TS A S =T

A% L ARARE 2AdY 728
o) §% FHRATI

2009 24
2R W% a o4
AR F %A

s &« T



TS A Y =

A 2 AAANELE 2ALY F2E
)43 HFnPFE

X,
H

25 F AT

o ERE FHUA FHLFOZ AT

2009 24

2 A9 g n oo d

AR E S

s &« T



20094 24¥ 254

1 B s (*D

=)
-



Abstract
L A B oot 1
[, O AFTA T ILO] O]E Tl S werreeuseeessesisnsess st sss st 3
21 ATAZIEO F]EFRL e 3
911 QAT AZITO] F]HA O] HTEFTFSE crrerrerssenesensisnssisssises s 5
91.2 ZE U E T O A} O G cormrsiiiriimmss s Frrmasssssesssss st ssss s ]
213 YA/FTE A ek P MR g e 12
214 AP Z D/ BE e TR N 15
2.1.5 Z1QFA] O] MHEZL 7] weeveveees sibaness sttt 17
216 Fo<= oag] oo . SURNNUNE. . W LT 18
M A% 2 ANAEE AN F2E o) §8 AR AT I A e 20
3.1 AOTE YAF T ATEIE LI e s e, 20
31.1 B3 YA/ETSE AET] e Dl Mol 29
3.1.2 ABFHEIE covevee g o Pomrrsancscsceccscssara e o I e 25
3.1.3 FZIE A3 L AFPAFE A AALT] e 31
314 AR A BEAZE o] 83 HASA HE o, 36
3.1.5 FQFA O] HEZ 7] ceeereeeeeiiiii 49
31,6 FETFEE ELZET] et A4
32 T Y AFILA B TE i A7



A1 TLZ YAFILA B I e 54
A1.1 AJE T O] AL wererereessemsseis sttt 54
41.2 ‘é‘]é%ﬂ]' gl 1159,] ...................................................................................... 59

4.2 AT QAT TLA FEIL et 63
A2.] AJE T O] Al worerereessemseeis sttt 63
422 Z AT T IE 0]ttt 68

VvV 713_:._ L P P P P PP PP P T PO PPPPTTPPPPPRROPRY 73




Phase Locked Loop with Resistance and Capacitance Scaling Scheme

Youn-Gui Song

Department of Electronic Engineering, Graduate School,

Pukyong National University

Abstract

In this paper, a novel phase locked loop(PLL) architecture with resistance and
capacitance scaling scheme has been proposed. We designed two PLLs which have
fast locking and low noise-characteristics based on the proposed architecture. The
fast locking PLL has been designed to have wide loop bandwidth with' the scaling
of elements on loop filter. The low noise PLL 'has been also designed to have
narrow loop bandwidth and small ripple to reduce the phase noise and reference
spur, while making the capacitor that occupying the larger portion of the chip as
small as possible. Each PLL has been fabricated with 0.35um  standard CMOS
process and experimentally verified.

The proposed PLL has three charge pumps. The effective capacitance and
resistance of the loop filter can be.sealed up/down according-to the locking status
by controlling the direction and magnitude of each charge pump current. It can
change the bandwidth and improve the locking time, phase noise and reference
spur characteristics.

The fast locking PLL has the locking time of less than 6xs and the phase
noise of -90.45 dBc/Hz @1MHz at 851.2MHz output frequency. The low phase
noise PLL has the locking time of less than 30us, the phase noise of -105.37
dBc/Hz @1MHz and the reference spur of -50dBc at 851.2MHz output frequency.



The proposed PLL shows a little poor phase noise performance because of a
noisy ring oscillator but a short locking time. We can expect good characteristics
through improving the locking status indicator(LSI) circuits for fast locking, and

using a less noisy LC voltage controlled oscillator for low phase noise.
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E 31 FFFH #E HHZ HAF9 =27

Table 3.1 Magnitude of the charge pump depend on locking status

Region
I I 111
CP(1h)
CP1dp) 20 500 20
CP2(AxIp) 0(A=0) 768(A=1.536) 0(A=0)
CP3(B*Ip) 18(B=0.9) 18(B=0.036) 18(B=0.9)

E 32 $A49%0 BE FZT RIER 944 oI
Table 3.2 Loop /bandwidth -and phase margin depend on 'locking

status
Region
I II 11
CP(1h)
Phase margin 47.8° 54.5° 47.8°
Loop bandwidth 29.9kHz 1.3MHz 29.9kHz
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Table 3.3 Magnitude of the charge pump depend on locking status

Region
I I 111
CP(1h)
CP1dp) 20 500 20
CP2(AxIp) 0(A=0) 500(A=1) 0(A=0)
CP3(B*Ip) 18(B=0.9) 18(B=0.036) 18(B=0.9)

