ECT-05-99

Nauta 0 OTA O00O0OO0O0O0OO0O0OOOOOOOO
Juoggdod

oo o oo o oo o oo o ot o
OO00o00ooOooooooono 0O376-815000000000 1-5-1
Phone:0277-30-1788 Fax:0277-30-1707 e-mail:k_haruo@el.gunma-u.ac.jp

High-Frequency High-Q Gm-C Bandpass Filter Design
HaiJun LIN, Kazuya SHIMIZU , Yousuke TAKAHASHI, Atsushi MOTOZAWA
Haruo KOBAYASHI, Yoshitaka JINGU, Nobukazu TAKAI

Electronic Engineering Department, Faculty of Engineering, Gunma University
1-5-1 Tenjin-cho Kiryu Gunma Japan 376-8515

*O 00O oo og

Abstract - This paper describes design of a second-order continuous-time Gm-C bandpass filter based on
Nauta’s OTA for applications in continuous-time bandpass AY. AD modulators. Our design shows that by
using 0.25umCMOS process, Gm-C bandpass filter with center frequency of 1GHz, bandwidth of 45MHz and
Q factor of 22, passband gain of 20dB may be feasible.
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Fig.1: Nauta’s OTA circuit.
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Fig 2: Core of Nauta’s OTA circuit.

gooooo V;np,V;anDDDDDEIDDD.

1
‘/;np %m"‘ Vda V:an:‘/cm_§vd
ooo v, oooooooooooooov;,ooa

gbodooooboobooooooobooooao.
1
‘/cmza(‘/;np"“/inm); Vd:‘/;lnp_‘zmm-

oooooooobooooo Ve, 000bOo0oDOo
goooo.

N Vaa — |Vinp| + &Vinn
cm 1 + a b)
| Bn 1 w

o= 3, B zﬂcoz 7

0200000 PMOS, NMOSOOODOOOOOO
gbobooooobooaooog.

By(Vbp
Bp(

Bn(Vinp = Vinn)?,
is = BnVinm — Vinn)?

gogbgooboboobbooboo.

i1 - mp |Whp|)

Vbp znm |V;5hp|)

2

13

Z‘op:i2_i47 Z‘om :il _i37|:| Z‘out :iop_iom'

gooo
iop = ﬂp(VDD Vinm |V;5h10|)
- ﬁn( inm ‘/thn) )
lom = Bp(VDD - mp |Vthl)|)
- Bn( inp V;hn)

ECT-05-99

gobobooobooiob . 0o0oooooo.

Z‘out = [ﬂp(VDD - |V;fhp|) - Bn‘/;fhn] ' Vd
+ (ﬁn - ﬁp)‘/cm : Vd-

gboooooboooooo g, 00b0o00.

gm = (VDD - |Vthp| - Vthn)\/ ﬁpﬁn- (1)

G, CO00000000000000000000
0O0TAOOOD ¢,.000000000000000.
Nautad OTAOOOO ¢, 00000000000
()00 A10000MOSO000 Wy/Ln, Wy/Ly),
Vo, Vi, Vie 00 00000000000000
0000.00706, 700 Vpp 0000000000
0000000000000000000000 g
00000O000. 0000 10 INV4, INV5OO
000000000000TADOOOODOOOOO
OTADDODO DCOOCOOOO0OOOOOO0OOOO
0000000000000000000.0000
0000000000 INV4, INV5 O (INV1, INV2,
INV3, INVAOODOOOOOOD000000O.

III. Nauta OTAOOOOODOOOOO
goo

OO0OTAOOOOOODOO Gm-COOODODOOOOO
OooooooooorAooooooooooood
oooooooorAocooooooooooooog
00000000 Quoooooooooooooo
gbobooobooooooboooooobo.
3.10 OTAODOOODDOOOODOOOO
OoTAOOOOOOOOOO: :MOSOOCOOOO
goooooo.22MOoSO0000000O0O00000
gbo. :bo00oobobooboo. 40000000
goooog .
gboboooooboooboobooboooooobob.

1 _ Hno
" 1+ 9 ( gsn ‘/thn)
Hpo
Hp = &

1"’9 ( sgp |V;fhp|)

0200 Nawta OTAOOOOOODODOOOOOO
Towt = lop—Iom

(Is = Ii) — (Is — I2)

(Is—Iy)+ (I — 1)

2/6



O00.0000 TaylorOOQOODOO.

ﬁOn‘/on(l + %enVon)

I3 -1 Vi
30 (1 + 0, Von)? !
nﬁOn
SR — V
2(14 0, V,n)* 4
601) 0p(1 + §9pV0p)
I, — 1T -V
2T T+ 0Vop)2
_ OpBop l 3
21 +6,V,,)4 4
ooo
Voo = Vem = Vinn, Vop =VDD — Vem |V;5h10|
W, W,
Bon = MnOCox_na ﬁOp = HpOCOﬂC_p'
L, Ly

O0000Ig~a1Via+a3V3. 000

BOH%BOp:ﬁO; Von:‘/op:‘/o

gogbgooboboobbooboo.

Bo

ay =260V, azm — (9 +6p),

¢ —ay+ 3azV3.

1,
gm(‘/zd) - 5Vd

Nauta O OTAOOOOOOOOODOOOODOO.

03 O+, b + 0,

a1 16V, 8(Vbop — Vinp| = Vinn)

3.20 OTAOOOOOOOO

OTAODODOOODOOODOOOODOOODOOO

gbooooobooos3booogn.

T
i o

03:00TAO0DOOOODOO
Fig.3: Noise model of OTA circuit
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Fig.6: Gm-C bandpass filter.
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Fig.9: Transient analysis of Gm-C bandpass filter.
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Fig.10: Regulator for Gm-C bandpass filter tuning.
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Process 0.25um CMOS
Filter Type 2nd-order bandpass
Power Supply 2.7V(2.85V)
Power Conception < 50mW
Center Frequency 1GHz
Passband Width 45MHz
Q-Factor 22

Passband Gain 19dB

Group Delay 4.5TnS

Output Noise Density 17.2\;’}%
Noise(950M Hz 1.06GHz) 171.6uV;ms
IMs; —41.2dB
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