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¢ç`˙=1‰�	àv, 9−PÓÂÌ¶¯Aã‚òä]U�|; %hô_Ò!‹, ä0¯AÂÊ

®�.°ií_� (Corner Model) =1‰�-Eª ì�|, çR�ä01MHz vF¾¿5óP

ÆmÑ-106.2dBc/Hz�
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Abstract

In this thesis we design a frequency synthesizer which can generate a steady oscil-

lating signal of 1.575GHz for GPS receivers. This frequency synthesizer uses a quartz

for oscillation at 24.61MHz as the reference signal; this signal then is used as the input

of a phase-locked loop composed of a phase detector, a loop filter, a voltage-controlled

oscillator, and a divider with division ratio of 64 (N=64). When the loop converges, the

VCO output signal frequency will equal 64 times of 24.61MHz. All functional blocks

of this frequency synthesizer are realized by circuits of the differential type in order to

lower the noise effect on the high-frequency output signal. The TSMC 0.35 um BiC-

MOS Mixed Signal SiGe 3P3M process is used to implement the frequency synthesizer;

its model parameters are used to simulate the dynamic behaviors and obtain the perfor-

mance parameters such as the phase noise and the phase jitter. The consumption power

of the frequency synthesizer is 38.5mW with the 3.3V power supply. A wide range of

VCO operation frequency, 1.1GHz-2.8GHz, is designed to ensure that the VCO still can

generate the desired frequency even when the process conditions vary. Simulation results

demonstrate that the synthesizer obtains a steady output signal under different corner

models. The phase noise is obtained to be -106dBc/Hz.
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1.1 ä0¯AÂ@à

¡�V, r7ìPÍ$ (Global Positioning System,GPS) 5�üìPJ£wvÈ’m, ˛

UàkrÖí@à,� Ê GPS QYÂ-Z, .âßÞø�üíPÓä0TÑ…ËPÓÂ (Local

Oscillator), âkòä5�ñPÓÂA…ò/`T.q, %%Uàä0¯AÂJ®ñí, kuä0¯

AÂímU—�, 	à7c_ GPS QYÂí�Ä�, qløQ—�5ä0¯AÂu.âí�ÖÍñ

‡íQY-Z�ú�: ?¹f$í�ÕÏ, Q2ä£É2ä, Oä0¯AÂFrÆíàV±äí…Ë

PÓiHuø_í, Ç1.1ÑQYÂ-Z, ÊQYvâZ‰ä0¯AÂíä0DÕVí¦ämU¹ä

1%â2ä˙šÂßÞ|Q2ä]U, |(f£B(«dmUíTÜ}&[1]�
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Ç 1.1: mUQY«-Z
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1.2 û˝ñí¸�œ

Ê*¬ íd.£zÀí«n¸û˝,, .ØêÛä0¯AÂ?ßÞ ìòä/.§ÕÊ=1

Æm	à, u'½bín�¸û˝3æ� BbFø−ø_c¤Í$Ú˜,, Ú˜úÆm·�Í$��

ƒbÉ[, kuYÎ¥ší3æûê|.°}Æmíä0¯AÂí-Z, 1ÊrÖíd.F«n¸T

£, àcbD}b�Gä0¯AÂ� !k¥š}ÆmíÜ1ô/-, øc_�óc˜Í$‚àÏ�Ú

˜í-ZVFZAuø_Ü1� Ê�óc˜Í$�G_ÒÔ4-, úóPÆmdÚ˜,í}&¹?ð

„Ï�!…u_}Æmí?‰� YW¥šíñ™1ªø¥ê�Ï��Gí�óc˜Í$�

1.3 �d-Z

…¹�du}üıVn�, �øıÑé�, �Üd.�èJ£û˝í�œ� �ùı2, 3b*ä

0¯AÂÍ$-Z}�â.°–�Ú˜F A, 1‡ú.°Ú˜ÊÍ$,FrÆíiHV�Àí�

Üw	TŸÜ; 1Yåzpêc�óc˜Í$í«T¸�Ü��úı‡ú�ùıFT|íÜ� õÛ

ä0¯AÂ2éªDbPÚ˜, àt�=�PÓÂ(Ring Oscillator) -Z, T|‚à� Ú¼Ú˜

h1VZ¾=�PÓÂ5−„�|ä0¸ˇ, ÇÕ, Ê¤ı�6úóP�¿ÂDÎäÂ‚àÚ¼_�

j4Ú˜ (CML) ®AÊòä0ÍT´1ÍT1d�ÜDzp, |(‡úÍ$Ô4ql|.°¼b

˙šÂ, �â˙šÂ��ƒb”ÉõVZ‰Í$Ô4, 1YåqlêA�óc˜Í$��ûıÑÚ˜

#�Ç¸Ú˜d�[£ú�óc˜Í$d‡0_Ò (Pre-Sim) ¸(«_Ò (Post-Sim), («_Ò

¨�7 TT�FF�SS ií_�=1_Ò, Å�£w�óc˜ÑóPÆm¸mU—�dêc¾¿�
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ä0¯AÂ-Z

Ê GPS QYÂ‡0Ç2.12ä0¯AÂíŠ?, 3bTXòä£>mUVDÖ�ÖÆm GPS

¨rmUd]U,í¹š, ø¨r’m?%â¹šÂ()ƒ£ü’m, âkf$ùLPÓÂÌ¶ßÞ

à¤òämU, Ä¤‚àä0¯AÍ$V¯ABbFbòämU�
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Ç 2.1: GPS QYÂ-ZÇ

Êä0¯AÂc˜Í$2}�ÑóPä0�¿Â (Phase and Frequency Detector)� ä0

Î¶Â (Frequency Divider)� Úh6¦ (Charge Pump)� c˜˙šÂ (Loop Filter)� 9−P

ÓÂ (Voltage Control Oscillator) ü�.°Š?j)[2]F A, àÇ2.2� �âÊ9−PÓÂ�

|%¬Î¶Â(ímUóPDùLPÓÂ¡5mUóPdªœ, †çÍ$ ìvu<NÎ¶Âíó

PD¡5]UóPuø_í, FJÊ9−PÓÂ�|ä0}u¡5mUä0íIbÉ[, Ê¤‚à

24.61MHz ùLPÓÂçd¡5mU, %¬ä0¯AÍ$(ßÞ GPS í L1ä¨1.575GHz òä

mU, J‚ GPS ¨rmUÊ¹šÂd]Uí|„� Ê7jä0¯AÂí-Z5(, BbøÊJ-í
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ı�T|yê¾ízp, 1w…Ê.°Š?–)Ú˜Êä0¯AÂFrÆíiH�
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Ç 2.2: ä0¯AÂ-ZÇ

