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The Design of A CMOS Gm-C Lowpass Filter with Variable Cutoff Frequency

for Direct Conversion Receiver

s
(Jun-Ho Bang)

Abstract - A CMOS Gm-C filter with variable cutoff frequency applicable for using in the direct conversion receiver is
designed. The designed filter comprises the CMOS differential transconductors, and the gm of the transconductor is
controlled by the bias voltage. This configuration can compensate variant of the cutoff frequency which could be
generated by external noises, and also be used in multiband receiver. As a results of HSPICE simulation, the control
range of the cutoff frequency is 1.5ME~3.5Mk and the gain control range is -2.8dB~2.6dB. The layout of the designed
5th-order Elliptic low-pass filter is performed to fabricate a chip using 25V-0.25mm CMOS processing parameter.

Key Words : Direct conversion receiver, Gm-C filter, Continuous-time filter, Integrator, Low-pass filter
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Fig. 2 The filter architecture of the direct-conversion
receiver 10 design in this paper
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Fig. 3 5th passive double-terminated Elliptic filter
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AA gehH AA 28 #%
4ol 5 F 74 (UGF) 15 MHz °]%¢
£/ v (PM) 60 o]
£ 2 &(SR) 5 V/us
Agel = 40 dBe) 4
E28AF 10 MR ©] 4
551 A H A E 10 pF
v HE SmW o) &}

Aok e A AAGE WESY) Y =dzEHY T
Ze 19 o593 e EHE ALI= F2I7F FEs)
Y& B =wdAes 71Ed ANTE7]9 MAG gol &
|HI YE 1T ol5EE 2= EYE Harms FFRE E
W2HGHEN &88 ¢ J=F AA5 D 17 5ol e
Witk

+ VDD
¥,
M 5 4
¥ g ﬁMu M

a# 5 dAE 5% Gm-C & EtY ZE{el el AALE
Fig. 5 The designed transconductor for the 5-th Gm-C
active Elliptic filter

1466

Z2 g ulolo]x YL FFd FE Hiojojatte|t}
E3 M23~M30ZHA = BFERE A@2ZE FAsEH o
= AEAG DCBERE AYS dA}A FA38td F&
gzt @t 2 u YRALSY 2L T EdaY
e e 93 W9 Yol st o ¥ad & 9
=2 A gezs UE AdFasd @y g £ 3
EE 87] Yste] 19 59 EdAAYE A 2HAY
o Vel B&dte] EdxYEL #e 24 § U=
sk olge ® AT E AFYAY Alolo] ERA 2
B McE 928 Mcd ACE A¢, Ve2g F718o=
zAFoRN ENAAYRLE 2420 FE £ YEF
ahglth

g 3
oh, HA M23=M24=M25=M26°]™ M27=M28, M29=-M30=
AARsd FU9F Gy EAA2EHEY AVE ZEE A
AL,  grsmgmamgms=gmel 2 AABIATL oW JEF
ErE A, Veud ¥ AFAYE, VarsT37] Hsted ¢
H 2o A tEE Adtel W FEERE AR 2 BY
& zAEET WA FERE A g gAY B
AxAdE e FH ML Veud 2E =79 DCAYe]
Vo=V V=V #ol d7tE o, A% A,
Vawrss 4 (DI} #Ze] #Ath

Veurs=V pp—28 o*V c*R p )]

ol

HE W, Ve ddEe AgAeR AV HE ZasA H
22 Vewrst 2 (28 o] #Hrh

Veurs="V pp=28 m*(V =BV pc)*R p 2
¥ DCxIo] el Wil Vo 28 ,q*AV pe*R pit
29 AsE zHste] oldf AEd Fel PMOS
M49 Moo AlelEd] 7tsu ERAY &
Vo™ 22 Aoz 3 A ZsAzg. =S 3%
B= @z JEdael AviHE HYwde] VR
o Ae V=V, =40V~ VS ol vt
Ve dgse Adgaez AV,tE 7
Vewrst 4 (33 Zo] #r},

V emrn=V pp—28 a*(V oyt AV po)* R (3

.

