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Hall effect helps
magnetic measurements

Gaussmeters provide a conven-
ient way to measure the flux
density of magnetron assemblies,
TWTs or other devices where a
permanent or alternating mag-
netic - field is encountered. The
heart of these complex instru-
ments is a tiny semiconductor
chip acting as a Hall-effect gen-
erator.

The basic premise of a Hall

generator is simple. When a mag-
netic field is applied to a semi-
conductor that is carrying a cur-
rent, a voltage is developed at
" right angles to the current flow.
Several semiconductor materials
are suitable for Hall generation,
but Indium Arsenide seems to
have outstanding properties, in-
cluding an extremely low temper-
ature coefficient (approximately
0.049% per degree centigrade).
"~ ‘When using a gaussmeter, it’s
vital to select the proper probe.
Hall-effect generators are pack-
aged in several basic probe
styles: flat, transverse, tangen-
tial and axial, for example. Two
independent probes may be com-
bined to form a differential
probe, which is used for simul-
taneously measuring gradients in
a field at two different points.

“Wide Range Guassmeters,” a
seven-page publication from RFL
Industries, Ine¢., provides some in-
- teresting tips about selecting and ‘
..using these little-discussed in-
struments. Although heavily la-
den with products, the brochure
gives some insight to the princi-
ples and practice of flux-density
measurements. RFL Industries,
_Inc,, Instrumentation Division,
Boonton,. NJ 07005.

CIRCLE NO. 204

Are your standards
up to snuff?

How often should your labo-
ratory standards be calibrated?
" Knowing the required measure-
ment accuracy and oscillator
drift rate or stability, you could
probably find a high-order equa-
tion to determine the proper
calibration period. Or, you can
simply use a nomograph. A handy
three-column design-aid is avail-
able free, from: True Time Instru-
ment Co., 429 Olive Street, Santa
Rosa, CA 95401 (707) 528-1230.

CIRCLE NO. 205
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Z, is the characteristic im-
pedance of the circulat-
or and

- Z is .the
port two.
If, as in the case under con-
sideration, Z is purely reactive and
Z, is purely resistive, Eqn. (1)
can be manipulated to give:

_ 4
VZ*+ 7.2 tan'l/ — >
e, __ M / \ Z‘u

e vz [ (£
\/ o ZO

(2)

impedance. at

which simplifies to:

& 1) o tann (L (3)
~ei T Zo
Equation (8) indicates that the
circuit in Fig. 1 can produce up
"to 360 degrees of phase modula-
tion.

A parameter of prime interest
in a phase modulator is linearity.
Figure 2 is a plot of the calculated
phase relationship between e, and
e; as the reactance at port two
varies from +joo to —joo. Note
that there 1is approximately a
+100-degree region in which a
linear change in reactance at port
two causes a linear change in
phase at port three.

54

Unfortunately, wvaractor diodes
do not have a linear characteristic.
More commonly, their reactance
varies as the square root of the
applied voltage. But adding a
simple inductor (L,) linking port
two with ground (Fig. 3) provides
reasonably good compensation.

Two diodes are used to simplify
biasing (the top diode prevents
L, from shorting the dc bias volt-
age to ground) and to obtain a
push-pull effect that tends to pre-
vent large rf signals from de-
tuning the circuit.

L, and C series resonate when
the modulation input voltage is
—3 V. In this low-voltage region,
the reactance of the diode changes
quickly with voltage (X, « VV);
but as the voltage goes more nega-
tive, the reactance changes more
slowly which causes a flat region
in the phase versus voltage curve.
When L, is introduced to the cir-
cuit and the varactor voltage is
less than —3 V, the L,C branch
looks like a capacitor that begins
to parallel resonate with L,. The
approach of parallel resonance
forces the rate of change in re-
actance to increase which tends to
cancel the effect of the more slow-
ly changing varactor reactance.

The equation for the reactance.
at port 2 is
g (X — IX) iX,
X, —iX, + X,
where:
X, = reactance of L,
X, == reactance of L,
X, — reactance of C

P Spa—— o UL v

(4)

In order to show X as a func-
tion of voltage and to reduce the
labor involved in calculations, Eqn.
(4) can be written as:

<JX2 - iX, \/"’K—) jmX,
. . Vo
X, — 31X, \/”‘K‘ + Jsz

5)

Z =

where
V = modulation voltage and
K — modulation voltage at
which jX, = —jX,
m = X1/X2
This reduces to:

iX, <1 —\/%—>m
~ (6) .

The transfer function for the
modulator is now obtained by sub-
stituting (6) into (3): :

VA
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assumed to be negligibly small ?a,nd
constant in the frequency region of
interest. The latter condition per-
mits us to write:?
AO,,

Tm — Aw

(11)

_ Substituting Egqn (11) into Eqn

(10) and solvinge for Ae results

1
vav) L pUaviig LU0 Lo {OSuUiws il

A 6,
Ta *+ 7o + T

This equation illustrates that if
a phase change AQ,, is forced into
the loop by ‘the modulator, the:
oscillator frequency must change
by Aw in order to generate an equal
and opposite phase change. Equa-
tion 12 holds true when the time
interval for A0, is large compared
to (’Ta + Te + Tf)- ‘

If the group delay in each loop
is constant, the linearity of the
frequency deviation will be equal
to the linearity of phase deviation.
In some cases where the loop group
delay is not constant, it may be
possible to modify the modulator
phase characteristic to compensate
for phase nonlinearities in- the
loop. ‘

The oscillator in Fig. 7 offers
several practical features. Since
each circuit element has a 50-ohm
input-output impedance, each may
be treated as a separate module
and interconnected with 50-ohm
cable. This is advantageous since it
simplifies open loop measurements
on a network analyzer.

An apparent disadvantage is that
the output signal can abruptly
jump to a frequency above or be-
low the desired frequency by

2mn

S Aw e

, Where n is an integer and
-

7 is the total loop group delay. This
problem can be avoided, however,
if the bandwidth of the loop filter
is narrow enough that the loop
gain at the unwanted frequency is
less than one. ee
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Test your retention

1. What simple component can be
put in parallel with a varactor-in-
ductor series circuit to compensate
for the varactor’s non-linear re-
sponse?

2. How would a modulator be used
in an oscillator circuit?
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