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OBJECTIVES

EXPLAIN
HOW A NETWORK MODIFIES A SIGNAL
WHAT PARAMETERS GENERATE DISTORTION
HOW TO MINIMIZE THEIR EFFECT

FIGURE OF MERIT OF A SYSTEM

FIDELITY WITH WHICH A SIGNAL OR
INFORMATION 1S TRANSMITTED OR
REPRODUCED.
DEVIATIONS FROM PERFECT TRANSMISSION:
HARMONIC DISTORTION
CROSSTALK, INTERFERENCE
ERROR RATE, S/N-DEGRADATION




DISTORTION IS DUE TO
ONE OR MORE OF THE BASIC
NETWORK CHARACTERISTICS

® ©, ©,

LEVEL TIME FREQUENCY
DEPENDING DEPENDING DEPENDING
7 _/
NV D
NON LINEAR LINEAR
TIME VARIANT TIME INVARIANT
EFFECTS:
NEW SIGNAL COMPONENTS SIGNAL COMPONENTS
ARE GENERATED ARE MODIFIED ?

LINEAR NETWORKS

INPUT OUTPUT
£ o LINEAR .o alt
i NETWORK 29

IF LINEAR THEN

L+ g,

SUPERPOSITION APPLIES

FOR A SINUSOIDAL INPUT FUNCTION (1) = eI®T THE STEADY STATE OUTPUT
FUNCTION g(1) IS GIVEN BY THE TRANSFER FUNCTION H(jw) MULTIPLIED
BY THE INPUT FUNCTION edwt:

gt = H(jw)- 3" = Aw)- e
AMPLITUDE PHASE
CHARACTERISTIC CHARACTERISTIC
G(jw)=H(jw) - F (jo)

g =h@)*f(H

-0 _-jwt e-J[wT+ o (w))

= Aw)




LINEAR NETWORKS

(M= sin wpt g(t) =A@y sin [t + B (wp)]
b f/\
>t

v TIME / TIME
Ej > - @ W)

[ 1 H( jw)
F(w) H(jw) G(jw)t
_____ Awy | Al
g | ‘ [/7’(25«»,,)
®,,  FREQUENCY w, wr, FREQUENCY

DOES A LINEAR NETWORK IMPLY NO DISTORTION 7
YES FOR CW SIGNALS, HOWEVER...

MAGNITUDE VARIATIONS WITH FREQUENCY

fth= s'lnujf +46in 3wt +Esinswt gi=A sinwt+A, L sin3wt+Asl sin Swt

O E

LINEAR NETWORK

F(jw) H(jw) G(jw)
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FREQUENCY FREQUENCY FREQUENCY

MAGNITUDE
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PHASE VARIATIONS WITH FREQUENCY

f=sinwt + 35N 3wt +Lsin st g(h)= /\Sinwt-35in 3t +£ Sin Swt
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DISTORTIONLESS TRANSMISSION

(1) gA(T) =Af(t-1p)

m“ > Higeal f’c’ A7~ AT
/
Al hln. ’

L to, |

i ; -jwot
- Gi(J“’): Fg;h ; Eﬁ_i 9i(he ¥ dt
(deal F(JUJ) \g'f(?) _]_ fw ‘C (f)e _Jmf_df

H(jw)

A . e
- Zﬂ-‘if(T—To)eerﬂ B A.j_:.(—Jw).e-Jmfo
Tl Fema®Tar el
five’ dt ¢ F
ZH_:I: shift theorem

H{w) ideal = A(w)eh‘w(w) = Ae ¥

‘———v—‘-—‘ . .
ideal characteristic




IDEAL TRANSFER CHARACTERISTIC

A(w)
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CRITERIA FOR DISTORTIONLESS TRANSMISSION
OVER LIMITED BANDWIDTH

