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Low—-power Decimation Filter Structure
for Sigma Delta A/D Converters in Cardiac Applications

(Young-Beom Jang - Se-Jung Yang - Sun-Kook Yoo0)

Abstract - The low-power design of the A/D converter is indispensable to achieve the compact bio-signal measuring
devire with long battery duration. In this paper, new decimation filter structure is proposed for the low-power design of
the 3igma-Delta A/D converter in the bio-instruments. The proposed filter is based on the non-recursive structure of
the ZIC (Cascaded Integrator Comb) decimation filter in the Sigma-Delta A/D converter. By combining the CSD
(Caronic Signed Digit) structure with common sub-expression sharing technique, the proposed decimation filter structure
can significantly reduce the number of adders for implementation. For the fixed decimation factor of 16, the 15% of
pow-r consumption saving is achieved in the proposed structure in comparison with that of the conventional polyphase

CIC filter.

Key Words : Ajz2vt dEt A/D §&7], diAwolA

.M B
A vl de} A/D ¥E7)E B4l Aoy YA 9o.f
27]7) & B|£5d /gzhé}%ﬂg]. 2e AFola Ao
A rastAl AHESE T aAtelth 53], 43ge s 22
AR A FHe M A FHo] flE T HA ¥WF
oty AutEm e AANITE 50-150 Hze AFHF
g2 NFolER oversampling WS AMESE Alomt
de} A/D RENE ARSI MEHEE Aol wEA s
o9l & Aam del A/D WEV|E HZE7)8 Ao
A 2o 2719 EEoz2 THHT €¥zRrEe dF HNEE
f=8192HzE oversamplingdld F 99 tjxgd &2 &
e Ak MEIIZRE EojoE ¥& FoFo AIE O
Ao}l Bz A Bt F3o multilevel AEE
WAtk Fa5E 1689 12 72450 512Hz7F e, A
Zol JHEE 1H|EA 108 ERZ F7lE) o] =82 A
ant del A/D W87 F EE FolA diaveld gz
o 3-3 dTFolrh
g Alvold H2E Aant der A/D BE7eA 7 A
o] Wol AWHE HEo|r o diAWelMd 3= FH
& s8le o stR] FREe] MEE £ ow, o9 e
gepi FRELE FHR2e B pdE WA wy A¥s

AR LK WBHEGE TEEN #F - L

B © University of Southern California 8- LiFf2

B EHA BEBIEHE - BEY EIEHE HR
Al BHE AE - BlEdE - L

EFHAF 2003 114 148

BRSET ¢ 20034 128 20H

I %
ity nid A

MEHET|E Aot WE AD HET|olMe] MY HiAojold e 7

gg, A

At 7] CSD, Common Sub-expression Sharing

2 23 e o A BN T9E BE4EE 71 A
dAaldold slz9 HHY FEE Hste] CIC(Cascaded
Integrator Comb) YE{7} Bo] AxHx e, ojx o ¥
K7} Ag4LE7t 7] gEelt. CIC ¥He A% Fx29
WA Tz F A FEE ZD UG A TEE F
A& g9 A o, 8719 o} F(word-length)e] #
Ae 93¢ 2o AvHL AdE 78S A3, multirate
2 F4ste nAR 77t o £ A05 Iy A &
dA itk CIC ZEe] vAf F2EAN TAEEE AN
I sle o MR polyphase FE7F /HEHAJT
[213114]. AE7A AF= 3 A%E polyphase CIC HE F=
qAE FAL Az AdaxzE FEEE Aol YukF o)
5l A4zt FHEEL FUHoz mje Hong A}
SHE QA Fo dT9 FopHe] Fopxa St} o
ERAA, $8E o9 22 g 8 aAY)7] A5
A 2-& polyphase CIC tlAvle]d E S 7+ & AgHsr},