2.1 =�Ú9−„PÓÂ

=�PÓÂwÔ45øuªJ‚à�Q�bí.°7)ƒ.°íPÓä0, dø_=í$Õ, J

£âk©ø��|óPíÏæ, 6ªJ‰à�Q�bí.° ×)F.°óP�|,JÛbÖóPí

�|, †�Qí�bÿ.âÓ‹, OuPÓä0†}±Q, øO=�PÓÂ�}À«�|J£Â«Ï

��|s��

2.1.1 À«�|=�PÓÂ

À«�|í=�PÓÂwú�-ZàÇ2.3,X�YD Z ú_õ}�Ñ©ø�í¥ó�|õ, Ü;

í�|š�ÇàÇ2.4,Vx�VyDVz}�ÑÇ2.32í X�Y D Z ú_õí�|Ú9, FJªJõƒš

�í‰“âVxƒVy%¬ø_TdÍ(¥ó180��|, yâVyƒVzy%¬ø_TdÍ(¥ó180��|,

|(�ƒVx, à¤í�=- $AËÓ� À«�|í=�PÓÂwä0Ñ

fosc =
1

2NTd

(2.1)

w2 N ÑËÓÂí�b,TdÑ©ø�[×íôbvÈ, w©ø�í�|óPÏ†Ñ 180o

N
, 6ÿuËÓ

ÂªJßÞí�|óP�
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Ç 2.3: ú�CMOS ¥óÂ5=�PÓÂ

Ç 2.4: ú�CMOS ¥óÂ5=�PÓÂÜ;�|š�

2.1.2 Â«�|=�PÓÂ

Â«Ï��|í=$PÓÂ, û�í-ZàÇ2.5, �|ÑÏ�s«,A í¥ó�|«ÑA� Bí

¥ó�|«ÑB,Cí¥ó�|«ÑC7 D í¥ó�|«ÑD, /Ï��|í=$PÓÂw�Qí�

b, .dÀ«�|í=$PÓÂ, ��Q�b.âbÀbíÌ„� …�dFàí6ÿuÏ��|í-

Z� Ê-Þı�6Ô|õÒíÏ��|PÓÂÚ˜VdWä, 1‚àŠÚ®h1 −„ä0íÏ��

|=$PÓÂ, ‚àBJT �¯#�−„PÓä05=$PÓÂ� ¤ÕÚ˜6°šøà TSMC 0.35

µm 3P3M SiGe BiCMOS `˙, Í(J Hspice  _ÒÚ˜, 1zpÚ˜íÔ4, J%-ê�|

BbFqlí-Z�
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Ç 2.5: û�=�PÓÂÏ��|

àÇ2.6Ñ=�PÓÂÀø�ôbÚ˜[3], UàÚ9−„ŠÚ®í×üD£MÚ®1:ßÞ�^

®M1ÈQ−„ôbvÈ�Ú˜,M1DM2ÑøÏ��p«, âVout s«õª 1cqM3DM4u

ó�jKgm3=gm4, kuM3DM4}$AøÚ®MÑ −2
gm3,4

íŠÚ®, 7Ç2.7uÇ2.6í�^šÚ

˜, �^Ú®MÑ −1
gm3,4

, FJc_Ú®Š-�R1¸R2J£>©�¯úM3DM4, úø_NMOS V

z, Tkñ¸–vwÚ¼t�Ñ

ID =
1

2
µncox(

W

L
)(VGS − Vt)

2 (2.2)

w2IDÑ¼%MOS í ”Ú¼,W D L Ñ NMOS �÷,VGSÑ•Ä”ÈÚ9,VtÑ@äÚ

9(threshold voltage),µncoxÑ`˙[b� 7gmÑMOS �û (Transconductance) wMÑ:

gm =
∂ID

∂VGS

(2.3)

= µncox(
W

L
)(VGS − Vt) (2.4)

â (2.2) �¢ª)ƒ

µncox(
W

L
) =

2ID

(VGS − Vt)2
(2.5)

* (2.5) �ø (2.4) �2 µncox(
W
L

) J 2ID

(VGS−Vt)2
H²ª)

gm =
2ID

VGS − Vt

(2.6)

*,H�äíÉ[BbªJ)øçÚ¼ I1 Ó‹v gm3,4 6}�OÓ‹, 7*Ç2.7)ø�^í

�|Ú®RthÑ

Rth = RP //
−1

gm3,4
(2.7)

=
RP

1 − gm3,4RP

(2.8)

6
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Ç 2.6: x�ª‰ŠÚ®íÏ�ú
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Ç 2.7: ôbjK�^Ú˜

w2 RP = R1 = R2� FJç I1 Ó‹v gm3,4 M6�OÓ‹U)�^�|®}Rth‰× FJªU

)ä0-±, °Ü, JU I1 ‰ü, gm3,4 ‰ü, †ä0Ó‹�

âl‡�
Àø�ôbjKíh1(, QOBbR�BÖ�=�PÓÂí©Q� àÇ2.5Ñû�

=�PÓÂíPÓ�|YÎÑs…RÄ†, û�Çc˜��×ü|H(w)|=1¸Çc˜��ƒbóP

Ñ 6 |H(w)|=360�, Ê×ü¯¯Ä†‘K, úóPVƒâk�û�FQB�ø�j�, péTX180

�ÊÇc˜��ƒbóP,, wì180�óP�†âû�VTX, U©ø��45�íóPÏæ, *2

×)s®£> ìmU, àÇ2.8, TX GPS QYÂ5£>mUVÄ�
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Symbol Wave

D0:A0:v1
D0:A0:v3

R
e
s
u
l
t
 
(
l
i
n
)

-200m

0

200m

Time (lin) (TIME)
160n

161n 162n
163n

Unit : Voltage

* file: vco_new.sp

Symbol Wave

D0:A0:v2
D0:A0:v4

R
e
s
u
l
t
 
(
l
i
n
)

