-

b
Azdstam AAA Aseta v

UWBE Frequency Synthesizer?} Sub-Band Generator2| A7
A Design of Frequency Synthesizer and Sub-Band Generator for UWB

=) k% = Rk = Rk
A ,3_3?:% , AAQTT, o)A

Shabobg s sha we, A AT, A sk ma

Key Words : UWB, Frequency Synthesizer, SSB, Mixer
= x
. ME
I, 2=
1. =
2. 7 258
3. 2o My Ant
4. Bflojotz &1}
i, 28
| . A-I ) voltage—controlled oscillator(VCO)9} A A 1929] EFH| =
zb= Fubg B3] phase frequency detector(PFD), charge
N 718l A e - 3 pumpE TAECE  Loop Filters W3S 11eddte] QoA
i}\}\\_7 = A 3_"[ ESRER ‘;‘< (S | g =
UWBE TS s Sons] T ATIES 2 Ao
w2 g =94 Al F48% AT detvEE 8T

& =FodAe= UWBE $5440714d4 LO #3545 A5
+ Frequency Synthesizer % Sub-Band Generator®] 7|

@4— Eﬂf19ﬁ+ W%z%ﬁiH@*RP—P*ﬂﬂ

Frequency Planmnge S 0}01 6336MHZ«] o
Ho7g wWol UWB Band Grouplel 333l 3432MHz,
3960MHz, 4488MHz9] F4 F345 WHAA7]+= Sub-Band
GeneratorE A3t VCO2l F49 Ranget 1GHzoW,
6336MHz2] &3 T340 A 2] Phase Noisei= 1MHz Offset
o] -121dBc/Hz ©]%ltlt. UWBE Frequency Synthesizer &
Sub-Band Generator IBM 0.13um #4322 AA5I30 oM,
A Chip 42 33mm x 3mmo|th. #g ALK& 15V 9
T3 Aol 190mwWolth

r

=
—

1.+ =

<Y 1> Fuk gAY xS BeFa g A
¥ F34 §A7)E 33MHz9 reference clockS ﬂ—roﬂ/ﬂ 1k

obAl b 6336MHze] F3k+5 WAAZITh. PLLE LC

@ % 9tk

= baseband¥t 2519 ADCOl clockS 35
olo] whe} basebandtt EEloll A= ADCell

External | I % 1 ?m’:;
Loop Filteq i Gontroller
1 T

.......

—— 3432MHz
3960MHz

REF_CLK

Sub-Band
Generator

" 4488MHz

Buffer,

ADC Clock

veo &3 53

<22l 1> Frequency Synthesizere| ++=

clocks &F3t7] $18 PLLS AAE 4 ok

Ty B5719) 6857l UWB baseband®t E2] ADC
o] 1.056GHz9 clocks &3}, duty cycled 50%®E ub:
7] 93 38F7] theoll 2877t o FERE A5
VCO9 #¥ F49 6336MHze 3EF7]0l st
2112MHzE 255 3L, o]ojA] 2257]o] Jste] 1056MHz=

RFH,

- 181 -



2719l SSB Mixeri= UWB Band Groupldll &33= 3712
F9}4=¢1 3432MHz, 3960MHz, 4488MHz¢] 4] Fup¢S
A 70

2 7Y B2

<IY2>+ phase noise 545 WHEA]7]7] $18 LC EFY)
°] VCO9 Fx& HoFa vk 6336MHzY| #2 T4 +
g ZE VOOE Q#s =ol7] 918 g MIM A AIH
9} MIM coarse 49 79|AE, varactorE AF&3F 7]3jAE
bank, “12]3l Multi-level varactor #'d AMAEHZ F4H
=3

VCOE 6336MHzY =2 T4 Fa5E z7] wio,
VCO| AHAE gk wie- Atk g 2 A EHz9
zLO O]E-H—:-]/k 7LO /\POLO],‘— 740] VCO,] 74 rangeg ul
gl Qlojx] F olgrolth. oldl wih AYHE F2 Qb
S 7t7] 9eiA 06nHS gro= degich

MIM
varactor varactor
Bias
Ve

||)—“_

caps|9:0]

capms[1:0]

<3& 2> VCOoe| #=
A AsAE 2 WS 2 VCO9| FdS §18iA, MIM
AR 20} 2~ 2 FdH APAQL coarse FE ATHAI
Has B =79 VCOo A 4 gtk old wel, MIM
ANAE 9 varactor AAAEEZ FH HEL coarse
3 AWANE2E AL

7.0 1GHz
6s | _ Kvco - - (1
w B
@:ﬁ - . /w
g . - / -
< 6.2 : Af
g 6.0 [ ° |
8 58
O 56
0.25 0.75 125
Vetrl (V)

