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Institute of Electronics

National Chiao-Tung University

Abstract

The use of wireless products hasbeenrapidly increasing in the past few years,
and there has been worldwide development-of new systems to meet the needs of this
growing market. As a result, new radio architectures and circuit techniques are being
actively sought that achieve high levels of integration and low power operation while
still meeting the stringent performance requirements of today’s radio systems.

In this thesis, a AX fractional-N frequency synthesizer is proposed.
Incorporating with base band digital modulation, a direct modulation transmitter
architecture can be achieved for low cost and high performance design goals. This
motivates the research of this work.

The fractional-N frequency synthesizer is comprised of a AX modulator, a
phase frequency detector, a charge pump loop filter, a LC voltage controlled

oscillator , and a programmable frequency divider. Single loop, a 2bit and 3™ order




modulator architecture is utilized for noise shaping. Moreover, a novel current
matched charge pump circuit is proposed to reduce reference spurs. Finally, adaptive
biasing VCO circuit is proposed for low noise performance.

The single chip AY frequency synthesizer has been implemented in 0.18pum
CMOS technology. The chip size is 1300umx1300pum.The measured VCO phase
noise is -117dBc/Hz@1MHz offset, and is -120dBc/Hz @ 2MHz offset .Operating

under a 1.8v supply, total power dissipation is 16mW.
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BERF BRI AN R ’I}fué WO A Sl Y E Y Z PR
e AR DR AL e FlG RPN ¥ - i Rk
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PRNCE S DLy SR R SRS

(One Stage Multi-Order) 2. 7 4 > 4= 3.9 #7771 » - BiWE PE2 g A B
P TFEREL AR P HRIEA B RY - i AR ENE S PR

WALE XS B eI AR BLNEL RN EERE - RS BRLET R

%ﬁ%ﬂ%iﬁ&’j%ﬂﬂﬁi$—&ﬁ@w,uﬁﬁ%—aﬁ;ag 2

AL ot F BB FAME R LA DR BT

_FJ
\“‘b

BEREE DM RS RT ¥ - sl A S s R L g
Lo Bl ALY 2 - 1 (MASHI-1-1) frd B R B2 £ 10 it 4y § e
PRl TR PR SeA 0 B g R AR Slicd T el 7 A

5 - by £ 550

N,(Z) =022 HQ (Z)+input

N,(Z2)=-(1-Z2)Q(2)+(1-27)’'Q,(2)

%;Amﬁg—] AR 5 AT
N, (2)=~(1-Z")’Q(2)+(1-Z7)’Q(2)
SrITd TN EE - B
Output = input + (1-Z7')’Q,(2)

SrEREAEer @R A SN AR ATV A B Ap e e B A a 4 o
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Quantizer Outp Ut

[ t Delay
g E iy o8 T

Quantizer

Delay
A Cell =l ’(P
Delay

Cell
Quantizer
Delay
Cell T' - AN +_
> Delay Delay
Cell Cell

B39 5 s FA BB PAARE

3.8 7 A ifl]};‘;,g 1:#_7\ 'f‘f'é‘:.?% = %’f‘—"'— P
frdA g FR

”~

BEAR S - R 0 VU R - S R R A AR
A EER SRR APT L ARITSE TR L G [60]7 (B B RS K
RN A A > LA BEEFHAI AR -

SRR A ) SR E R A A ﬁ;*ﬁkusﬁaﬁﬂ;;&—wﬁﬁr

ANRE - Bzl AARBRE RO M D BAEEIE AL T RS S

X
Output = input + (1-Z7")’Q(2)
SR I E C S Y G 60dB/dec e A 0 B R
T oA - ,fs_ﬂ_#pl’ai’i’aﬁ;:ﬁﬂﬁigjﬂz KBRS K 51:".%‘@
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Multi-modulus division

Multi-modulus division

Q0 QO D QOGED O

0 TS T ]

0.51»

-05

4k -

D @ OO00 O O O O OO0 @ OO
-6k -

0 300 400 500 600 700 800 900 1000

Sequence
S fRanfr L8 R B kA
0.5

2 EERS—H SESESSee—Oa T S-E0

1.5 b

R R T R

0

Sh0 400 T 500 T og00 300 00 800 Hano
Sequence

- B fEer A0 R F N
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W F A AP Ao S e R B~ BRI 2t 0 4o 312 #Tn [25] 0 @ TR T

et s> § A AR 312 T RGBT I auR A 0 Aot - RdFife L
ﬁ%ﬁﬁﬂ@mﬁﬂﬁiféﬁ%%g BEA A ek 4 FE €5 LR %
A SRS AR P R - S R I R LR R

