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Abstract

This project presents the architecture
design, IC design and implementation of a
VDSL transceiver for DMT-based VDSL
systems. We propose an transceiver
architecture for ETSI VDSL standard using
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discrete multi-tone modulation (DMT).
According to Channel mode and
impairments defined in the standard, such as
additive white Gaussian noise (AWGN), near
end crosstalk (NEXT), far end crosstalk
(FEXT), radio frequency interference (RFI)
and impulse noise, algorithms for symbol
boundary estimation, sampling clock offset
estimation and compensation, fast Fourier
transform(FFT), channel estimation and
equalization, and forward error correcting
code (FEC) decoder are designed and
integrated into receiver architecture. Fixed
point system simulation results show that the
proposed receiver architecture is capable of
very high-rate transmission in digita
subscriber loop channels.

Keywords. Transceivers, Wideband data
communication, OFDM, Digital
Subscriber Loop, DMT

= ~PHl%d B pen

Bciz* 2w g (Digital Subscriber Loop) #_
1] TeMA BRI ;m‘ 'Q%p?xﬁ
T B et L FBIR S i)
*’w%ﬁﬂ%%‘%%?%‘ﬁﬂgﬁ’
Ui%%&&gﬁﬁﬁﬁ’ﬁﬁ@wﬁﬁ
¥ 3 &vﬁﬁ:i@ﬁﬁlﬁﬁ il BLenfdp i
;a,z;%. L z’v’ﬂiéﬁa?]ii“ BEE AL L]
RFZFFERHER 27 0 el p g
* o Fldm pckEY A 2w 4R o B
Bk B L3R 2 FAEPRAR - fAT

= vE o



ARPEE R BRI S AT AL K
ok g AL 0 B ARIT AT A A
PIFI* g PR FEMEL R EE iR ?
fI¥ - ARFRELEFE FAEETH
A RES FALR 3.1KHz J4TE R
SRR S SN

#
3.1KHz 3| 30MHz
7o i:;;::kﬁx bt 3
AR PR AR o

Atd g k- VDSL #iim A
AT H 50 U %2 33 ETS %%%
17 DMT-based VDSL # &g i o482 4 %
s B e sd 5 inner receiver only> 7F T

¢ 151 i 345 L > 4 FEC decoder #-% »

m

LR

%’a&mduwﬁ i
1w;99wwm1ﬁ$ R
2~ &% Matlab %112 5587 2 46 % 4f fen 2

@%Qﬁ’T%wé4§£ﬁ®wcm

B2 HCBELTREEER R
3~ iEfT /\JF#)”?‘L?%”%R*&@;{;L . B

C++févi?;—é«ﬁs: kSRR -

A~ FERME PR F L CrHR
T

b~ B iks e & 3 > B
oo poRE fsr,:?_m;ré Wi CH+ia
- BEHCTHCRE & BhE o

Co Hedfedd & 2 dhds ko B
R T en k Soldg > % i E
FEIPRR R K

d- IF{‘__‘!:.Q;:@_&IJ AE AR L
TR AR TRk REAT
FEIPRR R K

4~ # 4 gate-level cad 45 i o

a~ B g Eanks % {1* Veilog
¥ B gate-level sf H 4 i 2
o HY Mo A Ay TR ({zr'i,{:
2 B)41* Module Generator #
4

by Jsid 7% H3ROM I *
Synopsys Design Analyzer 2 # ¥t

Cr WA DI AFHED G
1 cel library, ¥ £ 518 HSPICE
BBt (7 3] & RN Rt & Sl
LAPELE S SN chi =X N
;}»gé o

d~ %]# * Distributed Clock Tree %
o oRmEET E‘E#\‘:‘Rﬁfﬁ RS
é%iﬁ”ﬁ#*ﬁv
Silicon Ensemble 2 2 i & » # 12
Timemill #8527 ic F] A2 4 h
clock skew -

