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ABSTRACT

Continuous-time integrated filters, implemented in MOS VLSI technology, have been receiving
oonsiderable attention, In this paper, a continuous-time fifth order elliptic low-pass MOSFET-C filter
has been designed with a cutoff frequency 3,400Hz. First an active RC filter is designed using cascade
method which each block can be tunable. And then the resistors of an active RC network are replaced
by a linear resistor using NMOS depletion transistors operated in the triode region. This continuous-
time MOSFET filter have simpler structure than switched-capacitor filter, so reduce the chip area.

The designed MOSFET-C filter characteristics are simulated by PSPICE program,
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g 19 E Lo] A As o] FJH3}str]o {3t
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AA dHe e 2XE AYAH (switched-
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ESERCI2E 439 X2 @3t MOS
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00 B =R M 444219 5% RC el UH
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Low-pass filter specification

3] aHE 0.5[dB]
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Pole, zero and coefficient values of elliptic function
(order=5)

a; b| C Pl Ql

05551546 | 0.6262699 | 1.8017262 —0.277577310.7424424 14217732
01372581 | 10295169 | 3.75154%4 ~0.0686291 110123275 73922847

—04621179
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38 .53 €4 9 59 £593
Cascade of 5th order elliptic filter function
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Loss characteristics of each block
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Aopst7] Wio] 1Y 204 E£HEAe] ¢33
Ti(s)—Tu(s)—Ta(s) =2 vl B3t WA g+
< 4 (5)% 2t
T(s)= $243.751549 _
$240.5551545+0.628270
5241801726 .
$74-0,1372585+1.029517

1 (5)
s+0.462118

-2 5% S RC Et3 HE AA

Ti(s), Tuls), Tals) HE S HE@F4 FolA
22 420 Ti(s), Te(s)= A9%E3 =X (notch)
e Yejola 13 e AGER U o)
t}. Ti(s), T.(s) == "E]+ Single Amplifier
Biquad (SAB)& A A&t A& S48 93
o] &gl EA3}A| 7] wfol 3 Edol] G Ho]
EA e E 7 HA7 Hastg, 2 o) F
32 YutH oz AFEol FEY oz Hof
A7) W&ol TRV 7 HEL, A2 AFE Fike

3.8019&% 23,405138
1
W

‘-‘9"“"‘2 23, 405138

Tz(s)
4l*'l.snslsats =
4535456
22, 334915
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2

I3 3. 5% %% RC el A5 "y z[v9:M,
pF]
Circuit of 5th order active RC elliptic low -pass filter
[unit:MQ, pF]
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MOS E %] 27} triode G oI N S21g me)
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2| 4. triode G Qo4 MOSFET S7132
MOSFET equivalent circuit in the triode region
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#nCoxW (Vs—2Vi)

MOSFET& o} &§ 4% &2 body effect <

“]

Ve My M,

Voltage-

Control
2 5. MOSFET A& %3}
MOSFET linear resistor

7y 28p— Vs ol €13 M3 o] Astxlraz NMOS
Q) 7S 2gke] — Vg7t substrateo] 7}aj Ao} s},
® 713 6 H 32] NMOS depletion mode & &l 2] 2
H g9 g E o] &8td Vg7t 24zt —5V, —10V
dujo] S viug Ao Vil S48 Ay
dol T7tHE L Aol AL ¢ # Aok 28y
328 35T v substrateo] —10VE Q718
Z$MOSFET A8 A& L& oh& 2z B
# AL 2lstsof dn 2 Fo] twin tube FE) 7}
Mol 727F B8 Ak a8y 43l A A s =
AAZE 7] 9] Vo —5V) A8 substrateol] 91713}
A A gk A o] Akl WX go}
UH layout ¥ g7} golsic)
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Comparison of resistor values by substrate voltage
-Vpg variable
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H 3. NMOS depletion mode E 3 2] A€ #}2}o g}
NMOS depletion mode transistor parameter

