EEN3096 Communication Electronics Useful Formulas

Useful Formulas

1. Design equations for attenuator (with the requirement Z; = R;):
K = voltage divider ratio = Viy/Vou, Ry = load resistor.

e L attenuator

K-1 1
1 K L 2 K—l L
e T attenuator

K-1 2K
S S G
e T attenuator

K* -1 K +1
1 2K L 2 K—l L

2. Important parameters for RLC resonance circuits:

Parameter Series RLC network Parallel RLC network
Input impedance R + jol, + 1 1 1 . -1
joC, —+— +joC,
‘ R, joL,
Resonance frequency o = 1 o = 1
LC, JL,C,
Quality factor, Q o,L 1 R,
= 0 S = = = R C
o R, ®o,RC, o oL, 7
Bandwidth BW o, ®,
Qs QP
3. Series to parallel and parallel to series reactive network transformation:
R, Y X,
Y140 c I+

4. L impedance matching network (when Ry, > Rg):

2 2
B:XLi‘,RL/RS\/RL +XL _RSRL ,X:l_’_XLRS _L Q:m
RL2 +XL2 ’ B RL BRL ’ RS

5. L impedance matching network (when Ry, < Rg):

JR. -R,)/R,
B=+ R ; X =R, (R, -R,)-X,; O=R|B]

s
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6. m impedance matching network:

L=L+L, :&(\/RS/R, —1+4/R, /R, —1)
®

o

1 R

1= — -1
o, R | R,
1 R,

2 = —-1
O‘)ORL RI

R R
Q — \/_S — 1 + \/_L _ 1

RI RI
7. RF Class A transistor amplifier:
e Hybrid = model of BJT

Tbb’ The base-spreading resistance.
8 The transconductance. g, = —— = dlc . Ic(nmA)
dVy, kT 26
at T=25°, g= electronic charge, 1.602x10"°C
Ce The emitter capacitance.
Tpe The input resistance.
r.o= d VB'E _ hfe
" dIB gm
Tpe The collector to base resistance. 7, =h,r,
Cc The collector capacitance.
r V V
« The output resistance. 7, = —% = VR
I. KkTg,
where V4 is known as the Early voltage and I is the dc collector current.

e High frequency Class A amplifier parameters:
e Voltage gain:

v 7, 1 K
AV: 0 :_ngo b'e — — IS
VBE Voo F e 145C, e 12
Top + Tye P
o Effective voltage gain (including the effect of source impedance Rg):
, 1 K
AVe :%:_ngo ;ge (R +7 )’,. = 2S
Hy + R + 1, e
s bb s be1+SCTS—bbb 1-—
R + 1y + 1, P>

where C, =C, +C,, and Cy = Miller capacitance
C‘M = (l + ngo )CC
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e Transition frequency

1 g,
=0 C.+C,

e Input impedance
.
Zy=ly+ o
1+s1,,C,

e Maximum output voltage swing (for class A tuned amplifier)
Vepmax) = 2(Vee — VE + VeEGsar)

8. Phase-Locked Loop:
ky = Phase detector gain, k,= Loop amplifier gain, F(s) = Loop filter frequency response,
k, = Voltage controlled oscillator gain.

e Static phase error
_ N N

“kkk, Kk,
e Hold-in range or lock range
AfH = ee(max) kL|
e Simple PLL or uncompensated PLL frequency response (F(s) = 1)
V,(s) Sk¢ k.,
0,(5) s+k,

V,(s) _2mkky k&,

A(s) s+k, s+k,

e Simple PLL or uncompensated PLL time domain response when there is a step
change in input frequency

V(1) = i—f (1-e™)

o

e First order PLL or compensated PLL time domain response when there is a step
change in input frequency

V()= g[1 e sin(cont\/l 5% +0 )}

Tk 1-5°

o

2 1
o =k|—
n V(RCJ

1 1
8 = =
2w, ,RC  2,/k,RC

0 =tan L—1
)

2
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