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Klasifikace zesilovaé¢a RF vykonu

Budeme se soustfed’ovat na RF vykonové zesilovace.
Linearni Sirokopasmove: trida A, AB, B (vétSinou v
dvoj¢inném zapojeni (push-pull)).

Uzkopésmové zesilovace s velkou ucinnosti: tfida C, D,
E, F — jsou to rezonanc¢ni zesilovace.

Pouzivaji se:

= bipolarni tranzistory (stara metoda)
= vykonove tranzistory MOSFET (moderni metoda)

Pro nizsi frekvence do 100 kHz se pouzivaji IGBT
tranzistory.

Pro mikrovinna pasma se stale castéji pouzivaji GaAs
tranzistory MESFET.



Bipolarni tranzistory

"\ v/

vystupnim vykonu nékolik mW az do stovek W.

* Pracuji hlavn¢ s minoritnimi nosici — injekce minoritnich nosic¢a
do tenke baze.

» Je zalozen na principu injekce a extrakce nosi¢t naboje, pficemz
vedeni proudu v bipolarnim tranzistoru se uskuteciiuje obéma
typy nosicu (proto bipolarni), tj. elektrony i dirami.
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Bipolarni tranzistory

Z jiného pohledu: v emitoru a kolektoru vedou proud
majoritnimi nosi¢i naboje, ale v bazi vedou proud minoritnimi
nosic¢i naboje.

Je nutné je obvodové tepelné stabilizovat - stabilizace
pracovniho bodu.

Maji maly vstupni odpor, jsou tedy tizeny proudem do baze.

Je mozné je zapojovat paralelné ve vykonovych prvcich, ale je
tfreba kompenzovat ,,hot spotting* efekt.



Funkce blpolarmho tranzistoru
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Ctveiice charakteristik pro zapojeni SE je:

1. Pystupni charakteristika naprazdno: ic=1flupg). ip=konst.

2. Vstupni charakteristika nakratko: ig = flugg). ucp= konst.

3. Proudova prevodni charakteristika nakratko: i~=1(ig). uz=konst

4. Zpétnad napétova pirevodni charakteristika naprazdno: ugp = Hucg). ip= konst.

[PZEvoons’ k] [vrstueni]

PARAMETR= U PARAMETR = ig

@@
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¥STUPNI] ZPETNE]
PARAMETR® Uy PARANETR = /g
u

Obr. 5.20 Soustava charakteristik bipolamiho tranzistoru (NPN) v zapojeni SE: poymenovani charakteristik
(vlevo) a obwykly tvar (vpravo)
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Obr. 5.23 Soustava zméfenych steynosmérnych
charaktenistik (kiemikovy tranzistor NTB\T zapojeni

SE)
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Vge(V)
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Zavislost kolektorového proudu na napéti BE a) linearni métitko
|- b) logaritmické méftitko I

1) kT/q = VT

I::‘ — IES{Efq.I'i;TW'H _

I. = I.e="7  for V,;, > 100 mV
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FIGURE 24.27 A transistor biasing circuit.
, VecR2 : TR ;
Vy=—L— I je mensi nez proud tekouci Rz
Rl + R2 B

Ve = Vp— IRy
=1+ hFEIBZ (I + '!IFE”B = '!!FEIB
h: — proudovy zesilovaci éinitel  Npe=I/lg

Rg -zaporna zpétna vazba - stabilizuje klidovy
proud ICQ
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stejnosmeérna zatézovaci
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b RN - 4
Voltage across Woltage acrass
transistor (R + Rl
FIGURE The lead-line diagram
Ve Ve for ;=0
V-
I. = ———— forlargel;
Rf__ L RE

v.=03v — hatranzistoruipro velke lg vzdy existuje
malé saturacni napéti

Ve = Viee— Ic(Re + Ry )

I ==V /(Ro + Rp) + Ve AR: + Ry ) — rovnice stejnosmérné
zatézovaci primky

Vq a lqg - klidovy pracovni bod tranzistoru
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Zapojeni se spoleCnym emitorem pro maly

_stfidavy signal

0
H
'";/%—‘ Qutput
c

jf' Voo e Linearni model pro signal

FIGURE A complete common-emitter stage.
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malé amplitudy.
* C.je zkrat pro stridavy
Signal load-line | Signa,l.

slope *

Bias load-line |
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The signal or ac load line. 14



Linearizovany model tranzistoru

Zapojeni v zesilovacim stupni se spole¢nym
emitorem pro nizke frekvence

CC
|
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R1 - R2
RB —
R1 + R2




1

¢ — maly vystupni proud stridavy

v, — Malé vstupni napéti stridave

_ Ve V-
[o = Ipge =7
dI c 1 Ve Ve I C
i'L.:r _ 'Ir__r Efl' [- - '1__.?'
“ Ve T T
L dl I. :
— = —— = — = g strmosttranzistoru
Ve AV Vr
v, =—1.R- tranzistor se v tomto zapojeni chova jako zdroj
proudu s velkym vnitrnim odporem
zaporne znamenko napétoveho
v,  —iR. ¢ R prenosu znamena otoceni faze o
- — - C 0 . : : :
S T Y " ’IEvD mezi vstupnim a vystupnim
stfidlavym napétim
05.08.2019

