EHAREIR 2013 4F 823 % 51 8:91~96

doi:10. 3772/j. issn. 1002-0470.2013. 01. 015

FZ i F DVB-T/H i 88 0. 13pm CMOS B R g%+

%E%®* sk ko

%%ﬂ@* Hk kg

("REAEMIE LR R R BRI W 210096)
("REAERFER LK S AL TR IRA LT EHK 210096)
(TIAEERRERERSLRE L4 214135)

# % XM 0.13um RF CMOS T# R itH# LA T —F A T DVB-T/H K F o 4L, &
ARGV BWEF T EMBME, X T E N 170MHz-1. 675GHz, 389 8 £ H & /< 18
BT EEMEREBWEOETT, A RCHBR IR SN AR L RB W& ¥
W, ERAEXBARARUARIRNEGE TR, BLRAERENER, WRADNREFXE
WEE, RERF RB BN T AR EWERER K # 1.2V TRAZBNER TERS;
B RERRFEURTRABNEEE, CHIRERRR EL2VHEFEELET, BH
BN K 14.4dB, B N Z & B & -3.05dBm, % F £ $ H14.2dB, £k 6mW,
Rkl HFwil) #(DVB), CMOS, ik #, BME, LR EK(FOM)

0 3 &

BEE & A5 T AR B R SR FIE 38 3 TR AR, M TE
TR s AR BT -5 L R A XUBE 2 BR BT
MrENy, BUF ) #% (digital video broadcasting,
DVB) #% TG AL AT 38 , BR T AT AR AL TR
oG 0 B 5 A B AT B DA SR AR A R
S BEEENRCHEBRESAEERS" . KM
) DVB-T AR (M T TR AL e ) S8 F T 13
ARG T BB g W, IR PRl T T #%
L ARAE RS Sl WO T 9 55T, T DVB-H ARYEE it 5
R340 T XN R LR IR, ZTFEZE
B RERIET e R n i S/ EE 5ES
WS TIENER T .

BALREREH TR RERRENE SN
HAEEHE R A E SR EYR
5 Wi E RS B W R Al A B R AT, (B S
FAEE T R U E RO MR R B
sl S T R EE SR, BRI
PR FR S SREUAR R d ., ARRH
0.13pm RF CMOS T4 # i T —# 7] i i F DVB-

T/H JiEas 1R F 3 RBP4 451 B SE IR
Was o

1 WS BAAENEEER

B 1 s R WOlLiEE 2 451 , B ERAE AR I
Rt 2 TR I 2 # o IR AR AR AL T IR R A R 2%
(LNA) ByJa T, B0 FTHE R PR A G S s
RERH PR ZENE S, UE T &R 5 2N
SRR, TR T RERS SR B R
Ja—8¢, HE M BEXT RIS RS LR M BEA R AR
R BRI AR S R SRR A R — 2 R 4R,
B B 2 BE R Y RS R %

1
1

DBuse Band
R |

Bl
g

1 #EHEEREN

@ 863 -8 (2007AA01Z2A7 ) F1 2010 4E T AR R4S (L £ TK £ (BA2010073) % BHIAH
® 35,1983 4p4 WA BT 1 - SHARAE AR HE B 3] s E-mail ;: wuchenjian@ sina. com

® EiRfEE ,E-mail; zhiqunli@ seu. edu. cn
Clc# B #9:2012-03-14)

— 9] —



ROORE 2013481 H 5523 % 5518

2 wBRITERA

2.1 FHRMBFET

R ARRIM A N SO R RIR SR, B —
JE B 25 0 AT o O FRES AR, 7 BB75 A 3 )
SRNG5S W mE 2 s, B
o R OBIR AR A4 Y 5 30 M1 - M4 R IR R4, A4k
fE5 h Hi R A MS Mo S, HMESH
HAHERA M7 S B i E , 3l o iy &5k
EARIRES SRR, AR, R
FHRBAFE R IR R L5501,

}':1‘;_ o

Ré_%‘ "::;;gfh
; +D_r|;ﬂu, |——|l:f~ﬁi|211
b ;F — NG :“_o;.h -
Fpe — M7
2 Ef‘MEH;iEﬁE%S
2.2 EXRMA

