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Interpolated second order polynomials(ISOP's)
are proposed to design efficient cascaded inte-
grator-comb(CIC)-based decimation filters for a
programmable downconverter, It is shown that
some simple ISOP's can effectively reduce the
passband droop caused by CIC filtering with little
degradation in aliasing atfenuation. In addition,
ISOP's are shown to be useful for simplifying
halfband filters that usually follow CIC filtering.
As a result, a modified half band filter(MHBF)
Is introduced which is simpler than conventional
halfband filters, The proposed decimation filter
for a programmable downconverter is a cascade
of a CIC filter, an ISOP, MHBF's and a pro-
grammable finite impulse response(FIR) filter. A
procedure for designing the decimation filter is
developed. In particular, an optimization technique
that simultaneocusly designs the ISOP and pro-
grammable FIR filters is presented. Design exam-
ples demonstrate that the proposed method leads
to more efficient programmable downconverters
than existing ones,
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9 HellA s A T 4 (2)449 CIC d3
719 Fo SgolT, Ay,(e? M)E decima-
tion ratio7t 2°M<1 ¥ME Mel® MHBFY
For S8olth PFIR 437 F(z2)9 Fob
2o+ Decimation factorg THT ) F(e? )
9 gHoz Zozor gt W, AT A
PDC o#719) EREE Hasgiste A 5L
dgte E4E TEAIIEA  PFIR 95719 B35
5 Hassle Ao ek olE st B =F
dAE ohat 2 A5 Zde Adei

Minimize PFIR o =}o] &)=

Subject to
|G(e™)P(e™)F(e?"™¥) — Hy(e™)|<3,
(5 e)
|G(e™)P(e™)F(e* ™M) |<8, (AANK)
(14)

714 8,9 6w A FHRY, HAYY BE
°o|X, P(e™)E 4 (6)9) ISOPY Ful5 Sgon),
Hy(e™)e AA dddM 0& #edr 7188
o =8 FHHAE {0, LIE FoAnh
(foe A58 dgZoitt [O¥ 3] #3) (109
A3 BAE 99 G(e™), ¢, k7t FoiAW
¥ AYWE olgstd EF 4 Juh AT
G(e™)e FoA AT ISOPY wAHSF &
& c7b FolA UA FoEZ HAHAYYE o
3t HH HAE 37 Hstde 49 k9 ¢
o) gk g Fojoput gtk k9 Y AT
< 37 f3 $8& 2 7HA exhaustive search
S At AdEE WY RE M5
(koc) #s L, 279 (&, )% s
(199 HAH3 FAE AF AYUS A8 2
T, HAHNE A ste (ko) FE Adss A
SR2AM dFY W3 A wyelgty ¥ £ 9ok
o] 72 2 digital channelizer®] A7} 25 v}z
gk o 4 (149 22 A FAE FEu)
QoA T173el| A €] 2@"“*19} 2ol (8)o] Foln
e BE ¥ ZF ZHEE AL oAF
Qo] oAt A %% cE uéﬂ?f}“ AL
ol doltt A% AAZ BE
A2 2 glo] uFF e f4% 7“1 B
sy Hug & vt glen oeg
st D3k Aol AdFQ genetic I E
¥ 5 ok

L
é?i
m[o

off g rf kI o o

tle 4o ale

cy<c< —2 (15)
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e A (9949 ISOP AA EAIE F2oEA
Aoz HF ctolth o]FA WAL FolAE o
= THA A58 uie}p Ze] ISOPE CIC 4
719 2t EANAY droop ®T objzt MHBF
of g8l F7t2 A7 BHHAY droop® EFE
of 3t22 o AZ FHNHE droopE EAs}7
detds B AE FHY A
AEE 9 g AASoF ok warM, 1%
9] 2&elM HZo] |cl9 Fo] ATl whet
|P(e’)|9) A} 7t A%E HolBR 2
Zole= b AAPE 2 -2kA9 #3E e 7HE
Foeuz 2 (15)% 7 AAS TEFsoof
gtk o FolA AA AA AHE F3te ISOP
gt PFIR o571 3 AAsted 228 A7l
AA S&Fokl Qo] 18] A 5 Btk

V. AA o

B A ME AE decimation filters] T&A
£ 2o)7| Hste] AAl FEsiE] e AL
g AA A FAE 2Adoh AUA dAE
(91914 ZH¥® PDCEM GSMd| & 7Fsd o
Aolw, FHA daAE [S-95 oF FA ALH
o) Age PDCEM ol 27HE 54E BN
32, 1S-95 Al2¥E 98 decimation® 371
At = g5 EF FAS 98 98 %
3 Fog F& A3 decimation factor D
A7) sl 2Ao] T 7HESIATH
2ol Brhssitd, [18]d e A 72E #est
Futg WE7)7) Qs 183 AdE FRE
A 71 Holutks H7HE $3 Y& Haris®
PDC™gt wmath [9]e R=19 CIC <57 5
7N, halfband 37| 574, I8 PFIR o372
FAE Stk vl gl A [5]9 FRE A9

