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Zdroje mikrovinnych signalov

» PolovodiCové zdroje a zosilnovacCe
« Triddy, tetrody

« Elektronky s postupnou vinou

« Klystrony , karcinotrony, magnetrony

Vysokovykonové vysokofrekvencéné systémy
« Koaxialne a vinovodné vedenia pre multi-megawattove systémy

* Vykonové feritové komponenty



Zdroje mikrovinnych signalov

Zakladné rozdelenie

* Polovodicove <———= -+ Elekirdnky
* Impulzné <t——> . S kontinualnou vinou
« Oscilatory <—> .« Zosilfovade

Uzkopasmove <——> . Sirokopasmové

Pevne <————> .« Preladitelné



Zdroje mikrovinnych signalov — polovodice

Frekvencény rozsah jednotky GHz az jednotky THz

Kontinualne vykony mW az W, impulzné jednotky kW

Materialy napriklad GaAs, GaN, SiC

V principe vSetky polovodiCoveé generatory mikrovinnych signalov pracuju s
vysokymi intenzitami elektrického pola na hranici prierazu Struktary.

Vyuziva sa oblast’ negativneho odporu na VA-charakteristike

Diédy produkuju prudoveé impulzy v mikrovinnej oblasti

Vybavené vhodnym externym rezonatorom predstavuju mikrovinny oscilator
s definovatelnou frekvenciou




Zdroje mikrovinnych signalov — polovodice

Diody pouzivané ako mikrovinné oscilatory:

* Gunnove diody

* Tunelové diody

 IMPATT — IMPact Avalanche Transit Time diode

 BARITT — Barrier Injection Transit Time diode

« TRAPATT — Trapped Plasma Avalanche-Triggered Transit diode
« DOVATT — Double-Velocity Avalanche Transit-Time diode

«  QWITT — Quantum Well Injection Transit Time diode

« TUNETT -

 Read diode



Zdroje mikrovinnych signalov — Gunnova diéda
* Vynajdena v roku 1963 J. Gunn-om, ktory pozoroval mikrovinnu nestabilitu
prudu GaAs krystalom (Cyril Hilsum-Ridley-Watkins efekt)
* Vyuziva sa oblast negativheho odporu na VA-charakteristike

« Gunnova didda je zdroj impulzného vysokofrekvenéného prudu nie presne
definovanej frekvencie, preto sa vzdy vklada do mikrovinného rezonatora
(vinovodny, koaxialny, dielektricky, YIG...)

« Ladenie frekvencie podla typu pouzitého rezonatora (mechanicke,

elektrické)
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http://www.st-andrews.ac.uk/~www_pa/Scots_Guide/RadCom/intro.html

Gunn diode
From Wikipedia, the free encyclopedia

A Gunn diode, also known as a transferred electron device (TED), is a form of diode used in high-
frequency electronics. It is somewhat unusual in that it consists only of N-doped semiconductor
material, whereas most diodes consist of both P and N-doped regions. In the Gunn diode, three
regions exist: two of them are heavily N-doped on each terminal, with a thin layer of lightly doped
material in between. When a voltage is applied to the device, the electrical gradient will be largest
across the thin middle layer. Eventually, this layer starts to conduct, reducing the gradient across it,
preventing further conduction. In practice, this means a Gunn diode has a region of negative differential
resistance.

The negative differential resistance, combined with the timing properties of the intermediate layer,
allows construction of an RF relaxation oscillator simply by applying a suitable direct current through
the device. The oscillation frequency is determined partly by the properties of the thin middle layer, but
can be adjusted by external factors. Gunn diodes are therefore used to build oscillators in the 10 GHz
and higher (THz) frequency range, where a resonant cavity is usually added to control frequency. The
resonator can be based on a waveguide, coaxial cavity, YIG resonator, etc. Tuning is done
mechanically, by adjusting the parameters of the resonator, or in case of YIG resonators by electric
current.

Gallium arsenide Gunn diodes are made for frequencies up to 200 GHz, gallium nitride materials can
reach up to 3 terahertz.