16



V. =26 mvV Pil pokojove teplote
I.=1, — proud kolektoru v pracovnim bodu

lg . :
g, = —= =39 1, mA/V
| Ve 0.026

mame priblizny vztah pro strmost tranzistoru
v zavislosti na poloze pracovniho bodu - nezavisi na typu

tranzistoru o o |
proudovy zesilovaci ¢initel maleho

i L : Cr e g
4 = =" — signalu (diferencialni) li$i se trochu
od hpg diky nelinearité, ale ne moc
"I.. ! a ._ hh! » L - L
R, ==t L F  ystupni odpor pro maly signal
I . I 2.

Ruw=T.  vystupni odpor pro maly signal (R. beru jako zatéz)
lce Je velky, protoze tranzistor se chova
jako proudovy zdroj



Linearni model tranzistoru pro maly signal

FIGURE The hybrid-z small-signal transistor equivalent cirount or model
Vi, Vi 0.
roe o= ble _ “be Tc e
be . . .
iy L T £

w — odpor neaktivhiho polovodi¢oveho materialu
pii vstupu do baze (je maly 10-100 Q)

- — L E_F _1_
Ry = e + 1, = 1y Py 1-3 k&2
CHE > C'HC
Cy;q ~1-4 PF

05.08.2019



Z.apojeni se spolecnym kolektorem

* Vi

« Pripad maleho signalu a nizkych
frekvenci

| ™ o Ma velky vstupni odpor a maly

FIGURE 24.33 The emitter follower (or VyStupni Od por

T stage)

—

® () Voo R.
' ;

FIGURE 24.34  An emitter-follower equivalent circuit for low fraquencies

Aj = ifiy= e+ 1) =y, Ry = ~2% ’;: “ve  maly vystupni odpor
- e
Ay~ +1 R.= R R1R2 (or R,[|Ry).
R icq = e+ 1y + B Ry Ry=0 rng>>ry
h C e, 1
. Rouil_l'_'l‘___l = o = —
Rinlr_'rj == .F’i.iﬁ_R,__- prﬂ VEII{E 'F?__Fe 'Jﬁ B
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Zapojeni se spolecnym emitorem

T -  Model pro vysoke
On¥be
" | frekvence.
O T =T 777  « Vliv Millerovy kapacity
g ' ' . 4
b Mot ~l
R
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R‘ = Mhe <+) g R Vb'l Cm
=Ry
[
- 4
e ¥ 9
b}
FIGURE {a) The high-frequency hybrid-n model and (b) its simplification |\/|0d€| ObVOdU VStUpﬂi éa,,StI
. . R = 1 £ 1
G (1= A) = Cy. (1+ 2R M'"?m}'ra kaeaclta J TG T 2zRCG,
| | projevi se pii velkém
Cin = Cie + Gy (1 + 8uKe) zesileni

poklesne celkovy napéfovy pienos f, - ptrenos A klesne 0 3 dB

ha vétsich frekvencich



kompletni frekvenéni prfenos stupné se spoleCnym emitorem

I S fl'l ]"-"l f

A= 20logA, napétovy prenos v dB
A= 10log A, vykonovy pienos v dB

Budu se pohybovat ve frekvencnim intervalu, aby napétovy zisk
nepoklesl nebo nestoupnul maximalné 2x.
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Z.apojeni se spoleCnou bazi

Pii respektovani odporové éasti modelu plati

ﬂrrr. + -I' e f 1
fllﬂ.ﬁ —_— d e J 1 I:ng]
Qe + ety + [’::. e + Gr:
[,'r)rrn —}' e + f)rr'r')(-": _l" .farlrlr'.'rfl't' "r.lrrr-("r' EJ'IH.'
Gap = ' = — = T ('1!'51"
.'T-:.r' ‘I_ l:'—-”:; ,r_lrr'r + (": l | i Jr]},_ .

G_g- vstupni vodivost

Obrazek a) principialni zapojeni SB, b) linedrni model 8B

Pii napajeni pfes lincarni zatézovaci rezistor lze oba vyraxy dale ziednodusit:

05.08.2019 Aup = g, I, Gty 2 Gy, (4.44) .



Podobné lze nalezt 1 vztah pro vistupoi vodivost

Gﬁ:ﬂ = .':I"ur-{f}ﬂ 4+ .l_rﬁ.lr:) + .":n";.{-'{[-:ﬂ + i -+ [fI7E —|—_FFJ."., } -
{-'U + ¢+ Ghe + ee
A Iff-r-e-':{',"{] -+ .'rJ'I-’rr-] + .'r.nrr-h{f-.:r“ +- ﬂm:l

e asz

("1’
RN | U

Tento vyraz Ize déle zjednodusit pro zvlastni pripady, kdy jo zesilovae bugen
zdrojem blizicim se zdroji proudu, tj. pii Gy < g, nebo naopak zdrojem blizicnn
ze zdroji napéti, tj. pii Gy — q,,..

