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Realization of Gm-C Filter with Accurate Tunable Frequency
Jiang Jin-guang Wang Yao-nan
(College of Electrical and Info. Eng., Hunan University , Changsha 410082 , China)

Abstract This paper presents a new circuit to tune Gm value of transconductor accurately which employs
switched-capacitor technique to change the bias current of transconductor. A third order elliptical function lowpass filter
with accurate tunable frequency is designed using transconductor that is not only with voltage common-mode negative
feedback, but also with varying bias-triode transistors to improve the linearity of this circuit. Simulated results show that
the practical frequency response of the filter is very near to that of idealized circumstance by applying TSMC 2-poly
4-metal 3.3V power supply 0.35 pm CMOS technology Spice model.

Key words Voltage common-mode negative feedback, Tunable frequency, Gm-C filter, Source-degeneration feedback

Vol.28No.7
Jul.2006

active resistor, Elliptical function filter

1 3l

it

AR, JEIE LI IR AR 5 B RS | E
BRI THT R S0 A0 5 7 J0 S R A ATk e I FH DA B 80
FRIFRHEAE RGP PR SIEN! ~°, R cMos T8
S P AE BICIE B I 1) 0 AR AR PR, by — (U dE
F MOS AR5 1E 42 FiBE . FiL2¢ LA & MOS 18 580K 4% S B
“MOSFET-C” HIHuEHEAT, BBk, 2N iZA
— B L DA SR SLRE B IR D B, AT T SR AR
JEBAR TR R h T2 RS . 2SR
EYi e Q)8 &z ES LR

S S SR ERa R (E U WA RN (P O s R )i N T 1
T AR, s SHE U vr-A5 3 0 F s 2k #
TE AR R P T B FH A L by SR i L 1R v T —
A EAM T AR GRS Ul ST 0 28 5 440 1T i85 5 T i

2004-11-15 Y £, 2005-05-08 25t[A]
PEE SRS, ER AKRRIEIL S (60375001) FlEfsil -t
Jg Sy A3 S

R AU i 280 1,

P Ge XU U AR s IS TRAT T 2 DL LR fE, Bt 3
s ML ESEATIR B I TV [, ' A 0 2l 2 (8] R
LMEFEIR R, A RAFHEvERe; 3 2 m02 L
MZEVEEDN, T B RIS TRAE N K 2 A TIT IR,
FEARRIEIREA KT 1%MZ&AE N, Prfavri = m A ik
TEEZI 0 10mV, BT A2 BRAIE 2N i i (K 3 23

ARTCA AT Tl (KR FH O 5% v A R T 4 i L P O
(BRI FL B o I P 2 FEL B T LIRS 15253 G (AR
BB B E S AR RS U E IR R . [N T
T 2228 AU 4 N LA SR P IR e PR T e K ZE R
FN O SRV, FERS T IS TR0 P I NS S AT R
BH, JFGIN S IUAE 0 S 15t L AU 195 308 TG A A
I %5 I O L AR Bt 1 =i I R BRI DB A8 -
DIFCE AR W Pt BB IERG . AR SCRIE 2 96
IR TEINEE FIETRIN A SR B 28 3 WA AR TR
BRIV LB B 55 4 9205 3 i A =B o
HogPeas vt el H5 5 WRA YRR v A 1O 07 A5 R s



2 EEFESEMMEH. REBRETASRE—MIE
ik

5 SIE TR AL SR BRI 1 TR, FESCHR[3 SR k)
RS IEAT T o5tk B4 24 T 5 S8 “Cascode” 4544,
RORE AT DM 8 i CAETEAR R R AR 3, MOS 4 Mrl,
Mr2 TAEFELRTENX, A XA N A HA R e kB .

