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The Design of Decimation Filters for High Precision
Digital Audio Using FIR and IIR Filters
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ABSTRACT

This paper has been proposed a structure composed of FIRs and IIR filters as digital decimation filter to
compensate the drooping inband on the high precision ADC chips. The area of chip has been reduced
compared with the conventional structure because the RAM and MAC is reduced. The passband ripple(<
0.4535 X fs), passband attenuation(at 0.4535Xfs) and stopband attenuation(= 059X fs) of the 6th-order 4 X
modulator and digital decimation filter had *0.0007[dB], -0.0013[dB] and -110[dB], respectively. Also the
inband group delay, which was almost same compared with the conventional digital decimation filter
structure, was 30.07/fs[s] and the error of group delay was 0.1672%.

modulator), TAE dAsjo]d  HE|(Decimation

L. ME filter), 2281 1Y¥EF} HE (High-pass filter) 2 T

A4RTH19]. B5 Anti-Aliasing e 3 93 ¥

HAE 2928 ADCOPIEL- AR ABINE o gl ohgza A9EH YeE Mgl 9

'7!:§ Anti—Aliasing %Ei, AZ t&Z:ﬂ(Delta—Sigma ,‘\li EH‘E] q%(out _Of _band)_g] }‘:]._____Q_ Z:}—"k‘] )g] 7]_“—:-_;.]]

Q
EES

* gosustn AAF
Hda 2001 5. 4

630



W3/ FIR% IR B E o) &d 249 Y 2024 wAveld ¢ 44

o] WE|E AX NITEL 47X ¥z7l9 ez ¢
ZdHlm, o] Wz7le 64W) E 128918 HHEI
(Over-sampling)dle]  ¥A8  Q ZHQuantization
erronA 38 A eAw 1 72 544 1 $A3

eAHE nFFFLE HolAA JH4 3 (Inband) <
F&E 4959 1-Bit dAY dlo]H T (Digital data
stream)& EYA|ZT o] UAE A3 E A O Y
Al vl HEE AX 649 L& 12882 HFE3}
g dio]El & thA] MEu](Sampling rate), fs71#] th&
AEFH e old Z+z delojY(Aliasing)He A&
£ dAlHol A HeloA FEFYsin, 1 b 4
Az Yol A 24 (Drooping) Ao HAHE AL 1B
dete OxYg "Eejyl 4ot oAL dadold
e 24 A E Comb BE & F2 wAlse
b 53] 23YE SRR 2 Fo] QFeE HolA
' gL & 471 €4

et B =2dAME oAg dAveld "HE
TFEF Ao 71€9] Comb, FIR, 24 GHZ 74
€ Z1& Comb, IIR, FIR BH & E£FAA o 4S8
A7), IR Fe9] FEHL F7)dA AF3 T3
e el A Comb BElo] 9§ 74 47 IR T
Fejoj4y Hz7|2 A FHNYG WelA AE 9
I3 237l 9% Aotk =4 IR YE S A48
n2H 71EY Fx4 FAE 2449 S RAEE
ghed 2 2Ho] gltk o]2 QlEte 18HIE o] Aol A
AL = Qle A YA 26 ADCY 3 =
oHCore)Z &3zl dth ol& 93l 7|29 4
Z Wz7] -Comb-FIR-FIR-FIR-E4 e 9] T2
A 43 B27]-Comb-IIR-FIR-FIR9] +Z& A A3}
7] 98t A2 M 71E WM EAHS H
Eda, A3 B =FdA AAstE T2 o)
g AgH 71E Fx9 vy oer, Fug E43
TAA EA g3 71& B vjx, HESH

i, J1&e| LK 2Ll otd=2a-
CIX| g #gty|

202 ADCAAM Oii&e 1 72EL 19 13
Zo] ojd 2 JdYAFE 45 WxRI|o AsA=d)
AWHOoZ o] 45 WRI|E 18H|E o|ie] EalF
(Resolution)& %t7] H3iXe 43 W27V} 42K R