The Gunn diode is named for the physicist J.B. Gunn who, in 1963, produced the first device based
upon the theoretical calculations of Cyril Hilsum.



Zdroje mikrovinnych signalov — Gunnova diéda
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Zdroje mikrovinnych signalov — Gunnova diéda

Spring

Epoxy centering guide

Stop
LEYLS

1/4 wave choke

1/4 wave choke

Gunn diode

Mounting screw

Pictures: http://www.jcoppens.com/pov/index.php




Zdroje mikrovinnych signalov — Gunnova diéda

UUT
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Pictures: http://www.itnu.de/radargrundlagen/bauelemente/be59-en.html



Zdroje mikrovinnych signalov — Gunnova diéda
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Zdroje mikrovinnych signalov — IMPATT diéda

IMPact Avalanche Transit Time diode

Skupina didd vyuzivajuca kvantové javy na hranici prierazu

Frekvencie typicky stovky GHz

V porovnani s ostatnymi polovodiCmi poskytuje pomerne vysoke vykony

K funkcii potrebuje externy ladeny rezonator

Vyzaduje vySSie zaverné napatie (100V)

Nedostatok vysoky fazovy Sum (lavinové procesy v blizkosti prierazu)
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IMPATT diode
From Wikipedia, the free encyclopedia

An IMPATT diode (IMPact ionization Avalanche Transit-Time) is a form of high power diode used in high-frequency electronics and microwave devices. They are typically made with
silicon carbide owing to their high breakdown fields.

They operate at frequencies between about 3 and 100 GHz or more. A main advantage is their high power capability. These diodes are used in a variety of applications from low
power radar systems to alarms. A major drawback of using IMPATT diodes is the high level of phase noise they generate. This results from the statistical nature of the avalanche
process. Nevertheless these diodes make excellent microwave generators for many applications.

Device structure

The IMPATT diode family includes many different junctions and metal semiconductor devices. The first IMPATT oscillation was obtained from a simple silicon p-n junction diode
biased into a reverse avalanche break down and mounted in a microwave cavity. Because of the strong dependence of the ionization coefficient on the electric field, most of the
electron—hole pairs are generated in the high field region. The generated electron immediately moves into the region, while the generated holes drift across the p region. The time
required for the hole to reach the contact constitutes the transit time delay.

The original proposal for a microwave device of the IMPATT type was made by Read and involved a structure. The Read diode consists of two regions as illustrated in figure. (i) The
Avalanche region (p1 — region with relatively high doping and high field, ), in which avalanche multiplication occurs and (ii) the drift region (p2 — region with essentially intrinsic doping
and constant field, , in which the generated holes drift towards the - contact. Of course, a similar device can be built with the configuration, in which electrons generated from the
avalanche multiplication drift through the intrinsic region.

A fabricated IMPATT diode generally is mounted in a micro wave package. The diode is mounted with its high — field region close to the Copper heat sink so that the heat generated
at the junction can be conducted away readily. Similar microwave packages are used to house other microwave devices.

Principle of operation

At breakdown, the n — region is punched through and forms the avalanche region of the diode. The high resistivity i — region is the drift zone through which the avalanche generated
electrons move toward the anode.

Now consider a dc bias VB, just short of that required to cause breakdown, applied to the diode in the figure. Let an ac voltage of sufficiently large magnitude be superimposed on
the dc bias, such that during the positive cycle of the ac voltage, the diode is driven deep into the avalanche breakdown. At t=0, the ac voltage is zero, and only a small pre-
breakdown current flows through the diode. As t increases, the voltage goes above the breakdown voltage and secondary electron-hole pairs are produced by impact ionization. As
long as the field in the avalanche region is maintain above the breakdown field , the electron-hole concentration grow exponentially with t. Similarly this concentration decay
exponentially with time when the field is reduced below at the negative swing of the ac voltage. The holes generated in the avalanche region disappear in the p+ region and are
collected by the cathode. The electrons are injected into the i — zone where they drift toward the n+ region. Then, the field in the avalanche region reaches its maximum value and
the population of the electron-hole pairs starts building up. At this time, the ionization coefficients have their maximum values. Although follow the electric field instantaneously the
generated electron concentration does not because it also depends on the number of electron-hole pairs already present in the avalanche region. Hence, the electron concentration
at will have a small value. Even after the field has passed its maximum value, the electron-hole concentration continues to grow because the secondary carrier generation rate still
remains above its average value. For this reason, the electron concentration in the avalanche region attains its maximum value at , when the field has dropped to its average value.
Thus, it is clear that the avalanche region introduces a 900 phase shift between the ac signal and the electron concentration in this region.