Aw NETWORK TRANSFER FUNCTIONS

1. CONSTANT AMPLITUDE

MAGNITUDE A OVER BANDWIDTH OF INTEREST
_______ BANDPASS A ((.D) = A = CONQTANT
FILTER
= W
—= BW <« FREQUENCY
B(w)

— -
i BW : FREQUENCY(D
I
|
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<
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\x‘”*\
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PHASE

2. LINEAR PHASE OVER
BANDWIDTH OF INTEREST
Bw)= -why= LINEAR WITH w
to= PROPAGATION DELAY
OF AN IDEAL NETWORK




NON IDEAL TRANSFER CHARACTERISTIC

Cause: AA, A@~calcviation of effects on signals

Aideal = Const.

Aw)
e
,Mt o@y
1 “ 3*/ L { L = (0
[ a “Aw we tAw
i \ Yoy AA(w)
S } NOSNY SAwW We +AW
; ~ A ! :
LW ! —%Q\——.w
-Aw +AW ' :
W), goat = "W
Blw) S : >
} ~-Aw +AW AN 1 |
w :\
T M i

IDEAL AND NON-IDEAL
PART OF A NETWORK

H(jw)
fom=Af-1)

Hi
Hideal /
/

~
U —

AH
Hnon-ideal

= g(f)

f(Ho—»

~

i
H(jw) = H; (jw) - Hpi (jw)

H(iw)

- _'A
— +ae ¥ (1 raA)e VEPW

[1+0AW] - [1-jAG@ + L AB (W) + -]
[1+AA() - jAG(w) +.... higher order Terms}

tA-e—jwa’-
N / ~
Hpi (jw)or AH (jw)

= H; (jw)




APPROXIMATIONS FOR AA®W) & Ad(w):

(O FOURIER EXPANSION: EXAMPLE:
AAW) = = ap-CoS nTw @ AA = 3y €05 nTw for ~AwlZwd+Aw
AP) = 2 by-sin n'\C'w 9(*) 3\ F (Jw)[1+%ejn't‘w+67nejnt‘w}
AA number T
* of;uflgclg '3 *.Shift Theorem:xnT|=++ nZ"I
ov A ; w v !
\ /\ e /an g(t= fo(f)+3_2n fo(f-n’C')+aT" fo(t+n)

\/ \/ t Result: Echoes for discrete signais
! fo(t)

-AW Wwe +AW \-':,?

® A® = -b, sinnPw.. bn

— s \ v gy
| € ('r) 3’ Jw) [1+AA'JAQ)+ Discrete Signals

CALCULATE EFFECT OF AA, A® ON SIGNAL f(1)>g(1)

SIGNAL DISPERSION DUE TO A NON IDEAL
AMPLITUDE AND PHASE CHARACTERISTIC

Higher order terms




EFFECTS OF ECHOS
ON DISCREET SIGNALS

CROSSTALK

THRESHOLD — [ -
[

TOM-CHANNELS | 1
@ : 1 dB ripple generates echoee/only ~20dB down

RISE TIME DEGRADATION

HOW CAN DISTORTION BE MINIMIZED?

1. MEASURE AA, A@, (')
2. EQUALIZE/MINIMIZE AH

EXAMPLE: GAIN (AMPLITUDE) AND PHASE EQUALIZING

o 3 (W)
T O\ NETWORK NN .
~ \ 3
. ( S EWAUZER INCONVENIENT
Faur e~ T ADJUST

EQUALIZER r T4 A SLOPED

NON-1DEAL NET\NORKJ
o da(w) COMBINED ~
v “dw CHARACTER&ST(C<
1/ \ MUCH FASIER
| TO ADJUST
DELAY . T
‘ EQUALIZER 0 A CONSTAN

{GROUP DELAY)
/, N REFERENCE

“ MISMATCH AND MULT! PATH TRANSMISSION




TWO ASPECTS OF GROUP DELAY

(1) SIGNAL PROPAGATION

49
dw

g

THE GROUP DELA
DETERMINES THE PROPAGATION
DELAY OF SIGNAL ENERGY OR

INFORMATION (ENVELOPE DELAY),

THE PHASE DELAY - %
DETERMINES THE STEADY STATE
PHASE RELATIONSHIP BETWEEN
INPUT AND OUTPUT (CARRIER
DELAY) FOR AN IDEAL NETWORK
1g =1p.