5- %‘“Tr}t)‘l’q’ﬁx% Eide o

a~ AP BIEY R e PlEFRLE
(test scan chain) 2 ip]:& 2h(test
point) o

b~ 4I1* Slicon Ensemble 2 2 % & >
5 T B R % % (DRC)
W B B H(LVS) ) % LPE

R BT ¥ i {7 post layout

-t (Timemill) -
(o i%q‘ Clock & fF + # 4 » 20 £ 41
TIEE T x> T * HSPICE :2

7 1‘%%&1 A 58 o

d- F TSMC CQFP 144L pad’ i &
fa i b B2 3R J](LVS) ) T i Ak
1953 CIC—TﬁE’\BB T °

h’T)T" “J-mVDSL /’ «u%ﬁ\ ‘f?’_—&rm_
P 0 AR A LR AR BRI S EL

NI ~\/§f“ ?‘Fﬁ#ﬁ,iixp,ﬁ ‘fr';;_ I
B35 2 { & E%ﬁ*}z’%iffg_tg o ¥ T MG

%ﬁ:«i”?_’l-b:“h"]‘ﬁga-;lic Z,TJ’-L,FE.-H;'
B L L 0,0 BRAcE 5 &R
fErg & e o

PR I S A
(1) » ¥ F (Interpolator) : pt - ke ¥4
*&*ﬁﬁ@%%&%ﬁ%%ﬁ
#E 5 ¥ g ehgE A (£50ppm) o 1
Mgt R L o B B
2L/ Farrow structure = ;% £ 2= 4



(2)

Q) #

(4) ¥

(5)

(6)

(7)

v FE PR BE o
PF R A 3¢ Hiar B (Timing Offset
Tracking Loop) : e * &
AR G TRt Bt 7
FVRAREL > 2 70 Z BFHE
o FREFA W R E(Timing
Error Detector),® # jg 4 % (Loop
Filter) 2 p% % 4 4] % (Timing
Controller) > & #73& » <1 Pilot tone
ot »xﬁ*ﬁ*fﬁ‘—r B S
FCERFR G AL E 0 T A
AR Rk BN
FEAVITARTEL o Td PER 4] E
AT AN TEFRAR
~ @ & & B % (Symbol
boundary estimator) : ¢ i e 3k iF
Bosb A A AR RA G
(tralnlng sequence) = 5 F1| * B4t §

2 24 (DMT) & s it ~ ehdd e s
FAERS D B aREL €3
VIR - A X S A S ) B
I S L D N o= e
SRR ER RS LR R o
SRR IorC R SUN

ik i i H A (FFT unit)
DMT f23 ficke % b8 P g
FIE &% - ‘“fs— G T’F@?ﬁ%]
* g pEAL 7 8192 8L F poid &4 E
i# B (2 1024/2048/4096 1 % & 5
fa= U E ) MRS RLE
3OAE I AT o
i 3 iz Rl H o (Channel estimation
unit) i LE [ /?J’fﬁ‘—.;_; P ’]‘3—- E'ﬂf
FOVRE FIIRIPEFAHEE
iR e
#g B & v % (Frequency-domain
Equalizer, FEQ): #7 % & i 4 1§
TR R S A S EOE
W REP AL DL E o T
LMS /& & 2 { 37 { Mol i 7
iRl e
ERRAREEAE e Ltire
AT & & B e
- B TRHAH RO T S

(FEC decoder) :
% (Deinterleaver),
Reed Solomon Code Decoder %
Descrambler - # x st i@ ﬁi%lﬁ;—;?—_‘%
(bit error rate, BER) < 107

LR E (FE BAe T o BRI P e B
- HEPHF 2 ADCPHfs > g 4d =
PhBRIBElE R PR X R
" mf& ~ M3 H Guard Interval » £ #-#

ik B E R R UL hE
wﬂ%ﬁﬂ*ﬁbﬂdﬁi@?%ﬁﬁﬁg
Z 75 d i Bom ot B(Loop Filter)w 423 p
1 E (Interpolator) £ #7 2~ 4% (Resampling) 1
PR A - g P &I E w e
B Sl TR AL LG P
iz iBl(Channel Estimation) > £ 47 & & it
% (Frequency-domain Equalizer) 4 4f 1 i€ 3¢
SRR R RS EAREEBEE R
g} U5 5 0/ TE R IR SR
PrAaOFTHEFY R A EE
Reed-Solomon Decoder 2 Descrambler #-3
Hiaw .