ARRBHHREIR AR 3 fis . HA I TFRF
SO, T B SRR 5 B Bl SMHz i RS
S, MR RREFR S EEM T EE, AT
FIEBIR R, R R ER R (Z R,
Bl 3 fERAmAR AR AR BT IO R, B
13—t 85 S8 MO M10, St 2 5 B AL
S SN RERF AT E (ML - M8 ) &
AR EGFBES (Vo +.Fun -1 Fag +.
Viog —) . IETLIRAT, 740 i fokil 0 PR IE 32 )25 57

r
NJ_ L‘-.ﬂ] Fhizs :..ﬂ_gJ J"J_ M3 P M1 J_
C 3R RS =C R —C
[Pt I e e T

I |

|

o e ) | e :
T |

[J:” i _n—_l | : I_ _ !
T iy ] — _T"fﬁm]:]I— i i|—||:1-.15 Mac —[or g ] — i
i ; Fad
______________ 4 l

e TTEETE T AT l I

I (Rt LM Mo J—Fee-l Q|

|

3 RSRREIEAN

— 9 —

':F'ﬁi{%_’n? (VIFI +\VIFI _) \(VIFQ +\VIFQ _) o
2.3 RC FEERAE

FEIRIAS 0 L P 3] BB — A C Al
E LB ) S R — 1 T BB (R BB B Aw , DA BB BR
TR R KIS, I 4 B, B ik
AHVRHE, TSR OB IR B e B LR IRE S P
ZORIEBR AT Z A RIE T

T i f%ﬂ%t i)

M4 FARCHERERABHENS

2.4 BREAER

R EAT AR R R AR R, 0
B 5 B B E M1 - M14 @R RN A
B, BREATHNIZEEMRNITREDRAE R
BIRPOR B RHER 3 R, —J7 T AT LA/ 1 2 R B
By R R R, B 4 FIOT SRR R 6 B R L
IR IER TR, XMTEERBEEERA 1.2V
M TIEEE M. B—TrE, BoRaETLEn
R W AR R S G, iR AT LA 0B /MR
#r TARR TFRE B RYIRFS 5 170 U0 /INBE A R B Ay R
R

oLl e pad %C Ligmd T el
st L1 38 O : C
T i [EL ' ] :F'Em :»-:;F:—ti

__Ir.iur-,ﬂjl——[:h-ﬁ\.ﬂ - |—{|: LRt

";r—t'—E‘m MIG] = Fopm

!

BS5 FRARREEANERNREE

2.5 RERLE
MR R R W E BT, RIS TR
B R —4, HE RN B MERIEEE



RRESE N H T DVB-T/H J&iE85 19 0. 13 um CMOS IRARAF 53T

B .

AR FERT Sfr R R R R
B it e tE AT B TR EH
HEF RS, L EE S A%, HE
BORAFHE S BERFOR —R SRR R
BRI, IRE 6 Brm. EE 6(a)H, BHEEK
FIRGITHARSEE, [ - L SRAMSSET
FRELR MERS(b) P, ERTRERE, [, - L
SHAMGEEREXR . TR, ERER
RERBRSG S REFBEHRSNLEE. A
I, ZRE R RE SRR BRSNS — 2
MOS B, XX AR 1.2V R R ER B2
FEHEMH

0

‘r:
Hf’ Ak -2

|
|

|

|

|

|

|

| -

| k.
| i_i
|

|

|

|

|

|

|

|

|

W

2{F )

- A
7y

{a) (b}

6 ERBEMNXEEHRN

2.6 EFSSrEHE

AR T B3Rk P i SRR AR 7= A=
RIS T IR R, TS A M ARG B — X E01F
5 X REBESR I A B G5 7= A H i, 25
RERINEXRHERIES

FEHRAT a8k RN ESE
S E T B, AR AR,
PSR Fna  BUh L, B 0.0, APEETE
ZES MAYFESERSTNESSHE 26,
AR — 2 SHAT R S0 ) M1 SR IR M3 M4 R
B BpdE ACE M7 M8 SRIEENE , MO M0 R,
R, Afagermf,

TR EXAFENEEEE A
(1) 253 E R (2) M BIFERR7E R OF 19 55 L 1R,
TR FEFMRRF . 5 RS 55 F N

Tt
]
. 2R I Rex X3 g
3
I—T Sl
—] { } / K10 [];.ﬂl@ﬂlﬂmﬂhﬂ-#

CLE

D—I——{ B3
C:
CLEn
i—;h,;L[lr.-I:

s

7 ZH¥mnes

WMAES RYRIPIE; EABUFSSEN MRS H K
LSV Ak B 32 AR AL A4S B HH A5 2 B A I Dy 24
ik A, RS 1 F S 1 14 A 0 8
s R E NBIER ZRefRSRIERH. 57
Sh. BB RR A B A, (R RS o E S

B
|
SN Unlnlininlint
|
, P |
| !
o+ F L1 |
|
ES TFEESHFERE

3 MBRITSEHE

¥ Cadence FFE T, 2R 0. 13pm RF CMOS T
ZEBRER . BERENE 9 s, A CH
JRE) mARA 775 um x 675 pum, SRR AT RS 344 L B
R 150 wm x 100pum , fE2 4 T I, R & A 16 R
RGE T8 1 BERTE AR, Wi P P 25 02 R X3 1 el U
B Hb BRI AT

9 RFBNERR



ROORE 2013481 H 5523 % 5518

A8 A Cadence-Spectre RF B, B&{5 414
HATHRBMTEML L. EHESRER 1.2V
HBEF,7E 170MHz ~ 1. 675GHzS5 %5 )3, IR s #%.0>
HBHFE UL SmA, B 45 O 10. 1 ~ 12dB, M
(IIP3) XF -4dBm, 87 RE/NF13.5dB,

4 R
REESIN T AR R S e S e B

FETH MPW I H R, FERNEZEET TER
Wiz, B EE AN 10 Brs .

