERSATION
FRIDGE

5

Vegeo

Model 4324

o)

Kr

Figure 4-1. Simplified 432A Block Diagram

Seiz | LILT
; ’gm_sf WIDTH PROFGRTIORAL
10 Vp T
Veowp + Ver | VOLTAGE- oM T
WIE  oee
i CORVERTER I
CROPPING i
g FLECTRONIC
SURMING SHITCH
LLLIRCUITE )
} AMPLIFLERS -—~er6_ ITUDE PROPORTIONAL
y T‘;“m , ':_‘fv Vi
conp~Ver i r
O raGE d m“f
O CALIBRATION FACTOR
AUTO-7ER0
CIRCUIT
\



Model 432A

Section IV
Principles of Operation

'SECTION IV
PRINCIPLES OF OPERATION

4.1, SIMPLIFIED DESCRIPTION

4-2, The HP 432A Power Meter consists of two ma-
jor sections: the bridge and meter logic assemblies.
The instrument also contains an auto zero circuit
which provides for automatic zeroing on any range.
A simplified block diagram of the HP 432A is shown
in Figure 4-1,

4-3. The bridge section contains circuits which form
two self - balancing bridge circuits when a suitable
thermistor mount is connected to the 432A., Each
bridge is automatically brought to bal ance by the ac-
tion of a high gain de amplifier feeding power to the
top of the bridge. The voltage at the top of the RF
bridge, VRYF is responsive to both input RF power
and ambient temperature changes. The voltage at the
top of the compensation bridge, VOOMP is responsive
only to ambient temperature changes. Knowing VRF
and VCOMP, the RF power can be calculated.

4-4. The meter logic section processes VRF and
VeoMp to produce a meter curreant proportional to
RF power. The sum (VRF + VCOMP) controls the
width of 5 kHz pulses. The difference (VoOMP -
VRF) is chopped, amplified and fed to an electronic
switchactuated by the controlled widthpulses. There-
fore, the meter current is pulses of variable height
and width with the meter indicating the average cur-
rent. (This process produces a meter current pro-
portional to (VRF *+ VcomP) (VR¥ - VCOMP). Par-
agraph 4-10 explains why this is necessary,

4-5. FUNCTIONAL BLOCK DIAGRAM

4-6. A functional block diagram of the 4324 power
meter is shown in Figure 4-2. The instrument com-
prises two major assemblies: bridge assembly Al
and meter logic assembly A2. Autozerocircuit A1A1,
which provides for automatic zeroing of the instru-
ment, is included as part of logic assembly Al.

4-7. The thermistor bridges are biased with direct
current from the bridge amplifiers. ¥ach bridge
amplifier supplies enough heating current to bring
the thermistor resistance to 100 or 200 ohms, de-
pending upon the setting of the MOUNT RESISTANCE
switch on the 432A. If one of the thermistor bridges
isunbalanced due to incorrect thermistor resistance,
an error veltage oceurs and is amplified by the bridge
amplifier. The error voltage is applied to the top of
the bridge and changes the power dissipation of the
negative temperature coefficient thermistor. The
change of power dissipation causes the resistance to
the thermistor to change in the direction required to
balance the bridge. Application of RF power to the
RF bridge heats the thermistor and lowers its resist-
ance. The bridge circuit responds by reducing the de
voltage applied to the top of the bridge thus maintain-
ing bridge balance.

4-8. If ambieni temperature causes changes in the
thermistor resistance, the bridge circuits respond
by applying an error voltage to the bridges to main-
tain bridge balance. The voltage at the top of the RF
bridge is dependent upon both ambient temperature
and the RF input. The voltage at the top of the com-
pensation bridge is dependent upon the ambient tem-
perature only. The power meter reading is brought
to zero with no applied RF power by making VCOMP
equal to VR§ s0 (VCOMP ~ VRF) equals zero. Since
ambient temperature causes both thermistors to re-
spond similarly, there will be no net difference be-
tween the amplilier output voltages. Therefore, any
difference in output volrages from the bridges is now
due to RF power absorbed by the thermistor mount.