VDD,
| | Ms
=

| & M
'

B RIS B A
A AR s S ey B E

Fig.1 Diagram of transconductor with source

degeneration feedback active resistor
BT B 1 9H MOS & Mrl, Mr2 FIMHE 5 220 4\
JEARTE, AR 50 E BRARE, Tk, TRtk X
MOS & Mrl, Mr2 H1-J- H AR T4 ff A% ri H i (5 451 Fi
B PE BRIt . BRI Mrl B0 M2 Sl TAETEZMEX,
A7 L& FE FHAE O SR TE, BV, =V,), T
H
Vo =V, =V, —Ves (D
BT Mrl AT M2 iU 0 RS, R 25 i)
AIML, M2 AHZE, Frid Mrl, Mr2 £ T/EFEZIER . 7S
BIR/ME ST, AT LA 2] Mrl, Mr2 (/M5
SRR, W Q)R
1 1
N e WD)V —Vi) Ky (Vg Vi)
K 1 7 MOS & Mrl fll Mr2 A UGEC#0:, thT MOS &
M1, M2 (s AN S —EfE, S CR SO s R, M1
M2 B ME SRR R X 3) 7w -
1 1
S o WD),V V) KV —Vy) @
HMES 4 BT i, TRRR
V., -V,

— in+ in— (4)
rS] + rSZ + (rdsMrl HrdsMrZ)

2

Iout

SR
Gm = iout /(Vin+ _Vin—) (5)

CIEPEEE
Gm = 2klkr](vgs] _th)

6
K, + 4kg, ©

oo 728 %
Iy
=2 4o W/ L)V Vi ) )
pio
(Vgsl _th) = le/kl (8)

#E@)RAK(6),
Gm = ki ©)
(k, + 4k Wk,
N O)FRATT AT LA H T 1 o5 A 95 33 TP e 5 P 9 ) A i
PILES FE M SR .
R, AR T LAEAELAEX 1) MOS E il Az I
it 45 A S TR 0 T P B B v 1 S
HH RN TV, MV, HIZEBONE L, 7R
NG BT, MOS & Mrl il Mr2 JEA L FAERANE
WA IR B, PRI, JCER Mk SR bR R i T R e
SR IS TE (B IE B 1y TR T 1), T MOS & TAETE
LR X (10 PR B B T TR X A 0 Fl R ek P B A,
P YL, T/ ME SRR SE, HRE gt Eaa el T
MOS 4 Mrl, Mr2 BIMIPARFA ] 52 f 5 B (EUAH ZE I 1) 2 1
JZ, thT MOS & TAEELAME DI 2 5(10):
i, = 4,Cox W /L)[(Vy, = Vi Ve, ~ Vi /2] (10)
B, (Vi =Vyp) >V, » R0, 24 MOS 4 Mrl, Mr2
PRI 5 [ 5 i 25 PR FSARDZE S, SRR T 8 n, >4
M1, M2 B HLEAH R, AT 5 L5 A S b k)
T o A TAMEHE R M1, M2 B 7E NS 5 I 5 Sk,
MOS & Mrl, Mr2 [MMHRFIEIAAG 5 AE, BEERANE 5 5
B, TARELRMEX [ MOS 4 Mrl. Mr2 (#7655 5 F B ik
/I, SISO (R L RELBL AR > 380 T LB B, ST T
MOS & M1, M2 & itk /N S8, 3G kS K, / k,, L,
HL K e A B SR R B T, AT AR SRAS S A ¥ 2 vk
JE . X SCERBIR Y AMHz JEUR A, 3 4R R A
ky /Ky = 6.7, PERAFAE SR K AR 508 350mVims I )
REAHAE 50dB AiAi.
1t MOS & M7~M12 Jh i R IEEL G R It %, figda
5 15 308 T FL K R S A A
s FIE UGS B R @, b AR TR, g
MOS & M7, M8 [WHLFR IR, BT IE M12 iR E
SE, JTLAGE MO B RLIURE GO, AR HBRZE M11 o ) FL it
IR, HF M3, M4 LU M1 # R BE B i, st M3,
M4 RS, LAt a, b Rl TR, RE T
Fasg a, b RULAEHIRMER .
KM _EIR P (4 2200 5 RIS RO BEH S R E] 2 s
— 4725 Gm-C JEJ A -
Bl 2 BT BB 35 1AL ek 20k
Vou(S) _ SC +Gyy _SC/(C +C,)+Gyy /C, +C,
V,(S) S(C,+C,) $+G,,/C, +C,