-200m

-100m

0

100m

200m

300m

Time (lin) (TIME)
160n

161n 162n
163n

Unit : Voltage

* file: vco_new.sp

Ç 2.8: s £>mU

2.2 Úh6¦

ÊÚh6¦Ü;Ú˜h12, Uà,- ìR9Ú¼VúŠ-ÚñªWkÚD[Ú, �âóP�

¿Â�|ßÞíÏ�mUí	TU‚V−„ÇÉ, ²ìkÚD[ÚvÈíÅM� âkÀ«Úh6¦,

àÇ2.9, �|Ó�G7ªWk[Ú, OçÀ«Úh6¦.kÚ£[Úv, õÒÚñ}�ÕÚÛï, 1

.?&Mø	ì GÚ9� Ä¤À«Úh6¦ÛÑ7&M	ìÚ9, kuÊ-ø�Gv†}3§k

Ú, }û_�óc˜Í$Ê ìv†�U‚4íïš, Bb˚dˇš (Spurious) Ûï� Ñ7s�¥

�Ûï, FJBbSàÏ�-Z, …™úk¥�u_4”íU‚4ïš�'ßí§½ª, ª7ê�Ï

���íÚh6¦, à2.10Ç, uÏ��G–1íÜ;Ç�

8
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Ç 2.9: À«Ü;Úh6¦

�

�

�

�

��

���

�

Ç 2.10: Ï�Ü;Úh6¦

2.3 úGóP�¿Â

�óc˜Í$2óP�¿Â53bŠ?ÊkW¿�p]UD¦šv05óPDä0ÏM, 1W

¤ßÞ�|]U5óPDä0^£]U� w3b5ql½õ¨ÖóPä0ÏÏj&�£�ä¸ˇ,

9



J®ƒQÆm,  ä@à5ñ™� w2|�cíuúGóP�¿ÂàÇ2.11, ÄÑFíõÛ�Àx

�±2πí(4óÏ¸ˇ, 1/ªçTä0W¿ÂUà�úGóPW¿ÂíÕGÇà2.12ÇFý, u�

ú_ÕG State1,State2,State3� °ší, ÕGZ‰uâ R ¸ V mU,¯íF²ì,R í,Þí}

UÚ˜ÕG,ô, àâ State1ªB State2, C State2,ôB State3, JÊ State3†TGÊ¤|

òÕG� 7 V í,¯í†}UÚ˜ÕG-±� WàJÚ˜í�UÕGÑ State1, †>�í R ¸ V

,¯í}U)Ú˜Ê State1,State25È�=; à‹mU V r( R ø_	ìóP� çÚ˜ÕGÊ

State2v, âk R l|Û, U)Ú˜ªpÕG3, 5( V |Û¢UÚ˜ÕG)+B State2, â¤

R,V íó.|Û, Ú˜øò&MÊ State2D State35È�=� °Üª°)mU V äl R ø	ì

óPv, PDÚ˜†}øò&MÊ State2D State15È�=�

� �

���

���

��	�


� �

���

���

��	�


�����




�

�




��

����

Ç 2.11: úGóP�¿Â-ZÇ
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� �
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=
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� �

� �
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=
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� �

� �

� �

� �

=
=

�

�

�

�

� �

������ ������ �����	

Ç 2.12: úGóP�¿ÂÕGÇ
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2.4 ÎäÂ

ä0¯AÂÍ$2íÎäÂwÑbPÝ°¥cbÎäÂ, 3b‚àý� D �£¥Â (D-FF)

�QAÝ°¥-ZàÇ2.13, õÛÎ26ƒ�bPÚ˜, àÇ2.132�ø��p«Ñ Clkp1�Clkn1Ï

�mU, %£¥Â(�|Ï�mU On1�Op11ø©B�ù��p Clkp2�Clkn2, †Yå©Bý�

-ZøZA26ƒ�Ý°¥ÎäÂ�

����

���

���

�	
��

�	
��

����

���

���

�	
��

�	
��

����

���

���

�	
��

�	
��

����

��
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�	
�


�	
�


����

���

���

�	
��

�	
��

����

���

���

�	
��

�	
��

���

���

��

��

Ç 2.13: 26ÎäÂ-ZÇ

2.5 c˜˙šÂ

ä0¯AÂuêcc¤−„Í$, Í$…™��ƒb2í”Éõd−ƒ�óÍ$ ìD´� Ä¤

ì2�ócÍ$ ìu<Nç9−PÓÂ�|øä0foutwóPÑθout, %¬ÎäÂ(ä0Ñfdiv/

óPÑ θout

N
, øDÕ‹QÆmùLPÓÂí¡5ä0frefóPÑθrefdóPªœ, �|ø�ÌÚ9D

óPÏ (θref -θdiv) A£ª, y%¬c˜˙šÂ˙¥òäÆm(,�|ø−„mUVctrl, àV−„9−

PÓÂí�|ä0Ê�©vfout=N × fref , J�|ä0�R�ä0¯AÂÍ$Z
¹d^£, Ä¤

Í$,†?�âql˙šÂ��ƒb”ÉõVü\Í$ ì� øO7k, ä0¯AÂuø_Ý(4Í

$, OÊ�ìüi�í«T8$-, …í�GWÑªJà(4Í$d¯Üí�¡D·H, Ä¤ªø�

óc˜Í$“Ñ(4_�àÇ2.14�
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Ç 2.14: �óc˜(4_�Ç

øOÊ	ñÚ˜@à2óP�¿Â£9−PÓÂu	ìí, É�c˜˙šÂ£ÎäÂuªâB

bFql, Ä¤Êä0¯AÂÍ$25c˜˙šÂ†BbªeÑÍ$−„Â, Äc˜˙š5��ƒb

í.°, †Í$�.°�GWÑ6²ìÍ$ ì£Í$í¡b, Ê¤‚àø¼Dù¼˙šÂzp, à

Ç2.15Ñø¼?šÂ%âÚh6¦ ìÚ¼ Ip íkÚD[Ú, 1Ê�|«ßÞø−„Ú9 Vctrl

ÈQ−„9−PÓÂ�

���

��

��

�����

�	
�
���
�	��	

Ç 2.15: ø¼˙šÂ

ø¼�^˙šÂ®}

Z(s) = R1 +
1

sC1
(2.9)

Êø_U‚q,kÚh¾ÑIPθeT/2π, †�ÌÚ¼Ñ

Iavg = IP θe/2π (2.10)

12



−„Ú9 Vctrl D�ÌÚ¼É[Ñ

Vctrl = Iavg.Z(s) (2.11)

Vctrl =
IPθe

2π
R1C1

s + 1
R1C1

s
(2.12)

�|óPiθo=VctrlKo/sFJ�póPÏÏD�|óPiÉ[Ñ

θo = KoKdKh

s + 1
R1C1

s2
θe (2.13)