¥ 34 FF/FH e FZ g9ZFH 3 AF
Table 3.4 Loop bandwidth and phase margin depend on locking

status
Region
I 1I 11
CP(1A)
Phase margin b1.2° b3° b1.2°
Loop bandwidth 6.70kHz 210.2kHz 6.70kHz
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Bode Diagram
Gm = -Inf dB (at 0 Hz) , Pm = 47.8 deg (at 2.99e+004 Hz)
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Fig. 4.2 Bode plot of the proposed PLL.
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Fig. 4.3 Voltage-current characteristic of the VCR.
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Fig. 4.4 Input voltage-frequency characteristic of the VCO.

_57_



)

i
)
LO

™

& Busolatz ERT,

s

)

[Al 38eyj0A

8y Mu . 12u

Time [us]

39 45 AGA] 2719 Aol At

.4u.

Fig. 4.5 Control voltage of the voltage controlled oscillator.

[A] 98ey0A

12u

10u

8u

6u
Time [us]

=

39 46 9181 AH BA71Y

Fig. 4.6 Output signal of the LSI.

_58_



e

=1
=

243

=
5

4.1.2

<]

71 A -

@ =

]

3.3V 0.35um CMOS &4 2 & CadenceAl2] Virtuso

ol 990um

| APE el

H

°

Sk
=

-
X

=
arE

Az %

[e)

L

bl et
x 670pm WAe 7FAAL Atk 19 47

°

e

—
fite)

12 Uehdon ol AlE o]

S

6us ©|

64+ % 851.2MHz

sto] N

o

-7k

=

=

= 13.3MHz

o~
T

\

bl 1% Fo

°

[€)

2

o]

=

At
=

7]

A et

+

o

o
il
=y
N~

W
Ny

54 o= 851.2MHzel A 1MHz

= 20045 SEL170] 51 T).

1o
ESh=

/2)1—

oF

B

o]

=

=

&

]

(discriminator—aided

SF ATt

o

°o]-&

=

b, 40 x 20mm® ¢ Be WHS AAstn Jdon, AWAEE 24

phase detector; DAPD)

°

7

Al B2 20ps A== WERETHL7]M46] 12

o

olo

3us el <

ok
2

=

R

H] 24 W

Tz

Akt 9]

102 e THAT]

trade—off Aol ¢

-

Mo

_59_



7171 gidE BRad 27 52 91T 462 oju ut2 F
=T grpwl wop me fdug A HE ez vde.

a9 47 xﬂ«ﬂa ﬂ’z} A2E 3 M
Fig. 4:7 D1e photograph of the proposed PLLx

Ous 1ps  2us  3us  dus  Sus  Bps  Tus  Bps ‘
PVRE = is0000s PO i| *
OF 48 SHE Y3 1AH AT

Fig. 4.8 Measured locking time.

1.00 s [

_60_



Ref @ dBm Atten 18 dB
Peak
Log
18

dB/

— |
— 1 |
[

gé EE WWJI\'M Pﬂ WW | WTWWMWM AWM

Center 851.2 MHz Span 28 MHz
Res BW 108 kHz YEH 188 kHz Sween 4 ms (481 pts)

Y 49 33 &9 A¥EY @851.2MHz
Fig. 4.9 Measured output spectrum-@851.2MHz.
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Fig 4.10 Measured phase noise @1MHz offset.
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Table 4.1 Performance summary of the proposed PLL

>3 0.35um CMOS
Aot 3.3V
=8 Fyl4 851.2MHz
48 FF 13.3MHz
PN E- =90.54 dBc/Hz @ 1MHz
oAk A Al 7H 6us ©]a}
2 797 990um X 670um
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Fig 4.11 Charge pump output-of the proposed PLL.
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Bode Diagram
Gm = Inf dB (at Inf rad/sec) , Pm = 51.2 deg (at 4.24e+004 rad/sec)

210.2kHz

Region IT

PM = 53°

BW

150

N
: I |
=1
= 4
Rt ,
HElw® :
o M
: =
| o
1 1 _ L 1L I
(=] (=] (=) (=] [=1=] (=] = [—]
o o N < = L
(ap) apnpubejy (Bap) aseyd

10° 10°

10°

Frequency (rad/sec)

a9 412 A¢tE A4 1AF
Fig 4.12 Bode plot of the proposed PLL.
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Table 4.2 Performance summary of the proposed PLL

A 0.35¢m CMOS
Aot 3.3V
Z2e Zus 851.2MHz
49 For 13.3MHz
A= -105.37 dBc/Hz @ 1MHz
g Azt 30us ©l st
3 =27 1700im > 670um
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