With a further increase in t, the ac voltage becomes negative, and the field in the avalanche region drops below its critical value. The electrons in the avalanche region are then
injected into the drift zone which induces a current in the external circuit which has a phase opposite to that of the ac voltage. The ac field, therefore, absorbs energy from the drifting
electrons as they are decelerated by the decreasing field. It is clear that an ideal phase shift between the diode current and the ac signal is achieved if the thickness of the drift zone
is such that the bunch of electron is collected at the n+ - anode at when the ac voltage goes to zero. This condition is achieved by making the length of the drift region equal to the
wavelength of the signal. This situation produces an additional phase shift of 900 between the ac voltage and the diode current. The waveforms of the ac voltage, they injected
electron charge, and the current induced in the external circuit.
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Zdroje mikrovinnych signalov — elektronky

» Elektronky s mriezkou (gridded tubes)
— Tridda, tetréda, diakréda, klystroda (IOT)
« Klystrony
— Elektronky s rychlostnou modulaciou elekrénového zvazku
— Klystrén, reflexny klystron
« Elektronky s postupnou vinou (travelling wave tubes, permaktron)
— So Spiralovou Strukturou, s viazanymi dutinami
« Elektronky s prekrizenym polom (crossed-field tubes)
— Magnetrdn, karcinotron
» Elektronky s rychlou vinou (fast wave tubes)

— Peniotron, Gyrotron, Ubitron

A. S. Gilmour, Jr.: Microwave tubes. Artech House 1986. ISBN 0-89006-181-5
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Electron device evolution —

1 MW

100 kW

technology solutions. CWRF08 workshop, CERN, Geneva 2008

10 kW

Zdroj: Michel Caplot — New generations of RF amplifiers: from gridded tubes to dual
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Zdroje mikrovinnych signalov — tetrody

Zdroj: sukromny archiv



Zdroje mikrovinnych signalov — tetrody

Zdroj: sukromny archiv



Zdroje mikrovinnych signalov — tetrody

Zdroj: sukromny archiv




Zdroje mikrovinnych signalov — klystron

zvazku

Elektronka, ktora vyuziva princip rychlostnej modulacie elektronového

Vyvinuta druhej polovici 30-tych rokov 20. storocCia

Frekvencie: stovky MHz az desiatky GHz

RF In

Vykony kontinualne: jednotky kW az jednotky MW, impulzné: stovky MW

Electronibe T8 ———
il Drift Space Y
Anode / : EHOT :O \ Collector
Cathode Resrgr):zllior Reslé)‘;gg)r

Picture: Henke, Siemann: Microfabrication for millimeter wave accelerators
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Electron device evolution - Kiystrons & 10Ts

Scientific
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Zdroj: Michel Caplot — New generations of RF amplifiers: from gridded tubes to dual
technology solutions. CWRF08 workshop, CERN, Geneva 2008



Zdroje mikrovinnych signalov — klystron

Input Output
Cathode Collector
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Picture: www.cpii.com/mpp/products/images/KLYMOOV.GIF



Zdroje mikrovinnych signalov — klystron

* Rezonancné dutiny

— Interné: dutiny su nedelitefnou suc€astou Struktury elektronky. Su vystavené
plnému vakuu a su v priamom kontakte s elektronovym zvazkom. NajCastejSie
vykonoveé klystrony s uzkym frekvenCnym pasmom.