.MODEL ND NMOS(VTO=-2, 7V TOX=90N NSUB=1.5E16 xJ=0,4U Li-v,32u
+U0=200 UCRIT=8.0E4 UEXP=0.15 MJ=0.5 MJS¥=0.3 CGBO=3, 5E-10
+CGS0=2. S5E-10 CGDO=2.5E-10 RSH=30 CJS¥=2.0E-9 WMAX=5, OE4
+NEFF=6.0 GAMMA=0.9 CJ=2 5E-4 LEVEL=2)

F 4N E ERALH O %S HA 7191 3pm
2 39E u 72 Mg EAA2E Hol9l, MOS-
FET WA &l osf 7aiz A &ak& 5% RC
oM gk o] Eakat vt ol 2MQ
oldel MEid ERALE S dort dojrug
Hdz ddsAa ol &a G0 LA EW
A= Aole] Har @97t 0.56mo] 7] wfjEolr),

B4 4 XY ERA L Hols} Agggt

The transistor length and resistor values of each

resistor
A & |Llem]| A4 | ©]E¢[MQ] | AAlg(Ma]
Ml 204 17 2 1.997204
M2 152.5 171 1.490078 1.490312
M3 | 2175 270 4.272518 4271678
M4 181 274 3.601982 3.601008
M5 121 171 1.183688 1.180498
M6 167.5 274 3.282436 3.284072
M7 212 77H 14.566642 14570887
M8 231 274 4.535456 4.537205

D ojE MtAlo] M A& 23oNA dAS FF
RC 819 ¥ 320l 3§35t 19 79 Jepd )
olu] EMX2E 2] gate Ao} AL V=2V, sub-
strate of] Vg=—5VE <217}3}g v},

IV. MOSFET-C ZE{ A|[Ed|0|M

NV—1.CMOS LS Z7| MAl

+4 <& MOSFET-C 9ol 28412 5 Y&
AL £ A7 E a3kt CMOS AgE7 =
AvjAgol 331 NMOS 45 E7]d A 282
3l level shift 3] 29} differential-to-single ¥ $t
328 CMOS®] 4R AN SHo2 hAF + o]
bz 52z A olsithe 54& 7w
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Ti(s)

Ta(s)

22334915
A | | Ta(s)

—{>—-o Vol

18l 7. MOSFET -C et¢] A% 3 H¥
MOSFET-C elliptic low-pass filter

M1

Atk @ g AN L7 A E AWAIE HE
o AFEE= FS AU R £33 Rsle]y)
w0l F ko] W o]l B g EA] o,
MOSFET-C H8 9] 3] ¥-sl&= A aygd Ratolng
A5 %719 &2 ol source-follower & &) ¢] © 7
@S Arg sl ok F 55 CMOS dak2Z 7)) gl
A AAETIo)a, B2e 1Y 81 gtk

Yoo

Aypans | HEFEe T RABE qolda, Wl

M9

N

PR SR W R N S

Vout

g 8. CMOS d4tz27] 3=
CMOS operational amplifier circuit
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¥ 5. CMOS 5%

719 AwrH A ZA
General specifications of CMOS operational amplifier

HYVpp +5V
Ve _sv AnHg 0.25~10mW
open loop gain 60~90dB phase margin | 60°~85°
slew rate | 1~12V / psec offset A<} 1~10mV
PSRR 80dB o] 4 CMRR 80dB ol 4

B 59 AARNE vEsle 19 8329 MOS
EdA2E Y Z0 dolg pald 63 21
AEE7)9 B ANAE Cee Yo BH L 18
sto] 5pF 2 &)

H 6 EWdX2EHY Ad E3) Ho|
Channel width and length of transistor

W(pm) | L{pm) W(pm) | L(em)