(2) SIGNAL DISTORTION

dd(w) dlag]
dw dw
—
constant:  deviation: =A@
ideal non ideal

THE DERIVATIVE OF THE
PHASE CHARACTERISTIC CAN
BE USED TO SPECIFY AND
MEASURE THE DEVIATION
FROM THE IDEAL (LINEAR)
PHASE CHARACTERISTIC,

IT I8 A PHASE LINEARITY
MEASUREMENT. ONLY THE
DEVIATION FROM THE CONSTANT
(GROUP DELAY) 15 IMPORTANT
IN THIS CASE.

PROPAGATION DELAY AND ELECTRICAL LENGTH
FOR AN IDEAL PHASE CHARACTERISTIC

f(t,D, g(t, D
 =ELECTRICAL LENATH %w)
i<——~_" e = (1) /\ - T
3 AR Y4
-9 = ; _\\_\/_&“’70/\7“
--fe=toc AT
fo:—é = —a
// 8[m E
~310%[Z]
in vacuum o i _9 _ QQ
° ¢ w dw
\._v,_’ \_r_/ kﬂ(_/
PROPAGATION PHASE GROUP
DELAY DELAY DELAY




PHASE DELAY AND GROUP DELAY

£(4
(1 0

w

l
txvgc, t N 'T?j_‘%

- ¢ |-

tp(w) = - 2()

ENVELOPE

gt = e(t-1g) COS [wc(f-rp)]

£(4) EN/VELOPE

Fa P AN
Aa Ha 2
! oAl
o v \

P(w)

. _ _B(w
| HRRER: tpwy= - S0

e

____________

ENVELOPE : tglw)=-=7~

CARRIER

dg(w)

PROPAGATION DELAY FOR A
NON IDEAL PHASE CHARACTERISTIC

Pw) 42
w

te= g (o) LpP
:Tg (wc) BP

Y8 = ~lim @) -
sf e

DISPERSION : 1,> £,

|

\*‘”r " dd(o)
C™ 7 T dw
- lim 9%(@)

dw

-

We-00 Ww=oo




DISTORTION EFFECTS ON MODULATED SIGNALS:

(@) TIME DOMAIN MODULATION :
(PULSE MODULATION)
INFORMATION IN SIGNAL

AMPLITUDE AND TIME:
'F(T) { 11 -At <T<AT } {

> | At
() FREQUENCY DOMAIN MODULATION:
(CARRIER MODULATION)

DISCRETE SIGNALS:

FOURIER APPROACH FOR AH
ECHO DISTORTION

A,

I I INFORMATION IN CARRIER AMPLITUDE/ANGLE L
w  (ENVELOPE) S
ENVELOPE  CARRIER
-jwat
W’ Py =1t (D] e 99" am %?gmé@s %r
POWER SERIES
APPROACH 7
. ENVELOPE -~
B o= e St ) ) s (R
CARRIER ENVELOPE

SIGNAL DISTORTION DUE TO LINEAR BUT
FREQUENCY DEPENDING TRMSFER CHARACIERISTIC

AM DISTORTION

°~

e \

USB ATTENUATED:
eg LPF 4

EFFECT:  CHANGE OF INDEX MODULATION (m)

ODD HARMONIC DISTORTION OF
ENVELOPE FOR SMALL INDEX m.

AM TO PM CONVERSION

1"




APPROXIMATIONS FOR AA(w) & AG(w)

(2) POWER SERIES EXPANSION EXAMPLE :
A(W)=aw+a; wr+as w3+ .. AA =3 w+a,w?
APw)=bgy+ by w? + ba w3+, g{h= 8’—1Fo(jw)- [1+a3,w+a,w?]