Ko

s
Ñ9−PÓÂ(4��ƒbÓï,KdÑóP�¿Â(4��ƒbÓï,KhÑc˜˙šÂ(4��

ƒbÓï

*2.11���ƒb)ø�s_”õÊŸõ¸ø_ÉõÊ˝š�Þ, ku}�ø;*�}uÓÓ

ï�×%¬š�Þ7Í$Ñ�‘Kí ì, /ç�pÑ£Ú¼0Æ]UàÇ2.15Fý, †ÊVctrlÚ9

}mÈßÞ×üÑIpR1Ú9, çÚ¼0§!!v6°š}�¥šmÈIpR1-±Ú9íÛï, ¥ú9

−PÓÂßÞ7ß×, ÑÁý	àªÊVctrlÊ1:ÚñC2$Aù¼˙šÂ, *ä0hõø¼˙šÂ

�^‹,ø_Éõ, Ÿlòä¶Míc˜Óïâ-40dB/dec ÁýÑ-20dB/dec, Ñ7éòä¶Mí

Æm?\9{, Ä¤ÊÉõ5(Ö‹ø_”õ, ‚à1:øüÚñVTX¥šø”õàÇ2.16, JÑ

7y�^{„Æm, ªàú¼J,˙šÂV)ƒœ ìí−„Ú9�

���

��

��

�����

�	
�
���
�	��	

��

Ç 2.16: ù¼˙šÂ
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� 3 ı

�óc˜Í$Ú˜5ql

3.1 =�PÓÂql

T|JôbjKFZA=�PÓÂ¹‚àZ‰ôbjKôbvÈ, ÈQV−„Ê.°ä¨íä

0�|� 7=�PÓÂ�ZUà3�jKõÛPÓÚ˜, Ä¤�VrÖ3�jKíÆm, à“*Æm

(Flicker Noise) �, Ä¤PÓÂóPÆm6.yÀÓíÚÄÚ9Æm¸\�jKÆmF3û, 7Û

�yÖ5?ÆmÄÖæÊ� Ê¥š5?ªœ-Ï���=�PÓÂ}ªÀ«��=�PÓÂiõV

íÖ; FJBbê�û�-Z=�PÓÂ3bTX GPS QY«s £>mU, 1Yd.T|‚à>

©X¯ú (Cross-Coupled Pair) ŠÚ®��, dÑ©ø�=�PÓÂôbjK, àÇ3.1� �â_Ò

,ñ, ªød.FTÀø�ôbjK�
û�=�PÓÂ, V�.°À«−„Ú9 Vcon1D Vcon2

VU)¼% Q7D Q8Ú¼ªW.°, é Q3D Q4Ï�ú$Aø¼−ŠÚ®, /1:k�|«JZ

‰cñvÈôb�b�
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Ç 3.1: Àø�ôbÚ˜

�â−„Ú9í.°, U)û�íôbjKíŠÚ®�ó°‰“®M,ÓO−„Ú9ÏM×üí

Ó‹ (∆V=Vcon1-Vcon2) U©ø�ôbjK¼%ŠÚ®Ú¼Ó‹, Ä¤�|«�^Ú®‰üä0

†Ó5Ó‹, ¥5, ç (∆V=Vcon1-Vcon2) íÁýv, ¼%ŠÚ®Ú¼Áý, �^Ú®‰×†ä0

Ó5Áý, Ç3.2Ñ−„Ú9ÏMD�|ä0É[�(, [3.1ÑÊ.°−µÚ9ÏMw�|ä0M�
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−0.4 −0.2 0 0.2 0.4 0.6
2.35

2.4

2.45

2.5

2.55

2.6

2.65

2.7

2.75

2.8

2.85

∆ V=Vcon1−Vcon2   (Voltage)

Fr
eq

ue
nc

y(
G

H
z)

Curve of Output Frequency 

Ç 3.2: PÓÂ5−„Ú9Dä0

Ï�−„Ú9 (Vcon1-Vcon2) ÀP PÓä0 ÀP

0.6 V 2.77 GHz
0.4 V 2.72 GHz
0.2 V 2.67 GHz
0 V 2.61 GHz

-0.2 V 2.53 GHz
-0.4 V 2.44 GHz
-0.6 V 2.36 GHz

[ 3.1: Ú9�²Ú¼��PÓÂ5−„Ú9Dä0[

Oâk¤ôbjKÚ˜§Ú�ñqlÍTÚ9í�Ì, Ä¤−„�|ä0Ñ�Ì„1.?ø=

�PÓÂíiõyˇé|V� Ñ7Z¾Ôõ, íl*|!…íŸÜÇá, BbYÑs…RÄ†Çá�


BbPÓ=1‘K�

û�=�PÓÂÇ˜��ƒb

|H(s)| =
A4

o

(1 + s
wo

)4
(3.1)

JbbßÞPÓ†©âTXóP�Ñ

6 H(s)|s=jw = 4 arctan
w

wo

(3.2)
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û�=�PÓÂ&MPÓ‘KÑÊPÓä0‘K-Çc˜��ƒbÓï|H(w)|s=jw=1, ¸Çc

˜��ƒbóP 6 H(w)=180�� â3.1�óPi��k180�, †©ø�FTX45�íóPÏ1)

øwo=w, yø¤É[�Hp3.2�)ƒ&MPÓ‘K|QPÓÓïÑ|H(w)|s=jw=
√

2�

†¤vä0Ñ

arctan
wosc

wo

= 45o (3.3)

wosc = wo (3.4)

|üÚ9Óï

Ao
√

1 + (wosc

wo
)2

=
√

2 (3.5)

Ç3.1‚àÏ�X¯ú$AøŠÚƒ, âÇ2.6ü]U�^_�ŠÚ®®MÑ −2
gm3,4

, Z‰¼%Š

Ú®íÚ¼ªWÈQZ‰gm3,4, ø‰�íŠÚ®®MDü]U£MÚ® (R1+R2) 1:$A�^Ú

®Rth

Rth ≈ (R1 + R2)//
−2

gm

(3.6)

DôbjK•ÞÚñ$AôbvÈ

Ctotal = CC,Q1 + CC,Q2 + CC,Q3 + CC,Q4 + CB,Q5 + CB,Q6 (3.7)

τ = RthCtotal (3.8)

Ê¯¯F�PÓ‘K5(, ªhô|çêAø_U‚�k2Nτ ;N Ñ�b¾; 1ø¤É[��3.1

�, ku=�PÓÂí�|ä0ªÑw-[ý��

fosc =
1

2Nτ
(3.9)

Oâk�p−„¸ˇ£�|ä0¸ˇí�Ì, éúkbàÊ�óc˜7ßÞ½æ, àÚh6¦�×

¸ˇí�|¥@OºÌœ×�p¸ˇí=�PÓÂ� Ñ7Z¾¤½æ, ‚àÚ9�²Ú¼íÚ˜V

¦HÀø�ôbjK,−„¼%ŠÚ®Ú¼Ú˜, Z¾Ú˜,‚àÚ9−„Ú¼qlíØæ7×)

yßíA^� Ç3.3Ñ¦HÀøôbŸK5−„Ú˜¶M¸Ç3.4ÑÚ9�²Ú¼Ú˜, wÇ3.42

Q6�Q4�R13

R14DR9Ú9$As  ìR9Ú¼, yâ Vcon1D Vcon2íR9V−„Ú¼ªW Í(øÚ¼

� ø¦B M1D M41Ê®Aí˜�, Q2D Q8$AsR9 ConB1D ConB2, ¤R9ÈQ−

„=�PÓÂ5ŠÚ®íÚ¼, J‚Z‰ŠÚ®®M|c�|.°PÓä0�
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Ç 3.3: ¦HÀøôbŸK5−„Ú˜

Ç3.5ÑZ¾(=�9−PÓÂÔ4�(, 1Dd.FTôbjK�
ó°û�=�PÓÂdÑ

ªœªhôZ¾(Ó.°−„Ú97�.°�|ä0¸ˇ, Ó‹−„Ú9¸ˇD�|ä0¸ˇ� úk

Ô4�(í(4�6?¯¯õÛä0¯AÂ(4_�Í$2, ø9−PÓÂeÑ	}−„Â, çT(

4Í$ql,í¡b�
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Ç 3.4: V/I Converter

