20078 18 MXSHE =X M 4 A TCHH 1 3

= 2007-447C-1-9

o o]
8=

T-DVB ¥ mobile-DTV At Fu A7 A

( A Design of Frequency Synthesizer for T-DMB and Mobile-DTV
Applications )

=

- *
T |

A A &

T
( Jecheol Moon and Yong Moon )

o of
S =

T-DMB % mobile-DTVE $13 F34 4712 1.8V 0.18m CMOS F422 AAsAh VCOE PMOSE A48l
A4 ee #AaNRAz, J9E st AMAE, WA (varacton)E AH oz 2Ase 71HS AHL8ta] 920Mz-2100Mz
A Fzo] 7hed AL AN A AQAEAe MY EAL NAEE WA vlolox A¢E Wi H43) §
Ha, WEE 293 71828 Kyo(VCO °15)E dASA #AE 4 Aok F7182e2, VCO o5 BA 32g o 43
Al VCO °ol5E& #AFEA, VCO o599 A& dASHA fAEE AA% VCOst PFD, CP, LF+ Cadence
SpectreZ ol &3l A3, £F7]E Spectre$t Matlab Simulink, ModelSim, HSPICEE o]&3t AFd gt VO
AR AYL 10mW, 56.3%4] tuning range, 1580k 38 F95o0A -127dBc/Hz @ 1Mt offset(2.ZA) 9] F& 548 €9l
9t Foe 4719 AA 22 AHL 18mW, Fu¢ 4719 TR 9 140usel o

Abstract

A Frequency synthesizer for T-DMB and mobile-DTV applications was designed using 0.18um CMOS process with 1.8V
supply. PMOS transistors were chosen for VCO core to reduce phase noise. The VCO range is 920ME-2100Mk using
switchable inductors, capacitors and varactors. Varactor biases that improve varactor capacitance characteristics were
minimized as two, and Kvco(VCO gain) value was maintained by switchable varactor. Additionally, VCO was designed
that VCO gain and the interval of VCO gain were maintained using VCO gain compensation logic. VCO, PFD, CP and LF
were verified by Cadence Spectre, and divider was simulated using Matlab Simulink, ModelSim and HSPICE. VCO
consumes 10mW power, and is 56.3% tuning range. VCO phase noise is -127dBc/Hz at 1M offset for 1.58k output
frequency. Total power consumption of the frequency synthesizer is 18mW, and lock time is about 140gs.
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Table 1. output frequency according to terrestrial
broadcasting system.
W Y 3¢ 9y VCO Fd4
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Fig. 1. Block diagram of the proposed fractional-N

frequency synthesizer.
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Fig. 3. (a) ideal multi-band VCO gain characteristic.

(b} Real multi-band VCO gain characteristic.
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Table 2. VCO gain comparison.
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Kyco (min) 6.61 MHz/V 22.1 MHz/V

AB A B AT Zo], A FZA VCO °5
Aets ARAFoEZN VCO o159 W32 67%°A
H10%2 2712, ke T35 H9E SN
F e AL AT & S

3. 248 257|0| 4

gojtt. E1°ﬂ/~1
= VCOE A\zts}
2 glst7] 9l OP—M VCOE 7
2EE Aol F4A0|T) A 7}1] e B
of Adstr] g Fa FA71Y WHNES Fo s
7} w2 £ BF 7)ot

58 E571e 29 19014 2 A3} 2| postdivider,
pre-main divider, main-divider, 22|31 A]Z1v}-HE}
W 27| (sigma-delta modulator) 2 A5l Ut} Post

‘_:_
=

—divider—lf H]"/‘k‘ HMM] E}E}H ?_:]XJ B‘T‘H]i -r'—rﬁ
2042 HF 2984 99 Post-dividers 49

Fo47t Ao 27A FEE] B, BFhdo)
A B30 Fg SCL(Source-Coupled Logic) filp-flop
AHE-3 AT

Pre-main divider= main-divider’} @9 #F7|%
gEile a4 ggE FAd Ads) Y8 s 9
Ao wat N2 g2 BFHE B33 5, main-

X
=

VA
<)

Post-divider. \

Pre-Main divider

From "
vCO

Mode controi Bits
t-Band : DVB-H, T-DMB
UHF - DVB-H, 1S08-T
VHF(1): T-OMB
VHF(2):1SD8-T

23| g8E

Fig. 8. Block diagram of divider.



74

s pro- ! f e fres
| ~=~I|i*={i wﬂi JEI!-*?H ‘L}« o

a3 9 Y 7|58 =88 SCL 2-to-1 MUX

Fig. 9. Block dlagram of the post-divider.