B Fu4=128Xfs) £ 53HIREZ] FH45=64
xfs) o4 o2 FEEHoL st U4HE o) £
s 27) AsiME 42 BRIV 62HARES F
Be=128xfs)o]doe FEHF O o A &
=EAA 631 42 MZT]E o] 8¢ 4 & BYFT
A 29 20 YehidTh

Wy Ods  bis s

. A 24 35 Comb| | Havy 1 "
in —fMAAF H i fs
Hx)
o2y ' be w [ {:]
LE]

a3
N8 gAdod 88
ey || qur

I8 1. 71 E2] 128Xfs 2C|2 ADCel 74

o] 4X ¥MZ7le 2¥ AaXY AEVE 749
Fx IE(Loop filter)$ ¥ A871(Quantizer)2 T4
Fo] HjX¥L 7= IR e el & zed 21 2(0)
R =RAA AMEH 63 43 MR FRE R
3§ Aot} of 63k 4X WR7Y AEX)H &8
(V) 2 443 Z5Qu 29(Y) 132¥d+e 44 o
&3 2k

{ X2t 7| } Y

(b)

3% 2 4F HxJ|9 X (a) 4X BHZ79
£Y clolojad, (b) 6%t 4% #x7|9 2,
Fig. 2. The structure of 4 modulator.

(a) Theblock diagram of 4 X modulator,

(b)The model of Gth-order 4X modulator.
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Table 1. The summary of specifications of 24-hit audio ADCs.

X 7 2 x
A | 399 | 34 | daias
(S5333 | -0.08~+0.17 | -60.3
Crystal (CS5360 +0.0025 -85
Semiconductor | CS5394 +0.006 -117
CS53%/7| *+0.005 -117
AK5383 +0.001 ~110
AKM AK5392 +0.001 ~110
AK5393 +0.001 -110
Analog Devices |AD1555/6 +0.05 -86
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Fig. 3. The output frequency spectrum of the 5th-order
Comb fiter. (a)128Xfs frequency spectrum, (b) Inband
frequency characteristics of (a).
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Fig. 4. The frequency spectrum of 3 stage FIR filters. (a) 8%
fs frequency spectrum,

(b) inband frequency characteristics of (a).
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(b) Inband frequency characteristics of (a).
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Fig. 6. The output frequency characteristics of the cascaded
43 modulator and digital  decimation fiter. (a) 8Xfs
frequency spectrum, (b) Inband frequency characteristics of
(a).
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Fig. 7. The passband frequency characteristic of Fig. 1
structure by the 2nd-order drooping compensation
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Fig. 8. The proposed 128 Xfs 24-bit audio ADC structure.

128s  BXfs 4y I3

snas | [smcom
in —JAAF H 1 — Wy i
PR #
g2

GNE AANON §H

3.1 #x Hlz Y 4

A2l A F8 FIRle} thgt =da H7 ®Aa
gee 18 %), () #ZedH, o gl Ahég
IRl Helof digh 2de 3§ 9 (o) #oh 2179 (0



#/ FIR% IR Y& o] 8% nHY o9 2tje§ wAro]d UE HA

ol Ay IIR1 989 ALdgsE oo 2o

Ost

(©)

a2 9. FIR1Z IR1el 29, (a) FIR1 fiterel =&,

) MAE =24 Helel 24 (o) IIRY fiterel 249,

Fig. 9. The model of FIR1 and HIR1. (a) The model of FIR1
filter, {b) The model of drooping compensation fiiter, (¢} The
model of lIR1 fitter.
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Table 2. The comparison of FIR1 and drooping
compensation filter in Fig. 1 and lIR1 fiter in Fig. 8.
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Fig. 11. The output frequency spectrum of the cascaded
digital interpolation filter and
43 modulator. (a) 8xfs frequency spectrum,

(b) Inband frequency characteristic of (a).
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