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Abstract

An 8th-order elliptic low-pass filter with cutoff frequency of 3.13 kHz is presented. The design

procedure is based on the 1/s impedance transformation which is applied to a minimum capacitor
LC ladder network. The transformed network is implemented with resistors and high @
frequency-dependent negative resistors(FDNR’s). The high @ FDNR is realized with two
transadmittance amplifiers. Detailed SPICE simulations show that the filter has pass-band ripple of
0.18 dB, stop-band attenuation over 100 dB, cutoff frequency of 3.13 kHz, and cutoff frequency

temperature coefficient of 8.5 ppm/T at supply voltage of +5 V.
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Table 1. Element values of the LC ladder
filter obtained from the filter table.
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SPICE MODEL PARAMETER
LEVEL=2 U0=521.3 VTO=917E-3 NFS=06E+12
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LEVEL=2  U0=1675  VTO=-915E-3  NFS=065E+12
TPG=-10 TOX=225E-9 NSUB=37E16 UCRIT=10.0E3
UEXP=99.3E-3 VMAX=28€E3 RSH=4182 XJ=300.0E-9
PMOS | LD=709E-9 DELTA-215 PB=08 JS=10E-6 NEFF=093
WD=4082E-9 CJ=3048E-6 MJ=4543E-3 CJSW=45E-10
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CGBO=625E-12FC=500.0E-3 XQC=10

©w
(3]

-

[3,)
RN SRS EEEERE LR LN RN R
I I 1 1 | | T

LI AL Bt SR L E DL B I B

e : Simulation
— |deal

lllllllllll'[lllllllllllllllllllllll

@

-
N
w

Vin[V]

a3 7. TAAY -9 A<d §A
Fig. 7. Transfer characteristics of the TAA.

FDNRY| Ful BAL 13 8ol Bl AH 34
H2g  olgsld FAPYck o] A FHE=
fy = 1/22R Do) oA A==, o] | ZHo] 0
o] A}t FA 2ol AR A7) RpE 10 kQO]



1998% B8R BFTBEHNE #3154 CE H R

A3, HF AAE Cpd 500 pFOlH R, &
10 oollx} 300 Me7HA] HEAFIRA T3 FHE
EHE F Dy = VI @ )'RIS Al whsisle
X9 & AR Fubae] A3t i Do) 3%
o W3kE ad 9e veblick o] I™L, (19) Al
A AR wie} 3ol D(s) Ftol °F 40 kHz7HAlE
79l A3} o ol Sl Faavt
7¥el wet FE3 FRide A Begch o
¥ 89 AE ¥ 32F AHg3led, FDNRe Hd=
vehte 714 ASAE: AR ¢, & 94 SAHY
ot 34 WL o 2 5 3R 32t 3e
ajef o g F Al g3 ¢, 3 T3
o ASE a9 100 el o] a2d 9] Fas
7t F7el w2t C, ftol FrRithe A& HAFETh

=0 =
== '=TZS]

CR
=

oV,
2R,
[~
)
-._l:_-+/
.
Y, | ERr,
\

32 8. FDNR& AH3 Ad-34 3=
Fig. 8. Series-resonant circuit using the FDNR's.

LI B RELY T T 7T T vy

1
.8
&}

4

[N\

D(s){pS/kHz]

0 o.
D o=

.02

108

WS

104

llllll 1 L Illllll
102 102
Frequency[Hz]
18] 9. FDNRY D(s) o F3<= BA
Fig. 9. ID(s) versus frequency characteristics of the
FDNR.

01t

(653)

49

100 E

10

Capacitance[uF]

LBALLLL SR RALL BRI ELLLL Bl

.01

T

.00t

2 el sl

10°% 104
Frequency[Hz]

22 10. FDNRE 7|4 AGA LA of Faig FA4
Fig. 10. Parasitic capacitance versus frequency
characteristics of the FDNR.

