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A 2§ Clocking K=ol <lsh
Voltage Inverter Switch % Switched Capacitor Filter i1 fEH
( A Voltage Inverter Switch with a New Clocking Scheme and
its Applications to Switched Capacitor Filter Design )

= - SN N

( Lee, Bang Won and Park, Song Bae)

B ¥

A #Iel A= VIS (voltage inverter switch ) - il SCF (switched capacitor filter) 3%
el ol A kol B£L5 clocking scheme 2 —#“k sta, ol 24 47+ RC RL ’B“‘91 nedl
iﬁ%gﬂ} ABiR% =iz fEiH%k LC ik 58 Btk = Ol"é‘ FFES SCF o #atdl

e o w4 fskel fikel fhel MEEMNRZS el capacitor ©f #E £ 7 o= FEt HEol B&al d0k
ofi‘db} o] k5% 2 SCF 4 v% 2h2 A (chip) Mo 2 H#L ¥ &+ Adch

oA 2e MES 2 VIS 2 HURsha o) (S (RENE Mo v RE L R
Regslel 2 &2 BRREs 2 —%TS XYk

Abstract

This paper proposes a method of generalizing the clocking scheme in the Switched Capaci-
tor Filter ( SCF) design using Voltage Inverter Switches ( VIS's), Parallel RC and RL ele-
ments, and parallel LC resonators can be implemented by the proposed clocking schemes
Applying these new elements and the generalized clocking schemes to the SCF design, the
total number of required operational amplifiers and capacitors can be reduced,
Experimental results of a band- stop filter and a low--pass filter using a new type gro-
unded VIS show good agreements with the theoretical characteristics,
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Wz el A T4 g xmo wmag
tol ols) AIE L aliasing HEel dn HEFE = AE
gt s e HRol Yok 28y &\ifel S °lE
HBsS g #HH49s Hikak CAD (computer
aided design) E24 mrsadt®! {7129 (clock)
A A BfEY 4+ e SCF & #itsix
At

ad g ook 2 HEtFHiked A wel EEH
g2t MESA seeg W2 Jmfel Bkidd 4
Fo| FDNR ( frequency dependent negative resi-
stance ) %9 fe@n MWEE FEtHHEL MM &®
HEse WE Folda stn oo 1IN
e ol HEESS HEMERC B o R1EA
o %} REEE (sensitivity )7F ¥ Aol Rl vl

1. mro
ST iy

2
a
P>
. L~
VIS 2 i
2.4’
a’ q 2
a’s ( r
N e
(a) 2 I (b)
3
—
a O
1
u/
1+ (c}
2] 1. Voltage inverter switch (103, (12]

{a) VIS 71&, (bl x5 VIS, (c) A==
IVIS
Fig. 1. Voltage inverter switch in iy e
(a} A symbolic representation of VIS.
(b) A grounded VIS,

(c} A grounded integrated 1VIS,

x o}& SCF RitHskoz A & = (loop ) mteh
2% 13 gL VIS & Fo] €K i FlolA T
R,L,C & Rel4 o5& %F (passive )R,L,C
WE Bl A 2ol HEEs] = Rl RE#Fo 24 SCF
2 FEtste Hikel g L1 UA ke
FHR,L,C MR REHEE 2z £ 5 U2
mejel o] fitkow MfER SCF & ob& old ik
Soll sl MEs G e Bl FEMEERZY S-

o]

[N

CF & AB® 4+ dt EEE s

A BTAAs B2 #x TO UY o clocking
scheme & —#1ft7lm RC,LC.RL, RLC %9
WHIHEFES Rastdoh. = & R4 #rg V-
IS oF kit £Fe-2 #std SCF& #itae 24
HERERe) M2 oS Y & Ad: Hikel Bl &
st et

2. VIS B A2E Dk Hs #iE
2% 29 Fol gAY EFE @A VISE BK
se] o FEEe FzoA Bitsh BERYC ¢l B
B Tz REstd 55 o 2% 33 7ol Kefdltng o}
2 of o] EFEh

tn= to + nT

A7 4 n o FB, toe od {ITE B, z22ln
T = BEE# Coperating period ) °|ch

eAe 4xep 149 VIS 2 F48 dE
Jdeole Fx
Arbitrary loop composed of ¢ elements
and a VIS,

[ vis

(n+l) T

Cfwst | [ wsa |

nT t

p tq th ty

(n+l) T

qltn) =J i(t)dt

nT

1 1 |
ag 3 ARAZ T2
{(altn o] A 9]
(b4l A o] A -5}
Fig. 3 A basic timing scheme.
(a) A definitionof tn.
(a) A real current waveform.

