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1 — 3
Source Input Output Load
Ws matching VlI [W] \Z matching [ W,
/ circuit ~ " circuit
v \
2 4

eans system of impedance Z-parameters or admittance Y—parameté‘r’s,_

Matching circuits are necessary to transform source Wg and load W,
Immitances into definite values between points 1-2 and 3-4, respectively

If"‘s‘o‘_urce of input signal is presented by current source with internal admittance Yq
1 I,

R « 3 = device is characterized by Y-parameters
k@ BYS‘ yll [Y] I V. || { I, =Y.V, +Y.,V,
2 | — 4 I, =Y,V +Y,,V,

If source of input sign"al is presented by voltage source with internal impedance Zg
Zsmay L 12 3 = device is characterized by Z-parameters

S

Vs ]Jf) VlI [Z] I qu z V1 = Z11|1+212|2
Vo =2yl + 2515 -

2 4



3.1. Main charac f f"'
F’ﬁ/r—'r amplifier gain

(in terms of Y-parameters)

1

* Operating power gain G, = P /P;, - ratio of power d‘i"‘ssjpated In active
load G, 40 power delivered to input port of active device with
admutance Y, : this gain is independent of Gg but is strongly

dependent on G,

» Available power gain G, = P, /Ps - ratio of power available at outb‘u»t,\
port of active device with admittance Y, to power available from
source Gg : this gain depends on Gg but is independent of G_

e Transducer power gain Gy = P /Pg - ratio of power dissipated in
-active load G, to power available from source Gg : this gain
strongly depends on both G5 and G,

* Maximum available gain MAG - theoretical power gain of active
device when its reverse transfer function Y, is set equal to zero :
represents theoretical gain limit that can be achieved with given
device under assumption of conjugate input and output impedance

' matching



3.1. Mairi characteris tics
@ﬂr-—mn g power gain-.

Two types of power gain-are widely used: operatmg ol
power gain G, ang‘transducer power gain G-

[Y]

Is

* operating-power gain to characterize device

amplifying.€apability and multistage power amplifier

* trarisducer power gain to evaluate input matching and stability

Power flowing from input port B = O.5V12 ReY.

e | { I, =Y, V, +Y,.V,
‘From I

inviewof I,=-Y_V,
2 :Y21V1 +Y22V2

| Y, Y
input admittance Y =1 =Yy, - 122
5 Vl Y22 + YL
Output powé'r'di‘_ssipated in load P = ().5V22 ReY,
| 2
o P Y,,| ReY
operating power gain G, = L _ ‘ 21‘ L

Po | Y+ Y[ ReY,
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3.1. Main characteristics

‘Ff{nsducer power gaift .

Il |2

Transducer power gaifi G; includes e P
assumption of cgAjugate matching |S@ DYS VlI V] IVZ Y,
both load and source 5 o
| 2 = 4

Power flgwiing from input port P

4 8ReY

From { Iy S VGG in view of I, =YV, + 1,
I2 — Y21V1 +Y22V2

(Y11+ Ys)(Yzz + YL) B Y12Y2

source current ls = LV,
| Y,, + Y,
OutpUtﬂpﬂower dissipated in load P, = 0.5V,”ReY,
: P 4| Y, ]’ ReY, ReY,

transducer po in G, = -t =
ransaducer pOWeI’ ga|n T PS ‘ (Y11-|— YS)(Y22 g YL) - Y12Y21‘2

; 2
Maximum available gain ‘ Y21|
ot oy * 2 *Y . MAG —
(Y12=0,Ys=Yy W Y| =Yy ) 4 ReY,;ReY,, 5
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3.1. Mairi characteristics
Smyzsi gnal FET power frrruhﬁc—*r
I—in