— Externé: vakuova Cast obsahuje keramické ,,okna“ transparentné pre VF signal,
kde sa z vonku nasadia externé rezonancné dutiny. Siroky rozsah ladenia
frekvencie, menej vykonné klystrony pre univerzalne aplikacie (TV vysielacCe)

« PocCet rezonancnych dutin urCuje Sirku pasma, zisk, ucinnost, skupinové
oneskorenie kystronu

— Bezné klystrony maju 2 az 7 dutin

— Viac dutin, vysSie Q: vysoky zisk, ucinnost, skupinové oneskorenie. Mala Sirka
pasma

— Menej dutin, nizSie Q, vhodné ladenie: velka Sirka pasma, nizke skupinové
oneskorenie, maly zisk

22



Zdroje mikrovinnych signalov — klystron

Fazovy Sum klystronu

— Zvlnenie napajacieho napatia spésobuje modulaciu intenzity elektronoveho
zvazku -> amplitudova modulacia

— Zvlnenie napajacieho napatia taktiez moduluje rychlost elektronového zvazku ->
fazova modulacia

— Priklad 400MHz/300kW klystrény pre LHC: 1% zvinenie napajacieho napatia
spbésobuje cca. 30kW AM a 8° PM

Aplikacie klystronov
— Nizke vykony (~1kW): satelitné komunikacie, TV vysielaCe
— Stredné vykony (~100kW): priemysel, radary

— Vysokeé vykony (~1MW): urychlfovace Castic, jadrova fuzia
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Zdroje mikrovinnych signalov — klystron

)

300kW/400MHz klystron pre
urychlova¢ LHC

Katoda

ok -

Vstupna rezonancna dutina

o

Vystupna dutina a vystupny
vinovod

Kolektor
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=== Vacuum Electron Device Limitations CWRI
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Bohlen, Thomas Grant, Microwave Power Products Division, CPI, Palo Alto



Zdroje mikrovinnych signalov — reflexny klystron

« Reflexny klystron ma len jednu dutinu a je to oscilator, nie zosilfiovac
* Nizky vykon (typicky do 1W)

* Frekveclny rozsah az do stoviek GHz

Output Loop
Electron Beam

Cathod
atho e I {-(—--...‘ Repeller Electrode
; P

Accelerating —
Anode

Picture: A. S. Gilmour, Jr.: Microwave tubes 26



Zdroje mikrovinnych signalov — TWT

« Zosilnovacia elektronka vyvinuta v roku 1942 (Travelling Wave Tube)

* Vykony kontinualne: jednotky kW az stovky kW, impulzné: desiatky MW

« Frekvencie: jednotky GHz aZ stovky GHz

electron-emittin focus _
cathode . electrode RF input RF output

electron beam A magnetic field

.
heater electron gun collector

& 2004 Encyclopaedia Britannica, Inc.

Picture: Encyclopedia Britanica
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Zdroje mikrovinnych signalov — TWT

* Elektronovy zvazok moduluje pomala ELM vina letiaca paralelne s nim

 Pomala vina sa ziska bud' Spiralou, alebo sustavou viazanych

rezonancnych dutin

« Ak je rychlost zvazku blizka rychlosti ELM viny navzajom interaguju

- Elektrénovy zvazok interaguje po celej dizke Spiraly

Picture: A. S. Gilmour, Jr.: Microwave tubes
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Zdroje mikrovinnych signalov — TWT

Pri napajacom napati 10kV leti elektronovy zvazok rychlostou cca. 0,1 ¢
Rezonancné dutiny limituju Sirku pasma
TWT so Spiralou

— Takmer neobmedzena Sirka pasma (realne zhruba 1 oktava), ale nizky zisk
TWT s dutinami maju vyssSi zisk, ale Sirku pasma len 10-20%

— Vysoké vykony (jednotky MW)
Pridanim reflektoru je mozné ziskat oscilator (Backward Wave Oscillator)
Vyuzitie

— Mikrovinné zosilnovace

— Vysielace, radary

— Satelitné komunikacie

— Vedecké pristroje pouzivajuce ,exoticke” signaly
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Zdroje mikrovinnych signalov — polovodicoveé
zosilnovace