. DIFFERENTIATION THEOREM
a,- w —a- f(f)
| a; w?—a, f (1)
(N = fth+a fo (N ra, fin
RESULT: TABRLE FOR BASIC SIGNALS:
AM=£(1) =Re [[1+o<(r)]e'~"“3]
\(’M—of(f) = Re [e_J [wch' ‘f(f)]]

\ J
- ——

MODULATED SIGNALS

~AW +AW
alh=37F (Jw) TuAA gt
CALCULATE EFFECT OF L\.A A@ ON g(t)

DISTORTION ON AM-SIGNALS

) ~Jwet o s J[w T+3rcr9[1+o< T()TiP r)ﬂ
F(=Re[1+d(1]e AH [0 g(1=Rel/[tr(r +Pf)] +ai'e

AAW) = 8,w+a; w +ayw>

AAW) = by wi+byw? am™
ot TABLE 1 [ 0!
b < (1) s f
A () B P ay A AV >
| g=const W\ e
i .
a1 . ap }
az _azo‘ )
- as 8 > fe-
£(8) ‘1 02 oyt o
b by & i
3 3 | N
' ai1bz a b, £
EXAMPLE:
K (M=m cos wpt
K = -m-Wm 5N Wy T Quadrature Phase
& = -m W cos wyt In Phase

]

= mw?y sin w1 Quadrature Phase.




DISTORTION ON AM-SIGNALS:

OEXAMPLE UsSB ATTENUATED BY &£

USR ATTENUATED : ‘
v
q I S . i; :'\V,omelNAL EMvELOPE <
Ve N DiSTORTED 47
LS8 (w «w,;) \Y usa(wawm)y i L w Ny
// “ [
| CARRIER(CUC)
f(h) = [Lrx (] e @t
Qe
| /J'\‘ 1
[N Pt
St N . }cx(t) EFFECT: CHANGE OF INDEX MODULATION ()
Aot HARMOMC DISTORTION QF ENVELOPE
P A . @ Ex-6de+d, 23%
1‘ \\\x ' e AM TO Pl CONVERSION
! |
A - | P (1)
T fa /ot caRRER "
N1 Q1)
N/ ™ w t-arct
X gt = [[1+o<(f)+P(f)] +Q(D Jl ol 9 Hoc(mp(t)l
_'
T MODIFIED ENVELOPE MODIFIED CARRIER PHASE ( AM/PM)

DISTORTION ON AM-SIGNALS:

(D) EXAMPLE: AA=a,-w fgh  pisosreo envelore

h /b»,,'o/)/’ § //
e | R
-a?_/{///l 2 | f ’ A
X ‘ j-; i [
-£ [ !
rT | T \“{ |

Q) > P(1) &

’
F’(Y}" i,rjiik : Q) a

Qh=ap« N ot

!

R

.y Pl a

\ @/)\/ -
s
N V4 f(r)
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EXAMPLE FOR AM TO PM CONVERSION

COLOR TV SIGNAL:
BRIGHT

DARK

< ——1LNE— »
A

Y —= COLOR

AL Oc —» SATURATION

PROBLEM: COLOR CHANGE AS A FUNCTION OF BRIGHTNESS

DISTORTION ON ANGULAR MODULATION
F(1)=Re[e VB IMI ] oA gn =ReY 1+ peraur e S omacs [

AA(w) = 8,w +a,w?+a, w?
AG (W)= byw? +byw?

ik PUEéQ’M P
T ™ o= CONST = 1 4 Oy
. ay a1y .
. az az‘fz . “azr .
L as a(g=p)| 3T
- b by¥ . b, R
CARRIER . | A b: Zabsr;" : ba(T’EQ
Y a;b; 3ab,¢f ab,(127)
EXAMPLE:
T(H= meosw,t -
. 1 -3
T  =-mwy sinwy,t P *ﬂz‘ﬂz[-cos meru] 4 =% [sfn 3w t-3sin mmf]
T =-mwipcos wyt
¥ = mwpsnwyt