A

Z 2 DOAslo] 128l T} Vaunt 28 %AV porR %
29 AQYAEE zdstd ol #a® Aol PMOSY

o
M4} M5e] AelEd Qrtsn EdafUE ] £4AgE



Veu® B8 7oz 8 w7x deAglrh. oeh Zo
EE Az 9Har] Wi
r‘zg »Z*AVDL*RD
Ve A4, Varss Aeigd, 448 sdadggy

end gEzEEs A%

4 olste] HSPICEAEHA 3 ZzE 19 69 vEHY
Fe=
) S
b
.
i

&

-

B

&

D
E=

=

=2

ugut very Gk

+ 150100
$123%- Mo
L0 T
Q75%- Slu
R50- 13

&
eapEp

(@ ols
{o) A of
O 6 EAE E

{(a) Gain and phase margin
{b) Gm tuning by the control voltage
Fig. 6 The results of the designed transconductor

0¥ Blaye ERx7igE Y ol ¥ J4EA ZHufold
Aol Aol uwhel zhzt 58dB, 54dB, 44dB, 32dB2] ©l% %A
B4 ool wEl @9elEFaer 9MHz,  12MHz,
15MHz, 17MHz¢ ZAEAL 2t3 928 HoFT gou
BE ASAA W0 A7 8T= o4 AR HAEA
& 2R Ee RoFn Juh. ¥ 6hE Aol Mt
15V, 125V, 1V, 0.75V, 0.5Vl 49, zkzb 100uS 90uS

o
73uS, 5luS, 13uS? EAAAYEA(gmFtY WMILES
oFn Uth 99 Edaziddss] w¥ges g9 7}‘?5
Fie g A8 AE ¢ s

Trans. KIEE. Vol. 57, No. 8, AUG, 2008

4. MAAE 5% Gm-C 5 Eta ZE2 AlZaolM

b

28 T@eld By upeh o] Hee TS EF
A W&ol YehdE 6dBY o5 #dHE 2
o] El3E B8 T gmRi@Y £A osto 0dB7HA

} E}(.QJSL’IH o] .EE.H oﬂ rﬂ-b'. ;/wq;x 5(-11}
A(Ripple)& 22 + U e A@F 5 (Cutoff frequency)
= 25MHzEH AA A 439 d T 19 ZAXG s
e BAL 42 4 Ao AT AA 9 E(Stop band) 4
V& o] B2 375MHzel A 38dBEM 40dBel & o7k #& g

2 dojg ot A HAAAYE &t

koot g
e
m
ot
il
1o
J1m

N

l

N

{om

4008V LBME: | |

b LoV - 20HE:

ST TRV Z I |
420V - SBMEs | |

-9 -

A LW AR

b D 15Vi- D.4dB
¢ 2V~ 1848 |

i 58 |

T i

(

(@) MolMelol we RctF s
(o) MojZetol e ol &
a3 7 EAE 5X Gm-C s3EE2 AC §4
(a) The cutoff frequency by the control voltage
(b} Gain by the control voltage
Fig. 7 The AC characteristic of the designed 5th Gm-C
active filter

2 7we s R AoAYE 08V, 1V, 15V, 2VeR
S17bAlel  wHe AwFEmert 7z 15MHz, 2MHz,
2.9MHz, 35MHzO.2 20id & &g AT 4 9o
o8 72 BEE AldAgE 1V, 15V, 2V, 25VE U}
B A dEle) AuFEass o 25MHzo A 2 H e

AEpE U8 U AHFoeSMHE Ze CMOS Gm-C MASZE e A 1467



BRBEHRE 57% 8% 2008% 88

14 dEel o]5o] Ztzt 26dB, 1.6dB, 0.4dB, dB Lo
2 dgtE $ J&e AT £ vt G4 AT AAY,
stv 19 49 dHEE 2 ngp%A il