2. 719 polyphase CIC diAlojojMd EE

CIC ¥E= ogn e ARYD wARYe ALYS
2 Jed £ A

H(z)= { —

l”Z}

D HEY

“,_/

o)
B A Y

ol MolN N3 ki #z Aol d A%5sh BE S A5

11



RAPFAE 0D% 23 2004%F 28

olth, AE¥ CIC EHE 1) ¥4l ¥8 glen, 2) #3H
¢ Fxg THHA, 3) diAdolHe A HWHEE T A
4 2 59 FHE 2z gdvh a8y, "He) RSt E
A Aol d A5t vig F wol= el g 2
of whAlglith & AHE7] BEo] AdHez ukoz F3
3l o] Z(word-length)e] HAX|7] W&o HAFPALRI} F7
A Bk olgt L 9dE ZE AF TR vy
HAY F2E AY FI7 glesz YRy ofFFel AR
F2UF AR ged g2H "EHe A7 2A4Y °
Ndeld QAx7t & wWele BAE TE7F AdYe] FHE
et

diAlvlold Bz Haldold WE S 2 o B dA
Holg 2 FAdrh o] dAdeAd FH2s A= de &
&5 8 e gAY FE2E 2EdY, o] multirate T
zg3n et uAZ F29 multirate AZAIE 93149
AggSe] A48 whgo] AAHADG]L F, 4 1)9 8
Ags Adgae g o] AL d § ot

H(z)= )El 27!
('=° } %)
=(1+z" D1 +27H)*% - (1+27277)*

k

gAolE e AXNWAL Bt 99 ALBAY vAY
3§ ASPFL guA 28 £ ok ol ol MAY
SAZ 2SAGR nAg gAY ERSEE 27 Mo
2 golxez AAANE wdstd olAch ol gL
A5 B FHsaAE G vleld ATt 20 F5odof 8
= Aol e, AFLFTreg e $89 Aan dg
A/D BE7 A, dAYelA Q5 1622 IAHAFHEER T
Adlold H2e BEEE 1Y 1(a)% B '

(a)

8192Hz A2 1024Hz o2 () 512Hz,

(b}

8192Hz

+16 12Hz

a1 (@) o5 169 diAldjold 322 28T
(b) 215 8-2 diAldlojd 2 =2 EES

Fig. 1 (a) Block diagram of 16 decimation circuit
(b) Block diagram of 8-2 decimation circuit

gahq u)AE CIC B9 A s o] ue
2 4 g

H(z)=[ 20 z™! }4

3
=(1+z" YA+ A+ +278

112

o] H|A& CIC ¥Hx HAHold A7t 160122 o3
7hA 2% AE goA T2z 2398 5 Atk &, 44,
8-2, 2-8, 4-2-2, 2-4-2, 2-2-4, 2-2-2-2 ¥ T/}A 9BA
T2 248 F Atk 97104 2AE 4 SAY dA
old AFE Ushddh o FAAM 82 FxE AHEEA B
ol At ADY F2E FEFES @b WA 4
)2 &3 2ol A BEE F U

H(z)= F(2)G(%)
@

=(+z 2 2 3 2 2 2 S 2 (1 278

Z H(z)o) dAldold FeE F(z)o FEs G(2%) B¢
9 AEdAE g & A =T 2 la)9 16 HAH
ol 89 dAHo)E g 29 dAWHE YEd £ 9l
o g 4 @) G e 289 gFemz 89 A
olE) 8} $1x| upEo) sb53ith &, sinc®e) WiAjvleld W,
8¢] dlAlHlo]| ¥, sinc’el A’ o] A e, 29 HAlvolE g
AEddAz A& F 9u. o] HiA|Hold =z BER
g 19 1) 2}

a2y Ub)elA, 2= F@)% G)9 Y8z T459 7
7} 83} 29] HA oA A5 E e, o] Fl(z)¢ G(2)9 A
@3 2474 923 22 polyphase Pz e
ZF Ao

F(2) =F(2*) + 27 'F (2% + 27 2 Fy(28) +- + 27 TFy(2P)
(5)
G(2) =Gy(2%) +271G,(2%)

A9 24 BG)A F(z)8 polyphase A zHzt &
b d g g
Fy(2)=1+161z"'+3152°+ 352 *
Fi(2)=4+204z""+2082%+ 2023
Fy(2) =10+ 24627+ 2462*+ 1023
Fa(2) =20 +284z" ' +2042°+ 427 °
(6)
Fy(2)=35+315z2""+1612*+ 23
Fs(2) =56+ 3662"" +1202°
Fo(2) =84+ 344z + 8422
Fi(2)=120+3362" " +562%
= A 5)A G(2)2 polyphase A2¥SFE 247t g
7 2},
Gy(2)=1+6z""+42"
(7
G(2)=4+4z""

2] (5)9] Polyphase CIC 98¢ Fz& vg 1¥ 29 2



% 2 8-2 polyphase CiAloilo] ¢ e
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Table 5 operation speed of the multirate filter

(by 18)
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Table 6 Relative power consumption of the proposed
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