14




DISTORTION ON ANGULAR MODULATION

() g(n)
(D EXAMPLE: PM - SIGNAL ‘
AP=b,w? i 7 M
e
A® ) }1

HARMONIC DISTORTION:
@) Wm=2T 10kiz ~ by = 05 deg~d? 1%

DISTORTION ON ANGULAR MODULATION

D EXAMPLE: FM-SIGNAL, A@ =b,w? AA=0
AD ATg

Atpy » |«

| U) NV ave ‘4‘ "r 4“ o+t

o Mg =tg (W) -1g (W)

dPlwe
to= 220 1 @) -

o

15




DISTORTION ON ANGULAR MODULATION

MODULATOR AHGu DEMODULATOR
B ORIGINAL DISTORTED

folt) “felt) mFM-ENVELOPE wFM-ENVELoPE ge(t) vge(t)

[} 3

| \\ ‘ d .
DISTORTION
— g 24 5 ass S
v
| x gg(i) I '
i = ——- e

EXAMPLE: HARMONIC DISTORTION
@ Afg = 300ns

d,=1% ECOND HARMONIC DISTORTION
meZ’IT-lokHz} 2 s

WHAT HAPPENS WHEN
MORE THAN ONE SIGNAL IS PRESENT:

£(1) = e s[Wet + T+ 12 ()] (1) - [Gemirat. e ..arctg 3
TABLE Pf 1 T Qf

|

I

"3a3\ﬁi

¥ f:(fﬁfz)(fﬁ Tz) :j’i %2*‘;7_%1""“

o amon ™ O (5) eTc}
) INTERMODULATION 42 e AT (%)

PO

AP (¥,)=Q,(¥,)= DIFFERENTIAL PHASE
JAP|(Y,)=P, (¥,) = DIFFERENTIAL GAIN

16




SUMMARY AND CONCLUSIONS

DISTORTION EFFECTS ON MODULATED SIGNALS:

® CHANGE OF INDEX MODULATION
> CHANGE IN BRIGHTNESS (TV) OR LOUDNESS VS. FREQUENCY

® NON-LINEAR ENVELOPE DISTORTION
- HARMONIC DISTORTION

® MODULATION CONVERSION (AM TO PM)
> COLOR CHANGE V&, INTENSITY, CROSSTALK, ETC.

® INTERMODULATION: DIFFERENTIAL GAIN AND PHASE
= MORE THAN ONE SIGNAL COMPONENT PRESENT

RESPONSIBLE PARAMETERS:
* AA(W), Ap(w) OR Atg(w)

MEASUREMENT PRINCIPLES FOR*
AA, A & Atg

(A) SEPARATION BY SURSTITUTION GEPARATION BY DIFFERENTIATION

Alw) = Ao+ AAWIRNT
AA) = AW~ Ag oA _ o, o[AAW]
SUBSTITUTED dw —dw
CONSTANT AMPLITUDE
a%%iET#J;ED LINEARITY
RM
= -4 do _ dAdw)]
BB = Bl s0 _ gliow)
\—V_/
SUBSTITUTED PHAGE LINEARITY
CONSTANT —m
Atgw) = Tgw)- 1, ~dAO - 1 (w)-1,= At

17




@ AA, A® MEASUREMENT BY SUBSTITUTION

AAW) = A(w-Ag
. AW AA(W)

1‘ AA=DEVIATION FROM CONSTANT AMPLITUDE
A , , L + EXPANDED
o o ,,
. /\U/\U/\ .
? \ .. o
> (1
( AP(w) = D(w)-wlo
P (w) AR(w)
wte - R e e
e /\ /‘\ EXPANDED
R AN VA
*(u,g - f