——————————————————————————————————————

Rs g E i rLd
Vs CD Rgs = Cas E Yout
_I V gmV i
e O - . 5
S e _4 S
Equivalent circuit with C4=0 Input and output conjugate matchinxg‘
N Y = o Cgs /(1_'_ o Rgngs) RS r RQS R, =Ry
Y., =0 L, =l/o’C, L,=1/w’C,
Y,, =g, /(L+ joR,C,) =
N, G.(C ,=0)=MAG =| =
Y2 :(1/ Rds)+.Ja)Cds T( o ) ( f j 4R
¢ fr=0,/27C, - transition frequency
2 - gain estimation at
fr : fi7iR :
GT(f ): GT(fT _T | any frequency vs ¢ _Tr [Res -maximum frequency
gain at transition max 9 Rgs where MAG :61

frequency



3.2. Gain and stability

Principle of power amplifier design - to providexfhaximum power gain and
efficiency for giver“output power with predictabledegree of stability

Main reasons of instability:
* positive feedback from output to input through intrinsic feedback capacitance
or inductance of common-grounded terminal ’

 oscillatipnt conditions due to external elements forming positive feedback loop

Irterms of immitance approach, circuit will be unconditionally stable |f»,_\
or both hypothetical conditions of open-circuited input and output ports:

{Re [\/\/S(Co)+win(a))] >0 {Re[\N ( )+Wout( )] > 0
Im W () +W;, ()] = 0 Im W, (0)+W,,(@)] = 0

In‘case of opposite signs, active two-port network can be treated as
unstable or.potentially unstable (having negative input or output immitance)

When Re[VVS(a))] > 0 Re [VVL(C‘))] >0

Requirements of power‘amplifier Re [VV (a))] >0 Re[\N ( )] >0
In out

stability can be simplified to

Z



3.2. (-‘a!{and stability
Device stability

In common case, valu€ of ReW, depends on Wg = . W,,W,,
Woie =Wo, —

within definite values of Wg, ReW, < 0 and two-port
network will be potentially unstable

out 7

To_pfovide unconditional stability Re [VVOUt(a))]‘min .

Wi, W | + Re(W,,Wy,)

ReW, /2 ImWg =0 T (W, + W)
11 S
2 ‘Minimum positive value ReW, . = ReW,, - ‘Wl?WZl‘ M Re(WlZWZl)
~-when ReWg =0 ¢ 2Re (Wll)

2ReW11 ReW,, — ‘W12W21‘ _Re(W12W21) >0

. 2 ReW,, ReWéé‘-—, Re (W12W21)

K —
1W12W21‘ .y

Unconditional stability: K > 1

Potential instability: -1 <K <1

- device stability factor .



3.2. r-‘_ar{and stabifity

Circuit stability

When active device s potentially unstable, power ampxl“ifiexr stability can be
iImproved with per choice of source and load immitances, Wg and W, :

. 2Re (Wll T Ws) Re (sz T WL) — Re (W12W21)

‘ W12W21‘

Maximum gain with unconditionally stable device

~ When K > 1, it is necessary to choose P ‘W ‘ZReW
- load immitance W, to maximize finite G, = L = =L . L
~value of operating power gain Gp: P, ‘sz + WL‘ ReW,
. 8G, W,,W
oRew, Rew; — e ey
e 2ReW,,
0Gp Im(\W,,W,,)
. ImW,° = 1222 — ImW
a |mW|_ . . L 2Re » 22
G Woy /(K + JK?2 - 1) - maximum gain (maximum achievable
W, b value at K = 1) 9




3.3. & num/ar% ciret Jﬁ te echnigue
Frequency detains of BJT potent’i“al,;i;nstabiIity

i i

Stability factor threugh

U

b 'y Cu C
K Zin I C.— |V
. gmV
BJT equivalent circuit o—5 e
Z-parameters: Ml €
1 - BJT stability factor
le_rb +—/(1+j—) g
| 9 @1 1+ -
o+
g ‘:i/(l +jij K = 2rg, .
O @
j 14| Im
i a)Cu
e e N1+]— : : !
O JoC, )\ ~ o Maximum value at higher frequencies:
1 1 C
AT 5= j——] B O
5 O @ 1 Cﬂ ( 1) . K= 2rbgm(1 27 Q)TC J 2