4-9. The RF bridge voltage, VRF, and the compen-
sation bridge voltage, Vogmp, contain the "RF
power"” information. To provide a meter reading
proportional to RF power the de voltages (Vgpy,
VoomMmp) must be Iurther processed by the meter
logic circuits,
4-10. The required processing is derived as fol-
lows: Pgis absorbed power needed by the RF therm-
istor to bring its resistance to R ochms (100 or 200
ohms). P, consists of two components: RF power
and de power supplied by the 432A. The self-balanc ing
action of the bridge circuit automatically adjusts the
de power 20 that the total power in the thermistor is
Po. This de power is relatedto the voltage VRF at
the top of the bridge by (VRF,"’Z)g,f'R. Thus

PU = RF power + DC power

VRE®

4R

= RF power +

4-11, R¥ power can be determined by measuring
VRF with and without applied RF power and then doing
some arithmetic. But this power measuring scheme
is neither convenient nor temperature compensated
(since P, changes with temperature). The 432A in-
troduces ancther thermistor bridge circuit exposed
to the same ambient temperature but not RF power
This eircuit includes adjustments (COARSE and FINE
ZERO) sothat the dc voltage VCOMP at the top of its
bridge can be set equal to VRF. Assuming matched
RFand compensation thermistors, VR¥0 (with no RF
power) and VCOMP remain equal with ambient tem-
perature fluctuation. They differ only when the RF
power to be measured is applied to the RF thermis-
tor. Thus, we have

VCOMP = VRFD when RF power = 0

and

¥i p)
- o + _COMP

Pa 4R

4-1
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Combining equations, we have:

vV

v
COMP2 _ . _RF2
iR RF power iR
or
v 2 - Vo2
i ___ comp RF
RF power in
- ._1_ A
= (Vecomr * Vrr)(Veomr = Vre)

4-12. Thus an RF power measurement reduces to
setting VCOMP = VRFQ (with zeroc RF power) ini-
tially, measuring VCOMP and VRF, and computing
with the above formula. The 432A carries out the
computation by forming the indicated sum and differ-
ence, performing the multiplication and displaying
the result on a meter.

4-13. The meter logic circuits change the two de
voltages totwo pulse signals which contain all the RF
power information. One of the signals will be a square
wave whose amplitude is proportional to VCOMP -
VRF. The other signal will have a pulse width pro-
portional to Vcomp + VRF.

4-14. The VCOMP - VRy signal is obtained by tak-
ing the de voltage outputs from the Al assembly and
applying them to a chopper circuit. This chopper
circuit is driven by a 5-kHz multivibrator. The out~
put of the chopper is a square wave signal whose am-
plitude is prpportional to VCOMP - VRF. The output
of the chopper is coupled to the range amplifier and
then to the calibration factor amplifier. The amplifi-
cation that the signal receives in these two amplifiers
depends upon the setting of the RANGE switch and the
CALIBRATION FACTOR switch. The output of the
calibration factor amplifier is V. This current is fed
to the electronie switch. A sguare wave current with
amplitude proportional to (VCOMP - VRF).

4-2

Mode] 432A

4-15. The VCOMP + VRF signal is oblained by tak-
ing the two dc voltages from Al assembly through
summing cireuit and feeding this voltage 1o a voltage-
to-lime converter. The voltage-to-time converter is
driven by a 5-kHz multivibrator. The output of the
voltage -to -time converter is a signal whose pulse
widih is proportional to the sum of VCOMP + VRFT.
This signal controls the electronic switch. From the
VCOMP ~ VR and VCOMP + VRF inputs, the elec-
tronic switch provides a 5-kHz pulse train whose am-
plitude is proportional to VCOMP - VR¥ and whose
pulse width is proportional to VCOMP + Vrp. The
pulse width is always 80 msec or less.

4-16. The bias circuit switch and filter provides a
zerc current reference for the meter circuits. This
isaccomplished by controlling the de bias to the first
stage of the calibration factor amplifier. This cir-
cuit, in effect, restores the de component {o the
square wave which has been amplified by ac coupled
amplifiers.

