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Summary
~e transmission line discriminator is a well
known system for measuring phase noise of an
oscillator. Using several forms of these circuits,
(particularly those patented by Ashley et al. ) 5 ‘ as
a basis, we derive equations for the mixer I.F. output
voltage, use these to determine the sensitivity of the
discriminator and system threshold.

This is related to a minimum detectable frequency
deviation. Combining these theoretical equations and
computer simulations with experimental results, we
provide a unified analysis of frequency discriminators
which goes well beyond any analysis available in
current literature.

Introduction
The use of the transmission line as delav line or

resonator in F.M. discriminators has b;en well
established in past literature. 2 5 s What hasn’t been
accomplished up until this time is a unified analysis
from the source input to the I.F. output. Within this
paper we shall describe in such a manner several
discriminators and show computer simulations which
match closely with laboratory data.

Development of Output Voltage Equation
Referring to Fig 1, we begin our theoretical

baseline with simple transmission line theory. For
analysis purposes we will model the transmission line
resonator as a shorted line with a stub tuner. From
the transmission line equations, we can easily write
the reflection coefficient of the tuned line.

~,, ~x = 3reJ(o+~).e-J (~+~)-eJ(u-8)-re-j(u-~)

3 e-J (o+S)-reJ (o+B)-ej(U-B)-re-J ‘6-B)

The signal applied to the mixer R.F. port is now
expressible as:

(2) VS = IV I eJ(Wt+Bzs) r~

Mixing with the L.O. signal of Cos (Wt-Zr) we
finally come to an expression which describes the
output of our mixer:
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System Threshold
The threshold of our system depends upon the

available noise power from the system. 1 2 This noise
power can usually be isolated to the mixer and I.F.
amplifier and can be calculated from the noise fiqures
of” these devices. This
expressed as:

(4) En.

(50 XIO-3)’i2 ~o(N1-174-cL

available noise voltage c;n be

/20+( 10N2/10-1 $10- 8-7710 Gl/20

Where:
CL = Conversion Loss of Mixer
NI = Noise Figure of Mixer.
N2 - Noise Figure of Anplifier
GI - Gain of Pmplifier

This equation is a good approximation out above
IOOKHZbut if we look into diode noise characteristics
we will see that it is rather poor below this
frequency. 3 4 Below IOOKHZwe must deal with flicker
noise. A useful simplification for our simulation
purposes is to describe the flicker region as a I/f
increase in available noise power from the mixer. The

(3) Vo=)cos(z)- Ivl
-3rCos(Z-20-2f3)-rCos(Z+20+26)+rCos (Z-2B)-rCos(Z+2B)+r2Cos(Z-20)-Cos (Z+20)t(r2+3)Cos(Z)

-3rCos2(u+B)+rCos2(0-B )+(r2-3)Cos20-2rCos2f3+5+r2

Where:
IV I =Voltage Applied
r . Loss in the Resonator
G = 2.s/L
Z = -Zr+Zs
Zr . 2nzr/A
Zs = 2uzs/A
B =2nl/x
2 = Line Length
S . Stub Length

noise voltage equation in this region can be
expressed.

(5) En,=10 “i20~(K/(F-Fc) )“2+(50x10-3)”2

(lo N2/10-l;/2 ,o-
8“7 )1

Where:
K = Arbitrary Constant
F = Operating Frequency
Fc = Center Frequency of Discriminator.
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Characterization of the Discriminator
The minimum detectable delta f of the system can

now be expressed as:

(6) S= ‘n/dVo

where dvoldf is obviously the slope of the
discriminator as was discussed by Ashley et. al.’ 2
This equation gives us a unique indication of the
minimum detectable delta f which has been our goal.