3.3. Stabilizarion circuit technigue

mains of BJT potential.instability
At low frequencies if to teke into account 3 I\ . E e
dynamic base-emitter resistance r_and Ny oA aatd © AT

Early collector-emijtter resistancer, = K> Lol wrth\low fgz and .h'gh
1 fo2 boundary frequencies

Frequency

A7 rbC%‘ b

12

2
gm 2 gm f
= f = [ [(2r, 1+ -1 or

y7,

“In common case, at higher frequencies with parasitic emitter lead inductance L, : "

————————————————————————————————————

'Exﬂpression for low f,; and high f,
boundary frequencies of second O——0—An
domain of BJT potential instability !

% 2 : gmV
g o 1-40.1,C, - -1_f 4o.1r,C, 1tk Zin ; 5 X,
e | o e 8o-1,C,

where kK =w. L /1,

2
ohC, K e

11



3.3. Stabilizafion circuit technigue

Frequenans of BJT poten’t"i‘al,_i;nstabiIity

Appearance of secopd frequency domain of BJT potentialx instability is result of
simultaneous effect of feedback capacitance C,and emitter Ie‘ad\inductance b2

case for L, = 0 and reactive load X;: Hartley oscil»létt»qr

frequency domain of potential instability
1+ O >

1 1 oC, L

b On 142 14 —In (1 _HCTERG X
s ch( 0C, X )+ g, X,

Ls

U

Bdu_ndary condition of first potential instability domain:

L 1 o to prevent oscillations = reduce value
L »~ - | of collector choke inductance and
Ls a)TrbCy . increase value of base choke inductance

12




3.3. Stabilizarion circuit technigue

Frequenans of BJT poten»t"i‘al,_i;nstabiIity

Appearance of secopd frequency domain of BJT potentialx instability is result of
simultaneous effect of feedback capacitance C,and emitter Ie‘adxinductance b2

~ second frequency
. cond case for L, #0 and reactive load X;: domain

o frequency domains of potential instability

first frequency domain

Lo

- parasitic
oscillator with
inductive
source and
load
reactances

Lo

- parasitic oscillator with
capacitive source and
inductive load reactances

13




3.3. Sfabi!izsrfé circuit technicue
Frequency doprains of MOSFET pot"“e*n,‘t\ial Instability

Stability factor th¥bugh Y-
parameters:

MOSFET equivalent
circuit Y-parameters:

MOSFET stability factor:

Yak J + Jo Cy 2 C o R,Cy,
1+ja)RgSCgs K:1+gROI \/1+
Y, = — Ja)‘ng o gs
. Maximum value at higher frequencies:
Vg e i, C
il ; Jo Ly
1+ JoR,C s
T K = |14+ 2 Cos
d . = +
Yy, = R— = Jw(Cds i ng) . OmRys Cya
ds

14
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3.3. Stabilizzrfion circ thique

ins of MOSFET poteﬁh‘ti\a»l instability

Frequency do

Only 6‘n»exunstable frequency
domain with low f,; and high
f,» boundary frequencies

At low frequencies if40 take into account
gate leakage résistance = K >1

Fork=1 4 ,= 2 . 9nRs . %,
47 R, C,, - C, il C.. ¢ g.R or f|02 4 R C
m s /(4
ng ng i 9> gsj

In common case, parasitic emitter lead inductance L creates second
frequency domain of potential instability at higher frequencies

K — — L Co R, |
- k=0 g 1 o d
: 3 o—=0 T 1 ANN—O——

1.0 viss 4 /—; K = a)TLS / Rgs i Rgs i
-_\_\7 | (b Rgs == Cus i
; 6 | i Cys I V] gmV i

