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Abstract

The goal of this thesis is to design a CMOS transceiver, including a transmitter
and a tracking data recovery receiver, which is based on the RSDS™ interface. RSDS
stands for Reduced Swing Differential Signaling. It is a way to communicate data
using a very low voltage swing (about 200mY). differentially over two printed circuit
board (PCB) traces or a balanced cable. We have devoted to design a transceiver with
the data rate at 1.2Gbps. And, the transceiver-is fabricated in 0.35um 2P4M process.

Transmitter is composed of PRBS; eight-phases PLL, 8-to-1 multiplexer and data
driver. The input reference of eight phases PLL is 75MHz; it outputs a uniformly
distributed 150MHz clock. The PLL is composed of Phase Detector, Charge Pump,
Loop Filter, Voltage Control Oscillator and a divided-by-two. Eight phases PLL
output a uniform distributed clock for multiplexer to convert parallel data to serial
data. The transmitter drives the serial data on to the bus. Total power is 128mW.

Receiver is composed of a comparator with hysteresis, tracking data recovery
system with 3 times oversampling technique. It uses the comparator to amplify
incoming small signal to full swing, and tracking data recovery system to sample data
correctly. Finally, the receiver converts serial data to eight parallel data channel. Total

power is 960mW.



FA AL ER RNl BRI R B AR BB AR
R#tiss Eamfd iy 2 R HAatody B2 TR 5 Al T
ERIEF S A2 hE% RAKY BT AT RN B AT A R EF B R

St A R BLERIE ) F UMK FI YRR R EA N 5 4

HIAZRHBASDC A Y F UE L) ngﬁ;t,/\ s 2 A p AN F A FEA L, 4
R AR - TP TTRESAT RERHMEINTIHRTOERELEF
FoFrapaimgpahd FREEH ZPAFE I LFL 8]
HEE 20 BEL FRAFHOHFEEL RS L  THEEE F
9B E AR AR LR R AR R R T ey
iR g AN TIAGE RS Y A da e R Bl R o s e

%J’{?‘\Fﬁ_ﬁ}%\—%-&rﬁ’,{\*#’g‘;}_\‘ f{“’%\rﬁqq—k”&]’ii <\;Jr_fr‘ﬁ\?‘%— ?\

0

—1};;“%ﬁ%ﬁ,;@}%«ﬁ;\;gﬁ.ﬁ;ijﬁﬂ,p?ﬁ\ﬁﬁ\%“—a"ﬁﬁ c}\ﬁ-‘,l\

e

- A s s Z S 3= 2 A =
J(E\”é,ﬂj\\ﬁé ~ ,"éﬂr" {—’7 \—_‘é,‘f’,‘?’ t‘_“_l«LL'd Z}C%EM‘IFBO _E']‘Sﬁ\,’ﬁ 'p_‘ﬁ‘b’ﬁ —

R
%

BRI B 3 20 R B ARE A 12 B A A A

{

SN
y
-
e
~=ie

= 2 s>
Rt 3‘!:' Fip AL

BWEPEEFP o FELRPER- B AP 2 FIR 1’5,!-_5“3]"-}5»7

- L) SN 1z A o g TP [ s, Lo 2 5 A
PR emY LY s FEF LTl A S g

NP /]§ ':"-’r”ﬁ Bow W1 2 AR A o

2004/05/25 47



Contents
ADStract (ChiINESe)..........ccooovovivieiececeeee e

Abstract (ENglish) ...

Acknowledgements................ccocoeiieii

CONTENTS ..., iv
Listof Tables ... viii
LISt Of FIQUIES ..o ix
Chapter 1
INtrOAUCTION.....ooooosi e 1
1.0 IMIOTIVATION. ... S s s s s sians e 4 44Tkttt ene e e ee st bbbt ene e e e s 1
1.2 WRY RSDS? ...k i emerssrsessssss e sasdseseesessessessssessessssessessssessessesessesseesses 2
1.2.1 The Trend Of RSDS it e eereesierieniesieseeeeie et 2
1.2.2 RSDS AQVANTAGES ....coivieniiiiieiieiesiee sttt sttt nneas 3
1.2.3 RSDS/LVDS APPHCALIONS .....cecviiiieiieie et eie e 4
1.3 ThesSiS OrganiZatiOn .........ccccooeiiiiieieiiesieee et sneas 5
Chapter 2
BaCKQrOUNG..........cccoeeeeeeeeeeeeeeeeee e 7
2.1 RSDS™ SPECITICALION ... 7
2.0.0 SCOPE. ..ttt ettt etttk b e bttt e e b e nRe e be e enn e ree e 7
2.1.2 Electrical SpecifiCation .........cccoccvviiiieiiiie e 8
2.1.3 BUS CONFIQUIALIONS ..o e s 9
2.2 Basic Link design CONCEPL.......ccueuiiieieeieiiesieeee s sta e sre e sne e 11