(an



VLA 6ET USRS 0 v 55 5 F R I i A S T 1337

K2 42— Gm-C JEH & L
Fig.2 Fully differential first-order filter of Gm-C

3 SREFTI RS
HERAD) I, JEE AR LR Gm/C FTkE. H

TAES T U S SR A E R L2 R R AR,
YRR, B, LR T REIA R 30%. XFESAE
T S 32 P A U A v A A O 2 L e T A R
AR RGBSR . b TV BRI B (R B 2 1 S
LSRR (R R R 2, BT 8 R v — AR Y R gk
IR 22 . IWR(O) T ERATRTLAE K peisl 25 15 5
R T 54720 05 Ris e h W ks 2 i MOS & (Bl 1+ MOS
B ML, M2, Mrl, M2)I%EKLWLE S, EESILEH
A E 1, ARG BT TR s SIS R
P MOS B 9 KU vl A, B T LA A 3L
i B LR AE /N T T, MBSO 5 S I8 80 B A1 . SCHR[ 16,
V7] P ARG R 7 10 R — S8 A b, kPRI rp b
BIE M — A ZAME AR 2 . NIk, ol DU A
Gm/C M LEREHE] 1%L N o BT V2 5
SEEPEAMR LR, SR — @ (R AN L RE, ] b 00 e i e
TEZRGE TP R AEAN 5K Ry 7, 12 ) 7 AR 300 6 K o L%
{12 = (T R = R e 9 o S S W e e 5
RIS BAT RN R A, L R IRR A A1 e B R
HAREINIE, JITAL) RSP A E A S e o 52 T E 5 T Y
OB 23 LA

WE 5 ST A RAE R, B Gm=1/R, W
N Bt L T AR SR

Bl 3 Fios i, 5 g N s A S B I S
BTG, G R Gm BN R, I R R AR
WA KTt 15 I8 T80 IR, X S A IR I 22 (FKE 43
HE PRI JBORT L2 T A F K R 4 88 B, T LA LA e Vg
S ELHE N B3 5 SR AR RN S8 A AR AR AR ) A 1k

AR T BORERIG Gm/C GBI ) T A AT DU A
FHIF I g AR S e, L r e S M Gt ] 4 s

K3 e s AR T LB

Fig.3 Circuit of constant Gm value adjusting

Vit

+

Kl 4 FIFIT R LA BARS T 15 S8 Gm (1520 Lt
Fig.4 Circuit of Gm value adjusting accurately using
technique of switched capacitor

TP HL A e DT SE BN S50 BB R, = 1/(,Cyy)
BICH P AR E R R R, B f, , JGET, JPOCH
5 P 1) S5 08B IV e v Ay BRARLES SRR (B0 58, 45 SR B v
SN, WA, V. =GmV, x[1/(f,Gm)]<V, , HJE/H
AL A5 R (V) DU B8 I ) PR 1 ¢ B R AT R iR L
Gm i, fEHIEI, 3SR SE Gm ¥ N 2] 5 BAR
fHARSE . BT UB B I LRy Gm/C, 540 R A H
TFRMAERARNE, 2R (12):

Gm/C=f,G,,/C (12)

T fo JORSERIR I B, i HAE SR O LA Y

VCRCHRS BEAR 1, BT LART DA S EILPS 3 i 25 e 8 1 5 30 (1 kG
BT, AT S B IR 85 A R RS A B

7Y 404 [ B 30308 oA 2 1% T SR

IR TR IS SE T RS RLC A1 e bk T2 8
Wes, R TCUEAGIE R EOE R g ka1 5 BTR .