MEASUREMENT EXAMPLE FOR DEVIATION
FROM LINEAR PHASE

MAGNITUDE AND PHASE CHARACTERISTIC OF BAND PASS FILTER

“{’L‘:' \:‘ S
M v
N »

1 +H

V&R
A = 5dB/div (top) AA = 1 dB/div (top)
@ = 20°div (bottom) A® = 10°/div (bottom)
£ =0 £ = 42m

CW = 1.1 GHz CW = 1.1 GHz

TAF = 50 MHz +AF = 50 MHz

18




B AA, A® MEASUREMENT BY DIFFERENTIATION

dA(w)
Aw) dw dAA
t dw
i

R [N ..
Vo

Y S—

w
_ d@(w)
O lw) dw dA®
'y A dw
AQ Y
- ¥ ’ \/ ] ‘
X to
: s
&

DIFFERENTIATION PROCESS: Analog, Numerical Modulation

AA, AQ MEASUREMENT BY DIFFERENTIATION

dA{w)

Aw) dw
y

AMPLITUDE LINEARITY

dA . d[AAW]
Mt /\/\ » =%t Taw
Az J“'} | o v
T . —»:Aw‘c—

_ 40w f
Pw w w dw
i i 2 . w PHAGE LINEARITY OR GROUP DELAY
l<—Aw - 4@ d[aaw]
N -=——z=fqw) =t + ——— —
R i —} dw =9 o dw \‘
20 NG Y T
i 5 £
%2 3 @ to 1o \
40 . AG ~__~
dw = Aw e

19




GROUP DELAY AS
DISTORTION PARAMETER

CRITERIA FOR DISTORTION LESS TRANSMISSION:

u _~A(w) = A= constant

ideal =
B(w) = Wiy = linear with w

NECESSARY CONDITION:
(SUFFICIENT IF 2% <<'1 & NARROW BAND)

d@(w) _, _
Ev to = const
AH __AAW) - Ag = AA(w)

non ideal ™
NG - wig = MG

tg(w) =15 = Atg(w)= ~d[agw]

dw

GROUP DELAY MEASUREMENT
PRINCIPLES:

d@(w)
T (W)= - S2W) gy BEFINITION
Bw) g dw

tg(w)
DEVIATION FROM
FREQUENCY GQROLP CONSTANT GROUP DELAY
PHASE o DELAY ‘
28 =
- r TO — I
““‘ I |
A \ ABRSOLUTE
N ‘06 DELAY

A
FREQUENCY

(A) DIFFERENTIATION

DEVIATION FROM CONSTANT
ENVELOPE DELAY GROUP DELAY INDICATES DISTORTION

TOTAL DELAY INDICATES
TRANSIT TIME




DIFFERENTIATION TECHNIQUES
FOR GROUP DELAY MEASUREMENTS

() NUMERICAL DIFFERENTIATION tg(w)= - 92 = i 82 - P2=Dy

dw Aw Wy~ wy
P (w) Aw=0 AW 0
h
Wy We Wy
| | > W
-~ Aw- -
‘\
LI : - APERTURE
AG 1 Y
2,10 AL
AW, » | . -, Tg(w) measuvred
" tg(w)actual

dP(we) o APWA - pynerion OF Aw, G (w)
TRADE OFF5: dw Aw

* For a finite resolution in @, Aw cannot be arbitraraly small, otherwise A@goes to zero,

« Increasing Aw leads to an average value A@ over the interval Aw (aperture)rather than the true value at w,..