4-17. The meter is a 0-1 mA, full-scale meter that
has a capacttor across its terminals. The eapacitor
integrates the output pulses from the current switch
so the current into the meter is DProportional to the
time average of the input pulses. That is, the input
current to the meter is proportional to the product of
(Veome * Vre) (Yeomp - Virr)
! 2 2
* Yeomp/ - (Vgy)
4-18. The oulput from the meter is further iiltered
s0 the voltage al the rear panel RECORDER output is
suitable for use with either a digital voltmeter or X-¥
recorder. The RECORDER output voltage is returned
to the compensation bridge through the automatic zero
circuii when the FINE ZERO switch is depressed
The automatic zero circuit holds a correction volt-
ageat the inpuf of the compensation bridge amplifier,
sowhen the RFis zero, the meter indication will also
be zero.
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Note su

Impedenzimetro Vettoriale

HP 4193A

Carlo Carobbi per I’insegnamento di
Misure Elettroniche
(LM Ingegneria Elettronica-Universita degli
Studi di Firenze)



RF

m;.. V CHANNEL w.wmmwﬂw A-D Conv.
: h SAMPLER Reetifier
CURRENT ; g
TRANSFORMER | —= Vi | I CHANNEL
. ¥ sampLER
4 2 Ro
®
4 9.765kHz
DUT
@V v
DISPLAY < Svor O1
IVl or 1V
KEYBOARD :
LOGIC CONTROL
HP-IB (MICROPROCESSOR)
ANALOG 3
ouTPUT °
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Figure 8-1. Basic Block Diagram.
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Conversione di frequenza per tramite di campionamento

Si intende effettuare una conversione di frequenza di un segnale a radiofrequenza (RF). La
conversione avviene dalla frequenza del segnale RF, f,,, alla frequenza intermedia (IF), | -

tramite campionamento a frequenza f;. Nel caso in esame si ha [ << f,,. e f, comparabile o
inferiore a f, . Il segnale RF ¢ perfettamente ripetitivo.

Si assume che il campionamento consista nell’acquisire una porzione di segnale di durata 7 a
intervalli di tempo fissi T, =1/ f; . Poniamo il segnale

V(1) = Acos(wyt +¢) (1)
ed il segnale campionato
vs (1) =v(t)-s(2), (2)

dove s(¢) ¢ periodico di periodo T eper 0<¢<T ¢

1 O£Ltxr
5(f) = .
0 r=2t<T;

I1 segnale di campionamento s(f) pud essere sviluppato in serie di Fourier, e si trova

T w© Sin(nmsflz) Jjne, ({—1‘1'2]
o) = = SNTTST 2 pines .
(t) T, zﬂ nwgt 2 ¥

La (3) puo essere facilmente ricavata tenendo conto che la trasformata di Fourier di un impulso
unitario rettangolare singolo di durata 7 ¢

ed 1 coefficienti della serie di Fourier dell’impulso ripetuto con cadenza T, sono dati da

S, = LS (na)s) . Dalla (3) poi si ottiene facilmente

Ty

s(t):£+£i5in(nmsf/2)
g Ay gm HOEIZ

cos| nag (t—7/ 2)] : (4)

Sostituendo adesso la (1) e la (4) nella (2) si trova, dopo qualche passaggio,



()= %cos(mmt + ¢) ¥
5

Ar & sinf{no.t/2

fgﬁcos[(nws+a)RF)t+¢—-na)Sz-/2]+ (5)

Ar & sin(nagr [ 2)

TSZ

m nogT/2 cos[ (na; — oy )t —§—nawsz /2],

. . ; 1 . .
Dalla (5) si vede che se si sceglie f =ﬁ( fre+ f) dove N & un intero allora il prodotto di

mescolazione corrispondente a n=N nella seconda serie della (5) ha frequenza f,..