Lh—»

4 EEHER=

’ I,
Ry 1y A Vs o,
—L
— -
Vin C, |

+ ¢, == Cy 0=
o ° 2

Bl 5 =B oy el Bkt e 2
Fig.5 Diagram of three-order passive elliptic filter

il 5 PTG R RS T 2

I =MV, —V1)/Rs (13)
V,=(1-1,)/[S(C, +C,)]+C,/(C, +C, )V, (14)
I, =(V,=V),/(5L,) (15)

Vy = (1, = 1)/[S(C; +C))]+CV, /(C; +C,) (16)
I, =V,/R, (17)

Fa(13) - sRADM R L |, =V, /R IR RS, 1#
Bl A5

V' =(V, -V,)R/R, (18)

V, = (V' =V,)/[SR(C, +C,)]+C,V,/(C, +C,) (19)
V, =V, -V,)/(SL,/R) (20)

V; =V, =V, )/[SR(C; +C,)]+CV,/(C; +C,) 1)
V, =V, (R/R.) (22)

R4 (18) — X(22) AT 15240 N s SR A -



1338 e - - N 928 4
! +oon 1 1 B RR ! Rs =R, =10kQ , C, =15.0557x107°F,
>

1
SR(C+C) Y
-1

v,
GACHE)

QM;@
Ko =Bt et Hok ds5 S sl
Fig.6 Signal flow diagram of three-order elliptic filter

MAE ST 6)rh T W, =i [ R B B FE A BT
HIA 3 S AT L LE B BOR S AL B R e TR B 6 ZR 51531
5532 TEOMT FL A I AS) RS FR — B AV 3] e sl &, i 7 i
718 FErR iR L s BB O #5% AR #8 23 L1 B T i Gm2, Gm,
Gm9, Gmll, Gml3, Gml6 AT HJEUE LS, (Hi T
JoU5 L BEL ) 20 (EDRS FEAE SR BB A TP ARMERS B PR IE,  HL
JLAES R T i BB LS RIS ORIR 2, L, fE=FY
00 531 R 50008 YR 24 1) A7 9 9 4 S B e 4 R B3 T B A
SO S R 2 S ey (€ K R TP NI B i PO B [ !
VLAFRURERA TS, PRI mT LAAS B BEARFK =B A 5 b g

BRI, (ER T R, R AL .

Gml=1/Rg

Gm2 = Gm3 = Gm4 = Gm5 = Gm6 = Gm7 = Gm8 = Gm9

(23)

—Gmll=Gml2=Gml3=Gml4=Gml7=1/R (24)
Gm10=1/R,,Gm13 = +C x% Gmie=S1C 1 05
2 2

K7

A1 bR i P A I A S B
Fig.7 Diagram of three-order elliptic Gm-C filter

5 ZMEEREUERE I RITRGE
Bk (1) WATIAZAAR K 1.0MHz, 0.5dB 340 (2) B

HILGINFE ) 1.6MHz, FHATZERL 18dB I B bR £ I JEp
o

RSR[5, AT AILIEUN T 0.5dB I (1 St %
A p=25%, Rp=028dB, MR p=25%, &
4 A =117dB , LI A +A =18+11.7=29.7dB .

M, A4S n =3 A1 R 25U A AL BT K

U 0=40", @ =1556, A, =18.56dB .
FE BBV — Ak st B g b 2 T AFE R e Ry =1,

C,=09455 , C,=04047 , L,=08141 , C,=0.9455 ,
Ry =1 F i AT AR e nT A5 20 F i

C, =6.443x107"F,
C, =15.0557x107"2F ,
R 7 RS S A e s s

Gm =

L, =1.3505x10°H ,

L _jos, L—é:13.505><10’12F,
R R

C, +C, =21.4987x107"*F,

C, +C, =21.4987x10™"

N G FH(TSMC)2 Z £ dikE, 4 )24 )E2P4aM), 3.3V
YRR, 0.35um CMOS T.Z Spice model /7 H.AS 2| H A5
Wk E T 8 P

M8 T L, LA i 3 i e A AR
Ze gt th T s TR A AL AN T 5 T A

» HHBLAIR VD

1 100

10k
i (Hz)

SR IR AT U I e R 5 F A IR % R A

Fig.8 Response of three-order passive and active elliptic Gm-C filter

IM  100M

8

6 LERIB

B AT SN0 R Y, RS SIE O A A
DG S U 5 R KiE e a (RIS R T HLBR PR T Y
HUBEL A2, ph T s R U B LR R 5 s s L
ACAT AR KR i BTG, 3T BLys/ Nt iy e AR,
FL I P BT R U PR AR A YT L ] U T2 B T E S
PR AR AT i 125 Y v B S G ML C (AU A 3)
VAR BEARAEEL, AT ORI BB 0 S BURS E

2 % x #
Tsividis Y P. Integrated continuous-time filter design: an overview.
IEEE J. of Solid-State Circuits, 1994, 29(3) : 166 — 176.
A CMOS

analog front-end circuit for an FDM-Based ADSL system. |IEEE
J. of Solid-State Circuits, 1995, 30(12) : 1449 — 1456.