5 (Go + 900 )fee Geo
I':;;.H - —

.f,lrn'” fE
Glroir — oo pro. Go = ¢m.

pro Gy <€ gy,

Pro zesileni proudn baude platit

(r.
.“15“ = et —-"Lr.fi! = —],
f,””

zapojeni se spolecnou bazi pracuje do vysokych frekvenci, ale ma
maly vstupni odpor
05.08.2019 23
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-~ P Y kolektorem
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Paralelni spojeni bipolarnich tranzistoru

A

2-10  Techniques for reducs ' Lo
1 Gucg current hogging and hat-spotting transi Th
- - = n Dlr'r. .
same h-_:l'.:-I.II concept applies for all three situations. A, The Esﬁ: Ef ergtte?rlgﬁa;tsl:&ﬁi;

05.08.2019
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Tranzistory rizené elektrickym polem

J-FET

MOSFET

Power MOSFET
MESFET



1) JFET (Junction Field Effect Transistors)

VYPRAZDNEN A | =0 S . ~
OBLAST ~, G Dran .- Depletion
N : region
E ¢ 0 N C "l_cﬁ
| N T b — ——
e b Vs Vbs
[ S%‘ "5_|£' § Gate T B
I':e \ ety % I T A —
G P E
' 5E+|=— Ig =0 k. =C Source
| ][] S —— (a) (b)
Fig. 1. The structure of JFET and its operation
(a) When Vgg (Gate-source voltage) has not been supplied
| (b) When Vgg (Gate-source voltage) has been supplied
SO GO Do
- P_xé -\; ‘L/P_ . . &4 ’ . 7
N Pl X ? = e JFET je tranzistor rizeny elektrickym
| P SUBSTRAT | N SUBSTRAT pOIem' o ;. v,
: =T+ NaPN prechod GE se dava napéti v
. D . D zavérném smeru -> majoritni nosice
; : odchdazeji od PN prechodu.
kanal N kanal P

e V Casti N se vytvari ochuzena vrstva
bez volnych elektrond.
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Tranzistory MOSFET

Podobné JFET.

Metal-oxidova vrstva odd¢lujici hradlo od
substratu.

Velkéa vstupni impedance az 104 Ohm.
[zolacni vrstva je tvorena vétSinou Si0,.
Citlivy na statickou elektfinu — pruraz 1zolac¢ni
vrstvy.

Prakticky neexistuje steynosmérna vazba mezi
hradlem a télem tranzistoru.




Tranzistory MOSFET v ochuzeném maédu

e Pi1 nulovém napéti na ridici elektrodé G je
tranzistor vodivy mezi DS
e Negativni napéti na G snizuje vodivost mezi DS

r

Vg |
l"lf'.":.||

| |ii-r-.'r.ﬂ:

Sonrce
N & 4

Depletio
L
. I
P F
i i
r
Ridici elektroda G Vyvod D | i Fiits | Frs
Al (hradlo)
lzolujicivrstva I:' 5 ':I I.-.I_.I Y

oxid Si0,

The structure of depletion type MOSFET and its operation

Vodivy kanil Z3Kladni desticka Si (@} When Vgs (Gate-source voltage ) has not been supplied

ElektrodySaD (b} When Vg (Gate-source voltage) has been supplied
05.08.2019 29



Tranzistory MOSFET v obohacenem maodu

e Piinulovém napéti na fidici elektrodé G je
tranzistor nevodivy mezi DS
e Pozitivni napéti na G zvysuje vodivost mezi DS

ﬁam

[irain

) [7e |
Ridici elektroda G
Al (hradlo)

Vyvod D

(a) (bl

Izolujici vrstva
oxid Si0
Privod's e

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

(a) When Vg (Gate-source voltage ) has not besn supplied
(b} When Ves (Gate-source voltage) has besen supplied

Elektrody S a D Zakladni desticka Si
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Depletion MOSFET

Construction

Gate

D Sourcel I I Drain

A
_ (L " N ChaHHEI " J\

s e s w2 | SlHleon Dicxide
To the most . Insulator
negative point in .. P3ubstrate
the circuit E—
O

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.

05.08.2019 31



The substrate, indicated by the arrow, is normally
(but not always) connected internally to the source.

D
Sometimes, there is a

separate substrate pin,
‘ < / ) as shown in the

O 88 schematic for an n-
¢ ~— i channel D-MOSFET.