L’impedenzimetro vettoriale HP 4193A impiega questa tecnica per convertire alla frequenza
intermedia f,, =9,765625 kHz il segnale di tensione ¢ di corrente a frequenza f,, , compresa fra

400 kHz e 110 MHz, proveniente dalla sonda. N ¢ scelto dal microprocessore dell’impedenzimetro
a seconda della frequenza f,, impostata dall’utilizzatore ed ¢ compreso fra 1 e 44. La conversione

di frequenza non produce alterazioni del rapporto delle ampiezze e della differenza di fase dei
segnali di tensione e di corrente. La generazione del segnale di campionamento alla frequenza f;

avviene secondo lo schema in figura

RF + IF RF +

—

L

300WHz + RF

LPF Divider }
|

Sampling

300MHz - IF \ e +N o= Pulse ! Sampler

Generator RF + IF |
Mixer S |
|

=

Figure B. Mixing Down Method.



SECTION I

3-41. Probe and Test Fixture Residuals

3-42. The equivalent ecircuit of the 4i93A's
measurement port is shown in Figure 3-8, All
measured values displayed on the MAGNITUDE
and PHASE displays include the residuals of the
probe and the test fixture. Typical values of
each residual are listed in Table 3-8.

3-43, The econductive ecomponent of the
open-cireuit admittance of the equivalent cireuit
shown in Figure 3-8 is suffieiently larger than
the susceptive eomponent, e, at the frequencies
below 110MHz to be negligible.

3-44. Residuals <compensation can be made
using the following procedure :

(. Connect nothing to the test fixture {or
probe) and note the value displayed as
Zo,

(2) Short the test fixture (or probe) and
note the value displayed as Zs.

(3) Caleulate the DUT's actual impedance

using the equation given in Figure 3-9.

_______ ; Table 3-8. Typical Residuals at 100MHz
I PROBE AND |
TEST FIXTURE PROBE AND TEST FIXTURE[ R | L] C/
PROBE + 16099 A 0.5/ 10 2.4
PROBE+16099A + 16092A |0.5] 11 |3.5
PROBE+16099A +16093A |0.5] 12 |4.2
——————— PROBE+ 16099 A + 160088 |0.5] 12 7.9
Figure 3-8. Equivalent Circuit.
r— Residual Impedance —
I o Zs o
Zm | 4193A 20 DUT | Zx=R+jX
Zm =measured impedance, Zs =short-circuit impedance,
Zo =open-circuit impedance, Zx =DUT impedance.
|%2] = 4 #° + %
-1 &
= ik
tan R
where:
(1Zo]| cosém - |Zm| cosBy) » |Zm| + |Z4]
R = r . - - - - |Zs] cosgs
(|Zo| cosem - |Zm| cos6,)2 + (]Zm| sinGg - |2Z¢| siném)2
% (|Zol siném - |Zm] sinBy) * [Zm] - [Zo] - fzs] si
(|Zo| cosém - |Zm| cosBg)2 + (|Zm| sinby - |Zo| sinem)z ~ '™ i
[20 and 6o: Open circuit impedance and phase, respectively,
|Zs| and @s:

Short circuit impedance and phase, respectively.
Note

These equations assume that Z,>>Zs,

3-14

Figure 3-9. Residuals Compensation.




SECTION I

Table 1-3. Prebe Kit for 4193A

* Kit Part No.: 04193-87001

Reference HP Part Number Qty Description
) 04193-61151 1 PROBE
® 04193-61154 1 GROUND ADAPTER
® 04193-21008 1 PROBE SOCKET
@ 04193-61152 1 ENC ADAPTER
® 04193-61153 1 COMPONENT ADAPTER
SPARE N-TYPE PIN SET
04183-60153 1 Contains five spare N-type

pins (HP Part No.: 04193-21023)

SPARE PIN SET

@ 16095-60012 1 Contains ten spare N-type
pins (HP Part No.: 16095-29005 )
SPARE CLIP SET
04195-60151 1 Contains three spare clips
(HP Part No.: 0360-2065)
04193-61629 1 GROUND LEAD
@ 0419360152 1 PROBE KIT CASE

1-10



Parassiti - Capacita di circuito aperto

Residenza fisica, stima, misura (hp 4193A)

{ = 9.7 mm
d = 1.4 mm
D 2= 1.8 e

2me 02

os RS W: 0.33 pF

SONDA

C

G o == 022 pF

[=2.2cm
e 2 Croge 1 =220 pF
g = LAY pF

Carlo Carobbi - 9.