GROUP DELAY MEASUREMENT
PRINCIPLES

ENVELOPE DELAY WITH AM OR FM MODULATION
tg(w)=- lim £8<

. qwt 2m T g gty =14 (t-ty)]e V(1R
FH)=[Lt=(1)]e ; FrequeNey_ (X G g']
- () ;4
S 2
Ade
& R
Age \
s (W A0 T
T< A¢e[deg] '\Q‘A B
h =-2117- e
’T "W, Tg(m)[nG] ! fm [MHz] - A
A (W0t

21



GROUP DELAY RESOLUTION

AS A FUNCTION OF APERTURE AND PHASE RESOLUTION

GROUP DELAY
RESOLUTION

|

100 ns |-

10 ns

ins}| 1°\<— PHASE DETECTOR

RESOLUTION

O01nst-

1 | L | 1 | ) | ! | -
278 278 278 278 278 FREQUENCY
KHz KHz KHz MHz MHz APERTURE

(af)

EFFECTS OF INCREASING APERTURE

Af =70 kHz Af=200KHz

o B
= >
2 a
‘!] T~
5 5
).-
= 5
fa oy
o | o
3 3
0L ¥4
a fas awe o
FREQUENCY ———=
PHASE 4 FREQUENCY PHASE FREQUENCY
? AF @ i
0 o 71 REDAKE NOISE
i [ I | C(LARGER $/N)
I A l |
I Ag o1 MSSFNE
IR ¥ — VARIATIONS IN
Iy N T T T pg NTHASE LINERRITY
tq= — 27 tag= —-i =
9% 360° A f 9% 3600 Af

22




LIMITATION DUE TO
MEASUREMENT APERTURES

Atglw)
A
. |
R iy, N i
\\\ /, \\ j //
\\. 7 \\ /// =W
—D‘AUJ‘— - wp
-AW, Wy Awp

e=1-Co5cc = 1—cos AW

ZUJp

PEAK TO PEAK ERROR IN /4 AS A FUNCTION
OF THE MEASUREMENT APERTURE FOR A
e[;x,] G'm le mm (UP

[ |
J‘ pu -

GROUP DELAY ERROR DUE :

TO MEASUREMENT APERTURE /|

10 BN N 0 T Y A B

EXAMPLE :
wp =27+ {1 MHz
min AW = 27+ 100 KHz
) - ) max e =5%
S > B
- R |
QAP |
- - — erture . :
‘ @ [%1= Ripple Period To0
[ ‘\ AW
0.1 - —— y A
1 142 10 20 Wp L]
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NOISE LIMITATIONS

GROUP DELAY MEASUREMENTS

NOISE
-7 NECTOR
N 51GNAL/NOISE
) (FORAGIVEN | AQ Atg*
J BANDWIDTH)
a0dR |to.006°|t0.06ns
SIGNAL
60 dB *0.06°| toens
g -
“AG 40dB to06° *ec.ons
20dB +6.0° o0 nNs

CAUSES OF NOISE X FOR Af = 278 KHz

_ -l AZ
SOURCE RESIDUAL FM WHERE 1g= 325+ A
D.U.T. NOISE FIGURE NOTE: A8 Af —+ O, THE
PHASE DETECTOR NOISE SIGNAL/NOISE -+ O0dB

SIGNAL TO NOISE DEGRADATION
DUE TO DIFFERENTIATION

A N |
rvv

N(/?) S(w) E:(t)

Flw)  \ /
\\\\ /
A

_Bw Wy BW
2 2

ew

2
FH =8t + N(H) @: f(1) = 15] sin wgt + nBEwIansin wnt

2
BW

=
a1 - Welsicos wat + "%,: Wp INR | cos wpt

T

24




LIMITATIONS DUE TO THE
DIFFERENTIATION PROCESS

&/N for AQ S/N for Afg

GROUP DELAY AND DEVIATION
FROM LINEAR PHASE FOR THE
SAME SIGNAL TO NOISE RATIO

DEVIATION FROM LINEAR PHASE: [§ et o =

A@: 10 deg/div L1 p <

GROUP DELAY |
Atg: 50ns/div
Aperture: 200 KHz =

CW: TOMHz
TAF: SMHZ

25




NOISE REDUCTION USING
SIGNAL AVERAGING

EO/A DRLATD. 834 g

0.81 wwOIV

-
|
| | - _
(=1
(/NYSN (F1/NY AN AN
NEW DaTA LAST STORED AVERAGE NEW STORED ANERAGE
(NOT DISPLAYED) (DISPLAYED) (NEW DISPLAY)