S

1. SIO, is a dielectric similar to the dielectric of a
capacitor

2. MOSFETs have a very high input impedance due
to the fact that no current flows into the gate.

3. Since the gate is insulated from the channel,
either a positive or negative voltage can be
applied at the gate.



R
T

y Gate,VGS<O
Ds
Source Drain
uls |> | I'
|| v e e € e € € € e e
I I I
Ves N <+ N
N Channel

V.. =+1V \ Enhancement
Gs - Mode
Vo =0V ::’\‘
I
i
V..=-1V |
G5 | Depletion
_ i Mode
Vg =-2V i
|
Ves=8V |
Vos
(in V)
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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.
Gate

° Source Drain
GO " N : . N :

Silicon Dioxide

Insulat
To the most nsulator
negative point in P Substrate
the circuit o —

05.08.2019 .



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.

Enhancement

05.08.2d\ipde




Priklad nastaveni stabilizace pracovniho bodu pro
ochuzeny mod tranzistoru MOSFET s difundovanym

kanalem N
18V
80MQ 3.2KQ
O
+
+
(F) -
VOUT
10MQ 2KQ
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Priklad nastaveni pracovniho bodu pro obohaceny mod
tranzistoru MOSFET s indukovanym kanalem N

24V

100KQ 200Q2

15KQ




P-channel MOSFETs :

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

Gate

Sc:urcel I I Drain

& Els 2 2 '!'
p P-channel p l :I.'
bs 55 &5 55 & se se EE S EE @ B 68 &8 W ."‘-\\,'

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

holes are repelled or depleted from the channe
as V55 becomes more positive

Vsofr) IS POSItive

V5 can be either positive or negative

lD
A

\ 2
\‘\\ IDSS | . | 1_ VGS
N D — 'DSS




Priklad nastaveni pracovniho bodu pro obohaceny mod
tranzistoru MOSFET s difundovanym kanalem P

pracovni bod lezi v obohacovacim rezimu V4<0

-~ =25
230K
loes = 10 MA
H“""’J VGSoﬂ’ =9V

20K 100

05.08.2019
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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.

Oba tranzistory pracuji v tzv. obohaceném modu, coz v podstaté
Znamena, Ze jsou samozaviratelne.

Pt1 napéti 0 V mezi hradlem a emitorem jsou oba tranzistory
zaviene.

G G
S, 2 D, S, 11 D,
N N P P
P




Complementary MOS (CMOS) :

The basic operation of CMOS is as an inverter :

5V
Invertor je zakladni usporadani CMOS tranzistoru. T

Kladné napajeni U a zaporné napajeni Ue.
Pokud je na vstupu hradla kladné napéti -> pak
spodni MOSFET je otevieny a horni zavieny. ’H‘:j
Pak napéti V,, je spojeno s Ugs (uzemnéno) a mame u
na vystupu logickou 0. Yo —o v,
Pokud je na vstupu hradla zaporné napéti -> pak m
spodni MOSFET je zavieny a horni otevieny. ——
Pak napéti V,, je spojeno s U (napajeci napéti) a
mame na vystupu logickou 1.

V kazdém logickém stavy teCe mezi emitorem a
kolektorem zbytkovy proud v fadu pA az nA a
ubytek napéti na otevieném tranzistoru je mV ->
logicke Girovné jsou zavisle jen na napajecim
napeti.

=

T
z




Prehled druhu tranzistoru MOSFET

Phevadni .
. cherekteristike




Vystupni charakteristiky tranzistoru MOSFET

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

+  Ohmic region: 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 Vgg — Vasgin) = Vps boundary line (Vgg —
Vasin = Vps = 0), and in this region, even if the drain current is very
large, the power dissipation could be maintained by minimizing the
Vbs(on):

+ Saturation region:  Constant current region. It is at the right side of Vgg — Viagun = 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 is called saturated.

+  Cut-off region: It is called cut-off region, when the gate-to-source voltage is lower than
Vasan (threshold voltage).

i Vas — Ve = Vosl
oA /
€— Ohmic ' Active ———— >
]
i Vizss A
Vass ™ Vass ™ Viasa ™ Vasa ™ Vass
ll"'rGSd. A tranzistor MOSFET indukovany N-kanal I, (mA D-B
zapojeni SS e pruraz
vystupni VA charakteristika g //mékk? priraz
II"IrGS:'I D odparova (triodova) oblast 20 i
v Cutaff II"'rGS < VGS(thjl D oblast saturace P T
552 1 @ body zaskrceni /
l"n'r.351 = g
- > Ve
BVpss

Fig. 6. Output Characteristics
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Prevodni charakteristika MOSFET

Actual

Linearized

> Vs

Fig. 7. Transfer Curve

Priklad prevodni charakteristiky
tranzistoru MOSFET

s indukovanym kanalem.

Je treba si vSimnout toho, ze
prevodni charakteristika ma pro
Uss =U; nulovou hodnotu

I (I = 0).