Parassiti - Impedenza di corto-circuito (hp 4193A)

Residenza fisica

(resistenza della spira parassita, R p» assunta trascurabile)

Carlo Carobbi

- 11 -



Parassiti - Resistenza di corto-circuito (hp 4193A)

Caratterizzazione analitica

Rs A RESISTENZA DEL
| SECONDARIO TRASFERITH
| AL PRIMARIO:
! ]
")
'S f
o
-t
d

¢
o g S
I

ﬁi’
|
=11
2
o

|

__f* R
Iﬂswfz—i-«fz‘}vz} fc
C s

[l
b2
=
£~

R, E UN PARAMETRO EQUIVALENTE
DIPENDENTE DALLA FREQUENZA

Carlo Carobbi
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Parassiti - Induttanza di corto-circuito (hp 4193A)

Caratterizzazione analitica

__INCREMENTO

[LOG]

|
I
l

P S, Wommis  — ——d— Ay WO YW  Waberh oot i

O
U
— |

il

L

&

~

2 2] .
N LN L,-L,/N?

24 72 L +(L-~L)/N?
L f‘}'f‘(LfL‘l), fz:fc-d B P ol

L, E UN PARAMETRO EQUIVALENTE
DIPENDENTE DALLA FREQUENZA

Clarlo Carobbi
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Parassiti - Impedenza di corto-circuito (hp 41 93A)

Confronto caralterizzazione analitica - misura

Per fare il confronto occorre conoscere i seguenti ingredienti:
Resistenza di richiusura del secondario della sonda R
Numero di spire N
Induttanza del secondario L

Valore asintotico dell'induttanza parassita LAF = p—L,/N*

- Dal manuale di servizio dello strumento:
1 == 50 Q
- Dalla misura di Z, si ricavano i valori asintotici:
RIF=R/N?=05Q, dacui N =10

LIF =8.3nH

Rimane da determinare I, autoinduttanza del secondario

Carlo Carobbi

- 14 -



Parassiti - Impedenza di corto-circuito (hp 4193A)

Confronto caratterizzazione analitica - misura

CRNALE-T g

|
|
x 1L

- [I‘ }
C&I-———J éw R Y. ELRB.

"
T

CANALE-
<CANALE-Y

NELAB.

L

IL FILTRO PASSA ALTO RIPRODUCE NEL CANALE DI TENSIONE
’EFFETTO PASSA ALTO DELLA SONDA DI CORRENTE

Vv _Yr1_2r
V"I ET R
N N
_ 1 _ I _ ‘ 2 T
i S RyCp =~ InL = 31.9 kHz, da cui L = 250 uH

Carlo Carobbi



Parassiti - Impedenza di corto-circuito (hp 4193A)

Confronto caratterizzazione analitica - misura

1 : ey ST S
Rs(ﬁ) l
O.B[F
06> o ]
i % - " T
05 S Jatel ane g B S L e
% |
0.4 I i Jé
i
! i |
|
. f ! j
a.2r i i |
| |
i 30 ;
0

i © R g

8'3 nﬁ MT__——E“‘M‘—*KW——Y k,@«..__*____ |
|
!
|
|

04 «E=1FEME w  f(mi)  [og]

Scarto medio calcolo-misura = 0.76 nH

Carlo Carobbi
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Effetti parassiti nelle misure di impedenza vettoriali

Conclusioni

CAPACITA PARASSITA DI CIRCUITO APERTO:

a) modella Deffetto delle correnti di spostamento fra la superficie

calda e fredda della sonda (ed eventuali adattatori) dell’impedenzimetro

b) dipende dalle caratteristiche geometriche della sonda e degli

adattatori

¢) non dipende dalla frequenza (perché ¢ una capacita)