0.5 Yin F ! T . U Yo
// I R T

. 3
0 0.5 1.0 ORg:Cos
When k = 3.5 = second frequency O

domain disappears 15
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3.3. Stabilization circuit technigue
Frequency.domains of MOSFET"’po\t;entiaI instability

N

Appearance ofSecond frequency domain of MOSI\:EI potential
instabjkty is result of simultaneous effect of feedback
apacitance C 4 and source lead inductance Ly

e

 fi'st case for Lg = 0 and reactive load X;:
e frequency domain of potential instability

. = Ja)(l + Ja) Rgngs)
J Cgs W+
Yin = 1 - R C 1 0 ngdS C
T O R 1+ jo Rdst{lJr 0, B j
| Cds a)Cds |

L, Hartley
oscillator

o1, 16



3.3. Stabiliz f‘ﬁrr it technicue

FrequenC}do/mains of MOSFETzﬁpo\t\entiaI instability

Appearance ofSecond frequency domain of MOSI\:EI potential
instabjkty is result of simultaneous effect of feedback
apacitance C 4 and source lead inductance Ly

7 3
» setond case for Lg #0 and reactive load X, : two second frequency
frequency domain of potential instability domain

first frequency domain

- parasitic
oscillator with-
inductive
source and
load
reactances

Lo

- parasitic oscillator with
capacitive source and
inductive load reactances

17




3.3. Stabilizzrion circt J!H mgue

‘4&

General reduirements to provide stable
ration of power amplifier:™

* use active dévice with stability factor K > 1

* if it isfimpossible to choose active device with K > 1, providexé‘i»rguit
stability factor K+ > 1 on operating frequency by appropriate choice
of real parts of source and load immitances "

e+ disrupt equivalent circuit of possible parasitic oscillators

- choose such reactive parameters of matching circuits adjacent
to input: and output of active device which are necessary to avoid
self-oscillation conditions

In commonbase, It is difficult to propose unified approach to
provide stable operation of different power amplifiers
especially for multistage power amplifier

18



3.3. Stabilizzfion circt Jﬁf echnique

Stability analysis must be done in differenffrequencies ranges:

- at lower frequepcies when frequency of parasitic oscHIatlons f,
is signifieantly smaller operating frequency f, (f, < fo)

L1 S
- using stabilizing Cﬁ

resistor R; with

|
series bypass i»ww—{ —
Rl Cz

p R capacitance C, in ISV
parallel to power
_'_%| w supply
- using stabilizing - using stabilizing
resistor R, if-. resistor R, in parallel to
parallel to RF choke additional RF choke to ﬁ—g > Ly
av0|d degradation of RF e
performance |1|
| Lo
.q\/\/\/_{ }_.._NYY\_O
- using additional RF choke if impedanceof | R o Vee

series R,C, circuit is too high ‘ 19



3.3. Stabilizafion circuit technigue

Stability analysis must be done in differenf\fre\quencies ranges:

« at higher freguencies when frequency of parasiticbsgillations fy
is signiticantly higher operating frequency f; (f, >‘>\f;o)

VCC

- reduce value of collector

e choke inductance -

- Increase value of base
hoke inductance
—,

Cs L1

- capacitive
impedance at
device output

_inductive impedance at
device input

20



3.3. Stabilizafion circuit technigue

be done in differen‘t\'fr,equencies ranges:

Stability analysis m
* near operagt#ng frequency frequency when fred\ue\ncy of parasitic
Hlations f, is close to operating frequency‘fo,\(fp ~ ;)

series L,C, circuit is tuﬁed_on
operating frequency

stabilizi L,
con Ly & P
) . o —o—9— Y Y Y 5
betiveen active device T 0aminy
and output matching
- AN
circuit > B L. c, ==
Zout Zstab
n . 5
. Y Y YL, § !
parallel connection of
> ‘ stabilizing RLC circuit
<E W |—> L ¢, C, == between active device
and output matching
Yout Ystab C|rCU|t

