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ABSTRACT

The steady-state, quasi-steady-state
and transient-state concepts are introduced
to the analyses of delay line discrimina-

tors for I’P1 noise measurement. Only by this

means, is it possible to determine the

admitted range for F@ drift when the dis-

criminator hag been adjusted to the nominal
frequency; the linearized frequency devia-

tion range when it’s used as large frequen-

cy deviation measurement, f.e. the system

calibration and the measured range of the
baseband frequency respectively, so that

the system constrained perfor!nances can be
mastered to the full.

INTRODIJCT’ION

Though many reference papers have ana-

lysed the delay line discriminators for FM

noise measurements, different papers used
different methods and they can’t cliscribe
its operation, especially the system
constrained performances, more integral and
clear. But when the system is used to
measlure the FM noise, it’s more impOrtant
to understand these performances for fear
of making some mistakes. In this paper, the
concepts about steady-state, quasi-steady-

state and transient-state analyses are
introduced, therefore all these are mas-
tered as a integral.

It’s natural that this method can be
used successfully to analyse not only this
sort of discriminators but also other rela-
tive systems.

flJ?NKRAL ANfiLYS?S

There are many nrojects about the
delay line discriminators for FM noise mea-
surement. Simplifying the discussion and!
aiming at our subject, we select the basic
project, Fig.1, as the analysing model. All
the other projects can be handled b? the
similar method. In practical, for T?lg.1 it
also can be livited into two used condi-
tions: one is Usm=Urm=Uom (when the signal
is larger); the other Usm<<Urm (when the
signal smaller). For the same reason, we’ll

only discuss the former.
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Fig.1 .inalysing Model

In general, the balanced mixer is used
as phase detector (PD). It belongs to the
balanced addition type. Let the signals at
its ports of s and r as follows:

Us=Usm sin[2LVo(t-~)+@(t-t)l
(1) {ur=TJrm sin[2ZLJOt+j?j(t)+Zl

Adjust the phase shifter (PS), and let it
satisfy the condition of phase quadrature.
lie can get the discriminator output.

(o) TJo.2@Kd Uom sin[@e(k)/2]

where : Vo= n9minal frequency;
~(t)= variable phase with t;
# = fixed Dhase after ?S is adjusted;
Kd= detect efficiency of the diodes
in PD;
Z= delay time (=Ld/Vd, Ld length of

the delay line; Vd phase velocity);

@e(t)=9(t)-fi(t-Zj.

Stead y-state Walysis
TJse -- to determme t%e admitted range for
RF drift after a discriminator is adjusted
to the nominal frequency.
Condition -- the n~minal frequency drift
slowly from Uo to Po+@.
In this case: @(t)=2iiWt; @e(t)=2ZA~r,

By analysing, we can get the steady-
state characteristic equation (3), its
characteristic cutwe, Fig.?, and the system
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constrained performance about the admitted
range for RF drift when the sensitivity is
decreased less then ldB, Eq.(4).
Steady-state characteristic equation;

(3) Uo=2/~KdUom sin(,l.@C)

\
Uo/ ?fiKdUom)

‘k/q
l’ig.2 Steady-state Characteristic

The admitted range for RF drift:

(4) AY<o.144/z

Quasi-stead y-state Analysis
Use -- to determine the linearized frequen-
cy deviation (I’D) rage when the large I’D
signal is measured, f.e. the system calib-
ratim.
Con6ition -- the cycle of the modulating
signal l/f>Z.
In this case: @(t)=2Z[Af sin(2iiit)]t

@e(t)=2fiZAf sin(2iift)
Xere let the nodul.sting component is
M sin(2fift) (Af= peak frequency deviation).

By analysing, we can get the correct
output equation satisfied quasi-steady-
state condition, Eq.(5), its characteristic
curve, Fig.3, and the system constrained
performance about linearized I’D range when
it’s used as large Flj measurement and the
linearized error is less than ldB, Eq.(6).
Correct output equation:

(5) Uo=4fiKdUom Jl{TZAf)

where: J~= o’le order Bessel function.

f’!Y
Fig.3 Quasi-steady-state Characteristic

The linearized I’D range:

(6) Af<G.285/t

CXmdition -- none.

[

Tn this case: ~(t)= &/f) coq(2~ft)

@e(t)=2(Zlf/f) sinizft) sinL2Zf(t-Z/2)]
Here still let the modulating component is
&F sin(2Zft), but for the noise it means ta
be its equivalent value.

By analygin , we can get the correct
output equation fl’), its characteristic is
shown as the photograph, Fig.4, and the
system constrained perfirrnance about linea-
rized BF range, Eq.(8).
Correct output equation:

(7) Uo=2fiKdUomLAf sin (fifZ)/(ZfZ)

l’ig.4 Transient-state Characteristic

The linearized 3F range:

(8) f<G.255/c

All above analyses can make us derive
the linearized output equation (9).

(9) Uo.2fiKdUom~Clf
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Transient-state Analysis
Use -- to determine the measurement range
of the baseband frequency (BF) for FM noise
measurement.
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