Transistors at Radio Frequency
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How to describe transistors at radiofrequency.
Equivalent circuits and S-parameters
Y-parameters and SOLVE

Stability of transistor amplifiers (brief)

The Klapp RF Oscillator

SOLVE Example: The Klapp Oscillator
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Transistors at Radio Frequency

[] Transistors are more complex at high frequencies due to the effects of
Internal parasitic inductance and capacitance.

Always try first to seek S-parameters from manufacturers.
Or use a simulation package that has them in its database.

Failing all this.. do a model. Here’s how.

b O 0O @O

We try to glean enough information from datasheets and independent
measurements to form a physical model to predict S-parameters.
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BF199 VHF TranSiSi0l  s—— product spocifcaton

NPN medium frequency transistor BF199

FEATURES PINNING
s Low current (max. 25 ma) PIN DESCRIPTION
* Low voltage (max. 25 V). 1 base
2 emitter
APPLICATIONS 3 eollector
« Qutput stage of avision IF amplifier.
DESCRIPTION 1 3

MNPM medium frequency transistor in 2 TO-92; SOT54 A e — 1
plastic package. —

MAMISS

Fig1 Simplified outline {TO-92, SOTS4)

and symbol.

QUICK REFEREMCE DATA

SYMBOL PARAMETER CONDITIONS MIM. TYP MAX. | UNIT
Veso collector-base voltage open emitter - - 40 W
Veen collector-emitter voltage open basze - - 25 W

lewa peak collector current - = 25 ma
Piat total power dissipation Tams = 250 - - 500 iy
hee DC current gain g =7 miA; Ve =10V 3B - -

fr transition frequency e =5 mA; Vee =10V, f= 100 MHz - 550 - hHz
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Radio Frequency Transistor circuit model

Ly, Rob Cpe s
——ww |
Base Collector
Rbe Cbe lﬁlb
Ib

% Emitter
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BF199 Datasheet

Base

= Emitter

Philips Sermiconducions

Produel specillcatan

NPN medium frequency transistor BF199
LIMITING VALUES
In acsardancs with Te Absalute Maxirnum Rating Systam (IEC 134}
S¥YMBOL PARAMETER CONDITIONS MIN. M. UNIT
Yopo ealleclor-base valage apen armifler - EY] W
L calleclor-amilier vallage apen base - F] W
VEmo erfifler-bas e '-1:'I|'||‘.’IA?E apen sallesiar = L v
- oallectar current | DC) = 25 ik
lop pedk calles lar current - 25 vk
Py 1otal power dissipaton Tant =25 °C; nate 1 - 510 [
Tag slarage emparalre -85 +1511 af
T, juneiian ermparalre - 150 ac
T s aparaing ambient lermperalure -85 150 g
Nate
1 Trans=iar raunied an an F R4 pdnted-cdroull board
THERMAL CHARACTERISTICS
SYMBOL PARAMET ER CONDITIONS VALUE NI |
Fits ia therrmal meisiance kam junction lo ambient |note 1 350 KW |
Naote
1 Transisae raunied an an F R4 pdited-crcl board
CHARACTERISTICS
T anie = 252G winles & ahhersise spaciied
SYMBOL PARAMETER CONDITIONS MIN. | TYP | MAX. | UNIT
ken eallectar cut-all currenil lg=0 Vo =40V - - 100 A
e armifler aul-all e urrent g =0 Veg =4 Y - - 100 A
hee DT curent gain lo=7mA Vop = 10 ¥ 34 - -
Ve base-amifier waltage lo=7md Vop = 10¥ - 775 925 my
Cra loadiback capacilanca lg =0 Vog=10W;1 =1 MHz - - 05 pF
t Transifan equenscy lo =S mA Voe = 10V, 1= 100 MHz - 550 - MHz
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Networks: Y-parameters vs S-parameters

[] Y-parameters and S-parameters are related:
_ (1 +525)(1 — 511) + 512521

Yi AZe
. —251-
= TAZ0
. —2551
Y= "AZ0
Vo = (14 S11)(1 — S220) + S12521
¢ A7

where A = (1 + S11)(1 + S22) — 5215712
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Definition of Y-parameters

[] Need these for employ solve.

Ii = yiVep + yrVec

Io = yfveb + yovec
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Using Solve For Transistors

[1 Consider the base node

Iy = (i +yr)Vey — yrVe

[1 Consider the collector node

Ie = (yo‘l‘yf)vec — Y£Vic

[1 Consider the emitter node

I = (yi—l—yf)Vbe + (yr + yo) Vee
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BF199 S-parameters

[0 Use Cp, = 100pF (fr =550MHz), Cp. = 0.5pF, I, = 7mA and

hte = 100.
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BF199 S-parameters

[0 Use Cp, = 100pF (fr =550MHz), Cp. = 0.5pF, I, = 7mA and
h e = 100.

frequency (Hz)
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BF199 S-parameters

[0 Use Cp, = 100pF (fr =550MHz), Cp. = 0.5pF, I, = 7mA and

hte = 100.
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BF199 S-parameters

[0 Use Cp, = 100pF (fr =550MHz), Cp. = 0.5pF, I, = 7mA and

hte = 100.
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Example: A BF199 Common Emitter Amplifier

[] Use the large signal equivalent (left) to set the bias point.
[1 Use the small signal equivalent (right) to set up SOLVE.