A7 olfE AdlA AFEtERe] o9 Aol

Al
=
B
L
=
=

(RS

re

12

QZo] 23HE HoHgZH WAXN FAS
BEAFEE dASE Aol E7Fs] Wl
82 Agss B 9A 5709 halfband 957
of ALHE 5719 MHBFE AHE3IAT (J=5).
O)REL 9-bit2] 2709} power-of-two e} Folu}
22 JehJAE CSD(canonical signed digit) A<
2 70 o% MHBFE f,< (005 0075, 01,
0125, 015}, 8, =000001 (& (10) #=)7t A
7zt AAHNeH Z4ze] AAWG attenuation
B5 100dB °14g Zed oF 4379 IF
L3 AF e (28 919 (E 291 YeiA
o wetA oj2d MHBFE A4 3ttgold +3
e AL o) $ st 98 £ (E 29 50
Z AY EZ3 MHBFselE 19709 9 Az
13709} shifting 21THE BRE vk oA9 3
co] EgcE gz B3 2 el F4)d
AR et

(oA 1] [910M A A& GSME digital chan-
nelizerd &7 #3& &3 2o

BE3E : F, = 39Msps

23 9 AA: w32 RH 0kHz
AR g ZAA: w2 3E 115kHz
2 23 decimation ratioc : D=T72 (16)

AFRY FET 0)5E 27 o] e

FHg: f= [0, 0.0023]
9: fe[0.0029, 0.5] (17)

[9])X AAE decimation d%7]& M=18, L
=5 R=19 CIC &%}7]¢} 27§19} halfband 3
7l (m=2), 282 A8 A4S & type 19
90 top PFIR 3712 FA = vt

o] decimation A#H7|12 A& F e FANY



(¥ 2) MHBF& 9% Power-of-2 ATE

MHBFL | 27127 + (27 - 277" + 2%202% + 2° + @0 + 27 + @2 + 2927 1 [1+ 2]

20+ 20+ @+ 2N+ @0+ 22t 2t @0 4 20+ 2% 4 28eY)

MHBF?2
P2+ 27+ @1+ 20 2+ % 42727

%+ @' - 2920 + 25020 + 20 + (21 + 2870 + (2% + 2

2% +2° + 2% + (2% + 292800 + 210 2 - 2+ 2 )

2t -2t @+ 2 @ -2t 2t 2 2+ (2 + 2
(2% +2° 427270 + (2% + 2% 280 + 2Y 202 - (20 + 2920 + 2%

2 4270 + (@ + 292+ @+ 2N Tt + 2% + 20 4 28 0+ T
[2°+2° - @' + 292" + (27 + 2927)

MHBF3

MHBF4

MHBF5

D=2=7'x9 B2 At A& 715T half

o
.l band B9 F mp, = 3018 WM A (12)&
HESE F MY 75 (m, M) A%
- o] ZolA o] A PDCY EJEE 7% Ha
§ 3122 halfband decimation 3%k AL @) of
| I S 29 MHBF5S prefilter® AH:8}3, MHBFI,
ook MHBF2, MHBF4E M98l 3% halfband deci
ol mation 9371& FATT (m =3). °|R& MHBF5
7t e AEEY o B AAUWEE 723,
T TTEm 0T a ez o w9 Tem o4 ok o MHBF1, MHBF2, MHBF47} 120dBS] At}
[2%! 9] 574¢] MHBF9] 2 & g ZHE HEEAME 71 Ha9 S99 droop

-= e < 4279)7] g Fo|t}.

AEs AN BHE B 2 12 CIC ofma| Al

FARE 2F ¢ 018dB
AAWS 74 1 108dB (18)

AollX D=72, m=3°]EZ CIC decimation
factor M2 9olth, M =99 thsted 108dB ©]AHe)
aliasing rejectiong #EE L=4, R=1% ¥&
o olE ¥F @& Ak CIC 9971+ 1333
dB9l aliasing 74 & A&},

olAl A¢H FRE oL 3% Vel F
Aol wel 4 (16), (17), (18) #AL WEs=
decimation A71& HAHEE stz

4-3 ISOP2} PFIR Omt7| A
4-1 C}Tt halfband decimation OfT7| AfA|
el ZZE CICduriet tigrel MHBFol
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Wil 4 (14)E [19]9] HE NY Agy ==
I8g A28t Pentium 200 MHz PC HolA 4
AsET 288 FALE 24T FHolA
2358 ISOP wiM = (B, c)=(19, ~24481)0]
T 6999 type 9] A¥ 9445 Zt= PFIR o3
717} iz