102

L4111

108

TAAY i Jepdes 714 AfAR—2T)
FDNR®] Qo ofd F3s FXE dotrr] ¢4,
TAA9] sl EdXAHE M~M T Ad d9ZS
WA U] EAAEES IR F Al

(<]
L

a2

Al FDNRY Q& &A3ch 2 AxE 13 114 v
ehich Z™eld, (a)¢] 2HZE TAAS 8w =
AR 215 Ad Zab Aozl 10 um9} 3 umd
g Q9] Fa EAE ez, b)Y aHEs
2 g Exk Zojrl 300 pmet 30 4umY o] F
Ae Jepdch 2oz yE] gy Edx2Ee A
g E3t Aol7b A2t 10 ume} 3 pmd W QU E
e e o S 9l

3000 ,.' TIIIr L} T lllllll T LI Illll' T l"l'TIl"!

o —@— @) L=3um W=10pum ]

2500 |- —— (b) L =30 pm, W= 300 pm .
2000 [
§ 1500 |-
£ o
w C
& 1000
500 [
o

-I Illlll i 1 IIIII‘I L lLllllJ N 1 ll‘llljl

102 108 104 108
Frequency[Hz]
1% 11. FDNRY @ =4

Fig. 11. @ characteristics of the FDNR.



50 ERzojsrda 2E7)8 o4 Aty 83 dHE AH-57 437

‘5.6 N T

T Ty T

. —— @L=3um W=10um ]
5.8 e (b) L = 30 um, W = 300 ym ]
6.0 £ ]
S - ]
T 62 E
3 : YAE
64 H
- L
66 .
L i b v aaal L =
102 10°
Frequency[Hz]

27 12. FDNRY @ skl we 29 309 A%-
23} ojsjrle) 2lE B4

Fig. 12. Ripple characteristics of the low-pass filter
shown in Fig. 3(c) according to the @
variation of the FDNR.

k2 6. 7] A5 8oF
Table 6. Summary of filter performance.

Ao st d9e
) I -3} o3l
-F 313 kHz
A% doE 303 Kikz

EEwE <011 B
5309 AAE <602 &
AR A > 100 B

Fa A% =5V
A% A 14 mW
£ 0 ex ceze 8 udBT
Ao LS 85 pom/C
PSRR+ > 50 dB
PSRR- >34 dB

a3 12 39 116 A @ #wE ZE 5 UK
o] FDNR#} % 49 2ARHEZ 18 3(0)Y 43p7]
= AEH A d Lol Hurie] -EH A
g EAY 2E FES siste] vehd Aoftk o]
a3 e2Re], FDNRY @7} osp7|9] it Fu
%‘—1011/‘1 & g 7H o Ao B4e] Frke
< & 4 9k 29 132, 2 114 (a)9] A%

% *dﬁli*;aq u, & TAA«l ¥ =R 2B S
Ad Z3) ZolE A2t 10 pm e} 3 pmE HS 9

&85 5

A3k AF BYE ekl Foldh. o] Asrle A%
& % 60 Jehich o] E23E), ¥ 26 vehd A
A Aoyt Aol A} B AR Ae @
4 Ik B3] cizple) AR-Foe L= AGY} 85
pp/C2A = Bxo] whe $59e & 4 gk

0 T

20F

-40

[T

-60

LRAN AR

-80

Gain[dB]

-100
-120
-140

LR LLAAS RAREN B

2l sl JAREETITD,

_160 L gl
10! 102 108 104 108

Frequency[Hz]

a8 13. 2% 3¢ 2l A9-%3 Hg4719 8l-2
Y Hd B4

Fig. 13. Transfer characteristics of the low-pass
filter shown in Fig. 3(c).

vi. 8

TAAE o]&3ld FDNRES AAfz AAR
FDNRE olgsle] Allely 8x Udgs Ad-%
duirle  AWgch A" dele 07} Ee
FDNRS ARE-817] el A olabdal BAdol 7+
e -2 A BA4L vt =3, o °=1J3r7lf
F5d &E B3 e E-dd 2E a3
100 dB o] Ax-ti 7S AAe Aol
e oupy] Balo] Ael WA dErke FEE
SR}, =3, g2} sl AAsEls)e] felslc
wehy 2 ERex] Ads Ay 83 99 Ao
~¥3} ouple 433l 27EE T4 Al 2
AR, TXE FUES] #2b FIHF)Y, PCM
Az} 2" gel3 4E 317 Sl de] AME
% 9le AHolck