Teprve od tohoto bodu nabyva
charakteristika sklon dany
zesilovacimi vlastnostmi
tranzistoru.
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Zesilovace s tranzistory MOSFET

RZ
D n ]
G I: 1 Vou
S Tv
‘Vout
Cutoff

Vout=Vaq-K(Vin -V )2 R

= = = = = - N I - -

s i T

46



=
N

Biasing: In the example above, the DC offset of the mnput 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 either the triode or the
cutoff region. In etther 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 Si0 Aluminum
2 Source Gate

Source
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,
49
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Ruzné usporadani vykonovych MOSFETU

— ., Source
N* Gabe N*
P-besdy P-bady
MN— epitaxial layer
MY subsirate
Cirain
ia)
o --._.____Emrca
| | v )
Gate
Pobody . P-body
W— epitaxial laysr
MY substrate
Dirain

(=]

Fig. 4. Verical Channsl Structurs

(@) The VMOSFET Siructure
() The DMOSFET Structurs
(¢} The UMOSFET Structurs

Gates

— epitaxial layer

N* substrate

Dirain

i)




1. The VMOSFET Structure

As shown in Fig. 4 (a), this structure has V-groove at the gate region and it is the first commer-
cialized structure. But as there was stability problem in manufacturing, and the high electric

field at the tip of V-groove, this VMOSFET structure was pushed out by the DMOSFET struc-
ture.

2 The DMOSFET Structure

As shown in Fig. 4 (b), it has double-diffusion structure having P-base region and N™ source
region, and it is the most commercially successful structure.

3. The UMOSFET Structure

As shown in Fig 4 (c), this structure has U-groove at the gate region. This structure has higher

channel density so that it can reduce on-resistance compared to the VMOSFET and the
DMOSFET. UMOSFET structure using trench etching technique was commercialized in
1990s.
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Typicka charakteristika POWER MOSFET

05.08.2019
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—
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&

=

3

i

=
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| L |
V =

0s 24V
Bl-us 1%

duty-cycle
pulse test

2 4
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g

Shoonis Corp,
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82  The field-effect transistor in RF power applications

Aluminum . i
Sinres Cale S0 Aluminum

i n" substrate 1
‘L 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 previ - b
nal-level power. - . AA previous MOSFET configuration—limited to sig-

V-MOS - mozné vétsi proudove zatiZzeni, vyhoda pro vykonové
aplikace, vétsi plocha “drainu” tzn. lepsi chlazeni

-jeden metalicky gate reguluje dvé vertikalni proudove drahy
-je mozn¢ davat na drain vEtsi napéti diky epitaxni n” vrstve

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



Vyhody POWER MOSFET v RF aplikacich (nejen)

netrpi sekundarnim prirazem jako BJT, neprojevuje se efekt
“hot spotting”

neni potieba tepelna stabilizace pracovniho bodu, odpor
kanalu

roste s proudem, s rostouci teplotou klesa proud drainu I to je
vyhoda proti BJT

Je mozné je pfimo spojovat paralelné bez stabiliza¢nich odport
frekvencni prenos je dan rozptylovymi kapacitami, tzn. velka
Sifka pasma se zachovava i pro velké vykony

velka vstupni impedance umoznuje snadné buzeni ->
neprizplusobeni zatéZze méne€ ohrozi prvek nez v pripadé BJT
dobra linearita mezi vstupnim napétim a vystupnim proudem
-> linearni Sirokopasmove RF aplikace (lepsi nez u BJT)

je mozne rychlé spinani -> dosazitelna velka efektivita



Nevyhody POWER MOSFET:

e vEtSi saturacni nap€ti Vg
 velka vstupni kapacita
e moznost prorazeni tenké hradlové vrstvy

Vykonové aplikace POWER MOSFET s vyuzitim
paralelniho spojovani:

e televizni vysilace s vykonem 50 kW (firma
Harris vyrabi sttedovinné vysilace az do 500
kW)



Caszscode BJT Circuit

& popular circuit for uze at high frequencies is the cascode amplifier, as shown below:-

B e . C2 C Vout
N C
I Zout
— Ry o+
1 k J

Gain of 21 due to load of &2
CEgain=-gm,R_. R, (CBstage ) =g%

=

AL, = -dm, L which assuming transistors are matched =1
am

A= -1
Miller capacitance
Comunr =Cacl1-A, ) = Cool1-{-1)) Coyr=2C4

The miller capacitance across the input of the CE stage is double the Base collector
capacitance of Q1.
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« Kaskoda (sériové spojeni tranzistoril, kdy zapojeni se
spoleCnym emitorem nap4ji zapojeni se spole¢nou bazi) je
vhodna pro RF aplikace diky vysoké horni mezni frekvenci.

e Ma malou vstupni Millerovu kapacitu.