H =
T

e 25

|

TEEZ o|FA Yk

BF 7)1 A post-dividerE AFEECZH VCOY &
g Rio] Fag 4719 HF Fio] ol
post-dividers] &¥o| HF &Yo] H7| ", 9F
Fupgo oA VCO Fo7t AHAH R s v
2 A "ok geEbA, ety e g Agde VCO9 H
¥ (buffer) 31 2Z ac-coupling 3|22 H&FdA +H3}

z

2 99 7% MUKl $7Hgo2A, wsle duy
= AYe AL ¢ o 29 98 WA S5
%89 SCL MUX 328 2oF3 3t

Lt AlZat-EEr $Z|0]

Main-dividersl 4 ¥54 23012 243 529
Az Wz7)E 48 34 3% 1HE ATv-g
g wx71E  AgsSgn Adv-d9g @zl

MATLAB SunuhnkE o] &84 HABIY 3, VHDL =2

=2 A% & Altera APEX 20KES o|-&3]4 A=}
At
28 102 AAS A 494 33 18 E Al 2vh-dE

Wzs)e B2Eg Jen 9n, 28 1-@e 4A
3 Wz7|8 VHDL =2 Fdstn 23 29 A

A%e 2edFn vk 24 2o 4gelH Aav-9
g W31 £ Ahhe BhPoR ot G4
4g5E 25 27U g FAE 5 9

A)awh-dE Mz7]E€ HDL 2= ’Sﬁ]s}‘r AZ3}
T Afole A AR old dANN AFoeN 153
2 xolz gAo] doju= AL &3] oy £
A AAF Aavek-de ¥x7]E Simulinks
ModelSim& d%53te BH& ol a8A BAsa. o

T-DMB % mobile-DTV S&

2
=

(74)

Qs Fute gy71el MA ZHH 9
E(Z)
{ | t
+
H{z = -
-
28 100 M 94 3%t 6] E A|Jo0HE HxD|
Fig. 10. Single-stage  3th-order 1bit  sigma-delta
modufator.
e IS — -
) e D T P o A N L
HRESETR H
1 lp st s (1 )1 io) TR ER N Yol 1 Xejzl
(9] jesmeodinoie’ | 3 RET we e e Geosl ws YOS we

(a)

ModelSim

(b)
a) A|JD-EEr HxT|e 23 Do| MY
b) ModelSim2} Matlabe| Z = H[
a) Sigma-defta modulator fogic simulation
b} ModelSim and Matlab results comparison

ag 11, (
(
Fig. 11 ¢
(

Output PSD of 3th-order 1bit Sigma Detta modulator

R R R
ok - - L a2ULL _ oL LUDL _ JZ L1
R o m R
qol- -~ o Ll o L1 uut P IO W R S W W

1 ot I vt
60| - i L 4 LULIL C o, ,;.uﬁ;“.
o A
ol - - 44 LlLiL b
R r’"{i
-..--L,lilr“}"{ i LE,‘,II;,_LJJ.ULJ,
| | \l | o I rrrrn

f{r B TR T T R SRR R T
1 *“f b [T RN
_140__ ;‘F«hﬁ JLIL - L 4L U UL - o L 4L L]

INEE

! ot 1 Lot

160 x J T Y S VY N [ R U R Y Y N
| [N [ i I i
180 __\ [ N S S O A WY B T I D A R S|
1 [ RN I ol i e

200 [ R Lot ittt
10° 10° 0° 10°
frequency [Hz]

‘modutator output spectrum [dB]
3
o

12. Simulink-ModelSim 22j4lsdoll 2[5t 0|= &4 &
I

12. Noise  shaping
simulation.

Fig. resut by  Simulink-ModelSim

Azt ool AF o
g8 £ 9,

o

g 11-(b)= ModelSim¥ Matlab2
del Ax77r 533 & &9 Ax
o]z AL A % Matlab EH



20074 18 IXNSYE =FEXN M 4 FTCH A1 5 : 75

ModelSim 237} 543 Ag &Uqd 4 ok
VHDL ZZ 2 AA3% 3 ModelSim¥} Matlab2 &
2

Tl AAF WxI|7} AFFA nFIFE 1o
FAo] s A%E 2% 129 Yl

4. PFD, Charge Pump ¥ Loop Filtere A4

PFD= 18 1304 Yehd ZAa Zo} 7hg duta<l
F291 T 7)9] D-flip flop= AND AC]|EE A}8-8)A
AASIE . PFD AAA O 9443 F34 AEA| dead
-zone®| LAsE FAE HAsr] A8 A EES
F7vaiA A ok

39 1494 HAFE A3 I (Charge pump)e F
g g 71e] 54 Wl met dFFE HIAZ 2
871 7] Wi 949 AgES WA ddd Ve

A
AFE wE 7 U, HE VIE AFE UE T U=

=]

Vdd
bt D Q » Up
R CK R
!
Delay o—@
y
A CK R
—D Q » Down

I3 13 fMFasuinr| 285
Fig. 13. Block diagram of the PFD.
L 2

ekt

E_r*‘[: 1
—

323 14. Charge pump 22T
Fig. 14. Schematic of the charge pump.