5l
1 FaFEaae] WsleE gmRszte ©3e

L N N P A
MATR AR AARRARARACRARARARTE LAR AN

(@) S3chA(100KHZ)2l S Tty
(b} Attt A(25MHZ)2 &
(c) MA[Ched(3EMHZ)2l &3 ntd
O 8 HAE 5% Gm-C BB EE 9 A8y By
(a) The output signal of passband(100KHz)
(b} The output signal of cutoff band(2.5MHz)
(¢} The output signal of stop band(3.5MHz)
Fig. 8 The transient characteristic of the designed 5th
Gm-C active filter

oy 82 % Ei«l A 7He d
o a9 a9 A%, ZEHe g
g 200mV, IOOkHZq 4
200mv el HojA Ak gg oA & 4
d o A E=e ¥ 82 -3dBR JHe Agau
25MHzE 7telE & A9 AAEHN ol=e] guEAg
o] 50%¢1 100mVeY #HE 4& F 3
HoRE 70.7%9 ol5o] alatal sojof st v} A
o A7t TAEIE oy FaE 2Ae] s%d HE
%z}# A= A7 gl dFolth 19 Rl Axu4d
FHEA 35MHzE 7te B$9d 2 £8o] smyelda

At o Aite

Sg e xs o

468

HE 30T F glolM wimy
AUt ol o] dojF HAH H
® 49 Rgsach dudoz B =IFoA
Gm-C $Ege7}t 2AA%E &9 1 WCDMAY 714
o4 AEde 2y A ¢ e 7HeAdE Fdsnh

k3 4 HAHE 5% Gm-C =5 ¥HEe 84 &I
Table 4 The results of the characteristic of the designed 5th

kzruE
.

Gm-C active
A e WCDMAE 2% gt AA Az gk
A e 15MHz ~35MIE
iz 25MHz Cedrr)
TR
Ealfiddol|A] 14B 2R Cutoff) A el &
FAH Ripple 54| Sagelaiesy) (2~3dB)
GAF Er ] EE3)
Bl ZAE | -6dB(BETTER) e 208
AR = TEMHz) ) 40dB 3TEMHzeN A 370
HdEgag 33V 33V
R 15mwWo) 3} 145mW

5 5% Gm-C & =¥ =H # ™MzEhs stz gs

Layout

AAE 52 % B "HE Hez Azrer] Hsky
0.25um CMOSF A et elo] 938t} Layoutdstiem 19
| detdigith 2" 9a)s= EAAAEE S CMFB 3 20]
W O 9 AT A4 23R FololxrEdolt)

(a)

(b}

() EAZIZE2} CMFBEI 22| 2f0|0}2
{b) 5At Bt SSEE{S 2olotr

O3 9 MAS 5xt EfY SSEE©Q Hojoie

Fig. 9 The layout of the designed 5th Elliptic active filter
{a) The layout of the fransconductor and CMFB circuit
(b} The layout of 5th Elliptic active filter



B efdAs A8ty F4g opdma s
d A49EHE WCDMA 71AGE & Alge] B8 A7 s}
fdom HZE Homn Azt H HAste] #Holobx it
EE s tsddas A 22 E e DT
F7b dAT Mol 2o B 5 gl TR 5
AE #e deHE dAsdch dgdA A, dEE 748
71 S E-.%Z:L‘lﬁ BHE AA g slojM Aozdgen &
dadgds g wart sbwExs dAsgEd
HSPICE 1 ﬁ ol A, 15Mk~35Mee] ASFogel =

I o5& ~2.8dB~2.6dB2§4 F%ol 75
€ 26 & WCDMA& o2 ¥wk
*1 e AR A &

?_EHT%E}
E

]
Jﬂ;‘:

NEEEE A o BaUY A5 A
2k 200mv, 100 1 ﬂéé‘% #E A49E o, og_@_} 4 3
AR A Foagl 35MEE b
@ o] Epvel e =8 glo] AAEL oy

=

i

it

[l

o T

T AojA wEZEH 53 JREA dRE A B o=
oA SuE AnE wgoes ad 33 oEg9s g1
JE AHESE Faviel By dA 4e dPe v
7tz gk

2 2 oz 8

[1]1 T. Hollman, $. Lindfors, M. Lansirinne, ]. Jussila
and K. A L Halonen, "A 2.7V CMOS dual-mode
baseband filter for PDC and WCDMAY”, IEEE Journal
of Solid-State Circuits, Vol 36, pp. 1148-1153, July
2001.