E10 RIS EE

TR A EE WS Agilent
E4440A $R3E{URN Agilent 86100A 7% 28,

R4 B SMHz ity 5 S OB Rt & a0
B 11 Bz, DA S A A M55 %8 890MHz,
T3 —20dBm , A< 3R $5 % & 885MHz, T 0dBm, 7%
VAR ALY IMO/A13pE, 4 g it IR TE A
FE 435 4 0°.02° —88°_180° , B3 R AT HUAH fir Ty
i iE B P

Mgilam Technolcgizs WD AR 21T FEILR A

7 B E ~
11 EEmHEERESERERE

— 94 —

295 Bt (170MHz ~ 1. 675GHz ) %% #1425 W32, iy
LA 12 Frm. MRS RS AGSRE
-30dBm, — /3 JRER A fF 558 BE 0dBm, M\ HrA]
DIE MM B3 7E 11 ~ 15. 5dB Ju B A4k, 22
LK) 4dB,

155 -
15 s

145 : - N
14

/

Iz :
: AN

11.5 = 3

1 : - ST
o 5C0 1000 1500 2000

i A A HIE M)

H12 3R FRERESINGR

R T BT (i)

REERIRA SR SRR R B —
MEESEE. UEES . FERARSAIERS,
HZE A 890 MHe + 50kHz ThZE-4 - 20dBm, RiE 5=
4 BB3MHe, TR AF BU P M0 RIS R0 B 13 Fron.
MEBTTEE S W EFSTEN —43.26 dBm,
B =R E SR IITIE N - 77, 16dBm IR HRR B
A ZBrER AT LU DL AL S
AP,
> (1)
H IIP3 4, HIBREZFRA =R, Py e HHT
AT, AP B E S RM =K BRI 3
B2, IR M BERA BRI W] B DR AR 2%
A=ZBrE &N -3.05dBm,

IIP3dBm = Pin, dBm +

At 1ZEIE A #2053

paraticn StEtus, CSCREHANG.GIF fie sased

E13 WERSEIRE=SHHUmE

A RS R ECIN S 2L A 14 Bron . LR
ARG 500 885MHz, T IR S #r Y &/
AT JIA5R 9 10MHz, [H I o K 7R T i i oy 10 -
100MHz Fy 7= R %0, 3508 10MHz B fry IR 7S R %K



RRESE N H T DVB-T/H J&iE85 19 0. 13 um CMOS IRARAF 53T

%4 14.2dB,

14 —%
NI
g‘: 12 \
5 10 N P

9 N~

Su 20 40 0 0 o120

o Hid H5E (MAz)
El14 RISFBARERE

] FH 18 55 2% 4 BB O BL 95 3K (figure of merit,
FOM) "™ H47 et , FOM)yy FOE R R 7R IRITRS
SEAVERERRE , Ht B AR N

FOM,, = (CG - NF) + (MIX,,,

- MIXPWR - MIXISO (2)
Hp CC Ri#ias, NF WS 230, MIX, N4
B s MIXyp ATIFE , MIX 5o AR ,ﬁi@%lﬁ
BEN, EidR 1 KWHHESRX AT LE S, ET
A SCHH IR RS TR 25 SR - 8 FOM B 5
K, B A S IR AT RS BB T4 AR o

- NF)

F1 FigiHRRRERE S Cak[14] - [17 | iRSARRERELLER

HR14.4dB, B A= B A R - 3. 05dBm, F 3 K
10MHz i} a7 2508 14. 2dB, i#E 8 6mW , 3¢
BRI EL A T AT A9 A H A8, 2R BT IR

BH Agit [14] [15]  [16] [17]
PiER

TR LS W R W Wl R
TZ(pm) 0.13 0.18 0.13 0.13  0.18
THEfERE  0.17 - 3.1-

( GHz) 1es >4 2.5 10.6 2.4
MR E

V) 1.2 2 0.6 1.2 1.8
L2206 F o

(dB) 14.4  9.48 5.4 14 -0.78
IP3(dBm) -3.1 3 -2.8 -11 -0.34
MR R EL

(dB) 14.2  17.69 14.8 14.5  10.3
i (mW) 6 9.4 1.6 1.85 8
FOM(dB) -24.88 -32.63 -29.04 -28.7 -30.75
5 & %

A BT A BEIERZRBCEER A, R
0.13um 1P8M RF CMOS T. 258 i e % i1, Uik
GERFH 1.2V B RBET , YRR A
AT =R 7 51 4 890MHz F1 885MHz B, 16 47 2% 3 2%

AT DVB-T/H R LR s .