Alternate Topologies
This analysis can easily be extended to alternate

forms of transmission line discriminators. Another
familiar form is that of Fig 2. The output voltage
equation for this configuration is:

(7) VO=IVI r10 ‘1’20 COS(Z+2B)

Using this and Equation 7 we can calculate again
the minimum detectable delta f for our discriminator
svstem.
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Computer Simulation and Laboratory Results
For the purpose of computer simulation we have

chosen the H.P. 87 because of it’s excellent graphics
capabilities. From the Drogram listed we Droduced the
final plots Figures 3 and 4; These plots’ were run as
direct simulation of circuits which were set up in the
Laboratory. The circuits tested and simulated were as
pictured in Figures 1 and 2. The data shown in Table
1 for the threshold level and discriminator slope were
taken in accordance with procedures described by
Ashley et. al. ‘ 2 If we return to Figures 3 and 4we
see that the laboratory data, which have been plotted
as x’s on the computer simulation plots, are in
excellent agreement with that calculated from circuit
parameters. The differences are well within the
approximations of circuit parameters. We have thus
shown that by starting with known circuit parameters
we can accurately predict the response of our
discriminator circuits.
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50 DI!jP “Eh}TER 1 FUR TUNED FiES’,

&O DISP ,, ENTER 2 FOR SIPIFLE DELAY LINE,,
70 Ihli=UT C

80 DISP ,, INflJT LIMITS ON F (FLCI. FHI) IN GH z’,

DISP “SIGNAL IPWR dEln’S

INFUT PI

DISF ,, INFUT CENTER FF(EC!$,

INPUT F2

DIsF ,,1 NF’UT STEP SIZE,’

INFUT 11

DISP “INPUT !31GNAL PATH LENGTH,,

INPUT S1

DISP ,, INPUT F(EF P9TH LENGTI-1,,

INPUT RI

DISI= ,, INFUT MIXER CONVERSION L!3SS,$

INPUT Cl

DISF ,TINFUT MIXER WF,’
INPUT NS

DISF ,,1 F flMP GAIIU d~a’

INPUT El

DISP “CIRCLILATOR/ HYEIRID LOSS,’
INPUT U1

DISP ,SIF AMP NFPP

INFUT N9
K2=–174

N7=k2-Ll+Na

N6=l@ (N7/10)x .,:101

El=sm (N6*50)

i i=Ei “2%70000

Vl=SnR (10 ( (F1-CI-IJ 1”) /11:1 )%5<:1/11:1 <:1(:,)

ON C G!iSUR 121!3, 1421:1

THIS 1!3 THE GRRPHICS ROUTINE

I.F. C!UTPUT PLOT

GFWFHICS

PEN 1

LORG 5

MOVE 60.Z

LABEL ‘,1. F. OUTPUT (VOLTS) VS FRECL (GHz) ,,

MOVE 105.90

LREIEL USING ,<DD. D. 7A,, : Dl, “dF!! Attn. ‘,

LOCATE 15, 115.7,9!5

SCALE F}, ,F~, -1,1

fix ES X1 ,.l. F1, O,l[:I. Z.2
MovE F1+x I,-. I

IF F2 = . 1 THEN LAEIEL F1

IF F:.= i &ND F2:. I THEN LABEL F1

IF F2:= 10 AND F2”.1 THEIN LAEiEL F1

F(IR X= Fl+i O*k’1 TO F; STEF 11:1XXi

MOVE Y.-. l

IF F2~= . 1 THEN LAEEL X

IF F:<= 1 AND F2.. . 1 THEN L(VAEL X

IF F2’= 10 GND F2 1 THEN L4EIEL X
NEXT X
Mn\iF FY-Yi .-,~~

LABEL ‘-F l+Z, ,

FOR Y=-1 TO 1 STEP .2

LORG S

tlO~JE F1-Xl/2, Y

LABEL Y

NEXT Y

PEFI 2
FOR N=,:, TO T

PLOT A(O. N), A(l. N)

NExT N

DISF ‘-PLACE PAPER IN PLOTTER AND CONT,,

PAUSE

TI+IS IS THE THRESHOLD FL(31

F’LOTTER IS 705

PEN 1

H=AE6 (/ 3(2.1,)

F2=LGT (H)

,Y1=INT (F3+2)

HI=AES (A(2. N1))
P4=LCIT (HI)

Y2=IN1- (F4–1)

GRAPHICS
FRHME

M[)VE 50.96

L-EEL “DETECTAEILE DELTf2 f (l+z/Root Hz)”

LIJCATE 15.115. 7,93

SCALE i,7. Y2, Yl

AXES 1,1. 1. Y2.1O.1CI

E$=,, E,,
X=1

FOR N=i TO 7

LINE TYFE 1
MOVE N. YZ-. 2

L43E!EL uSING ‘-DD. 19. D,, : lC1. E%. N

MOVE X,{l

DRGW X,Y2

FOR F= IO’. N TO 11:, (N+l) STEP 10 N

NEXT P

NEXT N

F(JR O=Y2 TO Yi

MOVE .:.0

L%3EL IJSING ‘SDD, lA, MD,l : 1,3. E$. O

MOVE 7,Y

Oflfiw l,Y

FOR R=l C 0 TO 1(:P’ (CZ+l) STEP lo 0
Y=LGT (R)