B o Rt - ERP g R o

B 3.2 gl o2t am ook

A0 —fcp Conversion

+lcp,

o7 FFT [ Los(an

-lcp

B 3.13 B T {2 IR B o i)

S
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Wk AP o B8 L § 7 B (Dead Zone)shih £ 0 B B (S HHE A TR T 9

PIR) 3140 o p-RIT @ 31— i ARG SR SpS o R ARk T

1l Z.;f;{_,gﬁ o

Dead Zone 30P “ Dead Zone 5P
40
20 20!
0 0
-
.2 -20 g -20
(=]
2 w0 O o
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'.‘E -60 Y e
s ©
S 80 = 80
§ mwh ] A
-100 1] i i 1 ‘ ‘ ’ ‘ -100 il W !
-120 f -120 f P
-140 -140]
-160 5
10" 10° 107 10" 0 o 10° 107 10" 10°
Normalized Frequency Normalized Frequency

(a) (b)
® 3:14 > % (Dead Zone) 17§ 5

39  FA B4 A

“730 75 it (Idle Tone) & 4p fefe it i 4 & F(NTF) iz + A& 2 SV 3 & croif
Fo(Tone) - blde— e ® ~ AR i o AHN ALl - LR RE A
& #3)- DC Cﬁ_% Uk f‘%ﬁmﬁ%] Mg A2 - {1L1-1L1L1-1...... yenFopl > Ap

AR &L % g fih ¢ A& 2 — 35t (Idle Tone) -

tk(ldle Tone)7? A& 4 3t FAF IR > 4 ¢ & 4 30 HOIF o2 547 F (Signal
Band)jh o @ 47 gk ¥ od AR B i Bk B rIRE 0 L MARADR] R R Y
Bimik ® Foem ! SRRt ﬁ%]?‘:%DCE% A IR L SR
“f 3wk (Idle Tone) » # * 37 j% & 4r » 322 (Dithering) o #c » $2 31 (Dithering) 5 -

%1% 3220 (Random Noise) > T 7 #* 12 gl 3¢ 4 (Idle Tone) 7 5 o @ 4 i #ir4e » 60
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el oW
. | 2
Input Signal a5
+*
a2 a3 a4 Quantizer
+ = + D1 + D2 + D3 0.5 a7 2.bi
+
DithedPath
i PE 14-bit
Dither "
ab
Bl 3.15 4 omgpdt m&fb L
I | ‘
| |
‘ \

(a) (b)
W1 3.16 4oL % B i 2T

Bl 3.16(a) 5 *c » B et - B 3.16(b) 5 iL F e M 4B fR - AT 5 115 R
B4 gpg 4 i B W 3.16(a) » 3k (Idle Tone) s & 7 8% 2 AL - 2
A3 A0 A B 3.16(b)7 Foiid ik (Idle Tone) s g J 4§ I AR » #7107 1L GLP

WAl G ek > B F - £ B S AT g~ PRI AR -
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R N R R e B FATERR N SekI o W

gk gt gt impg o A N+HL e N-1 23 2 imfF kA 4 N #pzee? Ap

N+5

. N4 As fractional ratio
N+3

- - approaches integer,
N+1 T

—— N .
" .—— Fractional spurs move
N2> Into low close-in

N-3 spurs.

N-4

B 3.17 & i =f¢ 4 i+ B

BT LR B R AN -

et
et
5
3

g AN-1fo N+l g iy A ik > Flot > R PP A GAP A -

B {8 iﬁ’*ﬁmv ms\fﬁﬁ“ﬁg Q;;j-){%,ﬂiﬁtpgz\ d %2 @ 2wt
i%yv Glv d B 3.8 @5 0 Hip #@mu]tgp, T3 Blae g ks e o
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Control Table

Wanted
Divider Ratio | 122-3~123.3

RealTime [ N N#2 N4 N+6
Divider Ratio | 120 122 124 126

122.5=122+0.5
123.5=122+1.5
Carrier 4P+S=118
Ratio P=29 S=3
AX
Ratio +1+3+5+7

% ﬁfﬁcﬁﬁﬁ%

Target
-— 4/5
4P+S_1 18 Prescaler
Delta Sigma Input =0.3
+1 +3 +5+7 _
l P=29 rogrammable
N+6 - l l ll
. N+4
Quantizer >
N+2 _ MUX |—— > Swallow
I
- 1
Q =4
AT —
Modulator S=3 —

Divider

l 3.18 % HH R B
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Input Signal