&I

L

=
[l

[ 3]

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

(11]

[12]

[13]

[14]

B DYB-THRECE kit 5 & [t fk
x]. B . F#HRFETSEATESR.2007.56
HELEES B TR ERS DVB-H 2 &
F,2005, (1) 42-44

I, f . DVB-T & BEL oL s #2003,
(10 .:9-11

S, A EY. DVB-H RGERXBEAR R ES. B
PHAR ,2008,48(6) :98-104

AR, EET). BRE RS R, JUa AR IR
#,2008. 134-137

Alam S K. A 2 GHz low power down-conversion quadra-
ture mixer in 0. 18-um CMOS. In: Proceedings of the
20th International Conference on VLSI Design, Held
jointly with 6th International Conference on Embedded
Systems, Bangalore, India, 2007. 146-154

Li J, Cheng Z Q, Fu K H, et al. Design and linearity
analysis of current bleeding CMOS mixer for GPS applica-
tion. In: Proceedings of the 11th IEEE International Con-
ference on Communication Technology, Hangzhou, Chi-
na, 2008. 339-342

W6, IMER o EEA CMOS BIRAS K
R AT, BUR T, 2007,37(6) :806-809
Salem R F, Galal S H, Tawfik M S, et al. A new highly
linear CMOS mixer suitable for deep submicron technolo-
gies. In: Proceedings of the 9th International Conference
on Electronics, Circuits and Systems, Dubrovnik, Croa-
tia, 2002. 1. 81-84

St R IE, EAETHE. 0.6um CMOS #7544 58
RBEBTT. AR THEER,2004, 26(1) :35-37
Bkt T, SOLRE. WERIIFES 0 AR
BT B 22 ,2009,39(3) :371-375

Comeaun J P, Cressler J D, Lee J, et al. An8.4-12.0
GHz down-conversion mixer implemented in SiGe HBT
technology. Topical Meeting on Silicon Monolithic Inte-
grated Circuits in RF Systems, Atlanta, USA, 2004. 13-
16

Li W, Glisic S, Borngraeber J, et al. A single-ended
fully integrated SiGe 77/79 GHz receiver for automotive
radar. IEEE Journal of Solid-State Circuits, 2008, 43
(9): 1897-1908

Cui J Q, Lian Y, Li M F. A low voltage dual gate inte-
grated CMOS mixer For 2. 4GHz band applications. In:



ROORE 2013481 H 5523 % 5518

Proceedings of the 2004 International Symposium on Cir- [16] SeoJ B, Kim J H, Sun H, et al. A low-power and high-

cuits and Systems, Vancouver, Canada, 2004, 1. i-964-7 gain mixer for UWB systems. Microwave and Wireless

[15] Hermann C, Tiebout M, Klar H. A 0.6-V1.6-mW trans- Components Leiters, IEEE, 2008, 18(12) : 803-805
former-based 2. SGHz down conversion mixer with [17] Li W Y, Chen J, Wang Z G. 2. 4GHz high linearity
+5.4dB gain and -2.8dBm IIP3 in 0.13pm CMOS. down-conversion mixer. International Conference on Mi-
IEEE Transactions on Microwave Theory and Techniques, crowave and Millimeter Wave Technology ( ICMMT ),
2005, 53(2): 488495 Chengdu, China, 2010. 2044-2047

Design of a 0. 13pm CMOS mixer for DVB-T/H tuners

Wu Chenjian * ™ ** | Li Zhiqun* ™ ***
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Abstract
Based on the SMIC 0. 13um RF CMOS technology, a wideband (170MHz - 1. 675GHz) down conversion
mixer was designed and implemented for the tuners of digital video broadcastng ( DVB) systems under DVB-T/H.
The mixer uses the double-balanced Gilbert structure as its core unit. And RC parallel resonant circuits are applied
as the load of the mixer to filtering the higher order harmonics of output signals. It uses the quadrature mixing tech-
nology to reject image frequency effectively. The current injection technology is also adopted in this mixer to reduce
the current flowing through the swiich, to reduce the noise figure, and to improve the DC state of the mixer under
1.2V. It improves its linearity by removing the tail current transistor. The chip testing results indicate that, under
the 1.2V power supply, the mixer’s conversion gain is 14. 4dB, input third-order intercept point is —3.05dBm,
noise figure is 14.2dB, and power consumption is 6mW.

Key words: digital video broadcasing (DVB), CMOS, tuner, mixer, figure of merit (FOM)