M1 117 7 M2 117 7
M3 50 10 M4 50 10
M5 15 125 M6 150 10
M7 18 10 M8 15 13
Mg 3 9 M10 3 9
Mi1 27 10 Mi12 19.5 5
M13 5 20

IR 99 ¥ 78 MAE CMOS AAEE78 A&
Hetn MENFESFAL 3pm CMOS A 7%
sebol e 748 o] 83l PSPICE 21 082 A&

#o] A3 Fut SA 2 B3 EAJojr),

V-2 AlZ3|0|M % 3t

Iy 79 3gF 3 4F0A HAF MOSFET
AE A g7 CMOS 415 Z 7] E o] &3t PSPICE
Algdoldet Ao B3] AAIAA i go]
40dB o] 4te] E o] 1F3 A EAo] ¢53tgch
%Y 10& MOSFET-C 53 619 A 9% = PE 9
EHENE SERCUEG v w3 Ao s Y EA
o] AP AR Aol AxigHE ANt o]w
LS 23] F8 YU 5 RC I 2 Al
A Aol MOSFET A3 go = ¥ of X3zt
o] RA12 Q15 RC Ho] F &3l g, ANZE
719} v]o] ¢4 (nonideal) wj&o 2 3-& 1w @31y
ot 28 112 "El9 94 EALS A low
TARANM = v 2H A8 EAL 229 A Ay

Temperature:

Frequency

-+
10h

O el%, | #%

1 Oh

Date/Time run: 06/30/92 17:42:34

(Wocy)ovwuy (@pjenoy

O 9. ANFTEVY Fo 54
Frequency characteristics of operational amplifier

E 143557 5454
Performance characteristics of operational amplifier

U8V v ESUEE] 0.7mW
Vs -5V

open loop gain 92.3dB phase margin 66°

slew rate 3.7V / msec offset A ¢} 2mV
PSRR(Vpp 97.8dB CMRR 102.9dB
PSRR(Vss) 107.6dB
ol 4= ripple T F Fo 2 viF A ohx) R SHL
2t

v.d 8

B Ao M= PCM 5419 Fa¢

AAEH e E 2 EXo] ¢35 gUE &5

2 FE7} 8ol 2LH£AAY o2 HASAA A
7t HASHAUANE #HEE FH-GPEFHY o5

W& AT £3 4AE SERCHHE A7

3}317) 918te] A -2 WE AdE NMOS Ed =) ~
189
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Temperature:

Date/Time run: 06/30/92 17:46:23

Temperature

Date/Time run. 00/30/92 17:59:17
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22l 10. MOSFET-C ¥E o] &4 54

Loss characteristics of MOSFET-C filter

~400d 4= -n-nn

32l 11. MOSFET-C ¥E ) 914 =4
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Phase characteristics of MOSFET -C filter

10 100
O%§ RC VE| WMOSFET-C ¥

1.0

1.0

* VP{1017)

Frequency

Frequency

Bl 2 2 o|3le] d4A1 7 MOSFET-C ¥ E 2 A 33
A AEA L HE AAA 290K = A AlE] Y]
7} 8 8. 5 3}+= anti-aliasing H €] 2} smoothing ¥ €
7t A AR Sl 2 AAZ e Yo HEE &Y
T AU 23 e E P43 & o 95459
A4S %7]= MOSFET-C HE el A&y 23}
£ FFE7] Hsted v siHwS Aty

Sl

PSPICE Al &3l o] 43 MOSFET-C 98 &4
o] FAIF M F A U3+ 1,5 3] ARt Gl A 9]
+4EA ] 40dB o] o] Hlo] nFu ASAA A5
of $-stEg B =FoA] AAIg gy o s 4
re] e & HAISH opg2 1 A1E el & HE
A 3ol &34 AFE-E F A Aolth AFd e
B =Ro A 183 NMOS depletion E @l X] AF 2
8l 5 CMOS 3 7Ie2E A 37} o9
@502 FHE ol st AA AU BAHo|
AmEnrng old w3t A7) Agsolor & o)
c},

a2 2 8
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