−1 −0.5 0 0.5 1
1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

∆ V=Vcon1−Vcon2 (Voltage)

Fr
eq

ue
nc

y 
(G

H
z)

Curve of Output Frequency 

 

 
Improved
 Unimproved

Ç 3.5: Ú9�²Ú¼��9−PÓÂ5Ú9Dä0É[
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Ï�−„Ú9 (Vcon1-Vcon2) ÀP PÓä0 ÀP

1 V 2.846 GHz
0.8 V 2.738 GHz
0.6 V 2.658 GHz
0.4 V 2.564 GHz
0.2 V 2.452 GHz
0 V 2.314 GHz

-0.2 V 2.145 GHz
-0.4 V 1.939 GHz
-0.6 V 1.694 GHz
-0.8 V 1.421 GHz
-1 V 1.121 GHz

[ 3.2: Ú9�²Ú¼��PÓÂ5−„Ú9Dä0[

3.1.1 mU—�

U‚4mU—� (Period Jitter) Ñ¾¿õÒ�|U‚mUDÜ;U‚mUíÏÏM, ¤MÑ

AÍ‰b, /U‚4mU¤¾¿Mªì2Ñ’ú¼M (Peak-to-Peak) DÌj;M (Root of Mean

Square), Ê¤Bbì2Ìj;MÑàÇ3.6ì2

�
�

���
�

�����

�

���

�����	
��
�
��������	������

� ����������
��������	�����

Ç 3.6: mU—�¾¿

JPER = TPER − T0 (3.10)

T0ì2ÑÜ;U‚mU, 1ª°)Óœ‰bJPERÌj;T

JPER(RMS) =
√

E[J2
PER] (3.11)

20



E[*]: ‚�M

3.1.2 óPÆm

úkøÜ;íìšPÓÂ, }ßÞøÜ;í�|š�Ñ

s(t) = A sin (2πfct) (3.12)

OuâkóPÆm	à, õÒ,íš$}Ñ

s(t) = A sin (2πfct + θ(t)) (3.13)

¤�2θ(t)ÑÆmFù–óP‰�, /w¾·ükπ/2]ªZŸÑ

s(t) = A sin (wct) + Aθ(t) cos (wct) (3.14)

°¤�Š0ä$Ñ

Sc(f) =
A2

4
[δ(f − fc) + δ(f + fc)] +

A2

4
[Sθ(f − fc) + Sθ(f + fc)] (3.15)

w2íSθ(f) NíÿuóPÆmŠ0ä$, úkPÓÂ7kóPÆm¥u_'½bí4?N™,

7óPíÆmíì2Ñ3äDRäŠ0ä$,í×üóÏM, àÇ3.7

�����

�� �−

� ���� �−

���

�

����	
���

���������


��������

���������


Ç 3.7: óPÆmä$,íì2

L(f − fc) = 10log[
Sc(f)

Sc(fc)
] (3.16)
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Ê¥³Bb‡úZ¾(=�PÓÂÊ.°í−„Ú97ßÞ.° ì�|ä0¸ˇ, }�YW

.°í−„Ú9�|.°ä0�|, V_ÒÇc˜9−PÓÂíóPÆm, wR�ä0 (offset fre-

quency) Ñ1MHZ, óPÆm}��ÑàÇ3.8ƒÇ3.10

Ç 3.8: �|2-ä0Ñ2.84GHZ íóPÆmÑ-89.86dBc/Hz

Ç 3.9: �|2-ä0Ñ1.66GHZ íóPÆm-89.37dBc/Hz
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Ç 3.10: �|2-ä0Ñ1.12GHZ íóPÆm-81.56dBc/Hz

3.2 Úh6¦ql

‡ıTƒÑ7Áýˇš (Spurious) Ûïïš‚àÏ�-Zª¾Î¥ší½æ, FJBbSàÏ

���õÛÚh6¦Ú˜, /ÊÚh6¦Ü;Ú˜h12, Uà,-  ìR9Ú¼VúŠ-Úñª

WkÚD[Ú, 1âóP�¿Â�|ßÞ�|Ï�mUí	TU‚V−„ÇÉ,ÈQ²ìkÚD[Ú

vÈíÅs, !k¥ší;¶$AÏ�Úh6¦éªÚ˜, àÇ3.11, ÊqlÚh6¦íÚ˜,, U

à?¦¡5ÚÚ¸R9c¤−„Ú˜[4], Ç3.12, VßÞø�bÚ9, çd	ìÚ¼Ä5!”R9,

/øQ1�Q6D Q7[×Â¦”,íÚ®, ªçŠc¤Ú˜V ìR9Ú¼, Ä¤ßÞÚ˜-j ì

Ú¼Ä� Bk,jÚ¼†âR9Ú˜Ú¼,ùBÚ˜,j� M1�M2�M3F A� Ú¼Ÿ, ßÞ

BbFÜ;íÚ˜, ìÚ¼, OÊ¢ùŸ^@}	àwÚ¼×üí.�Ì, kuÊql,Ê MOS

Ä”�üÚ®çdŠc¤JÁüÚ¼.Ì^@� Ú˜, Q2�Q3�Q4D Q5dÑ~²ÇÉ3b‚à

BJT ¦”j4Ú˜ (ECL) .ªpñ¸ÕGíÔ4, U5ò§~²ÇÉ�TJBk?0§í¥@Í

$-øÕG‰“, 1±Q*Úh6¦BóP�¿ÂÍ$˜�íôb, UÚh6¦FßÞ�ü∆V 6?

êrí¥@BÍ$=�PÓÂ�|,�
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Ç 3.11: Úh6¦õÒÚ˜
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Ç 3.12: R9−„Ú˜

3.3 Â«Ï�óP�¿Â

ÊúÚ¼_�j4–1¸ì2QÕGbPj4ÄP−„Ú˜«àÊbPj4í–1, £Ê,q

lÝ°¥ÎäÂql%ðÌpí�Ü, ÖÍóP�¿¿ÂíÍTä0¸ˇ³�àÎäÂ�ø�¥ó
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òÍTä0¸ˇ, Oúk”üóPÏ?0§ÑÜ¥@, uóP�¿Âu.bí� /§– (Dead Zone)

