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1) JEET (Junction Field Effect Transistors)
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Fig. 1. The structure of JFET and its operation

(a) When Vgg (Gate-source voltage) has not been supplied
(b) When Vg (Gate-source voltage) has been supplied



J-FET tranzistor s kanalem N
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J-FET tranzistor

J-FET s kanalem N
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(a) n-channel and (b) p-channel
JFET circuit symbols



2) Tranzistory MOSFET v ochuzovacim modu

Pt1 nulovém napéti na fidici elektrodé G jsou vodivé mezi DS
Negativni napéti na G snizuje vodivost mezi DS
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The ztructure of depletion type MOSFET and its operation

(@) When Vgg (Gate-source voltage) has not been supplied
(b} When Ve (Gate-source voltage ) has been supplied



Tranzistory MOSFET v obohacovacim modu

Pt1 nulovém napéti na fidici elektrodé G jsou nevodivé mezi DS
Pozitivni napéti na G zvySuje vodivost mezi DS

Fig. 3. The structure of enhancement type MOSFET and its operation

(al When Vas (Gate-source voltage) has not been supplied
(b} When Vas (Gate-source voltage) has been supplied



Depletion MOSFET

Construction
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The construction of an n-channel Depletion MOSFET
(D-MOSFET) is shown.
* The source and drain N regions are formed In a
high resistivity P-type substrate.
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Enhancement MOSFET

The E-MOSFET operates only in the enhancement
mode and has no depletion mode. It differs In
construction from the D-MOSFET In that it has no

structural channel.
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E-MOSFET Transfer Characteristic

The main difference for an E-MOSFET is that the
device conducts only when Vg is +ve, and only when
Vs IS greater than the threshold voltage V.. The rest

of the behavior is similar to the enhancement mode of
a D-MOSFET.
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Priklad nastaveni pracovniho bodu pro ochuzovaci
mod tranzistoru MOSFET s difundovanym kandlem N
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Priklad nastaveni pracovniho bodu pro obohacovaci
mod tranzistoru MOSFET s indukovanym kandlem N
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P-channel MOSFETs :

The structure of a depletion mode p-channel
MOSFET is shown.

Gate

Sﬁurﬂel I l Drain

T s 8% %Y
p P-channel p l \
i G EE BE & & B BB &5 §6 & §6 &8 &8 - ."‘-\\,'

Silicon Dioxide
Insulator




n and p regions are opposite to those of the n
channel D-MOSFET

holes are repelled or depleted from the channe
as Vg becomes more positive

Vs IS POsItive

Vs can be either positive or negative
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Priklad nastaveni pracovniho bodu pro obohacovaci
mod tranzistoru MOSFET s difundovanym kanalem P

pracovni bod lezi v obohacovacim rezimu V ;<0



Complementary MOS (CMOS) :

When an n-channel E-MOSFET and a p-channel E-
MOSFET are formed on the same piece of silicon,

they can be combined to form a complementary pair,
known as CMOS.

The basic operation of CMOS is as an inverter :
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Prehled druhu tranzistoru MOSFET




Vystupni charakteristiky tranzistoru MOSFET

— It could be divided as the ohmic region, the saturation (=active) region, and the cut-off
region.

Ohmic region:

Saturation region:

Cut-off region:

o A
==— CJhmic

Constant resistance region. If drain-to-source voltage is zero, the drain
current also becomes zero regardless of gate—to-source voltage. This
region is at the left side of Vgs — Vasin = Vps boundary line (Vgs —
Vasin) = Vps = 0), and in this region, even if the drain current is very
large, the power dissipation could be maintained by minimizing the
Vosion)-

Constant current region. It is at the right side of Vg — Vasan = Vos
boundary line, and in this region, the drain current differs by the gate—
to-source voltage, not by the drain-to-source voltage. Here, the drain
current I1s called saturated.

It is called cut-off region, when the gate-to-source voltage is lower than
Vagin (threshold voltage).
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Fig. 6. Output Characteristics



Prevodni charakteristika MOSFET
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Fig. 7. Transfer Curve



Zesilovace s tranzistory MOSFET
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Biasing: In the example above, the DC offset of the input 15 at 1.5V, so that the transistor 15 working in
the saturation region when the magnitude of the AC input 1s limited. However, 1f this offset 1s etther too
high or too low, the gate voltage mav go beyond the saturation region to enter etther the triode or the
cutoff region. In either case. the output voltage will be severely distorted. as shown below:
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Tranzistory POWER MOSFET
(V-MOS POWER FET)

82  The field-effect transistor in RF power applications

Aluminum Sio Aluminum

i n" substrate 1

‘; Drain
A B

3-5 Comparison of the power MOSFET structure with ordinary MOSFET geometry, A The
VMOS structure of the new power units, Source-drain current path is vertical through
the four semiconductor regions. B. A previous MOSFET configuration—limited to sig-
nal-level power,
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82  The field-effect transistor in RF power applications

Aluminum Si0 Aluminum

Source Gate

ordinary MOSFET geo
VMOS structure of the new power units. Source-drain current path isgverrgsgﬁ{?ng}?

the four semiconductor regions. B. A previ - -
nalevel power. » . A previous MOSFET configuration—limited to sig-

V-MOS - mozZn¢ vétsi proudové zatiZzeni, vyhoda pro vykonove
aplikace, vétsi plocha "drainu” tzn. lepSi chlazeni

-jeden metalicky gate reguluje dvé vertikalni proudové drahy
-je mozn¢ davat na drain vétsi napéti diky epitaxni n- vrstvé

-je mensi kapacita mezi GD, to je vyhoda pro RF aplikace



Vyhody POWER MOSFET v RF aplikacich (nejen)

-netrpi sekundarnim priirazem jako BJT, neprojevuje se efekt
"hot spotting”

-neni potreba tepelna stabilizace pracovniho bodu, odpor kanalu
roste s proudem, s rostouci teplotou klesa proud drainu I to je
vyhoda proti BJT

-je mozn¢ je piimo spojovat paralelné bez stabiliza¢nich odporti
-frekvenéni pienos je dan rozptylovyma kapacitama, tzn. velka
Sitka pasma se zachovava 1 pro velké vykony

-velka vstupni impedance umoznuje snadn¢ buzeni
-nepiispusobeni zatéze méné ohrozi prvek nez v pripadé BJT
-dobra linearita mezi vstupnim napétim a vystupnim proudem-
linearni Sirokopasmové RF aplikace (Iepsi nez u BJT)

- je mozn¢ rychle spinani => dosazitelna velka efektivita



Nevyhody POWER MOSFET:

-vetsi saturacni napeti Vg,
-velka vstupni kapacita
-moznost prorazeni tenké hradlove vrstvy

Vykonové aplikace POWER MOSFET s vyuzitim paralelniho
spojovani:

-televizni vysilace s vykonem 50 kW
(firma Harris vyrabi sttedovinne vysilace az do 500 kW)
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