~ Vaur Output Impedance

Ay = Y — R, gm
" Rour = RL
Input Impedance
of Q1 atpointAis Ry =£
gm

Current gain (A;) = A: of the CE stage (Ajof CBEstage=1)=



Kaskodové zapojeni MW zesilovace s GaAs MESFET
(zesilovac je integrovany na Cipu)

vdd

0.6nH

o

10k

0.22pF
—II:'-DLLm F
20k 4

10pF

I
O
I 11 |
2.1nH ]IFI:F

<+

10pF

0—| FJT;\Q_I—I:I:?GH::J

[] 10k€2

O T"-rb

Fig. 1 Schematic of the 5.2 GHz LNA



Kaskoda s tranzistory MOSFET

VDD

Rload

o
M2

VEIAS [} | +

|
Cgdl R\F

o — I-d &

Vin [ - I

Figure 1 Basic Cascode Amplifier
05.08.2019
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Uzkopasmove zesilovace
Neutralizovany tzkopasmovy vysokofrekvencni

zesilovac.
Neutralizace = kompenzace C, . zpétnovazebni

kapacity vnéjSimi prvky.
]




RF zesilovac pracujici ve tridé A

Nepfichazi-li do zesilovaCe vstupni signal, prochazi zesilovacem pouze klidovy
stejnosmerny proud |, kterym vznikne na kolektoru tranzistoru T napéti U,
Témito hodnotami je urCena poloha klidového pracovniho bodu P a tim i popf.
poloha stejnosmeérné zatézovaci primky R...

Volba pracovniho bodu P je omezena maximalni kolektorovou ztratou
P.max (Nyperbolou kolektorové ztraty), pripustnym maximalnim proudem I,
maximalnim napétim kolektor - emitor U, 0odporem vstupniho a vystupniho
vinuti transformatoru (r, a r,) a kolektorovymi charakteristikami tranzistoru.

Sirokopdsmovy zesilovad

Predpoklddejme nejd¥ive, Ze zesilovad budime hermonickym_signdlem

1

em |

&*
p%7:
A
&
<
T
™

AN
™~
™~

7
|
I
|
I
i
U\‘..‘.G ‘uGE
b)
Sirokopdsmovy zesiloval ve t¥idé A a) schema zapojeni
b) pracovni p¥imka ve vy-
stupnich charakteristikdch

=

Tz

L

*
§




The output power they produce is theoretically 50%, but practically only about
25 to 30%, compared with the DC power they consume from the power

supply.
Zanedbatelné zkresleni.

| kdyZ je vstupni napéti nulové, tak teCe tranzistorem nenulovy proud — ztraty.

Tranzistor je stale otevreny.

Prikon P je konstantni a vykon P, roste s napétim na tranzistoru -> ztratovy

vykon klesa.

100

(%]
-1

60
50 p—

Lo

20~

10

Vykonové parametry 8irokopdsmového zesilovade ve
harmonickym signdlem
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Class A bias point _
- Undistorted
IB':”"E":' oh linear hase current
| porton of /wa'-.refurm
curve
O
Ve (V)
mt
—1 Class A
Input signal

tridé A pPi buzeni
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RF zesilovac ve tridé B

Ig(HA)
o ] . ) L ® JClass B cl B
* Napeti baze je nastaveno na nulove napéti. | Bas ass
« Prenasi se jen kladna pulvina. AoV A
» Znacnée zkresleni a ucinnost az 80%. . Q / ﬂ ﬂ‘
e Push-pull zapojeni (dvojcinné) — pro kazdou pulvinu pracuje jeden reproduced \ VetV
tranzistor. Helf cycies only
* Nebo rezonanéni obvod na vystupu dopliujici druhou palvinu. < & distotted near
L, %"“g_j Input signal
uB
T Z;_ \\\ £
l
!
~ .Rz
+Vee
Resonant circuit Y #Veex2
£*3=§F%?' .
————+Vec
Output |I |
o F—w
S5
IanIt CIrcUit
&) Schema zapojeni dvojGinného zesilovade
b) Pracovad charakteristiky
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Obr. 4.27 Vykonové parametry zesilovacle
ve tPidé B v zavislosti na

velikosti U31
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{W‘I—ﬂ RF out
+
- T T
RFC _—
L I- 1
dc blocking capacitors = Pi ouput network
— D

Sﬁ

P-channel MOSFET I N-channel MOSFET

RF in

- i ' . Although a dual de
3.16 Complementary symmetry push-pull amplifier using MOSFETs. Alt _ .
suppﬂr is needed, this scheme provides benefits of push-pull operation with the sim-

plicity of single-ended drive and output circuitry.
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Priklad linearniho RF dvojCinného zesilovace ve

tridé AB

Spojuje vyhody a nevyhody tfid A a B.
Tranzistor nastaven tésné nad cut-off . Pouziva se malé napéti

na bazi.

Tranzistor je tedy stale mirné otevreny.

Pouziti opét v push-pull zapojeni.