21



qu rafi on mode
v, =V, + V., cosaot

Lin
- input-cosinusoidal voltage
. + I cosmt :“(mtput cosinusoidal
“-._current
V=V, —Vcosmot
- output cosinusoidal““cgrrent

P = 1 Ve

P = (05]V -fundamental output \
power

- DC output powéf’x

- collector efficiency

Input voltage

Output current

]7:

05

- maximum collector efficiency in Class A

& =V /V,. -voltage peak factor
/1, =

£ =1

For ideal condition of zero
saturation voltage when

22



operation modes

e "

In

V., =V, + V. coswt

- input cosinusoidal voltage

i l, + | coswf‘,‘»,_\ -0 < ot <0
B 0, 0 <wt<2r-0

-output curr»én»»t\
conduction angle 2‘61_»
> ot indicates its duty cycle - _

For moment with zero current -
1 =0 = Iq+ | cos@

1 |
|
cos@d = ——
> ot
< Vi | o 6=90° | 1 I
Q "‘.‘Qutput current I = (COSa)t B 0059)
Vo *.For moment with maximum current

Input voltage *-i‘t= |max = | (1 = COSQ) 23
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3.4. Class- ‘:3/~Q operation modes

en # <90° = cos # >0 = |, <0 -Class C operation rﬁ‘od»e

i =1, + l,cosmt + 1,c0s 2wt + 1,c083wt + ... - Fourier series -

0
where |, = i.[l (coswt — cos@)d(wt) = | y, - DC component
T

-0
0

9 1
*-_I‘1 = ;jl (Cosa)t — COSH) COSa)td(a)t) = | y, -fundamental component
‘ -0

1, . 1 :
where * Yo = —(sm@ —Qcose), Y, = —(9 — sin@ cose) - current
h, 7 T coefficients

P .
n = B =57 6 = ——=<¢& -collector efficiency
0

When & =90°and & =1 - - T ~ 0.785| - maximum collector
efficiency in Class B4




operation modes

e "

}‘ Output current

Input voltage Vcosé

v ot
V. Vv . .
= Iq + — = - dynamic characteristic of power
B 7R 7R amplifier or load line function within
. -0 < ot <0
S | 1 _
tan B = = - slope of load line

V(L - cosd) 7R
25



A

o .4 Output current

........................................................................................... .;-A

SN T TTTrreeeeerees

.............................................................................................................................................
n

6=90°

For increased input voltage
amplitude:

v o * operation in saturation, active and
pinch-off regions

Input voltage

 load line represents broken line with three sections:
KL- saturation region (depression in collector current waveform)

KM - active region -
MP — pinch-off region‘ 20



~ e collector current becomes _ _
. asymmetrical for complex asymmetrical load line
| Ioad impedance

* for |nduct|ve load impedance, depression in collector current
| waveform is shifted to the left (a)

* for capacitive'-l.oad impedance, depression in collector current
waveform is shifted to the right (b)

Reason: different phaéeﬂcpnditions for higher-order harmonics
s 27



-

35{mearﬁy“* |
To evaluat{e{mﬁ]ear properties of“power amplifier,
consider transfer fdnction of active device in common form of i = f(v)
ere i - output current, v - mputvoltage
wher"e”’vO - BC

( - Vo)n bias voIt”ag_e\

v=V,

1 0" f(v)

" Zn! ov"

n=1

Usual method to determine nonlinear properties is to to apply two-
tone excitation test signal

Peak envelope power PEP corresponds

" For two signals with equal
to maximum amplitude of 2V:

.
-

-na‘m_plitudes Vi=V,=V: 2v]
v = V,cos@,t + V,cosw,t f( Pep = (2V ) /2R
Total due to each tone:
I 2\/ COS C()tCOS Qt . ¢ Otal power due to eacC 20ne
where Pow = Ps+ P, =V°/R
a):(a)1+a)2)/2 M)
Q = (0, - w,)/2 N ‘ Bl s 4R
N 17 where P =P, =P, 28
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3 '7/!1-—%”!" y