Chang Zhong-Yuan, Macq D, Hapeslagh D, et al..

Krummenacher F, Joehl N. A 4MHz CMOS continuous-time filter
with on-chip automatic tuning. IEEE J. of Solid-State Circuits,
1988, 23(3) : 750 — 758.

Martinz S J, Steyaert M S J, Sansen W M C A large-signal

very low-distortion transconductor for high- frequency

continuous-time filters. IEEE J. of Solid-State Circuits, 1991,
26(7): 946 — 955.

Yamazaki H, Oishi K, Gotoh K. An accurate center frequency
tuning scheme for 450kHz CMOS Gm-C bandpass filters. IEEE J.

of Solid-State Circuits, 1999, 34(12): 1691 — 1697.



Ll VL0655 ORISR n] 15 5 LA D8 s S L

1339

(7]

(8]

[9]

[10]

(1]

[12]

Gopinathan V, Tarsia M, Choi D. Design considerations and
implementation of a programmable high-frequency continuous-
time filter and variable-gain amplifier in submicrometer CMOS.
IEEE J. of Solid-State Circuits, 1999, 34(12) : 1698 — 1707.

Pavan S, Tsividis Y P, Nagaraj K. Widely programmable
CMOS

high-frequency continuous-time filters in digitals

technology. |IEEE J. of Solid-State Circuits, 2000, 35(4):
503 — 511.

Fiez T, Allstot D.J. CMOS switched-current ladder filters. IEEE J.
of Solid-State Circuits, 1990, 25(6) : 1360 — 1367.

Zele R H, Allstot D J. Low-voltage fully differential
switched-current filter. IEEE J. of Solid-State Circuits, 1994,
29(3) : 203 — 209.

Moon U K, Song B S. Design of a low-distortion 22-kHz
fifth-order Bessel filter. IEEE J. of Solid-State Circuits , 1993,
28(12) : 1254 — 1264.

Wu J, Masry E E. Current-mode ladder filters using multiple
output current conveyors. |IEE Proc.-Circuits Devices Sys.t, 1996,
143(4): 218 — 222.

Sun Y, Fidler J K. Current-mode OTA-C realization of arbitrary
filter 1996, 32(13)

characteristics. Electronics Letters,

1181 — 1182.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

L4

TR

Sun Y. Second-order OTA-C filters derived from Nawrocki-Klein
biquad. Electronics Letters, 1998, 34(15) : 149 — 1450.

Sun Y. Note on two integrator loop OTA-C configurations.
Electronics Letters, 1998, 34(16): 1533 — 1534.

Williams A B, Taylor F J. Electronic filter design handbook-LC,
active, and digital filters.(second edition). Mcgraw-Hill
Publishing Company, 1988.

Johns D, Ken Martin K. Analog integrated circuit design. John
Wiley & Sons, Inc. chapter 15.

MiRsthl, FE%, et al. Bl CMOS SRk HIBR BE .
V22 VAR AL 3 3 58,

TGN, A, RS, BETRUr 1> o GFLFOTA
LA IR, MU RGEIR, 1997, 2(4): 22 - 27.

RN EE, R, Hits. CMOS 55 HIARUEIGS. M
HL 24, 1997, 27(3): 159 — 163.

Razavi B,

9, 1969 4, )R, WS IR AU S R AR R
g8, WHRERENT SR %A AR D FR B 1 LI 1
T4,

W, 1957 4, Wd)n, HR, WIBREHRALFEET
FAEBE b I, WAl TENFEREH. At
SAEEE L G B H R IS A