MOVE 1.03. Y

DF:4W 1.Y

NEXT R

NEY’T O

FEN UF

PEN 2

FOR W=!, TO T-N1

H=A!4S (A(2. W))

F9= (A (0. W+N1 ) –F2) % 11:11:1<11:1(:)[1(11:)1)

PLOT LGT (F9), LGT (H)

NEXT W

PEN UP

END

THIS IS THE TUNED RE$i. (; f?LCS.

L)ISP ‘, INHJT ATTN dEI,’
INPUT DI
DISP *ES. I.ENGTH LN C?ln,’

lNFIJT I.i

DISF “STUB LENGTH AS # IOF WflVELENtiTHS’)

GOSIJB 15.S13

RE TIURN

G9=ic1’- f-( Di/lc1))

R=2*F1 XLi/Tl

0=2XFI XS2T/Tl

A(O. N)=F

Z1=2WI XF(l/Tl

Z2=2?*PI XSi/Ti

1170 V2=-(3*G9XCOS (- Z1+Z2-2*0-2XB) )-G9*COS (– Zl+ZC+2*!J +2* El)+ G9*COs (- Zi+Zs-2,#E\

-G9XCOS (- Z1+Z2+2XH)

13SC V2=V2+G9 2*COS ,- Z1+Z2--2*O-COS (-- Z1+Z2+2*O) +( G9-.2Z)XCCECE (– Z1+ZI)

1790 V3=-(X*S9*COS (2* O+2XB) )+(39XCOS (2*0 -2* f3)+(G9 2-3) XCDS (Z XO)-2*G9%COS (~*B)
+5+G9 2

A(l. N)=(cuS (-Zl+Z,2–V2/VZ* 2) XL)l

RETURN
1 THIS IS SIMPLE DELAY LINE

DISF ‘, INPU’T DB/CM ATTN<S

INPUT L)X

OISF “INPUT DELAY LINE LENGTH”

INPUT Li

Dl=DZ#Li

G9=1c~(-{D1, 11.1))

Gosm 1580

RET URN

A(l, N)= G9*COS fz2-zl+2*13)*vl

RETURN

Fh=Fl

F7=F2– I 1

1=11

N1=o
N=,:,

F13FI F=I=6 TO F7 STEP I

N-N+ 1

j6Y0 IF F.F2 AND F.l =2+.0001:17 THEN E2=(Si2R (h’i/( (F-F2)~l<:)<I<) (:)(:)(:]l.)[:)[:)) )+S!J+ <F(:) $W)))%
Ilj (G L/2f:l)

170[:) IF N:2 T[+EN S4=(13( I, N)-A[l, N-1) )/((A[l:), N)-A([:), N-l) )$1(:1<1(:1[:11:)<)1:)(:11:1)#ll:)[Gl,,2 [-))

1710 IF F=F2 THEN N1=N

1720 IF N,2 THEN A(2. KJ–Nl)=E2/s4

1751.1 NEXT F

1740 11= F = F2+. Ol:)C:>l:Ii AND F’F2+. C1OOCI7 THEN 17=5

1745 IF F. F2+. ,:1[:)007 THEN 1785

i750 F6=F
1760 F7=F+. ,:>,:,0 <)1

1770 1=. c:)c:)(:)(:)(:)I:Ii
l%!] IF FFZ THEN 1630

17S!5 IF F F2+. CM:)O07 AND F:F5 THEN 1S10

17S6 F6=F
178-7 F7=F+, ,>OO06

I-/as 1=. <><.,9,,01

17~39 IF F’FT THEN 16.30

1770 T=N

lP,I”N”I RETURN
1S11:) F6=F

18:0 F7=F3

18;11 1=11

1S41.1 GflTO 163G

LIST 1 BASIC CODEFORDISCRIMINATORSIMULATION WITH THE H.P. 87

‘X=LGT (P)

MOVE X. Y2+.03

1[.1oC DRtiw X,Y2
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