]\"m]l

3.3 fHt

TR G RS R 0 T Y 3.3V i 5
3B5MHz #7Z o %% & CHiiktasas 4 -
Rino X AEZ I RBI o

AN e R

AFFEETT - BUDMT S 3% 58
#&1{15%3 T oo RARTIB A A RNAL G =
BALEHAGBIFEREH TR EHE
e BRI N U2 iNA o APFR
ﬁ TE FAgR BRI EFI* Cyclic Prefix
Fa R AEh TSR E S RIS
é’—iﬁé T ELAF )R B R O 2 PR
FEAA ERTBHRA F R o @ AFR
BE IR A o A R B DTRE P
TRl A B A R R oAp
Ho T A E BRI O o 0
KSRUCR J‘ﬁ\"h’ﬁ*ﬁ—%{ SRR S F}h
Ao Ak BERINA > AR D LM N2 H



B 5
v T T BRRCCE AT Ll—" : Estimate Symbol Channe
o A R AR BB R e e

Frequency
Slgnal Boundary I El?ngiazigr
LETS iracnd @ dcm® #w g oqn  — 1M i

Timing Loop Timing Error
Controller Filter Detector

T|m|ng Offset Tracking Loop

FHiawenF BRI L gateleve B VY A F
%% p 7R acdl library % = kS
oIS AR R & 0.35umlP4AM
@lﬁi‘*’ RAFIPBAEARTE I T
g 1k wi:}:}“l'" < S35-91C ’]‘91 T o *’i‘ﬂiﬁﬁ f#‘gj

|
|
|
|
|
|
|
[

Bit stream Output

I~ %““géf’é

[1] ETSI TS 101 2701 (V1.2.1):
Transmission and Multiplexing(TM),
Access transmission systems on metallic
access cables; \ery high speed Digital
SQubscriber  Ling(VDS.); Part 1:
Functional requirement

[2] ETSI TS 101 2702 (V1.1.1):
Transmission and  Multiplexing(TM); B= @ FAmti=t R
Access transmission systems on metallic
access cables; \ery high speed Digital
SQubscriber  Ling(VDA.); Part 2
Transceiver specification., Feb 2001

[3] Edfors, O., Sandell, M., van de Beek, J-J.,
Landstom, D. and Bdrjesson, PO., “An I O
Introduction to Orthogonal Frequency ‘
Division Multiplexing,” Research Report 0 T
TULEA 1996:09, Lulea University of N
Technology, Apr. 1996 I

[4] Cook, JW.; Kirkby, R.H.; Booth, M.G.; |

Foster, K.T.; Clarke, D.E.A; Young, = - .
G., "The noise and crosstalk environment . ) .
for ADSL and VDSL systems” /EEE Bz @ d] 3 UG Rl

Communications Magazine, Vol. 37, No.
5, pp. 73-78, May. 1999.

LE

Binary

Stream In,| gcrambler bl RS- N Convolutional Coded
Encoder Interleaver Bit Stream
Pseudo-random Rotator Training

bit generator Sequence

Control
Information

T gmop gk ES ) ke
DMT Modulation g]_l . ﬁ* \2% & ﬁ%] s %3—3"—?‘&?]
Coded Guard
Bit Stream, Mgg;';ir“ IFET [ Interval [ D/Al> TO
Insertion Channel

- 48 % R



DR = LIy T

oo P A

Supply Voltage 3.3V

Clock Rate 35 MHz

Transistor Count 287929

Die Size 4.23 mmx
4.11 mm

Max. Clock Offset + 50 oom

Subcarrier No. 512/1024/2
048/4096

Constellation QPSK to
2048-QAM

Power 250 mwW

Consumption
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