2.3 NOISE CONSIABIATIONS ..eeeeeeeee ettt ettt e e e e e e e e e e e e e e e eeaenees 13

2.3.1 NOISE MAIQINS.....ciiiiiiieiieiiee ettt nae e 13
2.3.2 CFOSSTAIK ...t 14
2.3.3 Intersymbol INterferencCe. ..., 15
2.3.4 Power Supply Noise and Switching NOISE........cccevvviiveiecieiieeie e, 16

2.4 SYSEEM TIMING ..eiiiiieiieieee ettt sttt sre e sbe e e neenae e 17
2.4.1 Maximum CIOCK RALE............ccoiiiiiiiieeee s 17
2.4.2 EYE IAQIAIMS ...ttt sttt 18
2.4.3 Data Skew, Clock Jitter, and Timing Margin..........ccccccceceviveresienenn, 20

2.5 Tradeoffs for Performance Enhancement...........cccccooeieiininencninisieees 22

Chapter 3

Phase-Locked LOOP .. it e 25
ST [ a1 (0] o [UTox A o] o PO Y e o SO S PSP P PSPPSR 25
3.2 Phase-Locked LoOp ArChItECTUNE ......ccut i 25
3.3 Circuit Implementation ...........cccvoveiieiieie s 26
3.3.1 Phase Frequency DeteCtor.........ccooviiieniiie e 26
3.3.2 Charge PUMIP ..ottt 30
3.3.3 Voltage Control Oscillator (VCO) .....cocveviiiiiieieiieseeeee e, 32
3.3.4 Loop Filter and DIVIAer.........c.ccooiieieiieie e 36

3.4 Fundamentals Of PLL ... 37
341 PLL LINEAr MOGEL........cccoiiiiiiiiccese s 37
3.4.2 PLL Noise Analysis and Stability...........ccccoociiiiiiniiie e, 39

3.5 Loop Parameters ConsSiderations.........cccccccvevvereiieieenieseeseesie e e eee e e, 41
3.6 Specification and Simulation of Transmitter PLL ..........cccccoiiiiiiiinienieneen, 41
3.7 Specification and Simulation of Receiver PLL ........c.ccccocevviiiiiinnece e, 43

\Y



Chapter 4

TPANSIMITLET ........oooooe s 47
4.1 Architecture Of TranSMITLEr ........cccoovviiiiiiiece e 47
4.2 Pseude Random Bit Sequence (PRBS).......ccocviiiiiiieieiieseeee e, 48
4.3 8.1 MUIIPIEXET ...ttt ettt e enne e 49
A4 DALA DIIVEL ..o 51
4.5 SIMUIALION RESUIT ... 53

Chapter 5

RECEIVEL ......oooie s 55
5.1 Tracking Data Recovery.System Architecture OVErview............cccceevvervennne. 55
5.2 Front-end AMPIITIET . s, usessesssessassiianesniscatheesseesseseeseessesseesssssesssssesssesseesseens 59
5.3 SAMPIET .o Fark o B s rerrr s mmse e e vt eteeste et et e sbeentesneente e e neenne e 61
ST OTo] a1 1 o] I oo | o e SRS 62
5.5 Phase SHITEr ........coiiiie e 64
5.6 PNASE SEIECTON ...t 65
5.7 SYNCRTONIZEY ...t ae e 66
5.8 System Simulation RESUIL............coeiiiiiiie e 57

Chapter 6

Experrmental ReSUlL............cccoooooeeeeeeeeeeee 71
6.1 Layout CONSIAEIALION ......ccuviiiiiiiiie ettt et 73
6.2 PLL Measurement RESUIL............ccooiiiiiiieeres s 74
6.3 TX System Measurement RESUIL ..........cceiiiiiiiiiieeee e 76
6.4 RX System Measurement ReSUlt ............ccccovevviiiiic i 82

VI



Chapter 7

Conclusion and FUture WOrK.............eeecciienn 85
A% R0 o 1¢] [ TS T o [ URRUPRURRPRR 85
T2 FULUIE WOIK oottt e ebaee s 86
REFERENGCES ... eesesse s 87
RV I 17 OO 90

VI



List of Tables

Table 1-1 Comparison with other data link technologies............cccooevvivniininennene, 4
Table 1-2 RSDS/LVDS appliCatioNns ........ccocvoieiieiiiiesieniceie e 5
Table 2-1 Electrical specifications of RSDS™ transmitter and receiver ................ 8
Table 3-1 PLL specification of transSmitter............ccccooiiiiiiniininiee e 43
Table 3-2 PLL specification Of F€CEIVEN .........ccoviieiieie e 45
Table 6-1 The performance summary of transSmitter...........cccoccovvviiiiiiniienieenns 82
Table 6-2 The performance summary of FeCEIVEr ..........ccovveveiieriieie s 84

