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(Frequency) ?

: Hertz, Cycle, bps(bit per second )

: [HZz]
(period) =1/
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1. Oscilloscope

0 (Lissajous figure)
g (Pattern drift)
2. (Phase recorder)
3. (Electronic counter)
0 , DMTD
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1. (Accuracy)

. (Relative Frequency )
2. (Stability)
0 (long-term stabillity)
- Drift
. (short-term stability)

— Allan variance(AVAR)

— Modified Allan variance
- TIE(Time Interval Error)
- MTIE, TVAR(TDEYV)

- Noise, Jitter
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(1/2)

V(t) =V, +e(t)]sin[2zvt + ¢(1)]

V, :
g(t) :
Vo -

P(t) :

(angular frequency)
o) = [2evt + (0]
1 d¢
27 dt

o el
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(2/2)

(Accuracy)

—~ (Relative Frequency)
- Frequency Offset
- (Dimensionless)

v(t) = v(t)-v, 1 d¢ dx
V, 2rv, dt  dt

X(t) = (t)/ 277, :
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(long-term stability)

« Drift, Aging

K=y,-YV,/ period

(short-term stability)
. (frequency domain)
g (time domain)
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(1/4)

(frequency domain)
- measure the spectral density of Y,

" Y, [Hz1]

S,()=()7S,(f)

_ 2 Z{Vrms(.l:)}2 1
S¢(f)—(App) -
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Test
Oscillator

mixer

Reference
Oscillator
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Vi
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low pass

filter
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spectrum

analyzer

Voltage Control
of frequency
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(2/4)

(time domain)
- sample variance

« Allan variance(AVAR) -
2 1 1
<o, (N, T,7)>=< G-
y ) N —1,12:;‘ N kz

O'yz(T) =< GyZ(N =2,T=1,7)>

< (yk+1_yk)2 S
2

M —

=M 1Z
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X(t)

Simulation of Time Fluctuation

4

e
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Allan Variance

(H2) Af ¥ Vea Y | Gew-v0?
1 10,000,001 1 1X107 | 2X107 | 4X10%
2 9,999,999 1 1X107 | 3X107 | 9x10%
3 10,000,002 2 2X 107 | -4X107 | 16X 10%
4 9,999,998 2 2X107 | 2x107 | 4x10%
5 10,000,000 0 0 X107 | 1X10%
6 9,999,999 1 X107 | 2Xx107 | 4x10%
7 10,000,001 1 1X107 | 1X107 | 1X10%
8 10,000,002 2 2X 107 | -4X107 | 16X 10%
9 9,999,998 2 2X107 | 2x107 | 4x10%
10 | 10000000 0 0
[ ———— ——— T sox10*

s
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(3/4)

\/ v )2
ayz(r)z((ykﬂ;yk) ) : Two-sample variance

_ Xt +7)— X(tk))
- T

o (7) = é FX (@, +20) - 2X (t, + 1)+ XA Y,

1 N-2
2(N 2)2_2 Z(Xi+2_2Xi+l+Xi)2
- i=1

IR

r=me, AVAR,
1 N-2m

X, —=2X. +X.)?
2(N—2m)m22'02 ;( I+2m I+m |)

Xi Xi+m Xi+2m
@) .\.. @) .*. ./. @)
Y, / Yo
— o —

2
o, (Mzy) =
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(4/4)

X, Xim Xiiom
Y Yo
\\\AX///
AY,., MVAR=Modified o, (mz,)
AYi+2 N-3m
AViima T (N- 3m+1)(mr0)2 ,Z;[mz‘

%o : Sample Period[s], 7=, : Observation Time, X, ={X;,X,,X;..., X}

N3m1

= 2%+ X1
MVAR 2(N 3m+1)(m2'0) ; [mzl 1+2m+j i+m+j |+]]

1 N-3m m

- X - —2X. T+ X TP
2m2(N_3m+1)(m’[0)2 ;[g i+2m+ i+mi ,+J]

(mTO)Z
3

TDEV(TVAR) = MVAR
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Relative Frequency Power Spectral Density

Model of Sy(f)

Fourier Frequency in HZ

10—1S -
andom Walk FM White PM
10—20
f2
10~ licker FM  Flicker PM
f—l
White FM !
10-22 — .
10-23 [
10-24 |
10° 10t 102 108 104 105
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Model of time domain frequency stability

10-10
g
% 10—1]
-% Flicker PM
> hite PM Random Walk FM
3
< White FM
010-12— T!2
C% Flicker FMfl
g v
g
o

100 101 102 103 104

Sample Time in second
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S,(f)=ac,’(r)

o, () =bS,(f)
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2 a= b=
(S,(1)) (S,(1) (0,/)
fO f2 2 (27)% " 3f,
3f, (27)%7%v,"
White phase noise
f 1
f . 27) 7% f
Flicker phase noise ’ ( 72')2' [3'81+ 3l n(whz—)] f
P 3.81+3In(w,7) 20 etv,
White frequency noise f . f 0 -1 2
T 27 f
22'1/02
Flicker frequency noise
£ £ 0 ! 2In(2) £
2 2In(2) f T —
Random walk frequency Vo
noise
o , . 6 (27)* oA
f f T (27)%4 2 61/02
fg S=HENHSH DY




TIE (Time Interval Error)

TIE

» L

TIE = AT(t + S) - AT ()
S Ey-=TEs

P e
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MTIE (Maximum TIE)

X(1)
Y NN TS R
« M=t/
,,,,,,,,,,,,,, e
Xppi %
I
‘ ‘ ‘ > |
1 Ji Jj+m-1 N
To : Sample Period[s] 7 = Mz Observation Time
T : Measurement Periods[s]
m+ j—1 m+ j—1
MTIE (r) = max[max(X|) min(Xi);
=] =]
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