½æuqlóPä0W¿Âíø_½b{æ, Ü;,, óPä0W¿Âí�|¸s_�p]UóP

Ïæ'üv, �|1Ì¶DóPÏæA£ª� Q¡ÉíóPÏæFû_Ý(4íóPä0W¿Â�

|˚Ñ”§–”� 7Ê¤–�íÚ9��Ì¶��Úhk[Â� ø_ßí¾Î§–íj¶ÑÊ UP D

DOWN í]UÓ‹ø_üí0š, ¹Us_�p]U1ÌóPÏæ� õÛíj�ÑÊóPä0W¿

Âí½q (Reset) ˜�,Ó‹øôbÚ˜, Ó‹ôbvÈ¹ª�ý§–� !k¥š§–½æj²í

½b4, 6çdBbqlóP�¿Â¡5ÄÖ, kuàÇúGóP�¿Âj)Ç2, BbUàs_¥

óÂ¸C•V¦� NAND •, 1øC•�|…�Bx�½qŠ?í D �£¥Â� Ñ7Z¾§–½

æ�âÖÓq¥óÂíôb, V)ƒyßí�|¥@, †^Z(Ï�úGóP�¿Â-ZàÇ3.13�

�pÑ¡5mU Refp�Refn Ï�mU¸%ÎäÂ(í Vcop�Vcon Ï�mU, ‚à�qj4Ú˜

V‡ióP,í�‡Dr(�
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Ç 3.13: Ï�óP�¿Â

3.3.1 Ú¼_� D �£¥Âj4

Ä=�PÓÂ	TÊòä–�, úkÝ°¥bPÎäÂ¸óP�¿Âí·Uà D �£¥Â A

bPj4Ú˜, †.âùàò§£¥Âj4Ú˜VÄ@¥šÍT=1‘K, FJÌ¶Uàf$Ú9

_�£¥Â� íl¥³BbUàÇ3.142 M8�M9�M4�M5�M2 A CML -Z¸>©X¯Ï�ú

(Cross Coupled Pair) Ú˜àÇ3.142 M6�M7, �â Clk Ï�mUV−„ M2�M3í~², ç
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M2HÇ¸ M3É£vÑj4ÕGí‰², ¥5, M2É£¸ M3HÇv†u&M,øÕG, ku$

AÀø�¿� (Latch) Ú˜7 D �£¥Â£uâs_ó°¿�Ú˜F A[5][6]àÇ3.15, JóÏ

180�óPv0 (Clock) Ï�]U−„s6¿�Ú˜Èí~²J®0§ D �£¥ÂñË�
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Ç 3.14: Latch -ZÇ
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Ç 3.15: Ú¼_�D£¥Â
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Ê¤Ú¼_�òQÕGj4ÄP.yUàf$rÚ9j4ÄP��bPj4, 7uªJAWì

2j4ÄP� wql‚à?¦Ú9¸R9−„Ú˜Ç3.11TX¡5Ú9Ä#	T[×Â1¸¿�Ú

˜, C•j4Ú˜ZAc¤Ú˜ßÞ3�Š-qlR9Ú9, àÇ3.16, TXú�Ú¼��bPÚ˜

dÑc¤˜�1ì2|QÕGj4ÄPÚ9 (Vlow) DòÄPÚ9 (VDD)� 7.yuf$àUà

QËÚ9VH[0j4ÄP, òsj4Ú9,¯D-±vÈVJ‚®ò§j4ÄP~²ñí�
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Ç 3.16: QÄPj4Ú9−„Ú9

w2øC•Ú˜, ¥óÂ£¿�½qÚ˜«àÚ¼_�j4j� õÛ�7C•j4Ú˜]øs

NMOSÚ�ñJ1:j�®AàÇ3.17, Bk½qÀÎ¿�Ú˜àÇ3.17¬Çø¿�Ú˜d<rZ

‰, Uç½q�Tv?0§øÏ��|±ÑQÕG�

27



�����

�� ��

	�
	�


�


�

��


���

��

�
 ��

�� ��

�� ��

�����

���	
���


�� �


�


��

���

�


��

���

�


�	 �� ��

�� ��

�� �
�

�

 �
	

Ç 3.17: Ú¼_�C•D½q¿�•

êAc_úGóP�¿Âí�
¼˙5(, †BbhôúGóP�¿Âí�|, V‡iùLPÓ

¡5mUD9−PÓÂíóPÏæ; óP�‡¸óPr(àÇ3.18� 17j§–úúGóP�¿Â,

PÊ”üóPÏ8”F§í	à, u´?£�í¥@BÍ$µÞ,J‚Í$?0§�k ìÕG�
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Symbol Wave

D0:tr0:v(refp)

D0:tr0:v(dv6_op)

D0:tr0:v(up)

D0:tr0:v(dp)
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* file: phase_lock_loop.sp Symbol Wave

D0:tr0:v(refp)
D0:tr0:v(dv6_op)
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Time (lin) (TIME)
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Down_Signal

Up_Signal

Divider_Output

Reference

* file: phase_lock_loop.sp

Ç 3.18: ˝ÇÑÎäÂ�|óP�‡¡5mUóP ¬ÇÑÎäÂ�|óPr(¡5mUóP

3.4 Â«Ý°¥ÎäÂql

*�
Ú¼_�À� D �£¥Â¸ì2òQÕGbPj4ÄP−„Ú˜í%ð, kuõÛÎä

Â5À�uñqí, â£¥Âí-ZêAø_Î2À�Ú˜àÇ3.19, 1�|àÇ3.20, FJ‚à©

Qj�í.°, ªJõÛêcý�bPÝ°¥ÎäÂ, à3.19ÇêAc_Â«Îä-Z, 1Ê�D�

5ÈQÖÓqø_Ú¼_�¥óÂ, U)©�·�—D��?‰R�-ø��|, Ç3.20¬Çuø=

�PÓÂÏ��|%¬©�í�|_Ò!‹� 1wð„‚àÚ¼_�~²£¥Âj4œf$Ú9_

�j4Ú˜×)y×ÍTä0¸ˇ�
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Ç 3.19: ÎäÂ5À�-ZÇ

Symbol Wave

D0:tr0:v(c1_dout1)
D0:tr0:v(dv1_op)
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Time (lin) (TIME)

895n 900n 905n

One Stage of Divider_Output

VCO_Output

* file: phase_lock_loop.sp Symbol Wave

D0:tr0:v(dv1_op)

D0:tr0:v(dv2_op)

D0:tr0:v(dv3_op)

D0:tr0:v(dv4_op)

D0:tr0:v(dv5_op)
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Time (lin) (TIME)
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940n

First  Stage

Second  Stage

Third  Stage

Fourth Stage

Fifth Stage

Sixth Stage

* file: phase_lock_loop.sp

Ç 3.20: ˝ÇÑÚ¼_�D�£¥ÂÎ2Ú˜_Ò!‹ ¬ÇÑ©Qý�(ÎäÂ©ø��|!‹

3.5 c˜˙šÂql

Ê¤Bb‚àù¼˙šÂVçdBbR…��c˜˙šÂ, 1: C1ÚñVÁýø¼˙šÂk

[ÚFßÞˇšÚ9,Î¤5Õúkqlc˜YÎÇc˜Óïä  (Open Loop Gain Bandwidth)