Dither] Path

Dither

eNZEHE B] o U o Feedforward #e/3 b 603

a8l 5 Al ~ A2 40 A3 > ¥ 3 B 3821 #5.50 Bie(Noise Transfer Function) 3
_ Z-1y
(Z-1) + Al(Z - 12+ AAZ— 1) A3

AR LT Sagli

‘ﬂ\r

HL- B2l vgd soAE Al S A2 e A3 K3 pes

(Poles) °

v

AP o B EH BRI L 2 PR T 3% $rp 4 @utterworth

n

F_*

Filter) e i 8 %] 2 B ¥ X 8l B Q E1&2ha B M B AR s £ 0 12
AR E NI EREREE00)  £ 4R EG G fp e Z 14 3

T R ATk B A S liche T

S3
T(s) =
) S*+2S+2S+1

& * gEA # 3E (Bilinear Transform)#-= 4 % i@ = £ 21k Bd SAER T
LRI o MM G
fs Z-1

S= e
z-fb Z+1
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witd oo 4
fb=0.18- fs

Ay sed b R T 8w 7 Feedforward B S £ 5
A1=2.0008
A2=1.6020
A3=0.4902

5 B g BB il 11 > % 8 (7 Truncate > % )3 £ 5
Al=2
A2=1.5

A3=0.5

341 RS

GRS

BREfrZ AR B NREEL 5 BRiEDTHE IV (SNR) 285 5 7 & TR
17 o
LA LA R BORLY > APRBE L B K
AR

_ K(Z-1)*
(Z-1 +KxA(Z-1)> +KxA2(Z-1)+Kx A3

£ d 13 Bl(Root Locus)~ 47 4 3L B4 2 - A B ¥ E 5 F£ 2> 13(Roots)

& 7 5%+ ¥ = [f](Unity Circle)z p o

Bl20 2 At - BAZFEfrARA R B OB - A2 ¥ K1/ 1

BH RPN iR ELET A L E 0 K 05 2 =2
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‘b dpr b pE A 4 5 0% 2 % 48 € (Conditional Unstable) °

Root Locus

Image

Feal
#3200 SRRl d® BRRPRE

B LG FET B LA RELT EARER Y 0 x L2

e AP % B LT A 2 A2 (Overload)si-a) > FHmdsh &7 & ¢ fif o

312 friNREBLR

B9 5 - A=W riRRFPITRKTH - 7 w2 FR* 2 EH
4v ;% B (Carry-Select Adder) & K3+ - 2 frLA AR X > % f 73 Bit Patterns
B3 A 2 A2 (Overload)ehfi-im o #r3f A2 ¢ 4 T#F Overflow & Underflow
ﬁ%%éioﬁéﬁﬁé%’aﬁﬁéﬁw%mo%&—%’%éﬁ%ﬁﬁﬂg

- %% im,fi ,?VL» °

AAA ) T LR

ETIES
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14Bit 14Bit 256~756 2Bit 1/1024

27 WFBEALRA
ki Feamkh b o AP Y # @hifter) 7k 10 T T BRI RA -
e

% 318 2 45 (Logical Leﬂ;@,hl_jhf Ao R O0SPREG BB
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B &~ BREK?
41 @4

AR N GARER BB AR ORISR ¢ d64p T & 1 it § (Phase
Frequency Detector) ~ & f# % % % (Charge Pump) ~ it i i % (Loop Filter) ~ & 43
#=F B(VCO) ~ 47 B(Frequency Doubler)£? % i% ﬁi",% #p % (Multi-Modulus
Frequency Divider) ©

23 5 0TF TR o

; VCO
REF Charge Loop
»| PFD = Pump Filter f
'y ouT
Multi-modulus
Divider -
- - AT
Modulation Data Modulator

W41 HFFESEBERER
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Process / Supply Gain (dB)
fout 2.4 ~2.4835 GHz
Channel spacing 1 MHz
(fref)
Channel number 79
Division number 119 ~ 127
Lock time <220us
Phase <-80 dBc/Hz
noise@1MHz
42 R

42 AP RS R E

AP f_“"_'fr%t;'ff,‘: GEPE - ',gjad,;gmgfb;}g,«fruﬁggﬁﬁ%]ﬂ“\ﬁm RS
%w&i’é@4m@?%v§Aﬁ* e o L B s el - 0 T
ﬂlg;}'ﬂi‘.\rg @mﬂ‘ﬁi’]‘? QB Ig ;}»j'yé__ Fﬁ}fimlﬁﬂg_ F\,’EB

