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A Gm-C Filter using CMFF CMOS Inverter-type OTA
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Abstract

In this paper, a Gm-C LPF utilizing common-mode feedforward (CMFF) CMOS inverter type
operational transconductance amplifier (OTA) has been designed and verified by circuit simulations.

The CMFF CMOS inverter OTA was optimized for wide input linearity and low current consumption
using a standard 0.18 mm CMOS process; gm of 100 puS and current of 100 pA at supplied voltage of
1.3 V. Using this optimized CMFF CMOS inverter type OTA, an elliptic 5th order Gm-C LPF for GPS
specifications was designed. Gain and frequency tuning of the LPF was done by changing the internal
supply voltages. The designed Gm-C LPF gave pass-band ripple of 1.6 dB, stop-band attenuation of
60.8 dB, current consumption of 0.60 mA at supply voltage of 1.2 V. The gain and frequency

characteristics of designed Gm-C LPF was unchanged even though the input common-mode voltage is

varied.
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Fig. 1. Proposed CMFEF CMOS inverter-type
OTA.

| / /—zuu 0
s00 : i

F1500 ¥

™~

H00.0E

Supply Current (uAj |
2
=
am (A/4) (E-6) |

W2 OTA9 ¢ #
Y2 gm.

. Supply current and transconductance
gm of OTA as a function of supply

voltage.

A AAE
OTA?] ¢

CMFF CMOS <I¥EH El9
zgto] W3H055 V, 065 V,

gfeol ¥ 3o ue} gtk EdMATERE A
g s A -05
FAE FAst Atk f4E X
et gm 549 WEst A gles &
2lth. CMFFZ A

of disiA, 4=
GAdol 19 4] e}k k. CMFF 32 &
7 ¥ FTE Halstdete (035 V

o
T

~ 090 V) gme] A2 100 puSE FASHARE
CMFFE A&sA &e A$E g8 35 me
Hgto]l zgwt WatsloetE gme F43 @4

(e} 2=
S+ 4



DC Respanse

+Vem=055Y - Vem=065Y ¢ Vem=0.75
110

100
ﬁe—/ﬁ

Transconductance (A/V) (E-6)

V
20
-1.0 -75 -5 -.25 o 25 ) 75 1.0
Input Differentiaal Woltage ()
3% 3. 98 As Ag Wl wE EdaA
HE2 gm.
Fig. 3. Transconductance gm as a function of

input differential voltage.

DC Respanse

-+ With CMFF
125.

T fl\%
e I\

oo

- fithout CMFF

-

Transconductance (A /) (E-6)

-25

] 75 10 125
Input Common-Made Valtage (v)

a3 4. OTA9 CMFF 3 27F S o
o] ¥ FF B xte] Wl
EWxAYE 2~ gm.

Sy

o L
£ 52

M o

Fig. 4. Transconductance gm as a function of
input common-mode voltage with and

without CMFF of OTA.

3. CMFF CMOS ¢l E| Ete] OTAE
ALE % Gm-C LPF A A

CMFF CMOS RIHE EtYe] OTAE AH&3+H
GPSoll A&5= At AdE Gm-C LPF[7,8]1%
AAEAT. LPFY 742 39 €= 05 dB,
AR 74 40 dB, A& F34 4 MHzold)
28 5(a)e FE AZEYoE A4Fle] dolR
GPS Hlo]2~"i= LPF #4< wWE3slE LC ladder
3| 2oty 19 5@l A F BE AL 1 Q

269

A7 AA A 783 =5A] A23@ A4Z, 2010 4€

Li=0.70H L=1.0H
Re=10 YL YL
M C,=0.82F C,=0.28F
+ IL IL +
Vin = L = o == Ri=<Vou
. C=1.1F C;=1.9F Cs=1.5pF 10 -
(a)
L,=280pH L,=406,H
Ree0KES YL
— W C=3.3pF C=1.1pF
+ 11 Il +
Vin —— L) == L = R= Vout
- C4=4.5pF C4=7.5pF C5=5.9pF 10kQ .
(b)
L1,=140pH L2,=203uH
Rs=10kQ
C2,=6.6pF Ca=2.2pF
1L IL
L 1 +
< C= _L C=_L Ce=—L R.=
fin () SusoF T | 750F , S9PF] 10ko Vou
L L
C.=6.6pF Cu=2.2pF
AAAS
Ly=140uH L2=203uH
(c)
33 5. LPF LC ladder: (a) normalized, (b)
denormalized, (c) #H& Fx2=2 WH3E
Fig. 5. LPF LC ladder: (a) normalized, (b)
denormalized, (c) converted to

differential structure.

AF 345 1 rad/sec 2 normalization ¥ ¢
o aga A2 9§ Aol EE
doubly terminated T-%°]7] uj¥ol

el A7k vk OTA9 gm=100 pS= A st
H, &2 g 5a AR, Ru)S 10 kQ(1/gm)
denormalization 3FATHE 5(b)). (R=R R,
L=L R /w, C=C/R/w) 1% 5(c)= 1% 5(b)
s TR WAk Aok LC % ®3a9 L
5o 4, Ok 29 F71AASS

1% 5(c)®] LC ladder®] 7t &at&
H gme= X5 wWEste] 13 69 Gm-C LP
T8 4 Ak OTAIS 98 ALES HAF=E
98 A3 R OTA29 =3 <
T A R=1/gm). 9HE L1
OTA3 - OTA6 3 OTA7-OTA109|

oldloll® FASAHL= g ). Ao

8 A% Re OTALLOR P43kt

¥ 69 LPF= #E tAS wEshy] flsho
Fog FYS e I FuE YL A
CMOS Bl OTA®] d¢l dehe W

A

i fo & ofd 30

A
-6 dB &
s
L=}

rlo

7Y

o & i J

vy

=

25



J. of KIEEME(in Korean), Vol. 23, No. 4, April 2010.

a3 6. GPSE& 5&% E9% Gm-C LPF.
Fig. 6. 5Sth-order elliptic Gm-C LPF for GPS.
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