Parametre polovodiCovych prvkov sa neustale zdokonaluju a uz zacCinaju
byt zaujimavé pre zosilnovacCe vyssSich vykonov

Typicka architektura polovodi€oveho zosilhovaca

— Masivna paralelna kombinacia modulov nizSieho vykonu

Vyhody
— Zosilnovac je postaveny z relativne dostupnych prvkov

— Zlyhanie jedného prvku nema dopad na €innost' celku

Problemy
— ZloZitost, rozmery, potencialne velké skupinové oneskorenie
— Straty v zlu€ovacoch vykonu

—  Statistika !
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Electron device evolution — solid State Devices

Solid State
amplifiers

:\ | |

1 MW \
Si/GaAs \/\ LN
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<+—— ABclass —
< > —

PWM (S-class) ‘ C class

— < <+

E class
| - Fclass _|, . AB J
TW ) class
1 MHz 1 GHz

Zdroj: Michel Caplot — New generations of RF amplifiers: from gridded tubes to dual
technology solutions. CWRF08 workshop, CERN, Geneva 2008



SULEIL 200 kW (4 x 50 kW)
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Jeden 50 kW modul
polovodiCového zosilfiovaca
250 kW/352MHz
(Soleil, Francuzsko)

330 W amplifier module




Jeden 50 kW modul
polovodiCového zosilfovaca
250 kW/352MHz
(Soleil, Francuzsko)
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Polovodicovy zosnnovac
250 KW/BRMHz '
(Scmll Francuzsko) |
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Vysokovykonové vysokofrekvencné systémy
Niektoré vedeckeé experimenty vyzaduju extrémne vysoké hodnoty
elektromagnetickych poli (napr. 150MV/m v CLIC)

Typicke aplikacie:
— UrychlovacCe Castic
— Plazma, Jadrova fuzia

— Armada

Koaxialne a vinovodné vedenia
Vykonove feritové komponenty

Vykonoveé zosilfiovace
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Vysokovykonové vysokofrekvencéné systémy

Zakladné problémy: vysoké intenzity elm poli, Ohmické straty, skin efekt,
vykonova hustota

Vysokeé intenzity poli - priklad vinovod WR2300 pri 1MW/352MHz:

— a=58,4cm; b=28,4cm, amplituda napatia médu TE10 cca. 32kV

Ohmické straty - priklad vinovod WR2300 pri 1MW/352MHz:

— Otlm o = 1,2 mdB/m, straty cca. 300W na meter dizky

Skin efekt - priklad konektor pre 500hm koaxialne vedenie 1MW/200MHz

— prud cca. 150A v 10um povrchovej vrstve materialu konektora

Vysoké vykonova hustota — priklad 100kW vinovodny atenuétor dizky 60cm,
vinovod WR2300

— Stratovy vykon cca. 15W/cm? vo ferite (velmi zly vodic tepla)
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Vysokovykonové vysokofrekvencéné systémy

=AF

B nicrowave
Cirkulator
) 2998MHz
' 3MW Spickovy vykon
3kW RMS vykon
e B2 ]

~65cm

Cirkulator
352MHz

1,2MW kont. vina
vinovod WR2300

Zdroj: AFT Microwave



Vysokovykonové vysokofrekvencéné systémy

gy -

@ nicrowave

Feritovy vektorovy modulator
(amplitudal/faza)

2998MHz

3MW 8Spickovy vykon

3kW RMS vykon

Zdroj: AFT Microwave

4-Portovy izolator
2856MHz
65MW Spickovy vykon

@ nicrowave



Vysokovykonové vysokofrekvencéné systémy

Zdroj: sukromny archiv

Feritova, vodou
chladena zat'az
300kW/400MHz

VInovod WR2300,
poloviCna vyska, 4 sekcie
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Vysokovykonové vysokofrekvencéné systémy

Koaxialny prepina¢ 2x2

Kompenzator tepelnej
expanzie vykonového
koaxialneho vedenia

Zdroj: sukromny archiv



Vysokovykonové vysokofrekvencéné systémy

Zdroj: sukromny archiv
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