Ty O A"*’mﬁiﬂ%*fﬁi *EE o R Qp 3 g AT E TR IR i

Qa BRI § FfF & MT R G - B § Ao B @y
AR R P TR AL ERAABARO L R ek A

Lema > Pl Qa & Qp e § - fodp L B & A B(Ld Qu & Qp i )

PIB~AsrF R AL B :BE_ A5 B) o
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PFD QA
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(a)

State 2 BT State 0 AT State 1

(b)
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B 4.2 (a) 4P =9 5 R F (b) 4B RA-4F 5 R F ok 5 B
(c) 4B ofrdg F i R X FpF A B
Bl 42)[26]¢ » B 1A A SRR BeE o BP0 5T A BE
FFEE#RSDALFFE >R - BNANDF - A fr Bafrap e uly

b B B 0@ A B B

=

CBARERIBTE BT kR
AR Qa fr Qp v i 5 00 ¥t le ke ASHR 03 1 - 26 Quijef ¥

'}’?1’—55_:{'] BZLO %G\' 1 "&\T'Lu“‘ jQQB %gﬁ%ﬂﬁr’g?@’?-‘ﬁ QA.‘ff' QB

F#F B 42(b)&E 0 Ap oM 4R R %ﬁ% » frﬁa?] ek s & ek g

B R T R @ Bl 42QR) Y i g i e D) -
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Reset
41 M-2n > A9
Bo—>CK o
Q 0 Qg
D
o
(a) (b)

W 4.3(a) 4p =fodE F WP F cop 0T EL(b) AP 2 fodE 5 1R R B it A

¥ REE G Y 0a=op FlQNE, Qs T IS L » T Lvk F £ § R e
el o AR AQ R B S e (R 4.3) < o b ip i i
¢t Bl 4.3 4p o F R RLE L 755 B Qafu Qp T35 E L AP AT B 4s
o= B H ¥ 7 LA e S e R B BORA B2 B E O - B
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HY Bl 437 “tit * hD AT F BLW A4 SEDAEF BEEH
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T
D 1 —a
Reset _4Er1 .__IE’B
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RAT S BRI F S B~ BELAR LR ) P RUEIEE SEE R i B L
FiT R ep i F B oor R LA M edp AR I 1R B ﬁJ LA R A Bt B
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DIV DIV N
upP upP ] r

on |11 1| e

Tane () ()

(@) (b)
B 4.5 49 = Fo0R 3 4B B a5

v

- f@;ﬁ;ﬁv;ﬁ'a&fﬁ T e 2 5 B UP &2 DOWN i3 5 ¢ 3 4o — B 0] % >
g fﬁ%ﬁj »EHERFTEREER  c FRA AL APEHEFERENEXK
(Reset)i f5 + 3 4 — 2 & (Delay) T B » 8 4c 2 BPFRF o 0 50 F o @ A ARt
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Th = N S e A
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I—I .
-
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Couple Pair) T &> v d & 2 (Latch) § B #r i = > 11 4p £ 180 B 4p = e 7% (Clock)

(Bt 11 ﬁ B ersr 4 o gt gt § 5058 (Current Mode) s B 4B BL > 7 123 4o

74

N



W~ BHUR S R o Bl 413 5 WS S -

BYS G R R E Y § & & WM (OR Gate) R i » iz @52 CMOS T#: &
R RZZIE L FU ARG HIIGE G 2D A8 F FLRS (B
4.14) 0 Fl5 AW > #7143 NMOS T S 0 S N o

B fs 0 @13 éﬁﬁ“fﬁﬁ%ﬂf 485 ﬁjﬁ*‘i&%% o

Vss Vss Vss Vss

m Bin T

443 TAENFEE

¥ 47 ;% 2 #ic B (Programmable Counter) €_— 1 @ #c - # % > H ",ﬁ% i Pt

v

R ",% #E “??,(Prescaler)ﬁﬁ%l i ,J,f P& Y EEP B fi‘ug A4
- £ ¥ (Reload) % 50 » %A e e B fov A2 2 i B S e @ L 87T -
KB o Bl 4.15 5 - Sbits ¥ AR BB e T#%]

BN AR R F VAN IE I N g L € A 4 RS endp iR

Z (Phase Errors) » #7124 fd {s 4v » — resynchronous 7 §& > M5 4p 3% L o

75



>
»