= SCF - capacitor & HK® Eigelez BEEMo
2+ EFE 42 (pulse) HEEA =lof  HFs 7
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W7 AFol 1Y 3l o] B t = nTz ¢
t=C(n+ 1)T <tolol ER &5 q(tn) 22 &F
#Fstol SCF [EIRMS FHHc)

2913 7o VIS & SCF e Kifisrel BHS
Bele RElSs shed 1 B B el v %9
VIS 2} IVIS (integrated woltage inverter switch)
2 72l ol £ principle of inverse re-
chargingell &3 BfEsl & IVIS = =28 1(b) 2 VIS o
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BAA EES He ad 5 ookxle BfES @k 2
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ML va(in)e} 272 3z}
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4
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I
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1=
oF o] vl
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£
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=1
7 =e
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2
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T nT
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3. SCF @R FF
A, —X%EF (First Order Elements)
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2¥ 29 e {EEe Fx Aol ivix EFY A
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®EW ; tn)=
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{1
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! i, 27!
Us (z ):_.l’z_*_.~ Vi, () (i2

2Rei J(z)= (1-g127') Vi, () 13
7 "eh ol 7|4 Rei & SEURECl 0,
T

&
R
“ Ci

2 SEeh w TR & BECs BREEMe]
oy, KNFE & 202 z 8 =\ i s K
[ CIRS N

A2 A3 ez 38 @A Efol dvejels

tn”) = V. (enty=2 Vot
v ten=a U oce ) Vet = Ve

ViS1 VIS 2

1

a2 4 1= 439 712 A #A
Fig. 4. A basic voltage relation of first order

elements

( impedance ) & Ksh=

_ o
Ziy- D@ Fan o
J(z) 1By, 2=

S I

s Fotala, ol

A Lo78 1
6 2 T,
l+vas, +¢(C1l~ai D
Z, — . 1 1
(= Rei s
A ek,

olaf julal Tt FEBEFS HfHsA otn B
sl , ai, 3 Bi, Abolel vhga e s
o) v},

=
=

fai, | =
WIS 1

A0S FE Tt BBel 4 e e
sk ¥ 59 ol i

F_

elai, + gt
(1+ 80, )2(¢)+1—ﬂ1
T+ai,

Zi 1-ai
Rer 1481,

ai, + G, = R B
Zi  1tay =2(qi, + B o
Rei  1-4i, C1-Ri, (@ + 1461,y
1-4i,
7t =Heh
oj g} 7te HHko = B = R0 | C12) o) 4 BEFH]
FFEFS bl 2 1R 3l B 14 ¥e upst
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Table 1. ¢, expression of elements described

in £10y

a B

Element in ¢ D Domom SC -~ Realization

0 0 fe ‘
O A —O l
l
vre | ©
1 1 O——p——0 o———-——|

St
tea o —AR—
1+3 Re
o—"\NN\r— ——O0
v'}
+B)?
Réa*B)
-2 a+ Re
(1-B) 2
2
o~ —
-
_2(a+f)

-8
a8l 5 12k A4S
blag+g=0
Fig. 5. Equivalent circuits of 1st order element

falgtpgz0, (blg~g <0

g @ag+p=0,
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B 2 9499 a.8x2F FA4 FE7 LA 4zt 7bo] LE Bl d sty s mE RTEEa=
Table 2. Useful lst order elements among arbi — g 5 s Gad)=o(tndoleti A2 o =+ YAsh
trary ¢, 4 combinations , aH e g Age ofE —#tst Aoz o F 19
a B Element 1 ¢ Domain | SC-Realization 5 el k‘ ﬁﬁumﬁio' zero /I" lrl = 7’30] SCF i?_f}_%l
}{333}% P BHAE A Bk 22w o) F ol Aok & FEF
1 o
e w,,/,f#gj_o o] ~% 2o B3t JFME clocking scheme®.2 5
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]_q [ e 2 62 clocking®! EEMHS oF 5 o= Flz o
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! TG (148) /2Re e N \ Sl R ielol b . . ; \
l‘ oF 4Fzlub 7 6fc)e} el clocking dhe w4 IKH
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ﬂ T B . "4 # 1 (Second Order Elements)
I 2Re/(1+8) ™
¥ K FEArb op(tn)of va(tn- D3k v, (tn-2)ell 9}
2Re . o g A= EFrAd ¥ T 7ol
ol e
i) et v (0) = f, va(li= 1) + a0 (n —2) )