<38 3> VCO2o| S4=u

MM AsjAE 2 F8e CAPMS[L:0]9] 20| Ee] 9]3}e]
ZAHEY 1GHz9 #9E AMart. Add Fds A
varactor ZAHAIE 2 array= CAPS[9:0]9] 107] HIER X4
wc}

VCO9| coarse > tha9] @Atz F g,

A WA, MIM coarse ¢ TACNA MM AFHAEH=
CAPMS[1:01¢] 271 W]Eel ofs =459, W2 VCO 7
W95 7Awgth. VCO control A4S VetrlS 0.75Ve]th

¥ WA, varactor ¥4 ATWAEZ array’t CAPS[9:0]9] 10
AN HEZ ZAHHEL ol CAPMS[LOl W& Y& F4

A coarse 7@ 71l wE HAskd LC-VCOY ®
d AsfAE 2 phase noise?t lock times HZ3HA17]7] ¢

>3 Sub-Band Generator(SBG)e] +3& HojF1
Atk VCOZH-E 6336MHze] differential 21 &E Hrol, 27§
¢l SSB mixerst w5715 °]&3te], 3342MHz, 3960MHz,
4383MHz] LO F345 dAAZITE VOO &8 A&7t
buffers %33te] full-swing levelZ2 S%o] W, SBG2
7} E2o] HEEtt. PPF(Poly Phase Filter)= dlfferentlal
A BE wolA quadrature Aoz WIS

BE7I9 4277, 6wF7)e HE ARe H4s) 7] At

1(‘

ol Zt LO Fy5 2AAZ o gy s £5% s48te
= A7t 68718 ek 285719 3EF7] At
o & %3 JdYdAE FEAI7] ge HHE Ak

=

3168 MHz
U /2

vCo
6336MHz

584 MHz

Quadratrue
7

] HiT
| PHiperL [— %

SSBL 4750 MHz

= 346 bﬁ@y
.

<&l 4> Sub-Band Generator®| +=

UWB A28 Frequency Synthesizer®4%-¥ quadrature
NsE FYstes g%tk oo wel, SSB Mixer A @
o] PPF& A-83l9th. PPF= up/down conversion mixers
T5A1717] A8 quadratue ANZE A3 A8 AFEEHA
f. SS

B Mixerg T&A1717] $l3l4= PPFelA €74 %
ol4e] E¥ AleE ulRuek s, PPRAA 47t 74
A3k MHE Fgtel we Wy Ans

P

—_

-182 -



’
1 DSB mixerl B Capacitor array

RF I+

RFL. ———*

1
LO I+ 4:_T
LOL
LO Q+— 6 o>
LOQ- — &

_______ Output

1
52|
1
RF Q+ :
RFQ- — T

', DSB mixer2 /-

_ _ - SSB mixer

<&l 5> SSB Mixer

UWB systemo] AF&-%+ Frequency Synthesizerd &
A5 E UWB $441719] up/down conversion mixers 3
local oscillator= AF&% 7] wj&<] single sideband 2137} =
ojof gt} SSB Mixert 279 Double-Side Band(DSB)
Mixere] oz FAT 4 glon,
NS5 BAAT =Y AFSE
2 =Folde &H3 differential T2 HAAE $3l
DSB Mixeri= Gilbert DSB MixerZ AAsth  SSB
Mixer®] &8 A&& sty el g 54o] Fofof

o] single sideband

of
-

W 2 A 298 JtHok sl o] 93, SSB Mixer &
oo LC FH S AYste] 27 #3542 248 £ Y==
A

21 Fuk4e¢l 3432MHz, 3960MHz, 4488MHz:= <1% 5>

oA RolFEa gl nksh o], AT EIS} A9AE FAE
AMAE arrayR ZHo| 7Fsdhd AEEr HER OﬂﬁaEl
o 9t} dtEY AR SSB Mixer 28t LC 37 load
£ 53 2442 5 2

<AEE>S VOO weol ¥ AnE noFEa gl ol
oJo}f- & Fo| Y3 Post-Layout Simulation 751 =
o33 it T4 AMNEEE

CAPS[9:0]2 CAPMSI[1:0]& F4 F3 6336MHze] T35

zAsE  vEd

NE} 2ARES 449 59 49 Anolr)
fa ) fal
- N \ i\ N I i A
/A I Y O U L U L R N
- \ | |
| II\ |‘ | |I | I‘ | / III l‘ I" [
- [ [ I [ [ [ |
[ [ | [ [ - |
f | [ o i I’ \ |- |
e T L e T e (A R
- | | | [ 1 | | | \ | \ ‘
| I o V] L (I \
- f | i [ | i -
| L (I o (. L (.
| | | | | | \ || | | | | | |
ol [ [ (I [ (I
(- (I [ [N i (] [
(I Vo \ | \ | Vo
L U R U A U A W AR Y
v Y V \ v ¥ Y
- e o o EED arT m g D - o