SUMMARY: MEASUREMENT LIMITATIONS
IN GROUP DELAY MEASUREMENTS

APERTURE: MEASUREMENT APERTURE DUE TO Aw

NOISE: S/N RATIO IN SOURCE, RECEIVER, DEVICE, ETC.
HARDWARE

LIMITATIONS: DETECTOR RESOLUTION, SOURCE RESOLUTION, ETC.
PRINCIPLE

RELATED

LIMITATIONS: DIFFERENTIATION, NON LINEAR DISTORTION

HOW DOES ATg COMPARE TO AQ
A®: WHEN EVER POSSIBLE SINCE IT HAS MUCH LESS AMBIGUETY.

A?gi SN CAN BE IMPROVED BY AVERAGING.




RELATIONSHIP BETWEEN DISPERSION
AND GROUP DELAY DEVIATIONS

<10)]

wy_

A g Afg g
! ' =7 i
¥ Q@w " 9b b
- -W, N=05, w,"

nts= OBV i _EZ)_V
_4%_4 y : :
A ! Dy 26 N 2b
" n=1 )
A
A.l%f ALAR, 2 wT 4b
nT=2 m | — Ly, i
-5 ABW) = -bsin(nTw)  Aty(w)=nTh-cos(nTw)

CONVERSION TABLE I

DEVIATION FROM o . DEVIATION FROM
CONSTANT GROUP DELAY LINEAR PHASE
Atg (W) - - AB(W)
ABW) = —jATg(w) dw
w ° W W © e

}Co \ecolu




CONVERSION TABLE IL

DEVIATION FROM
LINEAR PHASE

T0 DEVIATION FROM
CONSTANT GROUP DELAY

~W

AP(w)=-bw +w w

Mg (w)= 55 [AGW)]

Atg(w)=b, +a
b
\ }b‘
\
|
A®(w)=-b,w? Atgw) = b,w
w‘?"@ }sz
o ‘ %-b,_
AB(w)= -byw? Atg(w)=3b,w*
[ v
|
AB(w)=-b,w* Atg(w)=4b,w?
| »
A‘O'}p §4b4

EXAMPLE CONVERSIONS

Atg(w)—> AGw)

3) LINEAR DELAY SOLUTION NEW SPEC:
GIVEN SPEC: .
Afa < 1ns STEP 1: WHAT 18 THE NORMALIZED
OVER 1 MHz GROUP DELAY FUNCTION? -
} Atq)=Cw | %
-2ns gyvhl Ty N
) ~0) +w
| We | STEP Z: WHAT 15 THE CORRESPONDING
- . Tw ?
W _1_&;1_ ka\;wa)Hi\R;AgTEzlfﬂc 7 AP (rad) = ,
=z4 -\ng 21 =9T107
FROM LINEAR STEP 3: CALCULATE C; FROM SPEC.  Ags (deg) =
PHAGE CAN WE AND SUBSTITUTE IN A {w
SPECIFY T 1 ¢( ) %'A¢(VM>=O.%B&QIQVGI’LMHL

[s
Cl = £9 £ rT;d}

w s
STEP 4 : SUBSTITUDE NUMERICAL VALUES
AND SOLVE FOR [rad}or{deg]

-1 At -Atqg-
AP(w)= 5 Al




CONT. CONVERSIONS
Atg(w) > AD(w)

b) PARAROLIC DELAY SAME STEPS AS IN EXAMPLE a):
SPEC:

Atg(w) 1. Atglw)=c,w?
\/*lOns 2. A(w)=-3c,0°
e 388(w)="3 T A w

1 MHz 4. A@[rad]= %T'io"z[radlz 1.2 [deg] 1 MHz
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