76 (In)=g, va (in— 1D+ G2 ¥a(tn—2) (22

1 2
1 R Webn s, ~KET ol
c A0 1= LA SNV ~~f-ef 4to (tl.dg.ﬂ.. ﬂz =3 %ﬁ
I —RKERGR Y, KEEEK, - KERE%, KRk
2 y Fel o foe g g o o4 o] TREF FH
(a)

(b) F vk FHsld bl o« 2§, fe AFelel:
i L fws i Jwsel P
VIS1UVISZ VIS 1 VIS 2 L) = 1

nT th (n+NT thet (n+2)T .
Pg | ot

4 A
ICQ‘ : Iﬂgl # 0 4

1
2 | e aA st Raeh, 8, W By [EE el et

te) A b e A AR sk
ag 6. Clocking scheme °f o4& & ghe o Capacitore| 3ol Ci ol fE&e] sl EFo] FH
(a) 8l 272, (bl ¢ Aol 4o Srtalz, ERE w (tn) 3 SHIER 5 (o) & B e BE
(c) (a1e] sl2g 574 as 9 clocking ¥4
Fig. 6. An example to show the importance of i (10 tha(tn)mi, 1, (10 - 1) Ty v, (In-2) o
clocking scheme |, 2
(a) circuit structure, {(b)equivalent in ¢ j(tn) = €$>G’F iy (tn )y =i via(tn - 1)-Big 1,

domain, (cjclocking scheme to abtainan
(tn-2)} 28

equivalent resistance fromfal,

vo(th)=@gvg (tn-1)+ Apvg(tn-2) vyltd)zByvaltn-¢)+B2valrn-2)

VIS 1 VIS 2

tn

ol T2 a4 ke Al A A
Fig. 7. A basic voltage relation of second order elements |
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Table 3, Useful 2nd order elements ,

Eiement in ¢ Domain SC - Reahzation
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!
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B% HIRFETSo HEAEK Qr 3 quality factor

Qo WAEF 28 Be 2¥ 8 Pa; Qr=1 o
Q7 A7 & & 5 Ush
b WHE

3% llic)et zHe IVIS & #KEs BES
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Q
30
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Q
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/
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Fig 8 Quality factor vs.resonant frequency of
LC resonator in Table 3,
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4. Termination
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g9 B =4 A4 VIS &
(a) 28 &el VIS, (bl (a)g Azq &

Fig. 9. VIS's suggested in this paper.
(a) A new type VIS, (b) Improvement of ({a)

to reduce a capacitor .

I O
+
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U
Es
O
gl 10, 9J 38 termination
Fig. 10, Input termination ,
o BRI Ym, ol & EHs
U(¢)=J(¢)+ Es,”Rs o8
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7+ sleh,

Blg o1 229 3dA gl = FFol 2911
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UG- +22 LR 29
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" 5

28 11.1a) 232 RCHHE 47,
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1 2
¢ _IsiLlwszle +
2Re REU
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5

{b} clocking u}4),

Fig. 11, {a) RC parallel element in Table 3,
(b} clocking scheme , {c) equivalent cir-
cuit of (a),

[E8s (2D o) RFEs pomd ¢ HERol A A BT
7t shte] capacitorz EE S ol ma 2489 capa—
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Fig 12.1a), (b) equivalent circuits of elements
in Table 2,
elements in Table 3

(c} equivalent circuit of

B . i} Termination

SCF [Eggol 4 HMIEES shig o, WERE &
Mgk FEERE U (tn) 3 ®BE=2 fhitisis B0, (n)
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7} =k

= 13 14(a)9) R/C, 3 R,/Cs = 229
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R C
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A 2 1 2 1 2 1 2
3 3 3 L
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Fig. 14. Low pass filter, (a) RLC passive filter
circuit, (b} SC realization, (c] Cloc—
king scheme .
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