For two-tone excitatios test signal
~

Taylor’s expansiqir of output current
for first three_éerivatives results in

3
e 107 )
4 o

15'1()

> o

V=V,
3
¢ 10 o°f(v)

:VO

3
(%Vf + ij]V1 cosm,t + [f’(vo) s 19 fv)
v=V, v

(\/12 cos2w,t + V, cos2w 2t) +

v=V,+ Vlcbswlt + V,cosw,t

= 10)= 1) + 1216

1 0°f(v)

TE (\/13 cos3w,t + V, cos3w 2t)

V=V,

V,V, cos (o, + w,)t

w,)t + V, V7 cos (o, * 2w2)t]

29



3.8 Linearity "

Main conclusions:

 variation of. ©C bias point is directly proportidh‘a,!xto second
derivative (ip-Ccommon case - even derivatives) of tranSfer function

» devicetransfer function will be linear only if third derlvatlve
In common case - odd derivatives) is equal to zero

* even harmonic components are result of even derivatives of
transfer function; odd harmonic components are result of odd
derivatives of transfer function

. flrst order mixing products (total and differential) depend on even
*- derivatives of transfer function

. mixing“products of third and higher order are mainly determined by
. odd derivatives of transfer function

Distortions which are determined by second derivatives of device
transfer function are called second-order intermodulation distortions;
distortion which are determined by third-order derivatives are called

third-order intermodulation distortions
30



5 Linearity .

-.Consequently, output

fund | d.and third powers of linear, second- or
undamental, second.€nd thir third-or SR EGI bk et s

harmonic or inte /od lation -
u straight-line behavior and

components depends on first, vary by 1 dB, 2.dB and 3 dB
second and respectively, with 1-dB
variation of input power

POUtl dB
A/ These straight lines intersect at some.
/IP3/ points which are called intercept points IP-.
1P, =

B=nP, — (n — 1) 1P, (dBm)

n

P1as- -

Second harmonic component
P, = 2P, — IR, (dBm)

P2a)li w2

Third-order intermodulation component

Py, dBm Py o

= 3P, — 2IP, (dBm)

Pe= IR — 9(dBm) - 1-dB gain compression point 31



A

3 S{mearﬁy“

For MOSFET device, there is optimum bias p"oj,;r]t with drain quiescent
current ly, in limits of 0.1...0.15 Iy, when IM; can be minimized
providing high-power and high-efficiency operation because of

quadratic transfer function in this region--_

IM - .\»\*
= Output spectrum containing-n-order
intermodulation components-.
qul > qu2 > qu3
Vl V2
v
Vs
vy
i o
0 ) P;t B3wi— 202 2w — an» P 2 - 3w -2
IM, = 10 |0g10( ] /p) P, . — P (dBc) -third-order intermodulation
A2 G product
IM. =10 Ioglo( o /P) 3w 90, — P (dBc) - fifth-order intermodulation
product

where P:_Pw1 =P 32

W7



3.6-DC brasing -
vice provides requi"r‘ed operation condition
le over input power, temperature or technology
process variations :

Vad

DC biasing of active
which should be st

] When device
" threshold
voltage is too
high, it is b‘est
to connect -
several silicon
diodes in
series

R, Ly

NN\

VT,

dividerto set gate bias

voltage @
KL
ivol

However, in wide temperature
range when device threshold
. voltage varies with
‘temperature (2 mV/ <), to
reduce quiescent current
variation,.it is possible to use
silicon diode in series to
variable resistor

Such simple bias circuit
configurations for MOSFETSs
become possible in view of

extremely small gate DC
current equal to its leakage

current only

33



DC biasing -

3.6

Currént mirror bias circui“‘t‘s.,;

For bipolar transistor as cufrent-controlled device, to stabilize quiescent current it
Is best to use currentzafirror type of bias circuits where reference diode is formed
using same didde-connected transistor with substantially smaller area

V V T
o ref o Vce o Vref o .\VCC

Qs

O RFout ; Ro l
—

- “’
T
!