(2" 10]& At 3 2 HSP502148) 4
o7 AAY AA decimation 7719 AE S

$ ujastd vebd Roltth A o3r)E 78
oo 8% Ay ERE=E (& D v
o AgGE FEE IR A A 1579
shifting QA& O Ab&ste] 21708 341 S
=3
. Txmmmm
20 ;
E-w' 1
E ‘.
fw !
-100} :
A :’l‘. W
-120t+ .ih'pi [F ] ;
i S
EH [ iy A
L. L LA hE T u
. 0.45 0§

0.38 0.4

(o8 2] IS-95A Ao Whale IFge] EES
FHFE  F,=49152 MspsZ =29
1.2288 M chips/sec.®] 40wioltt, PFIR o 3}71¢]
T5E output rate€ chip rate®] Fuleh 743}

D=202% 3712 sz AA PDCY L7H
TR ARG 542 84 AELeE o
Qe 1S-95 AAHE 93 ofgEI AR
SAW oaprje] EA4& 7|WeR sto Ak
o] SAW d#7)= L3 2L ENS ;}L_D}[zo]

chip rate

[¢]
o
nu
|
e

AU A w2 e 630 kHz
FHNE & 07dB

AAUN S HEA2FE 750kHz AFAA 35
dB Z4
BhE o2 5E 900 kHz A1 elA 50dB 7
(19)

ol thete] AFE FALZ Ve B k2o
A Tt BHS T 2T

L I

FHHS © f=1[000128]
AANS : fe[0015305]
TR FE - 02dB

AAWY 2E : 80dB (20)

R e
o714 001282 0.01532 Z+z+ 630 kHz, 750 kHzol
(3% 10] «iAl 1904 A3 downconverters] 2= AFse A (2009 EAL 4 (19)9 R H8)
okl 7 A B4tk & =gdAe 4 209
CE 3) XA Decimation &719] Aatz B3x vy
oA 1 oAz 2 A 2 (8, =100dB)
HSP50214 Proposed HSP50214 Proposed HSP50214 Proposed
architecture | architecture | architecture | architecture | architecture | architecture
Multiplication 57 36 40 23 85 34
Addition 119 134 86 96 176 124
Delays 135 150 96 92 184 117
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B4t AltE X ofFr)ek HSP50214°0
128 A371E 2 dA e wRsE ols
3718 dAde AP OEd 2

N

4-4 HtE ofm7| MA

D=20=2"X5 O|EZ mp,, =20|h 715 E 3
M (m, M) FeA (1, 1009 %ol 78 7
@3 PDCE 7h5A stdoh oA i) MHBF %
oA Al MHBFSE prefilter2 AME3t2 4 (12)
of F3=E= MHBF4E 99 halfband deci-
mation 3712 Agstgon CIC da7is L
=5 R=15 A¥sldg 839dBY aliasing attenu
aiong 9EF ok AL RE A (14)9 HF
g FAE [dA 1] 22 T &M %S\’li
o o A4 ok 1AZko] AR50l HF (

(4, -21516)8 LUk dojR ﬂﬂ—4 PFIR
A27] = 5089 type 11 o 57)ojc},

4-5 HSP502140f| 7| &5 AdA|

5749] halfband HA#H71F m =11 tal 4 (12)
E TEste 5UA halfband 997)E Adsigo
W M=10, L=5 R=1% £} & (148 &
AHgE HHst FAE ) 6589 type | PFIRE
AU

[1%1 1112 7788 A4l decimation o3}7)9]

AE TEE HAE Aot} A BALE vjad
(FE 3ol A —rﬁl A 5|zt 10709 wAl
e B E8E ke oAl e F4 A
4744 hlftmg AtE £95S ¢ F o

T O B8 HLE Y3 B =RME o
A 29 specification & AN  attenuatione
100dB o122 oS ZrgAlA 1S-954 digital
channelizer& AAATH (FE DollA ZE gt
AANEA e £REL o33 100dBE =14 A

l"

——  Proposed
HSP50214

0.0% 01 c.15 02 0.2% 03 0.35 04 048 05
Normalized trequency 1o Fa/10

o

(32 11] 1S-95 Al2"dg 98]l MAF downcon-

verterd A% $-&

<]

2 gpecification 3tolA AAE ARE Ve
otk EolM HE uish 2o AT AMR PEe
22 5Uhe 4 A4 5209 QA Ay, 28
77kel shifing A% E9EE £ 5 g

V.2 8

2 =vdAMe CIC 9379 71238 digital
channelizerel] ISOP o3}7]|& &3t 7] ¥}
B’5°ﬂ Hlgted N 748 channelizerE 738

T e e Ao, AgdE FZ4)
E}W} A37159 HA AA W w2 Altstgch
AA dAE B9 o] AjRo] AtH who)
digital channelizers] EH{E& Zol&d e &3
HAS A&

U2 E CIC 9971y ISOPY) A%e 57 o
T g 2= A9 MHBFY 2339l e
Y Sol dig dFrt BRsigy Az
2ot 29 gEdA(dE S type 19 33 o
g2)g A7 Bd CIC dm7g 712z 8
decimation 3719 §8& T2 £F9 g4
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