Class AB blas
point just
above

cut-off

I5(HA)

Class AB

Q .
0. Vee(V)

Slightly over

AY
I
A
C half cycles
ctt.
off

05.08.2019

Input signal

A typical MEF150 PA module

Fig. 1: A typical MRF150 PA module (250W PEP output).

VR1 D

BIAS

T
0.0 uI

o1, 02 MEF150

T1- Ferrite binocular €4-13

C1: 100pF Dipped Mica

C3, 04 4700pF, 100V Chip Cap,
R1: 10062, 1/

R4, R5: 1862, 1/

10062+0. 01 uF

al
T2 0UT
E
J
- LU
L Q2

Ter T T 10000F
= = T 01uF

S 100 & /63V
T2: Large ferrite hinocwlar €1 (Fig. €37, 2001 ARRL Handbook)
C2: 330pF X2 Dipped MWica

R2 R3: 18KS2, 1/40
D1, 02 1001, 1N4002 or equivalent




Zesilovac ve tride C

Pracuji hluboko pod cut-off napétim.

Na bazi se pfripojuje velké zaporné predpéti.

Silné zkresleni.

Pouziti jen pro sinusové RF signaly, kdyz obvod dopinim

Neutralizi 1
rezonancnimi LCR obvody. EUIFTLELS Eapaeiior
;r
I
BwA} REF Input U—”—'_K
Only pulses T E_R__F Chatput
Bias point of W, input

below voltage RFC
cut off 4 /produced

\ Bias supply __T__ T I

| p—
" VeeV) +__L
Input signal 3 The basic arrangement for demonstrating transistor class-C amplifier, In practical appli-

cations, it is often feasible to dispense with neutralization, and it is not usually necessary

ta provide fixed bias. Also, one or more of the RF chokes can generally be omitted.
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Vidd

RFC

Lo

1 Co —
INg RFC T Ri §
)

Yoo

Figure 2.1. 5Single-ended Power Amplifier (Class A, B, or C)
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RF zesilovace pracujici ve tridé D

Tranzistory pracuji ve spinacim rezimu

The sine signal is first converted to a type of digital signal called ‘Pulse
Width Modulation’.

Kdyz je tranzistor sepnuty, tecCe jim maximalni proud a ubytek napéti
skoro nula.

Kdyz je tranzistor vypnuty, tak velky ubytek napéti na ném, ale proud
skoro nula.

Pak velka ucinnost a maly ztratovy vykon.

Audio _ Recovered
Sine  High Frequency W [\ Audio
Wave PWM Wave
Wawveform
Y MOSFET ov
¥ Power |y m A q
Switching
Module LOW P25 mpem
~ Comparator Filter | N

High Frequency
Triangular Wave



RF zesilovace pracujici ve tridé D

e Sinusodial signal is converted into a ‘pulse width modulated’ form using a
comparator, which compares the relatively low frequency sine waves, with
a much higher frequency triangular waveform.

 The output of the comparator switches to a high level if the instantaneous
voltage of the triangular wave is higher than that of the sine wave, or to a
low level if it is lower.

e The comparator output therefore consists of a series of pulses whose
widths vary in relation to the instantaneous voltage of the sine wave. The
average level of the PWM signal has the same shape (though inverted in
this case) as the original audio signal.

Sine wave
input
Triangular
wave input ™=
Moy

Comparator

output is high g i = ~
when triangular™ g
wave is greater }|_

than the sine wave ~''= . < v U

Average of PYW recovered at output



RF zesilovace pracujici ve tridé D

!
(e
g
: o
‘
oo
;l‘”
—H4
IR‘:

PV Loz
Up,, o)
Tl
Uz, —
f U,

Obr. 4.44 Zesiloval t¥idy D v kvazi- + B
komplementdrnim zapojeni / ; | Tam=1gy

a) Principidlini schema i =t

b) Nédhradni obvod T B2 /\ /Y]'i -1

c) Pribéhy napéti a proudd C') "ii:l
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upa(t) = Upp (% +% sindt + 3%: sin 3@t + ) (4.87)

Je~1li obvod naleddn na kmitolet budiciho signdlu s mé-1li dostatecnd vysoké @ ,
pfedstavuje velkou impedenci pro vySsi harmonické slozky & ne zdt8%i se uplatni
pouze zékladni harmonickd o amplitud#

2 U
Db
U,y = — ] (4.88) .
Proud z&t&%{ potom bude
i, = 2l ginwt = Dp gintt = I_. sinWt (4.89) .
o Rz : '?ERZ . z1

Tento proud protékd tranzistory Ty resp, T, po dobu jejich vodivesti, tzn. po
dobu poloviny periody (viz obr. 4.44 c). Stejnosmérnad sloZka proudu 131(t) pred-
stavuje proud odebireny ze stejnosmérnéno napdjecino zdroje Upyy