[2] HFischer, F. Henkel, M. Engels, P. Waldow,
“UMTS/GSM multi mode receiver design” Circuits
and Systems, .ISCAS Proceedings of the 2004
International Symposium on Vol, 4, pp. 23-26, May
2004.

[3] H. Ishikuro, M. Hamada, K. I Agawsa, S. Kousai,
H. Kobayashi, D-M. Nguyen and F. Hatori, "A
single-chip CMOS  Bluetooth  transceiver with
15MHz IF and direct modulation transmitter”,
Solid-State Circuits Conference, Digest of Technical
Papers, ISSCC 2003 IEEE International, vol.l, pp: 94
= 480, 2003.

[4] Sining Zhou, M. Chang,”A CMOS passive mixer
with  low  flicker noise for low-  power

direct-conversion receiver” Solid-State Circuits, IEEE
Journal of Volume 40, pp.1084 - 1093, May 2005.

[5] T-K. Nguyen, N-]. Oh, V-H. Le, S-G. Lee, "A
low-power CMOS direct conversion receiver with
3-dB NF and 30-kHz flicker-noise corner for
915-MHz band IEEE 802154 ZigBee standard”
Microwave Theory and Techniques, IEEE

e U8 i XeF IS4 8 WE CMOS Gm-C M SHE dH

Trans. KIEE. Vol. 57, No. 8, AUG, 2008

Transactions on Volume &4, Issue 2, pp. 735 - 741
Feb. 2006.

[6] Hussain A. Alzaher, et al * A CMOS Linear
Channel-Select Filter for 3G Multistandard Integrated
Wireless Receivers” IEEE JSSC, vol. 37, no. 1, Jan.
2002

[71 S, Pavan, Y. P. Tsividis, and K. Nagaraj, "Widely
Programmable  High-Frequency  Continuous-Time
Filters in Digital CMOS Technology”, IEEE JSSC,
vol. 35, no. 4, pp. 503-511, Apr. 2000.

[8] B. Pankiewicz, M. Wojcikowski, S. Szczepanski, and

Y. Sun, "A Field Programmable Analog Array for

CMOS Continuous-Time OTA-C Filter Applications”,

[EEE JSSC, vol. 37, no. 2, pp. 125-136, Feb. 2002.

F. Behbahani, W. Tan, A. Karimi-Sanjaani, A.

Roithmeier, and A. A. Abidi, "A Broad-Band

Tunable CMOS Channel-Select Filter for a Low-IF

Wireless Receiver”, IBEEE JSSC, vol. 35, no. 4, pp.

476-489, Apr. 2000.

[10] G. Bollati, S. Marchese, M. Demicheli, and R.
Castello, "An Eighth-Order CMOS Low-Pass Filter
with 30-120 MHz Tuning Range and Programmable
Boost”, IEEE JSSC, vol. 36, no.7, pp. 1056-1066, July
2001.

[111 J. A. De Lima and C. Dualibe, "A Linearly Tunable
Low-Voltage CMOS Transconductor With Improved
Common-Mode Stability and Its Application to gm-C
Filters”, IEEE JSSC, vol. 48, no.7, pp. 649-660, July
2001.

[12] U. Yodprasit and C. C. Enz, "A 15 V 75dB-Dynamic
Range 3rd-order Gm-C Filter Integrated in a 0.18um
Standard Digital CMOS Process”, Proc. ESSCIRC
2002, pp. 647-650, 2002.

9

[ina}

A A A& I

HEFI(HEB
1966 9¢ 2844, 1939d HAEdgtu
A71Fes} £9. 1919 sdigd dr
Fata & WAH 1996 werd
1%"“‘51}'@ F1(HAY, 1997 LGHER
14 ?'1%7':5: el el 1998 ~ @ A
Bostin & AR RS
el 1 063-850-0761
Fax : 063-830-0756
E-mail : jhbang@chonbuk.ac.kr

R

N

N
L ia’, R

>

=y

‘;a’

1469