Ve

.. T
F(s) F c1 c
1

R

a3 15, 2xt & R= e 2%
Fig. 15. Schematic of the 2nd order passive loop filter.

2 wide-swing A== FHE AASE AAT
Ast HEo ¥ Aol 1.3BVY 9 507t TEEE

A
T AASIEh agla a9 1569 2] LF= 2%

3}
st en, Ho 48 Add 94 of 10049 FFIL
=
% dE{(passive filter) FHZ AR} 814t

3
_/'\_
m. =o 4" &1}

T3 F FA7)= 018m CMOS TA o2 A%
sldtl VCOS #57]& Cadence SpectreE ]85}
AFe4 L, VHDL Z=2 AFgh Al av-dE "z
T dojobxAldl AA FaF 71 Frs] ¢
CLA(Carry-Lookahead Adder)$} flip-flop2.2 o] o7
EWx2H HHE dAg F HSPICEZ AZF3%oh

¥ 162 783 EF7]9 A post-dividerd] ®oj4l
Y ARE BAFE Zog VOO 20k SEF o)
el Z RE"ER 1, 2 8 16857} 7 AL 89
piesg

Pre-main divider®] ¢ 2539 4&€& 4 Mzl
AT 9oz E5& vt 29 179 d3e 19
169 &% 9¥E& o] &34 main-divider FA7}A] &

Moda 10 ~ div-2

SRENRNS

Mode 01 - div-g
A
ISR S
Hoda 00 ~ div-16

4"

Fig. 16. Post—divider simulation results using Spectre.
' o . Premain gy eut

Pro-mzin div mun_out
. Pt

N

b

. Posi-divider qut
H

.
Peoon
. !

2% 17. SpectreE 0|88t pre-main divider 22 Ag
F<l;

Fig. 17. Pre-main divider simulation results using Spectre.

(75)



76 T-DMB % mobile-DTV 28

S4E Roddo I Aot
VHDL Z=2 A2 Alaei-de dz7)e 3
Fog @718 g ALY A6 2dEe
T oRle gl ddnt waAd Fas 471 24Y
TFE U] A E EWXLH {2 Al:zﬂ}—
B ¥x71E 78 487 Qo FHIE F
871¢ Aol BdR e 7] A% Alavk-de £

w

4
34
F71e QA7 EHEES o438 TRo] sEE
o O¥ 182 EdXAE HEz TEE Aan-de
Hz7)e 2ojdy Aoty Alanp-dE} MEr)e] F
% 29 89 2 main-divider? 4oz ESojr}
AN 25y g 85 I

EEAA Agd VCO olF AstE /A3 2o
A A 39 1994 B33 gldh o] a3
VCO9 Fat+ EAE Jehd Aoz A 2914

WA o] welE WAt VCO o5 BA o] &3

=L

4 r‘

2
T
O

o
hu

v T v v
cae e - st <t 200
A )

a2 18 HSPICEE 0|88t A|aol-YEl Wzx7|e| 2o

Az
Fig. 18. Sigma-delta modulator simulation results using
HSPICE.

21 )Mlz 1273Mi 1308MH2 - 923MHZ

1.266

FRtcisH

a3 19. VCO ol5 £4
Fig. 19. VCO gain characteristic.

2 st Fm4 BT MA EAE 9

A AFS QI VCO o|E% nFgel §AlshA 3
e A& B4y A9z AT 4 Uitk m9
AE AFA Be AT 2o] AAHQA VCO o5 &
ol 2Yd EH 71E71E FASE AL B 5+ 4
o AlZg VCOE A F MY Fu gY S 93
A Hed JI9"HE 29384 2709 AHE(LO, LD
o A3 ASole 1270ME-2100Me] F34E &9
83, 4719 IHE(L, L1, L2, L3)7F S& sk A Sl
R20ME-1300MES} F347t E2EHE AE AT
2 =89 VCOE 55%°]49 FdY tuning rangeE
A D YA, FYF VCO ©|5 B SR8 A
& BoAY A9z ¢ & o

I8 202 2993 WA HAE 9 dutEl B
g o)4dA 1f Zedl 2AT 938e oS
A4S Aot} T Y A4S i 1=
TYE FoFl Mg & Aoz JdurH WAy
B VCOE 22 Fa4 d9g sy 48 o
Be 293 W‘Ql AN E BAE FZso}F 57] o
Foll, A WAo) offset Fu7} 22 Aol A4
FEol Zaste A & F AUk A 293 W
Bl ¥3s VCO o|5 BAIZE AMEE VCO 3¢
158Gl A} -127dBe/Hz @ IME offsete] 94 &8 B4
S A3t

o

—42.8

_ese \Q\ Conventionat
\\\\\ /
BN
5.5 / \&:\\Q\
Propased
AN

7 AW
5 e S,

a3 20. VCO 4 &2 A
Fig. 20. VCO phase noise characteristic.