I I U 2 U

I = = = ———

"DO 3 T xR, T2 Ry

Vykon, p¥ikon e #ddinnost zesilovade uréime ze vztahd

2 2

P - Ypr Tar _ %1 2 Um (2.91)

v 2 2R, 7 R,

' 2
U 2 U

P = U I = U z1 - DD g2

P pp Ipo DDz, 72 R, (4.92)

U
7 = = -zl (4.93)
2 Upp

V pripadé idedlnich spinaél bude tedy 7Z = 100 % .
72



Dvojéinny zesilovaé ve tridé D

a) Principidlni schéma r mﬂfl /\
b) Prib&hy napéti a proudd Z
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i Wt + + 8d

a amplitudou zdkladni harmonické

4p

Za predpokladu dokonalé filtrace harmonickych slofek seriovym imitavym obvodem
bude proud zdté#ii barmonicky

o U
'3 . 4p DD -
i‘ - R alnt * R, sinWwt I“ ainfdt {4.96)
a kaidjm z tranzistord bude protékat proud ve tvaru poloviny sinusovky s ampli-
tudou p.I , . Tyto proudy se aéitaji ve stfednim pfivodu transformdtoru a stej-
noamérnd sloika tohoto celkového proudu piedstavuje proud odebirany z napdjeciho
gdroja

2p.1 ep.U 8 2 g U
S T s R O i L M )1 _

kde 3‘1 - E= F pE je zatdiovaci odpor pro zdkladni harmonickou pfetransformova-

nj na polovinu primdraiho vinuti (p#i druné poloviné odpojend). Na zdkladd pfed-
chédzejicich dvah mi¥eme vjkon, pFikon a Udinnost wyjadfit vetahy

2 2 2 2
U, 1l u 8p~ U g U
UL R TR o _ 8 Ypp
Bt ot m R T @R (459
2
P = Uy Ion = U, U 8 m (4.99)
p DD DO oD “z1 TR, 72 B, .
r U
- u_u 4.100) ,
T 4P DD I:' ]

pFident ? Je opét 100 % .
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Zesllovac ve tridé F (izkopasmovy zesilovac)

e budi se harmonickym signalem
e pouziva vystupni filtry na tvarovani
e napéti a proud na D (drain) MOSFET tranzistoru

vid

RFC
C4 :
._||_ﬂ
M1 | F——
4{ 2 C3
i

‘ﬂn@ N _,’__::z §HL

1. 1. Example of a Class-F power amplifier.

Figure 2.8, Single-ended power amplifier (class-F)



e Pravouhlé napétove pulsy maji pouze zakladni a liché
harmonicke.

e Jednocestn€ usmérnény harmonicky proudovy signal ma
pouze zakladni a sudé harmoniky.

Ll rll_.-..-- -

Fig. 2. A Class-F power amplifier with quarter-wavelength transmission line and
parallel-tuned output.
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x2 T In? e !

Fig. 3. A Class-F power amplifier with quarter-wavelength transmission line and
series-tuned output.

05.08.2019
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Zesllovac pracujici ve tridé E

Pouziva spinaci tranzistor jako ve tfidé D, ale vystupni
sit’ vhodné tvaruje napéti na tranzistoru tak, aby se
potlacCily ztraty v dob¢ spinani tranzistoru => pracuje

do vysokych frekvenci
Je to silné nelinearni zesilovac.

aaaaa

nd Metwork
r
NETEN e o g oW I t
1
c2 L2 | l l
I I o
L1
~C1 | L e e
f[ | | | ¥oltage
| I J

l_ _I_

|

-
I—'—kl e
3 |

|

|

|

|

|

I_|

|

|

|

\

NmallE

Fig 2—Schematic of a low-order Class-E amplifier.

Fig 3—Actual transistor voltage and current waveforms in a low-order Class-E amplifier.
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isu )

Figure 6.9 Schematic of basic class E amplifier.

;l'l'lll'l
] I,

.b(e})[o /\ ...... /\ I - ?4}* )
. N | Nt
LA,

fsww{n e B ; .......... #ry {b)

Figure 6.10 Class E RF current waveforms: (a) total current; {b) switch current; (c) shunt
capacitor current,
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Q

R ———— L LT T o

(c)

Figure 6.11 Class E RF waveforms: (a) switch current; (b) shunt capacitor current; (c) switch/
shunt capacitor voltage.
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Dvojcinné zapojeni zesilovace ve tridé E.

e Je to nejlepsi topologie ve tride E.

=\ v/

e Ma nejnizsi druhou harmonickou slozku na vystupu.

Capacitors (all crcuts:)
C1 = Shunt Capactor
L2 = Tuning Capactor
3 = Loading Capacitor

05.08.2019
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Aplikace zesilovaci tridy E

13.56 MHz, prumyslovy vykonovy generator
plazmatu s vykony ~ 1 kW a vice

Vyrobci:

e Dressler

e Advanced Energy)

Byly konstruovany zesilovace ve tfidé E az do

frekvence 10 GHz.
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