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An Adaptive Decision-Feedback Equalizer Architecture using RB
Complex-Number Filter and chip-set design
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ABSTRACT

Presented in this paper are a new complex-number filter architecture, which is suitable for an efficient
implementation of baseband signal processing of digital communication systems, and a chip-set design of adaptive
decision-feedback equalizer (ADFE) employing the proposed structure. The basic concept behind the approach
proposed in this paper is to apply redundant binary (RB) arithmetic instead of conventional 2's complement
arithmetic in order to achieve an efficient realization of complex-number multiplication and accumulation. With
the proposed way, an N-tap complex-number filter can be realized using 2N RB multipliers and 2N—2 RB
adders, and each filter tap has its critical delay of T,, pr+ T, rp (Where T, gg, T, gp are delays of a RB
multiplier and a RB adder, respectively), making the filter structure simple, as well as resulting in enhanced
speed by means of reduced arithmetic operations. To demonstrate the proposed idea, a prototype ADFE chip-set,
FFEM (Feed-Forward Equalizer Module) and DFEM (Decision-Feedback Equalizer Module) that can be cascaded
to implement longer filter taps, has been designed. Each module is composed of two complex-number filter taps
with their LMS coefficient update circuits, and contains about 26,000 gates. The chip-set was modeled and
verified using COSSAP and VHDL, and synthesized using 0.8-um SOG (Sea-Of-Gate) cell library.
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108 A5744 B2e FAReln, $4k7] Walel
XOR A°)E, carry-save 7pib7|¢} carry-select 713k
718 Ahgsled FRElgicl A_Shift  (Arithmetic

¥ 3. A_Shift EZe] Az

| Step-Size l Sel[1:0] ”

Qutput[15:0) l

=
By @y 0,0, 0,0,8,¢,0 6,0

32 11. FFEMs} DFEM 34& 143+ ADFES] 43

Shift) 2w Az F4& 9% =8 T
& Fasln, 2-wEg Agar] A9alse W
BEaR g 0 AR e X 33 Aok ¥, F
Helol| TIHEE-2 AlgIEled 7M7) overflow °3
% AAY F J=E sk

18 11-2- FFEMs} DFEME AH43t ADFE
d dlom, AdEA Aladl Aldel wiEt ga%gt
¥ +ukZ FFEM3} DFEM-S 14§ °%4 ADFE
£ A 79 4 9eS Bolx vk 4 2Ed
2]3olA Q7EE AMejilEed 2)al master/slave
ZAtR =y} AAEY, FAETe] A3 gle] 2ES
F&ai7e] 71eslck

2, MA % HE 3

£3ol i FFEMs} DFEMS] #2474 4 2%
HAol| 3] 7k a7 128 SaeE Hd A
Zo A e HE dolol g SAslrI7IAIe] AAA
ol AA 328 1 Zeolct darls AW A%
Az} Ak A4e 98] C-2lelg} COSSAP™
& o4l AEHAS Fesigict BaElE @
A1 gHe) el two-path xS Algsiglod,
Ade) BAL AR} 4EY A 158 =
a2 74 -3 [dB] 7€ 2 AR ¥
o3 wq¥ slgck ADFES] $34, ®|E
4 (Bit Error Rate;: BER) 8|3 #=@ 74L& 9
3 sl=9o] EAlv: FFE ¥ DFE ¥el9) 9 4
Awkz7), F dlels] Y W vlE 4 Sl Uy
g #AE ek E E2ReMe 35 AE
golde E4 He ¥ 4 8§ Ad=|E AAY
F, 2L ARl o8 vlE B A
st

% 132 Y AlEe) SNR el w|E 4

2021

www.dbpia.co.kr



P EA e =] "99412 Vol.24 No.l2A

System-level Simulation
« Gystem Oeaign :

Algorthm & Strucium
System Simulation
(C- %D, COESAR)

Logle Slmulation
Araa, (Mentar QuiekVHDL )
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