Q

RFip O=——| {\

| O RFout
L RFiy O | @
To minimize quiesecent current variations over L
temperature, ratio of ballast resistors R,/R, p
must be equal to device area ratio Q,/Q, To reduce current from reference

source and to increase current
driving capability for high power RF
device, driving transistor Qg is used
to feed DC base current for RF
device Q, 24

However,to fix current flowing from
reference source through resistor R,, its
value should be much higher than base

current of RF device Q, :



A

<DC biasing -

| Ve Current mirror bias circuits
Rz . Popular configuration of temperature
Q. compensated bias cif’cu\it contains one
Q reference transistor and one. driving device
l Ri i
== Ro ‘
: / ) s |0 RFou Vg © Q
1 Rz
i Q1 %
It is very important to provide ratio of Ri
ballast resistors R,/R,equal to ratio of 1 § Ro ‘
device areas Q,/Q; which minimizes - ' o | ——0 RFou
variations over temperature as well as 4 :
stabilizes DC bias point over input power 1
Voeo, V =
“al ’ To minimize current from
13 1 - required reference voltage source, emitter
-4 . | Vvalueofballast  follower configuration can be used
2\ . resistor R, where this current is equal to

X g B extremely small base current of
10 25 Rl =0 emitter follower device Q;

-10 -5 0 5 10 15 Pin, dBm



o
3.7. Pysh-pull amplifiers
Push-pull operati;)g/h{ps to increase valué‘spf input and output
impedancesg to additionally suppress e\“/‘e;n» harmonics
For 50% duty cycle of-each device (ideal
Class B) with driving sinusoidal voltage:

first transistor collector current

—— _ +1.sin@g, Osék»g
c 0, ﬂ'S9'<2#\\

Ny R|_

second transistor collector current =

= J 0, 0<0 <
1. = i

“ | =l_sing, 7<60 <2x

Being transformed through output

N e transformer T,, total collector current:
T 2w e | MvawweV i, (0) =i,(0) —i,0) = 1_sin(0)
i . \ 7 2?'[ c0 ' '
c2 ]
\/ : 2t Current flowing in center tap of

le <
N e primary winding of transformer T,:

— 0) = 1(0) + 1,(0) = 1| sn(0)




3.7. Pysh-pull amplifiers

Ideally, even:drder harmonics are canceled
as they are in-phase and combined in center
tap of primary winding-of output transformer

To eliminate losses, it "ié»n\ecessary to
connect bypass capacitance to this
center point ’

As for 50% duty cycle, third- and hié\her\-
order odd harmonics do not exist, ideally-.
sinusoidal signal will appear in load |

R

. Total DC collector current VL(Q) = Ic RLSIn(Q) - VLSIn(e)

2

. T Maximum theoretical collector
efficiency that can be achieved
in Class B operation

For zero saturation resistance when
collector voltage amplitude V., = V., and

equal turns of winding-when vV, =V, DC P
and fundamental output powers n = —QEs L ~ 78.5%
2 1 P
P0 = ICVCC Pout P ‘I"CVCC
T 2%,
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o

amplifiers

/ In balanced éi‘rcuit, identical sides carry
//’ 180° out-of phase signals of equal amplitude

If perfect balance is rh‘aintained, there are
midpoints where signal amplitudes are zero

@
h

- virtual ground X
Such a condition is called virtual grounding
o //’/ /l/l\:> o Being inside device package with two b’“al»a»nced
\/ transistors, virtual ground reduces common-