=
+
X
Ly
Rird
&
W
&
™
bt
.
‘_

WIS &7 e e enh SR 0 T AR P AR S 290§ 4 il

£ 1P A2 - £ 3 (Reload)i B %7 25 P HF S HE L B 4

y
| ,—D”-|>°f — — ?‘:I___ NlANDS_sr

—_— Al— D Qf}— LD aol— LD ol— ‘—D al—
— b D1 L> D2 L) D3 L> D4 L> D5
—q ., @ -, @ -1 . @ -1, @ 1. @
I l l ! I
=D 0 I D o} ED ] D O -
DFF_4r ADFF_qgr1 XPFF_siR MDFF_s¥3
ck gl cK g S e I ok gl
o U [

B 415 Bl & T E R
444 B EFEE

B jii #eBwallow Counter) 4 Sy-ifif| i e > #2835 S> S| 7 42
PSS g—ﬁ%gtp ) P‘IF LR iz Buoveon Fr ) B ",ITT #7 % (Prescaler) » = %
ST B DG BT S B o veon ¥ 00 ST B EGME L ALS I B ESME
%ﬁjﬂ" 2 85 78 P-S B > veon &3t 1 95 10 _%'_rllftati;fﬁ 4 ,thu 40 Bl 4.16 5 — 4bits

B e Mo % 4 -

B17 5 ﬁ??ﬁiﬁ "’hi; BUR Bk ¥ '\‘)L&E’gmﬁﬂ > Kfﬁim 4 ]rl:;’l'
BB Hch 204 £ 8 (Reload) 3 53|18 » B Bari e K 5 20 M pF
T FF
ve BELE 00 % (B “f’i;' B?IF-Uf 5 s (T o “f&w:& O ve T8 5 1

199 B HAT B Gk 4 i i o

76



=
5 e
>D D1c_} Dnzf Lf DSi} \-|_>D oe |
|7[ | |iQ 1, @ |— 1 io |_ | 'i
o N N g
8 8 & g
M416 5 EE EN
2.1 .0 2 .1 ()
Reload

Q1
Q2
Q3
Ve

Bl 418 B EEE SR

45 23 Vi B BROERIET E
TRAAHIRE Bk ¥ B LR 95 i Sl ol F s fodp e

;Mo AP K TR T RS HR T E R S QURCEIE R R

PAERL o AT R T A RBREOT RIFRT B RT R T A

FRELH PP P TEINL G BRERDTIRDE  4oF SR

F_&

77



Vdd

VCO
— wp -
] bias gen. l:‘ 3 - C3

MP1L:I}—>(—{I: MP2

O

—K Dt c1] c2

T T T
MN1’:_I|—/ \—”:‘MNZ swi | sw2
<

Bl 419 7A]XTRENIET R

3B L R P RHSER . ONMOS fr PMOS #7£ S > 4ot
ko T A d S H ) B R G 0 e T B T R dh
AL @ F G R NMOSHePMOS » #7125 § b S A » 4ot $
AR U PP R A A B TR HEF 0 F R ek o B T R C3 it
0 B e Mp3 B ARBET R AR LRES § L i
[28] » 4* B =R i ik > Aok ivde & T H0R b s dopt W SR 2 el AR
Boofeded 2 oh 5 A PRRIETIRRIAE B ZRE R o i 2 A R
MTEEORBTNE X TRIVIRT Foopoe TERAZ > TRt F 4.20
Sl B kR X R P 2 TR B L & £91% Mp4 ~ MpS ~ Mnd -
Mn5 1% 5 ¥ TR PEE B0 £ % f R 4RE T = = iR R BT i fjf‘u’v‘

oA REL o ARISE 1 1996 > Leeson #r% 1 enfp e fiA][21]

78



=
e

vbias

bias_adj - SR

T—«/@Q—<

LT L [L

INGE
o
MP4 |7<| MP

MP7

[ MN7

3

MN9 |

B 4.20 B/ BT o0

MN4

Al ® B [19]

EA* 20 ordn 5] LEY @) K R (T e
3
L(Aa)):IOIOg(Vné):IOIOg 2|:kT( “ )?
\,Signaj2 P, 2QAw
41RIr
F=2+ + mbiasR
No 7 9
R L%, Vo 3 iRty y L8 - T HMin sk

o Kk

TR

WLl s ¥ o = |
, }Mrgﬁlgm FaL

5

MN5

(4.1)

(4.2)

sL
2]

2_8/3,0m AR iRk E, Ity A58 VCO en o 97 11 ApP-R 4~ 13.27,

On & 7.64mA/V,V, 2 0.55V,IT % 2mA, &7 %

@,

2
L(Aw) = 10log(~0=_) = IOIOg[ZFkT (

Vsignal

RR 4227 F difes

1.1 k3% o

Ps 2QAw

N3 REAPT

FAPE AT WA21 S E DA

)2} =-121.8dBc/Hz  (4.3)