Carlo Carobbi = 17 =



Effetti parassiti nelle misure di impedenza vettoriali

Conclusioni

IMPEDENZA DI CORTO-CIRCUITO, COMPONENTE RESISTIVA:

a) ¢ la parte reale dell’impedenza di inserzione della sonda di corrente

b) ¢ costante nell’intervallo di frequenze di misura dell'impedenzime-

tro hp 4193 A (400 kHz + 110 MHz)
IMPEDENZA DI CORTO-CIRCUITO, COMPONENTE INDUTTIVA:
a) ¢ la somma dell’induttanza della spira parassita (primario) con

'induttanza apparente dell’impedenza di inserzione

b) nell’intervallo di frequenze di misura dell’impedenzimetro cala al

crescere della frequenza tendendo asintoticamente ad una valore costante

Carlo Carobbi - 18 -



SECTION 1

Table 1-l. Specifications. (Sheet | of 5)

IMPEDANCE

MAGNITUDE

SPECIFICATIONS

Range, Display, and Resclution :

MEASUREMENT :

MAGNITUDE RANGCE DISPLAY RANGE DISPLAY (digit) RESOLUTION
106 00.00G to 19.990 3 1/2 10ms}
10088 000.08 to 199,980 3 1/2 100m?
1k§2 0.000kii to 1.999kQ 3 1/2 i
| 10k§2 00.00kQ to 19.99ks} 3 1/2 100
100ks: 000.k80 to120.k0 2 1/2 1k
Accuraey : See Table A, y
Range Mode : Auto and manual (up-down).
IMPEDANCE PHASE MEASUREMENT :
Range and Resolution :
MAGNITUDE RANGE DISPLAY RANGE RESOLUTION
108 18¢.0% to-180.0° 0.17
1008 180.0° to-180.0° BT
18 180.0° t0-18-0f0° g.1"
10k 180.0° to-180,0° 0.1°
100kQ 180, to-180.° i
Accuracy : See Table A.
Table A. Accuracies
MAGN T~ Test Frequency (Miz)
TU0E
RANGE 0.4 to 1016 10 to 40 40 to 110
vl |58 122818 of reading 43 counts]| 406.3% of reading 46 counts] HE- 54016005 of reading b caunts] | 4[(4.54C.181% of reading +4 counts]
e (i 74] f—g-f;f) degrecs tts‘zm,auré’z"} degraes (3 syo,zafa-%i} degrees H].}\‘-n‘iﬂfr"?ﬁ) degreas
i 7 |4 -n-‘i-r:"'f‘;: of reading +4 counts] [ +[3.0% of reading +4 counts] =1(2.640.0371)2 of reading +4 counts] +{{2.640.057F}% of reading +4 counts]
8 (20154534 30) gegrees +(2.300.035#%) degrees o4

3 3+H.ﬂ35f+%5~J tegrees

£(3.300.0356+3%) gegrees

i *E(J.E!*g ;"‘);uf reading +4 counts]

£[3.7% of veading €1 counts]

£L(2.740.116)3 of reading 44 county)

H{2.740.117)% of reading +4 counts)

ki 0 NS AR
B [201.6+L 5038y degrees $3.350.117+%) d {330, 111:35) %
#{ T grees HI 3001847 degrees (3. 3011145 degrees 3[3,3fu‘nn~?-; degrees
S
7 5Lr3(9r"-:;§n of reading ti counts)i+[{3.740.29F)3 of reading + counts] §s[ (0. 74+0.5300% of reading +4 counts 'H"‘“‘*a«‘*—"’
10ks e 3 1 i ““—-_H.__M__
B {+l] E"*I-?'?"S?-? degyrees #1740 a‘afa-l-.s-) degrees :wdm.a‘!ﬁ%} degrees g
3 £ BT —*h._,______
rea o 1158, ““‘M—-.__H____ i — —— =y o
| & I35 of reading +4 counts]) M__‘,—v-«;‘_%h__‘_ r_’.‘__‘.":’--{___r __”__j“;;-.-u;_:—::“__,»
L R == = — — - =
; T 5, T— I T —— e e TR
B 4{3.0 3 L2 « 57 dagrees e L ey " —— e
i [ el e — e -, R

Where, f 15 test frpquency in MHz, ana I

*:

Measurement accuracy 14 not spect Fied above 190ks

1§ numbar of MAGNITUDE display counts.