<32 6> VCO<Q Transient 22| As Z3}

<E 1> VCO9| 7d Hel zof A Zut
Frequency CAPS[9:0] CAPMSI1:0]
Min. 5876MHz 1111111111 11
Center 6336MHz 1000000000 10
Max. 6891MHz (0000000000 00
Range 1015MHz

A
23
—

>2 CAPS[9:0]37 CAPMS[1:0]¢] A4 w2 VCO9
Fd MYl dig modd AnE noFa oy HAi
Fu=7bA] 1016MHz9] F4 H9E 2=

>i N

Kvco : 13MHzV

<% 7> VCO& Ko 2

<1%]; 7"‘> VCO’] K\,cooﬂ tH\_ 51_9] A3 éi% EO:]%—J—J—
ALk VOO &9 Fi45 T4

% 5, Control Aol wehy WyH o Fos7}
:ILZ_]_O] 131\1112010 o]- /\ olq_

N
&
Ly
3
%
frul
it
oxl

A

- —Tea I

-121dBolHz @ 1MHz offset

elonove frequency { ¥

<12l 8 VCO2| Phase Noise 22| Algl Zxn}

<% 88 VCOY Phase Noiseol tigh wo] A% ZAx=
HoFa 9} IMHz offsetell 4] -121dBc/Hz2] Phase

NoiseZ 2t Zié & Utk

- 183 -



el AL SG0mVpp

<19 9>E Sub-Band Generatord 29| 23 AyE Hof

T 9k Hololx Ha Fo & Post-Layout
Simulation A¥& HoFa gtk LO 340 3432MHz,
3960MHz, 4488MHz®| F3& 2te 257t &9 He 2

<
oF z’: 010111 ZE:] 298 0dBm o]}J- %@‘5]5 ;i
4. gjojorz At

<a9 10> ook A}E HolF1 vk IBM 0.13um
TAeR ArAstglon, WAl Chip W42 3.

=

3.0mm

n. d 8

2 =EE 8 Fo57F 3GHzolA 5GHz7HAl UWB&
Frequency Synthesizero] -3 =o|t} Aletd F34= ¢
471 PLL 53 SBG 522 Y& 4 9tk PLL &%

s VCO 4 HMAE Hal7l A% LC-VCO9 A=+
coarse 3 7]H40] Z-I]O]—E]Qj\\:}. LI B =RoA A oke
= basebandtt &2l ADCel clocks

AE &349 Frequency Plannings %3],
6336MHzo] ©49 FuE §j¥gox del UWB Band

Grouploll #1@3h= 3432MHz, 3960MHz, 4488MHz2]l <4l
Zy2 Mg & QR Fuk GAs]E A—lﬁ]—‘—]_o:lr;}.
VCO9 &4 Rangex 1GHzo|W, 6336MHze %9 Fut4
o4 2] Phase Noiset= IMHz Offsetell 4] -121dB/Hz ©] 1t}
UWB£ Frequency Synthesizer 2 Sub-Band Generator:=
IBM 013um sA4o=2 AAsHed, @A Chp #BHE
33mm x 3mme|th HE £EE 15V 9 FF HAgoA
190mWo]tt.

Acknowledgement

e AR AehE T7h M QTR
NIAG (A 2" IC 2010)"&

1. A. Batra, J. Balakrishnan, G.R. Aiello, J.R. Foerster, and
A. Dabak, "Design of a multiband OFDM system for
realistic UWB channel environments,” IEEE Trans. Microw.
Theory Tech., vol. 52, no. 9, pp. 2123-2138, Sep. 2004.

2. Gerry C. T. Leung and Howard C. Luong. "A 1-V
52GHz CMOS Synthesizer for WLAN Applications”, IEEE
J. Solid-State Circuits, vol. 39, pp 1873-1832, Nov. 2004.

3. Kang-Yoon Lee, Hyunchul Ku, Young Beom Kim, "A
Fast Switching Low Phase Noise CMOS Frequency
Synthesizer with a New Corse Tuning Method for PHS
Application,” IEICE Trans. FUNDAMENTALS
/COMMUN./ELECTRON/INF. & SYST., JUNE. 2005.

4. Hyungki Huh, YidoKoo, Kang-Yoon Lee, Yeonkyeong
Ok, Sungho Lee, Dachyun Kwon, Jeongwoo Lee, Joonbae
Park, Kyeongho Lee, Deong-Kyoon Jeong, Wonchan Kim,
"A CMOS Dual-Band Fractional-N Synthesizer with
Reference Doubler and Compensated Charge Pump,” 2004
[EEE International Solid-State Circuits Conference, pp.
100-101, Feb. 2004.

184 -