BT R

79



==
od —
(= =]
0.0 L") | 'I | ) '\'I | I'-\.-' : l I | '._;-
170 17.2 174 176 178 180 182 184 186 188 190
time, nsec
&) TREFRT F g
20
- m7
40+ noisefreq=1.000MHz
o 60 02.pnfm=-119.0 dBc
m —
g0
£ ]
“5 100
° 204
140
-1ee | | |
1E3 1E4 1E5 1E6 1E7
noisefreq, Hz
Bl 4.22 4p e sk
4.6 &P '?:7}*'
» AR ] 0 B A R 3

80



A4 Rl
T F
v 2 2 - 23
5 £ =2 )
S + m‘}t? B i)
UNCAL Delta 1 [T1 NOI] RBW 100 kHz RF Att 20 dB
Ref Lvl -117.23 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
-0.0
HFXD -4.547 [ » |
-10
-20
-30
1sa
-40
-50
-60
o 0 1 | I )
-80
-90
FHD
~-100
Center 2.405651303 GHz 2 MHz/
Date: 4.0CT.2004 06:44:46

~100|

Date:

UNCAL Delta 1 [Tl NOI] RBW 100 kHz RF Att 20 dB
Ref Lvl -117.11 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
—0.04
-FXD -4.421 dB [ » ]
-1
_2 J
- J
1sa
-4
g
_7 ) ) R i | | s
-80
9 i
FAD
Center 2.411082164 GHz 1 MHZ/
4.0CT.2004 06:47:05

® 4.24 VCO@?2.42GHz 3¢ #% B

81

Span 10 MHz

Span 20 MHz

® 4.23 VCO@2.4GHz 37 # B

% e ¥ 1)



A E sH Y 2
e THE R 0 B & £
A E sH Y 2
. R E R 0 B & £
Aoy
o SR R
UNCAL Delta 1 [T1 NOI] RBW 100 kH=z RF Att 20 dB
Ref Lvl -114.93 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZz SWT 12.5 ms Unit dBm
0.0
- FXD -4.686 dB [ 2 |
=5l
. ﬂ
. |
1sSA

W

|
|
|
|

Wb

FXD
100l
Center 2.424318637 GHz 2 MHZ/ Span 20 MHz
Date: 4.0CT.2004 06:50:31
=X
® 4.24VCO@2.43GHz # 3¥
UNCAL Delta 1 [T1 NOI] RBW 100 kHz RF Att 20 dB
Ref Lvl -116.65 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
0.0
FXD -4.181 =
-1
-2
-3
1sa

Center 2.435631263 GHz

Date: 4.0CT.2004 06:53:01

Span 10 MHz

B VCO@2.44GHz #7 3§ W]

O

O

82



UNCAL Delta 1 [T1 NOI] REBW 100 kHz RF Att 20 dB
Ref Lvl -115.55 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
-0.0
HFXD -4.047 [ =]
-1
-2
==
1sa
-4
.
1
_7 | | )
-80|
I
-9
FXp
Center 2.440931864 GHz 2 MHZ/ Span 20 MHz
Date: 4.0CT.2004 06:56:41
\% 7 2
§l VCO@2'45GHz 47 3§
UNCAL Delta 1 [T1 NOI] REBW 100 kHz RF Att 20 dB
Ref Lvl -117.04 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
-0.0
—FXD - l:
-1
-2
==
1sa
-4
~ ! i .
-80|
-9
FAD
Center 2.454679359 GHz 2 MHZ/ Span 20 MHz

Date:

4.0CT.2004

06:58:53

B VCO@2.46GHz #7 3§ W]

83



N 7 = # * L rv\; h 2 21
B S o W ¥
UNCAL Delta 1 [T1 NOI] REBW 100 kHz RF Att 20 dB
Ref Lvl -114.53 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHz SWT  12.5 ms Unit dBm
0.0
l 7xp -4.239 dp [ 2 ]
-1
2 ’
3 ’
1sa
-4
-7 | Illlllﬂ .||I
eow‘lm -4
-9
D
100l
Center 2.472705411 GHz 2 MHzZ/ Span 20 MHz
Date: 4.0CT.2004 07:03:38
\% 37 2
] 4.29 VCO@2.47GHz # 3¥
UNCAL Delta 1 [T1 NOI] RBW 100 kHz RF Att 20 dB
Ref Lvl -116.31 dBc/Hz VBW 100 kHz
0 dBm 1.00000000 MHZ SWT 12.5 ms Unit dBm
0.0
| #xp -9.757 ap l 2]
=10 )
. I
1sa