& 2

#

Ho

[1] M. Valkenburg, “Analog Filter Design,”

(654)



19984 85 BFILBEHNHE HIH L CR £ H

51

Holt-Saunders International Editions, ch. [7]1 %<4 969, “OAd FHELFICY A
14, 1982, A" Telecommunication Review, vol. 6,

[2] A. S. Sedra and P. O. Brackett, “Filter no. 1, pp. 8-14, 1996
Theory and Design: Active and [8] L. T. Bruton, “Network transfer func-
Passive,” Matrix Publishers, Portland, tions using the concept of frequency-
Ore., ch. 11, 1978 dependent negative resistance,” IEEE

[3] = 3% 744, “CDMA 54 FHE A2H Trans. Circuit Theory, vol. CT-16, pp.
< 91330 V CMOS € A7t Ao e 406-408, 1969.

2] A" Telecommunication Review, vol. (9]  National Operational Amplifiers Data-
6, no. 1, pp. 2-7, 1996 book, National Semiconductor Corp.,

[4] W &3 9] 49, WD A&7 AFR= Santa Clara, CA, 1995.

CMOS A£71& o147 33V 5% A9 ¥ [10] W.-S. Chung and H.-W. Cha, Bipolar
B 78 d3AREEE =24, A33E, B linear transconductor, Electronics. Le-
#H, A4E pp. 52-62, 1996 tters, vol. 26, pp. 619-620, May 1990.

{5] F. Krummenacher and N. Joehl, “A [11] A. B. Williams, “Eletronic Filter Design
4-MHz CMOS continuous-time filter Handbook,” ch. 12, McGraw-Hill, 1981.
with on-chip automatic tuning,” IEEE J. [12] L. P. Huelsman, “Active and Passive
Solid-State Circuits, vol. SC-23, pp. Analog Filter Design,” appendix, Mc-
750-758, 1988. Graw-Hill, 1993.

[6] A, Wyszynski, et al, “Design of a [13] A. Rodriguez-Vazquez, et al, On the
2.7-GHz linear OTA and a 250-MHz design of voltage-controlled sinusoidal
elliptic filter in bipolar transistor-array oscillators using OTA'’s, IEEE Tran-
technology,” IEEE Trans. Circuits and sactions on Circuits and Systems, vol.
Systems, vol. CAS-40, pp. 19-31, 1993. 37, no. 2, pp. 198-211, Feb. 1990.

PSP ]|

£ & H(IEER)

1967 3¢ 944, 1996 2% AHF
3t Hb=AFEaF3AD. 1998
W 249 AFsta ARl
AAD.  FAlEoks Bipolar ¥
CMOS oz FAZZ AA|, o}
G2 ge] A4, AR-EE As5A
2] 32 dA, A4 A3Ae F2 dA 5

£ 5t W(EFR)

19554 119 3904 19774 24 Fgriet AREAIZ
SN FAh. 19799 249 et AAREAIT 3
(F34AD. 19861 39 Y& #M(Shizuoka) & A=}
st Tal(FEhap. 19864 49 ~ A AT
RIEAFs 2. FEoks Bipolar @ CMOS
opd2 o M3 MA, ohdEa Pe] AA|, A{F-R
Az 32 AA, Ax Az = A4 5

(655)

& BROE&R)

1967 9¢ 2844, 1989 2¥ AFohst wk=AlF3t
FHFAD. 1993 29 AT AAFEINFEHA
AP. 19979 2€ AFA dxgssKFspb. F
FAlEob= Bipolar @ CMOS oldZ1 3432 A,
obd2 Fe] HA|, X AsAe] 3z dA F