J-] VOO contrel Yoltage

e
2.

a3 21. VCO Ho Mgt =4
Fig. 21. VCO control voltage characteristic.

(76)



2007 18 MRS

m&‘

44719 1R A7E B A8 2 A
VOO Aol A% ATE 19 21004 BaF
. 500KES) 71 E FHEolN Fud §4719) 3
g7t 160kY S 33 A7+ ¢F 140
gold & oz, OFUE VOO EA49l
VCO o5 o2 A&A VCO 4 A3t 7ol

Nlo -IN

ol B oY B
B do rlo 2

o A B A Fag st Fof
A "
v.a g
T-DMB % mobile-DTVE % Fa5 FA471&

1.8V 0.18:m CMOS FA .2 AAssrct VCOst PFD,
CP, LFE Cadence SpectreZ o]43}o] HZ3I% 1,
F71%  Spectre$} Matlab  Simulink, ModelSim,
HSPICEE o] &3te] HZF3stRch. VCOE PMOSE A}
&3t YARSS ZAAA T, A9HY AHAE, A
et WIS Adgd oz 2935 7IHE A &3}
of 20ME-2100ME RolA F2 7Hsd AE A
o ARAE 2] Ay E4E HdskE WEE vl
2 MeE 202 A4 a5, BEE 293 e
Z KvooE 4R #AF F Atk FHH ez,
VCO oI5 HA 3ZE oA VCO o5& d3st
A fFA8EA, VCO o159 AT fA3nE 445
Ao £78 EF7Ie AR dE WE $as SA
A4 ¢ J=EF FHg A1, £5-Y 71¢] Al
avl-del Mz7]E ASshE Simulink$t ModelSim)
AT WHoZ AFHdA AFHZ xo|= F4o] ¢
oAue AL FAZ old wANA Felo] 7ME3Ah
VCO9 A% A™¥E 10mW, 56.3%9 tuning range,
1580 3 F34o|A -127dBc/Hz @ 1Mk offsete]
+ 545 st Fug 71 AA
2 18mW, FAIZES oF 140psolt} 500kke) 71E
Fo5E ALgste] ZE WAe] Ad A Yo| 7HEsiH,
@02 DMB T4 2 871 A 718 LR o
Az},

=]
U

JH“

X NIO

e
=]
T

a3 A

il
kJ
Ho
rok

[1] Patrick Antoine et al,
Receiver for DVB-H’,
pp.2536-2546, Dec. 2006.

[2] Bonkee Kim et al,, "A 100mW Dual-Band CMOS
Mobile-TV Tuner IC for T-DMB/DAB and
ISDB-T", 2006 ISSCC, vol. 49, pp.614-615, Feb.

"A Direct~-Conversion
2005 JSSC, wvol. 40,

0!

==X A 44 A TCH

(3]

(4]

H1 s 77

2006.
Park, Y. et al, "Wide-band CMOS VCO and
frequency divider design for quadrature signal

generation”, 2004 IEEE MTT-S , vol 3
pp.1493-1496, Dec. 2004.
Marutani et al, "An 18mW 9% to 770MHz

synthesizer with agile auto-tuning for digital
TV-tuners” 2006 ISSCC, vol. 49, pp.192 - 193
Feb. 2006.

Julien MIRA et al, "Distributed MOS Varactor
Biasing for VCO Gain Equalization in 0.13pm
CMOS  Technology”, 2004 IEEE RFIC
Symposium , pp. 131-134, June. 2004.



78 T-DMB 2 mobile-DTV 288 93t o4 8479 M

=X 2

2 A H(439)

= EAHIY

2006'd 2¢ AW FrFA 1990 A& thetm
AATEF AL E4. A} =9,
2007d A sAdEw 19929 A& ohsha
A2 AL A EE AR 29,
<F@4 &k PLL, LC-VCO, Al B 10973 Heoistm
awp-gE ¥ x7), CMOS RF 5> WA}l 29

BAE e

o
2
ol
P

o
+l

2
2L
ol
£

3
—

19979 ~1999d LGRHEA] Add+4.
19999 ~d A sAdteta FEFANARF R

Fal g,

<FHEAEF ¢ EANE AAIHE, AAHI=,

CMOS RF, UWB 5>

(78)