¸óP”Ì (Phase Margin) V²ìc˜˙šÂjKM[7][8]� àÇ3.21ÑÍ$ÓïóPš,Ç Ê

Í$c˜Óïš,Çwp�k0dB, ¤vÍ$óPš,Çφp×k-180�, \„Í$Ñ ì� �â˙š
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Ç 3.21: Çc˜ÓïóPš,Ç

Â��ƒbTX”Éõ}0V−„óP”Ìí×ü�øOóP”ÌMqÊ30�D70�5È, Øòó

P”Ì}	àÍ$¥@§�, QO*c˜?šÂ®MVqlBbFbíóP”Ì,ù¼?šÂ®}M

Ñ

Z(s) =
sC2R2 + 1

s2C1C2R2 + sC1 + sC2
(3.17)

ì2?šÂ��ƒb”õDÉõÑ

T1 = R2
C1C2

C1 + C2
(3.18)

T2 = R2C2 (3.19)

ø�óc˜®_.°–)¸Kd,Ko¸NíÇ˜��ƒb G(s) D?šÂ��ƒb H(s) $AÇc˜

Óï

G(s)|s=jw =
−KdKo(1 + jwT2)

w2C1N(1 + jwT1)

T1

T2
(3.20)

*Çc˜��ƒb”õDÉõì2|Í$óP”Ìj˙�

φ(w) = arctan(wT2) − arctan(wT1) + 180o (3.21)

ø�ú w d�}1°w”M

∂φ

∂w
=

T2

(1 + wT2)2
− T1

(1 + wT1)2
= 0 (3.22)

°)PÊÍ$|×óP”ÌMí>�ä0DT1,T2íÉ[

wp =
1√
T2T1

(3.23)
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Ñ\„Í$ ì, ø|×óP”óMì2ÊÇc˜Óï��ƒb×üMÑ1, kuø��p3.14�ª

)

C1 =
KdKoT1

w2
pNT2

‖ (1 + jwpT2)

(1 + jwpT1)
‖ (3.24)

Ä¤cq#ìc˜ä ¸óP”ÌÑ˛ø, 1‚à3.20�ƒ3.23�íÉ[7R�|T2DT1vÈ

�b

T1 =
secφp

− tanφp

wp

(3.25)

T2 =
1

w2
pT1

(3.26)

�âT2DT1vÈ�b, c˜ä £óP”Ì¸l‡FR�|C1,R2£C2 7R|-�¤�

C1 =
T1

T2

KdKo

w2
p.N

√

√

√

√

1 + (wpT2)2

1 + (wpT1)2
(3.27)

C2 = C1(
T2

T1
− 1) (3.28)

R2 =
T2

C2

(3.29)

%âø©�íR�5(, 1cqÍ$u ì=1� BbªJ‚à�óc˜(4_�, c˜ä £

óP”ÌV)ƒc˜wjKM , Ä¤ø«�˙šÂíÜ�@àÊBbql�óc˜5c˜˙šÂ,�

kuÊ…¹˙šÂíqløc˜ä qÑ¡5ä0í�}5ø, óP”ÌqlÊ45�7)ƒø ˙

šÂjKwM

jK ×ü ÀP

R2 12.542K rb

C2 12.26p ¶…

C1 2.54p ¶…

[ 3.3: c˜ä Ñ2.5MHZ óP”Ì45�5˙šÂ

32



3.6 ä0¯AÂíóPÆm

b}&ä0¯AÂíóPÆm (Phase Noise), SàÇ3.22í(4Æm_�� Ê¤j)Ç2, ó

Pä0W¿Âí��ƒbÑKd, c˜˙šÂÑF(s), 9−PÓÂÑ Kv/S, ÎäÂÑ1/N� ©_jK

ßÞíÆm·}úä0¯AÂ�|ÆmßÞ	à, -�Ñ®jKíÆm��ƒbuYÎ.°j)Æ

mú,�|Æmí	à, |(‚à(4½LìÜøF�j)úÍ$�|Æmí��ƒbó‹,¸, J

)ƒä0¯AÂóPÆm�

�� ���� ����

	

�θ

�����θ
�����θ

����θ
��	
�θ

���
�θ

�θ

Ç 3.22: (4óPÆm_�

¡5]UÆmθn,refúä0¯AÂ�|Æmθo,refí(4óPÆm��ƒbÑ

θo,ref

θn,ref

=
KdF (s)Kv

s + KdF (s)Kv/N
(3.30)

= H(s) (3.31)

H(s) u£c˜��ƒc, ÑQ¦j˙�� óPä0W¿ÂÆmθn,pfdúä0¯AÂ�|Æmθo,pfdí

(4óPÆm��ƒbÑ

θo,pfd

θn,pfd

=
F (s)Kv

s + KdF (s)Kv/N
=

1

Kd

H(s) (3.32)

9−PÓÂÆmθn,vcoúä0¯AÂ�|Æmθo,vcoí(4óPÆm��ƒbÑ

θo,vco

θn,vco

=
s

s + KdF (s)Kv/N
= 1 − H(s) (3.33)

c¤˜�ÆmÄθn,bakúä0¯AÂ�|Æmθo,bakí(4óPÆm��ƒbÑ

θo,bak

θn,bak

=
KdF (s)Kv/N

s + KdF (s)Kv/N
=

1

N
.H(s) (3.34)
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Êä0¯AÂ�|íF�ÆmÄíŠ0ä$ª[ýÑ

Φo = Φo,ref + Φo,pfd + Φo,lf + Φo,vco + Φo,bak (3.35)

= |H(s)|2Φn,ref + | 1

Kd

H(s)|2Φn,pfd + | 1

KdF (s)
H(s)|2Φn,lf +

|1 − H(s)|2Φn,vco + | 1

N
H(s)|2Φn,bak (3.36)

Φo, H[ÆmÄŠ0ä$ò�H[¡5]UÄ, óPä0W¿Â, c˜˙šÂDc¤˜�ÆmÄíó

PÆm��ƒbÑQ¦j˙�, c�9−PÓÂíóPÆm��ƒbÑò¦j˙�� FJBbªø

−, Êc˜ä (Loop Bandwidth) 2í�|óPÆm (Phase Noise) â¡5]UÄ, óPä0W

¿Â¸c˜˙šÂí4?FÌì� Êc˜ä Õí�|óPÆmâ9−P…ÂíÆm4?FXº�

à‹¡5]UÄ, óPä0W¿Â¸c˜˙šÂíóPÆmŠ0òk9−PÓÂí, †.âql

œüí�óc˜ä  §ÎÆm� à‹9−PÓÂíóPÆmŠ09Jwì6, �óc˜íc˜ä

 .âqlœ× §Î9−PÓÂíÆm� Ê×¶Míql2 , óPÆmâ9−PÓÂíÆmF²

ì, FJ.âqlœ×c˜ä  {„9−óPÆíóPÆm� O1ÝF�íc˜ä ·�×�ß�

ÄÑc˜ä .âQk�}5øí¡5]Uä0, n?ø¡5]U2íÆm˙Î¥ �Ê!…�óc

˜í-Z2, ¡5]Uä0�kä0j&�� Êø<ql2¡5]Uä0.âÝ�Q, FJÊóPÆ

m , c˜ä ¸ä0j&�íql,.â�F¦Ÿ�
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� 4 ı

