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HIGH-FREQUENCY AND HIGH-SPEED TECHNMIQUES

Radiafraguency circult alemants

.-

impedances in the range of 300 to 1000
phms.

When used with high-fraquency (or short-
rise-time) signals, it is important to “match™
the load to the characteristic impedance of
the line. Tha important facts are the folioe-
ing: {a) A transmission line terminated with a
load equal to its characteristic impedance
{resistance) will transfer an applied pulse to
the termination without reflaction. In that
case all the power in the signal is ransferred
to the load. (b The impedance looking into
guch 8 terminated fine, a1 any frequency, s
erizal to its characteristic impedance (Fig.
13.15).
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Figare 1315

This iz swrprsing at first, since at low
frequencies you tend 10 think of a length of
coax 83 g small capacitive load, generally a
pretty high [capacitive] impadanoe. Also, at
low frequencies (wavelength = length of
eable) there is no need to metch the line's
impadance, provided you can hande the
capacitance (typically 30pF per foot). If tha
cable iz terminated with a resistor, on the
other hand, it magically becomes a pure
resistance at all frequenicies.

Mismatched transmission lines

A mismatched transmission line has some
interesting, and occasionally useful, proper-
tles. A Kine terminated in & short cincuit
produces a reflected wave of opposite polar-
ity, with the delay time of the reflected wave
datermined by the electrical length of the fine
[the spead of wave propagation in coax lings
iz sbout two-thirds the speed of light,
because of the solid dislectric spacing mate-
rial), You can see the reason for this, since
the short circuit enforces & point of rero
woltage ot the end; the cable produces this
ohligatory boundary condition by creating a
wave of opposite phase at the short. In
gimilar manner, an open-circuited cable
{boundary condition of zero current at the
end) produces a noninverted reflection of
amplitude equal to the applied signal.

This property of a shorted cabja (g
times exploited 10 gederate 8 shory aal
from a step waveform. The step j hat=r—,
applied to the cable input through 5 e
tance equal to Z,, with the other eng of A
cable shorted. The waveform at the o s
a pulse of width equal 10 the roundcc®
travel time, since the reflected stap o e

the input (Fig. 13.16). ha ¥ -l’-if"*'-':" :'r_.-.
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Pulsa generatisn with shorted Transmisseon Bnes lin- | 22
wartad refiection). ¥

Cables terminated with B8 resistance A
unequal to &, also produce reflections:
although of lesser amplitude. The reflected 5
wave is inverted if A < Z, and uninverted if § &
= Ty The ratio of reflect»d wave ampliude 5§
to incident wave amplitude is given by '

AJA, = R — ZMIR + &)

Transmission lines in the
frequency domain

]
Looked at in the frequency domain, a trans- 2
mizsion fine matched at the far end looks ke 3
a load of impedance Z,, i.e., a pure resis- o8
tance if line losses are neglected. That
makes sense, since it just swallows any 2
wava you apply, all the power going into the
matching resistor. This is true independent
of cable length or wavelength. It is when you 3
deal with mismatched lines that things begin
to get interesting in the frequency domain.
Since, for @ given lina length, the reflected
wave armives back at the input with a phase
irelativa 1o the applied signal) that depands
on applied frequency, the impedance sean
looking into the input depends on the
mismatch and on the electrical length of the
transmission line, in wavelengths.

fAs an exampla, a line that iz an odd
number of guaner wevelangths long termi-
nated in an impadance £, 8t the far end
presents an input mpadance £, - F:.'g:.-".-?m-
if the load is resistive. the input will look
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resistive. On the other hand 5 line that is an
integral number of hai wavalengths long
ji,'mnts BN input impadancs equal to jis
terminating impedance (Fig. 13.17).
The presence of refiected signais on &
smission line is ot necessarily bad. For
erati single frequency, a imig-
atched fine can he driven [ a fline
1 In such a way 8s to maich jtg resuliang
= b impedance, often with only hegligibly
s preater line losses (due 1o higher voltages
J currents for the samg forward power)
; with 8 matched load. Byt 5 mismatched
5 lne has diﬁerEn_L Properties ap diffarane
irequencies the farmous “Smith chart'™ Can
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Transmission-fne transformesrs

sion-tine transformers are available from the
Vari-L Co. and MinFCircuits Laboratory,
among others, a& packaged modules. Figure
13.19 shows a few examples of baluns and
8 transmission-ling transformaer,

13.11  Tuned amplifiers

In radiofrequency circuits intended for
communications, or for other applications
whaore the operating frequency is confined to
a narrow range, it is common to use tuned
LC circuits as collector or drain loads, This
has several advantages: (a] higher single-
stage gain, since the load presents a high
impedance at the signal frequency (G, =
B idieal while allowing arbitrary quiescant
current; (b} elimination of the undesirable
Ioading effects of capacitance, since the LT
circuit “tunes out™ any capacitance by
making it part of the twned circult capaci-
tance; [c) simplified interstage coupling,
since an LE owcuit can be tapped or trans-

Liag .
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former-coupled {or aven configurng i
resonant matching Network, as in the g
lar pi network) to achieve any desired e
ance transformation; (d) elimination B
of-band signals and noise owing to g

frequency selectivity of the tuned cifcuity, . i

Examples of tuned
radiofrequency circults
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You will see twuned RF amplifiers in
natural element when we discuss comm

cations circuits shortly. At this point we B

would simply like to llustrate the uss $

tuned circuits in oscillators and amplifiers S

with a few examples. Figure 13.20 jfus 308
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[hsal-gate MOSFET (cascode) tuned ampiifior.
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trates the classic wmed amplifier. A dual-
gate depletion-made FET is used to elimi- -8
rate the problems of Miller effect, since the §
input is untuned. By operating the lower 3§
gate at de ground, the stage runs at |, The
parallel tuned LC sets the center frequency ?
of amplification, with output buffering via
Q,. Since the drain sits at + 10 valts, the §
output followwer requires a higher collector
voltage. This sort of crcuit has quite high ’?
woltage gain at resonance, limited by the LC
circurt & and loading by the follower, i
ln the circuit shown in Figure 13.21 a
carefully constructed and tunable LC circuit
15 used to set the frequency of an oscillator.
This is known as a VFO (variable-frequency
oscillator); it is used as the tunable element
in S0me transmitters and receivers, as wail
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