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Abstract

In modern digital communication, Frequency synthesizers are

widely used in wireless LAN, military radar and transceivers. In
the military freaquency hopping system, the 16 Kbps data are
modulated to 145 MHz, up-converted to 30 88 MHz by
frequency synthesizer, and transmitted through the channel. The
received data are down-converted to IF band by frequency
synthesizer and demoulated. Because transceivers rely heavily on
frequency conversion using frequency synthesizer in hopping
systems and therefore, the sgpectral purity of the internal
oscillators in both the receiver and the transmitter is one of the
factors limiting the maximum number of available channels and
users. Also, theose are demanded for wide-band frequency scope
and excellent frequency resolution. To satisfy this conditions, we
must predict the oscillator's internal phase noise and carefully
consider when it designed.

The phase noise model proposed in [1] is widely known as the
Leeson model, and is by far the most well-known. It is based on
a linear time-invariant (LTI) approach for tuned tank oscillator,
but it really has the nonlinear time variant natures. LC-tuned
oscillator is using band-pass charateristics to reduce phase noise
and has good performance than ring oscillator which has
switching effect in power supply. However, it has not been used
widely, for not be integrated on synthesizer.

Thus, in this thesis, linear time-variant(LTV) CMOS inverter ring
oscillator's model which can be integrated and has good
perfomance in phase noise than relaxation oscillator is analyzed.

To predict the phase noise of oscillator very accurately, the
oscillator is considered, which has the linearly timevarying



nature when the input impulsive current into the oscillator is
small. The performance which detect the corrupted signa by
oscillator phase noise is compared with only affected by AWGN
and analyze how much it degrade system performance for &4
QAM.

In accordance with phase noise level, QPSK system performance,
using HP-ADS(Advanced Design System), has been analyzed and
compared with the results which only affected by AWGN. Added
-85 dBc phase noise at 10 kHz offset frequency into the system
degraded the BER about 2 dB in QPSK and 4 dB in 64 QAM.



P(0)

Sy(w)

r(x)

4 tVCO

$(1)

Nomenclature

: asymmetry of the waveform

. Fourier coefficient

: maximum slope during rising time
: maximum slope during falling time
: impulse respose

: CMOS inverter stage number

. phase noise

. total error probability

: power spectrum of (1)

: impulse sensitivity function

: timing error

. phase jitter

: timing jitter

. excess phase



, 21
(SFH)
, LAN
Kbps 145 MHz
30 88 MHz ,
145 MHz
PLL
FSK . , (FH)

LTI

(1],[2].
. LC-tuned

16



(switching effect) powe supply
LC-tuned (dtter)

relaxation
LTV)

PLL

3 5 CMOS
ISF(Impulse Sensitivity Function)
, CMOS
. 4
ADS(Advanced Design System) QPSK

CMOS
64 QAM



21

(propagation delay)

A/ D

. RF

QPSK  FSK
PLL PLL



PLL
, PLL

, power supply

AC
I/ O
BER, A/ D
PLL . PLL ,
, PLL
PLL
PLL VCO
lock . ,
(skew)



22

rm.s (variation) . T,
dtyco’
TotAtvco
 —

VCO

2-1. Cycleto-Cycle
Fig. 2-1. Cycleto-Cycle timing jitter

&

I/ \_/ N\ . _
YT W

2-2.
Fig. 2-2. Variance of timing jitter




0;
r.m.s
[3].
g
Oup = 27z—TT = W0,
, T
x W F 3
==
=Tg & e = E C’“E‘|$
f Chold
= e
Timing
Jittesr

2-3.
Fig. 2-3. Timing jitter and sampling error

Vosin (w,t)  sample/ hold

Oy

0v= Vo W, cos (wyt) o,

SNR 2.2)
] P

2.1)

2.2)



2 2
i i 1
SNR = g = 2 . 2 2,5 2 2 23)
0 v, ave Vo Wo O 12 W o 0
1 Gv,ave
23 PLL
PLL VCO, PLL )
PLL
PLL
PLL
VCO PLL

ogmeras | LT L=====_I11T1LI"

2-4.
Fig. 2-4. Oscillator’s timing jitter

-
atmm:‘

e |

[Ty =i

2-5. PLL
Fig. 2-5. PLL output jitter



2-5 t VCO

PLL
Ao, = a4 tvco2 24)

ARV W gl 20

24

[31.