Vee=12V
R1
L2
R.= 500 &2 R4= 500
¥ c1

|

M—I I
10nF R, = 5002 R, = 500

C,\P R2 A,

L1
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Stability Criteria

[]

Is the transistor stable in isolation? Linville criterion

Yry ¢l
2gigr — real(yryy)
Often we need to know if a transistor amplifier is stable.

C =

If a transistor with given y-parameters is loaded by source and load
admittances Y¢ = Gg + jBg and Y; = G, + 5By, then the transistor
circuit is unconditionally stable if,

_ 2(g9; + Gg)(go+ G1L)

> 1
lyry sl + real(yryy)

The Stern Stability Criterion
A number of useful related formulae.. see the web brick.
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Klapp RF Oscillator

[ Model the transistor using S and Y parameters in exactly the same way as
the transistor amplifier.

[1 In the project the oscillator is a VCO: the MC145170 PLL has to control the
frequency of the oscillator by applying a voltage to a varactor diode or
voltage variable capacitor (VVC)

[1 We need to prove that the oscillator will oscillator and at what frequency.

[1 In SOLVE we inject a current into the tank circuit of the oscillator and
determine the frequency at which the ractance of the input impedance is
zero and the resisitance is negative . WHY?
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Varactor Diode

Diode capacitance Cr = f (V&)
f=1MHz

- BB B33

Anode | i
Barmier metdl [
T,
v N lyar
Cathode N e
heavigi coped
:'1,: b y
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Klapp RF Oscillator

2

2
b C
ZT 1
e 4
e R

Back to back varaclors
R,, = 33kQ

RL

‘
(LT

1Ihrl'-:
R, = 20
10nF
|
c, = R, =500
L
R:JE 2 ——
sl . R, =430
82pF
T 33000
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Using SOLVE: Compute S-parameters and Y-parameters

% The parameters of the oscillator circuit

%Step 1 Run S_parameters to generate the S-parameters for
% the transistor.

c¢lear all
S—parameters_BF199

det = (1 + S11).%{(1 + $22) - S21.%x512;

%Step 2 calculate the y-parameters

vi = ((1 + $22).%(1 — S11) + S$12.%521)./det/Z0;
yIr = =-2%512./det/Z0;

yvf = -2%521./det/70;

vo = ((1 + S11).%x(1 — 522) + 512.%521)./det/Z20;
H = 6; Fnumber of nodes

v = zerosi(N,N,Nvals); %The admittances

omega = 2xpixfrequency;
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Using SOLVE: Set circuit values

CT = 2e-12;
LT = 8000.e-9;
CLT = .le-12;

ZCLT = 1./7./omega/CLT;
ZLT = 1.+jxomegaxLT;

= (ZCLT.*ZLT)./(ZCLT + ZLT) + 1./j./omega/CT;
YT = 1./ZT;

Cl = 10.0e-12;

Z1 = 1/j./omega/C1;
C2 = 20.0e-12;

Z2 = 1/]./omega/C2;
R1 = 43.;

R2 = 3300.;

RL = 50.;
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Using SOLVE: Set SOLVE admittances

y(1,2,:) = YT;

y(2,1,:) = YT;

v(3,2,:) = 1./%21;
v(2,3,:) = 1./21;
v(4,2,:) = yityr;
yi5,2,:) = -yr;
vi2,3,:) = 1./21;
v(3,2,:) = 1./%21;
vi(4,3,:) = 1/R1;
v(3,4,:) = 1/R1;
¥(6,3,:) = 1/R2 + 1./22;
¥(3,6,:) = 1/R2 + 1./22;
v(2,4,:) = yit+yL;
yi(5,4,:) = yr+yo;
v(3,4,:) = 1/R1;
v(4,3,:) = 1/R1;
v(2,5,:) = -vyf;

v(4,5,:) = yI+yo;
v(6,5,:) = 1/RL;
v(5,6,:) = 1/RL;
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KLAPP oscillator input impedance

BF199 local oscillator
1000 ‘ ‘

500 N

-500

Real(Z) at node 1

~-1000 ! ! ! ! ! ! !
1

1000

5001

Imag(Z) at node 1

21 ENGN4545/ENGN6545: Radiofrequency Engineering L#13

THE AUSTRALIAN NATICHAL INIVERSITY