-30 f}
-40

| =T

LIy | TN |

Center 2.484669339 GHz 1 MHEZ/ Span 10 MHz

Date: 4.0CT.2004 06:41:55

® 4.30 VCO@2.48GHz 3¢ #% ¥

PR

By dl4R F B4 5o s & IMHz ik £ 41 5 P -

387 3£ 7-115dBc@IMHz » d 45 7 14 3£ 7]-117dBe@IMHz © # foHif pF it o

FapA 2dBe d g Avo L RIFAIRF BRI P RIFH 2P o p AR IER

84



>
>

=
i
=
48
halrd

3
Rt
&3
™"
=
0%

\_

2 I %{2.4(}1{2 7] 2.48GHz i&  # F] > # T35 FOM (& & 179.6 > B4+ 1 FOM
B 3 180 o frirgm rdnpl E AT - 3 > @ B 431 éf{%ﬁ‘ﬁ%ﬁ%fﬁ%ﬁ’ [£55:8

BAFA o p AL 127 PR ST T AHE S S 19.6MHz o AT F SR B S AR B el 1R

T+ F 1 iFeo

Tek Run: 2.0068/? Sample

1 Frela
119.6078MHz

([ A S TR CRT SOV 15 Sep 2004
15:07:40
YT
] ﬁE-EF $ 2 gD le
b5 W S0P RN x -

85



#
&
s

CEERE SN

WA/ TR TSMC 0.18- ym / 1.8V
3 5 4 (2.73GHz~2.55GHz)
(2.62GHz~2.45GHz)
(2.52GHz~2.37GHz)
4 AF 20 MHz
4 pE R < 60us
R 100 kHz
Phase noise@1MHz -117 dBc¢/Hz
AR 119 ~ 127
P2 F < VCO 3.2 mW
X3
TR ot 0.9 mW
EERRE
FrLiARFI 8 mW
AR
il g R 20 mW
25 TRIFEEA

86



b
Ry
it
i
-%4;

PR RIRFRT - BRYCADREOAFRRF LS E > LB
THRET - BREARRIAR R AL FESER B - BRI

PR I TR B FLIE A S AR @ T LA FIEREE A 1L R dogt -

‘m\k\

KA 72 EHar Bkt iohis A Md ERSET T AP

B RIT B IR R - RAAEEL okt i Y o TREIIRT B
s AfCERE L dBe e B R P 5 dBc/MHz > % # % -
R o

87



54 o

[1] P. Gray and R. Meyer, “Future directions in silicon ICs for RF
personal communications,”’in IEEE Custom IC Conference, pp. 83-90,
1995.

[2] J. Sevenhans, A. Vanwelsenaers, J.Wenin, and J. Baro, “An integrated
Si bipolar RF transceiver for a zero IF 900 Mhz GSM digital mobile radio
frontend of a hand portable phone,” in IEEE Custom IC Conference, pp.
7.7/1-4, 1991.

[3] 1. A. Koullias, J. H. Havens, 1. G. Post, and P. E. Bronner, “A 900
Mhz transceiver chip set for dual-mode cellular radio mobile terminals,”
in Proceedings of IEEE International Solid-State Circuits Conference, pp.
140-1, Feb. 1993.

[4] T. Stetzler, 1. Post, J. Havens, and.M. Koyama, “A 2.7V to4.5V
single-chip GSM transceiver RF mtegrated circuit,” in Proceedings of
IEEE International Solid-State Circuits Confetence, pp. 1501, Feb.
1995.

[5]J. Fenk, W. Birth, R. Irvine, P. Sehrig, and K. Schon, “An RF
front-end for digital mobile radio,” in Bipolar Circuits and Technology
Meeting, pp. 244-7, 1990.

[6] K. Negus, B. Koupal, J. Wholey, K. Carter, D. Millicker, C. Snapp,
and N. Marion, “Highly-integrated transmitter RFIC with monolithic
narrowband tuningfor digital cellular handsets,” in Proceedings of IEEE
International Solid-State Circuits Conference, pp. 38-9, Feb. 1994.

[7] W. Djen and P. Shah, “Implementation of a 900 Mhz transmitter
system using highly imtegrated ASIC,” in IEEE 44th Vehicular
Technology Conference, pp. 13415 vol. 2, June 1994.

[8] S. Heinen, S. Beyer, and J. Fenk, “A 3.0 V 2 Ghz transmitter IC for
digital radio communication with integrated VCOs,” in Proceedings of
IEEE Internationa Solid-State Circuits Conference, pp. 150—1, Feb. 1995.