/ mode inductance and simplify matching circu“i't--.___“
Simplification for balanced transistors
. Matching conditions for where matching parallel capacitances

single-ended transistor are combined and DC blocking

capacitances are not required

e — ‘omlw@
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3.7. Pysh-pull amplifiers

For push-pull operation, uribalance-to-balance tf‘an;sformation IS required

* most suitable

> L: »,,._\approach IS to
use 1:1 coaxial

o transformer

o

~
by
|
[

.
=

l « for 50-ohm ‘'source and
- load, its characteristic
impedance = 50 Ohm

....................................... and eaCh balanced part
T, | Ig Sees 25 Ohm
ls ls * t0 minimize

i—(
@

p ' ci \L\:> _|c|: p,,  Lransformer size and
) ey Cime - =9 o provide broadband

operation with minimum

N ——
- T C r & Ts 1
B[S +— |I|: '/' | ° - return loss, coaxial

It \ﬁ ls u transformers are

T mounted and soldered

along shortened

7 microstrip lines and

additional shortened

stubs are added for
symmetry 39

* as shortened stubs produce_ inductive impedances,
series capacitors C, and C, are used forming high-pass
matching sections_



3.8. Practical aspect of

-

RE and microwave power amplifiers

Output

Typical migrowave power amplifier topology
Vsup‘pl‘i/“
/ o o
[~
A4 A4
|y
o] 1,
Input | L] D l
C, l, |o C,
=

* matching circuits in form of L-transformers:

parallel mlcrostrlp open stubs represent capacitive reactances,
series microstrip lines represent inductive reactances

- bias circuits contain quarterwave loaded and opened
microstrip lines for RF signal isolation
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RE and microwave power amplifiers

5 W GaAs MESFET p(‘)’\\‘/ve\r» amplifier topology

7V |
o 2
50 100pF
+—A— :
0.25\ 0.68 pF e
:}—-%{ \—|||
25 Q)
0.251
820
0.09 0.25\
~+—{———=—o
r 50 O
7115 pF

. matching‘-circuits are combinations of L-transformers (parallel
capacitors and: series microstrip lines) and quarterwave lines with
different characteristic impedances

- drain bias circuit contains additional RC-circuit to prevent high-frequency
oscillations and large capacitance to prevent low-frequency oscillations
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3.8. Praciical aspect of RIi- and rryiij‘rgwave power amplifiers

- * to combine output powers from
two or more transistors at
24 A6 microwaves, 90-degree branch-line
hybrids are widely. used where
active devices are isolated from
M4 each other

Ma

°Pw < at equal reflection coefficients from
loads connected to output terminals,
reflection wave is absent at input
terminal and flowing to 50-ohm
ballast resistor

* branch-line hybrid
also can work as
impedance transformer
with characteristic
impedances of its
microstrip branches as




“Tin

e

50 Ohm .

3.8. Practical aspect 0

Microwave 5.5 GHz

-

FF/and rmicr

owave power amplifiers

5 W GaAs MESFET pov(/ér,amplifier topology

- for monolithic microwave
applications, when output
resistance of t‘ransistor IS
slightly less or higher than 50-
ohm, it is convenient to-realize
parallel connection of active
devices (easy to provide circuit.
symmetry for packaged
devices)

out

0
50 Ohm

v 10V
5 20 pF
| 2 kO i
5 pF 40 Q,
87 Q) 33°
50
40 Q), 89° S pF
“ T —
3.8 pF 49 Q, 14° 50 Q, 62°
S
- 3.8 pF 49 Q, 14° 50 Q, 62°
L | —
5 pF 40<Q, 89° 5 pF
= 400,
33°
1
20 pF

* to combine power from two
transistors, it is necessary
simply to transform
impedance from each device
to 100 Ohm and then parallel
connection results in

10V

required 50-ohm load

* input matching circuits represent quarterwave microstrip line transformer

and L-transformer with series microstrip line and parallel capacitance eac

h
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