_Ò!‹Dªœ

Ê_Ò2, Ú˜íÚ˜jKÌSà TSMC SiGe 0.35 µm 3P3M BiCMOS `˙, Ç4.2uÚ

˜0�Ç, uÖ�ø_?¦¡5Ú9Ú˜ (Bandgap Reference Voltage Circuit) ¸û_R9c¤

−„Ú˜ßÞF�Í$FÛò¼R9£TXj4ÄP−„Ú˜R9, Çø«†uóP�VÂ,Ý°¥

ÎäÂ,Úh6¦, c˜˙šÂ�óc˜êcÍ$, Êcñ�-Ú˜F2Þ	�Ñ226.1× 112 um2�

QO×Û7ä0¯AÂ_Ò!‹£ä0¯AÂd��[, 1%n�çø_Çc˜=�PÓÂíóP

Æm%¬c¤Í$, Z‰ÆmúÍ$í��ƒb”ÉõP0,7�7%c˜(=�PÓÂDÇc˜=

�PÓÂóPÆmªœ, hôóPÆm?\ä0¯AÂF{„�

Ç 4.1: �óc˜Ú˜#�Ç

4.1 0�_Ò!‹D`˙‰�}&

Ú˜Êqlß5(}£p�Æ�TA�Ò,¦��ÒÉÊ�Æ,2'üíø¶},7°šíÚ˜

Ê�Æ,í.°Ëj\`¨|V, w^?}.°, FJ�Æ�}TX��.°íií_� (Corner

Model) #8ql6 T_Ò, J5?ƒ.°Ëj\`¨|í�Òu´°šªJ£�	T,Î7™Ä
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Ç 4.2: �óc˜õÒÚ˜Ç

TT(Typical NMOS Typical PMOS) _�5_Ò!‹5Õ, Ê¥³Bb´Uà FF(Fast NMOS

Fast PMOS) J£ SS(Slow NMOS Slow PMOS) ¥s�”«_�í8$ T_Ò, Ç4.3F×

ÛíuÊ TT _�-, çc˜ä Ñ2.5MHz ¸óP”ÌMÑ45�v�óc˜Í$Ê ìY¹(

5Ï�−„Ú9(«�G_Ò!‹, Í$ ì5(=�PÓÂ†TX�|ä0�Ñ64x25MHZ, 1

�âPÓ�|íiÇ, àÇ4.4, ª,l�óc˜mU—�Ûd�Ñ22.1ps�

Ç4.3¸Ç4.7 uú.°`˙_�,FF,SS s�_�dó°c˜ä DóP”Ìí_Ò¸}&, Ê

Ç4.3Bb;WÜ�, FF í_�, _Ò|V�óc˜F�|PÓä0@vbªÊ TT -´b0, ]

*�óc˜Í$−„Ú9_Òí!‹, hôwY¹vÈ}ª TT _�Ví0, OÊ GÏÏ,[Û

|�ïší½æ, ¥uâk˙šÂ”ÉõulÊ TT _�=�PÓÂ,/úk FF _�í=�PÓ

ÂVƒ, PÓÂí(4_�koí.°úkc_Í$,†�.øší”Éõ, w	à�GWÑ£ GÏ

Ï� úkSS `˙_�, †=�PÓÂPÓä0}ª TT _�VíM, Ä¤D FF _��ó°Í$Ü

�íÉ[, Ê�GWÑ¸ GÏÏ,ªhôwÍ$Y¹éìvÈD ìÏÏ�.°í[Û�
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Symbol Wave

D0:tr0:par(v(vcon1)-v(vcon2))
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(
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)
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-1

-500m

0

500m

Time (lin) (TIME)

0 1u 2u 3u 4u 5u

* file: phase_lock_loop.sp

Symbol Wave

D0:tr0:par(v(dv6_op)-v(dv6_on))
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* file: phase_lock_loop.sp

Ç 4.3: TT _�Í$5Ï�−„Ú9DóPªœ

Ç 4.4: TT _�PÓ�|íiÇJitterpeak−to−peak=22.1ps
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Symbol Wave
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* file: phase_lock_loop.sp

Ç 4.5: FF _�Í$5Ï�−„Ú9DóPªœ

Ç 4.6: FF _�PÓ�|iÇíJitterpeak−to−peak=24.2ps
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Symbol Wave
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* file: phase_lock_loop.sp

Ç 4.7: SS _�Í$5Ï�−„Ú9DóPªœ

Ç 4.8: SS _�PÓ�|iÇJitterpeak−to−peak=28.6ps
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Ç 4.9: ä0¯AÂóPÆm

d� _Ò!‹ (Post-Sim)

ÚÄÚ9 3 To 3.6V
9−2-PÓä0 2GHz
9−−„Ú9¸ˇ ± 1V

�|mU—� (Peak-to-Peak) ± 16ps
¡5U‚ˇš (Spurious) < 100mV
óPÆm (Offset 1Mhz) -106 dBc/Hz

Lock-in-time 1us
Power 38.5mW

VRF Frequency Range 1.1 To 2.8GHz

[ 4.1: ä0¯AÂd�[

40



� 5 ı

!�

…�dT|JÏ�Ú˜��, õÛêc�óc˜Í$, 3bñíÁýä0¯AÂ5óPÆmD

mU—�Ûï, 3bøu_ÆmÊÏ�-ZÚ˜,?‹J{„�Î7¤ÔõÕbPj4,, ÑÄ@Ê

òÍTä¨í¸ˇ, kuút�bPj4ÍT–�T|UàÚ¼_�j4–1VõÛ3bbPÚ˜,

7éªÚ˜,‚à� Ú¼VZ¾=�PÓÂ§Ì−„�|ä0¸ˇ, JUä0¯AÂÊÆmD`

˙=1‰�-, ªJ¯Aòä]U�|, ÊêAZ¾ä0¯AÂ5�GÔ4_Ò-, �â�|]U¾

¿D}&1% SpectreRF D Matlab ð„hô, Ê	TÚ93.3V -, ä0¯AÂÊR�ä0Ñ

1MHz -óPÆmÑ-106dBc/Hz, mU—�ÑJitterpeak−to−peak=22.1ps, â¤h¿MD LC P

ÓÂªœ-N˛óPÆmúk=�PÓÂu�¿±í	à, ku�âql.°Í$c˜ä VZ¾

óPÆm, 6ªJ*.°Š?j)Ú˜úóPÆm	àVÁQw	à˙��
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