88



[9] S. Heinen, K. Hadjizada, U. Matter, W. Geppert, V. Thomas, S.Weber,
S. Beyer, J. Fenk, and E. Matschke, “A 2.7V 2.5 GHz Bipolar Chipset for
Digital Wireless Communication,” in Proceedings of IEEE International
Solid-State Circuits Conference, pp. 306—7, Feb. 1997.

[10] T. A. Riley and M. A. Copeland, “A simplified continuous phase
modulator technique,” IEEE Transactions on Circuits and Systems — II:
Analog and Digital Signal Processing, vol. 41, no. 5, pp. 321-328, May
1994.

[11] T. A. Riley, M. A. Copeland, and T. A. Kwasniewski, “Delta-Sigma
Modulation in Fractional-N Frequency Synthesis,” IEEE Journal of Solid
State Circuits, vol. 28, no. 5, pp. 553-559, May 1993.

[12] B. Miller and B. Conley, “A Multiple Modulator Fractional
Divider,” in Proc . 44th Annual Symp. on Freq. Control, pp. 559-567,
May 1990.

[13] B. Miller and B. Conley, “A Multiple-Modulator Fractional
Divider,” IEEE Trans. Insttumentation and Meas., vol. 40, no. 3, pp.
578-583, June 1991.

[14] M. Perrott, T. Tewksbury, and C. Sodini, “A 27-mW CMOS
fractional-N synthesizer using digital compensation for 2.5-Mb/s GFSK
modulation,” IEEE J. Solid-State Circuits, vol. 32, pp. 2048-2060,

Dec. 1997.

[16] “A General Theory of Phase Noise in Electrical Oscillators™ Ali
Hajimiri, Thomas H. Lee , IEEE Journal of Solid-State
Circuits ,VOL.33,NO.2 , February 1998 ,pp179-194

[17] Bram De Muer; Steyaert, M.S.J.; “On the analysis of Delta Sigma
fractional-N frequency synthesizers for high-spectral purity” Circuits and
Systems II: Analog and Digital Signal Processing, IEEE Transactions on
see also Circuits and Systems II: Express Briefs, IEEE Transactions

on] ,Volume: 50, Issue: 11, Nov. 2003

Pages:784 — 793

89



[ 18] National Semiconductor
[19]J.C.Candy,”A Use of Limot Cycle Oscillations to Obtain Robust

Analog top Digital Converters” . IEEE Trans. On Communications. VOL/
COM-22. pp.298-305. 1974.

[20] J.C.Candy,”A Use of Double Integration in Sigma Delta
Modulation” IEEE Trans.On Communications. VOL.

COM-33.pp.249-258. 1985.

[21] J.C.Candy and A.Huynh. “Double Interpolation for Digital to
Analog Conversion”. IEEE Trans. Comm., VOL. COM-34. pp.77-81.
1986.

[22] J.C.Candy and O.J.Benjamin. ** The Structure of Quantization Noise
from Sigma-Delta Modulatoion”. IEEE Trans. On Communications.

VOL.COM-29.pp.1316-1323,.1981.

[23]Y .Matsuya and Y.Akazawa. “Multi-Stage Noise Shaping Technology
and Its Application to Precision Measurement” , IMTC *92 IEEE.
Pp.540-544. 1992.

[24] W. Rhee, B. Song, and A. Ali, “A 1.1-GHz CMOS fractional-N
frequency synthesizer with a 3-b 3rd-order AX modulator,” IEEE J.
Solid-State Circuits, vol. 35, pp. 271-350, Oct. 2000.

[25] Hyungki Huh, Yido Koo*
“A CMOS Dual-band Fractional-N Synthesizer with Reference Doubler
and Compensated Charge Pump ,” ISSCC 2004.

90



[26] Behzad Razavi, Member, IEEE, “A Study of Phase Noise in CMOS
Oscillators,” IEEE J. Solid-State Circuits, Vol. 31, pp. 331-343, March
1996

[27] D. A. Hitok, C. G. Sodini, ‘“Adaptive Biasing of a 5.8 GHz CMOS
Oscillator”IEEE Int. Solid-State Circuits Conf.Dig. Tech. Papers , pp.
292-293 , Feb.2002.

[28] E.Hegazi,et al., “A Filtering Technique to Lower Qscillator Phase
Noise,”IEEE Int. Solid-State Circuits Conf.Dig. Tech. Papers , pp.
292-293 , Feb.2001.

91



N

FURHIR F AT kiE
AT R Py
) ek N REE K
EEHHTE ML Ho
B TRE FRZ K
il w B Ho
AMTHLETD® S

92