0= 5 E ([g(t+ 2 - $(9])
0
E[¢° (0] , ['(+a] _ E[4(D 1+ 0]

0002 W g 0002

2.5)

[ee]

o2 = E[(X- X)) = f_oo(x-Y)2 f, (X) dX

= E[X%- 2X X + X?] = E[X?] - E?[X]
(2.6)
0:
0;
04 ( 4¢ ) = 27 = W,0; 2.7



0:= oo = g EL6(t+ 9. ¢(0)

62 = —15 E [[4(t+ D - $()]7]

2
W o

2.9) $(1) Ry (2)

Ry(7) = E[&(D ¢(t+ 7]

(2.9)

0.t = —x [Ry(0) - Ry(9)

Khinchin theorem

1 “ jw
R,(7) = 2—7[f_008¢((;))eJ dw

S;(w) = —_}_ f_oooo R, (1) e '®7dr
v Sg(w) = @(b)
2.12)

2.8)

2.9)

(2.10)

2.11)

2.12)

(2.13)



fooo Sy(w) sin? (F) do  (2.14)

- 10 -



5 CMOS

W g
O &4
ol =
'r___,.v' [CH o =
fad
b
Ly —
bk
h a._.; o
{2} | -
CHEMMHHES Lol
CH =
&l Hi =
) - EEA
Full—1 il £
@
/ K
(]
r_uo [rH]
oA
Ci=HEH ik
CH ==
3-1.
Fig. 3-1. Effect of osdllator's phase noise on receiver

- 11 -

W

Adw



[4].

= 3.

(reciprocal mixing)

[3].
i o{r)

s} i)
1 — hD{r.‘t} —

ilf) @i
T — (1, T) — I.

3-2.
Fig. 3-2. The equivalent system for oscillator's output phase and amplitude

- 12 -



3-3. LC
Fig. 3-3. Impulsive response of LC-tuned oscillator
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v(t)= ((Vo+ 4V) cos(wt+ Ag)
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4-7. QPSK
Fig. 4-7. Total QPSK system architecture
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2. 10 kHz
Table 2. Phase noise levels at 10 kHz offset frequency

A B Cc D

10KHz offset
-85 -95 -105 -115

(dBc/Hz)
ADS
QPSK
3
3. BER
Table 3. BERs in accordance with phase noise levels
A B C D only AWGN
(10°°)
~124| ~10.10| =109 ~10.8 ~ 10.2
Ey/ No(dB)
1 QOE+Q0D
1.00E-01
1.00E-02 N%K\%%
i B — LGN
] QOE-03 a
[n o]
. A
2 1.002-04 \\:‘Q\\\ B
@ 1.00E-05 \\‘\\'\ ...g
1.00E-06
0 2 4 & B 10 142
[Eb/Nallda]
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4. 11
Table 4. Phase noise of 11-stage ring oscillator

offset frequency (kHz) 0.6 1 10 100 1000 | 10000

SSB noise density (dBc/ Hz) -54 -58 -78 -98 -118 | -138

16 kbps . HPF
tracked- out . ,
1 2
2% [10]. ,
64 kbps
1.2 kHz 600 Hz
600 Hz
600 Hz 10
MHz rm.s
0.082 rad degree
4.69°
10°] e
10-2: - L B g+
g '
107
_“:'-E.
1™ : ) e i %= n
ENR{-:IB’J
4-15. BER

Fig. 4-15. BER curves, affected by phase noise
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