On the 10080 range, the small

zert "5 14 not counted fn Z.

1-4




Table 1-2. General Information

SECTION 1

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS
MEASUREMENT TIME

Normal Mode : Approximately 1 see. (typieal)
High Speed Mode :  Approximately 150 msec. (typical)

FREQUENCY SETTLING TIME
Approximately 5ms to 400ms
RANGING TIME
Approximately 1.2s
PROBE WITHSTAND VOLTAGE

DC: 50V maximum
AC: 5Vrms maximum

OUTPUT IMPEDANCE
Approximately 250 with 0.2 4F series capacitance
RESIDUALS
Resistance in series with DUT (Rs) :<0.550
Inductance in series with DUT (Ls) :<(4.9 'F-]‘i_.—O)nI-I“'2

Capacitance in parallel with DUT (Cp) :<0.1ipF

Peference Plone

Note

*1: DUT includes the probe pin.
*2: f is test frequency in MHz.

TEST SIGNAL LEVEL:

MAGNITUDE RANGE CURRENT Thru DUT (yArms)
1052 100
1008 100
1kQ 100
10k} 50
100ks 10

Note : Current through the DUT is constant for each magnitude range.

v

Accuracy: £20%

RESIDUAL FM
100Hzp.p for 1 thru LI0MHz at 100Hz BW.

SKIP ERROR
10 counts maximum at 2.5MHz, 5MHz, and 10Miz.




Mutuo accoppiamento fra linee
Carlo Carobbi, Dicembre 2009

Si considera il caso di mutuo accoppiamento fra linee parallele € identiche, immerse in un
dielettrico omogeneo e prive di perdite. La velocita di propagazione delle onde sulle linee & v. Le
linee hanno lunghezza £. 1 parametri per unita di lunghezza delle linee sono 1’autoinduttanza /, la
mutua induttanza /, , la capacita ¢ e la mutua capacita ¢, . Si pone:

L[
- [m I (1)
€
P
B -c, c+c, (2)

Le matrici L e C sono legate fra loro e si ha

/v 0
LC:[ 0 1/&} )

da cui, sostituendo la (1) e la (2) nella (3),

1

l(c+cm)—lmcm =—

¥ (4)
~lc, +1,(c+¢c,)=0

Dalle (4) si ottiene

1 1
V= e
\/l+k\/E
] . (%)
T_ C+Cm

La lunghezza d’onda ¢ A=v/ f, dove f ¢ la frequenza, ed il numero d’onda & B=2n/A.Si
definisce poi 1l fattore di mutuo accoppiamento k& che & dato da

[ ¢
k=m=_"nm
il &g, ©)

Assumiamo che una delle due linee sia alimentata da un generatore di tensione (linea G) e I’altra no
(linea R). La resistenza interna del generatore che alimenta la linea G e le resistenze che chiudono le
rimanenti tre porte (la porta non alimentata della linea G e le due porte della linea R) siano pari a
Z,,dove

1di2



Z; = L uiop (7)

c+c,

e rappresenta I’impedenza caratteristica di ciascuna linea (in presenza dell’altra).
Risolvendo le equazioni delle linee accoppiate per determinare le tensioni alle porte della linea R si
trova:

Ve | JOOl B . sin( 8L
o =T[i—-—0—+jmcmﬁzo}% (8)
e
KQ{_J L Ez}sm(ﬁﬁ) 1 ©)
FE 4 ] m 0 £
g [cos(ﬁﬁ)—%jsm(ﬁﬂ)}
1_ 2

dove ¥, ¢ la tensione di circuito aperto impressa dal generatore, V), ¢ la tensione alla porta
prossima al generatore mentre V, ¢ la tensione alla porta opposta. Dalla seconda delle (5) e dalla
(7) abbiamo

_.'"_=ZO2 (10

Se si sostituisce quindi la (10) nella (9) abbiamo ¥, =0, mentre sostituendo la (10) nella (8) si
trova

k
1-%*

Vae =J’V76sin(ﬁ£) (11)

2di2