VIl



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

List of Figures

1-1 Block Diagram of the LCD Module...........ccccoveviiiiiieiice e 2
2-1 RSDS ™ INTEITACE ......cvoveceeceeeeeeees e 8
2-2 Type 1 bus CONFIQUIAtION .........cccveiiieie e e 9
2-3 Type 2 bus CONFIGUIALION .........oiieiiiiiiieee e 9
2-4 Type 3 bus CONFIGUIALION .........ccvviieieeiecese e 10
2-5 serial link using multiplexed tranSCeIVEN ..........ccovieviiieniiie e 11
2-6 Lumped model of a short length of a transmission line.............cccccccveni. 13
2-7 Sketch of capacitive coupling producing crosstalk ............cccoocovvniininnnns 15
2-8 Timing diagram for determining maximum clock rate.............c..ccccoen.. 18
2-9 Representative €Ye QIAgIAIM ... usmyreeeeeeerieeriereerieaieseesseesesseesseseesesssens 19
2-10 TiMING MAFGIN .....eevee e ie b s oahes e eeeeeseesseessesseessaessesseesseeseessensses 21
3-1 Phase-Locked Loop arChiteCtUr iciiv i it 26
3-2 Phase detector tri-state diagram . ioi e 27
3-3 Reference signal comes before feedback signal ...........ccoceveviiieiviienne. 27
3-4 Block SCheme Of PFD ..o 28
3-5 TSPC dynamic D FIIP-FIOP .....ccoceiiiiiiiii s 29
3-6 PFD transfer characteristic curve with dead zone............c.ccccoovveiinnnne. 29
3-7 Charge pump phase COmMPAarator..........cccccoviererienieneee e s 29
3-8 Charge pump with charge injection effect..........ccccccovviiiieiiiiieiceie e, 31
3-9 Schematic of Charge PUMP ......oooiiiii s 31
3-10 The symmetric [0ad 1-V CUIVE .......cccov i 32
3-11 Schematic of VCO delay cell with symmetric load elements.................. 34
3-12 Replica-feedback current source bias CirCuit .........c..cccoevevviieiivenecnene. 34
3-13 Differential-to-single-ended converter with 50% duty cycle output.....35



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

3-14 2" order Passive 100D fIET .........o..oveeeeeeeeeeeeee oo 36
3-15 TSPC asynchronous divided-by-two CIFCUIt ..........cccooerieiienieiieiece 37
3-16 PLL inear MOel.........c.coviiiiiiiiieee e 37
3-17 PLL linear model with various equivalent noise SOUICES .............c.e..... 40
3-18 Open 100p PLL freqUENCY FESPONSE......cueiiveieeriesieerieeeesreesiesreessaeseesseeseas 42
3-19 VCtrl timing diagram .........ooiiiiiieiiescce e 42
3-20 Kvco = 101MHz/V when VCtrl = 1.03V......ccovviiiiiiccenecsceees 42
3-21 Open 100p PLL freqUENCY FESPONSE. .....c.ueiiieieriienieeriesiiesieesie s ee e 43
3-22 VCtrl timing diagram ..........ccveveiiiiiese e 44
3-23 Kvco = 227MHz/V when VCtrl = 0.66V..........cocvvviiiieiieeicc e 44
4-1 Block diagram of the transmitter ..........ccccvveiiieii i 47
4-2 Block diagram Pseudo Random Bit Sequence (PRBS).........c.ccccvevviennnne. 48
4-3 PRBS delay CEll CITCUI ,uxusisuesaeturesifannesss s aafeeessesseeseesuenuessnessesssssnessesseesees 48
4-4 Timing diagram of 8: 1 MUILIPIEXEF wrre. ... ieireiveeveiieieieeee e 49
4-5 Schematic of data MUITIPIEXEE ...coviiiiiiveeie e 50
4-6 The simplified diagram of RSDS link with termination at the receiver .51
4-7 (a) Schematic diagram of the RSDS transmitter data driver. (b) Common

mMode feedbDaCK CIFCUIT...........cooiiiiiiicce e 52
4-8 Testing environment 0N board ............cccveoviieie s 53
4-9 The result of eight-phase clock of PLL ........cccccooiiiiiiniiniece e 53
4-10 Simulation result of the transmitter output waveform..............ccccco....... 54
YL o [ = To =T o F PR UPPR 54
5-1 Block diagram of the tracking data recovery receiver ...........cccceoveeenne. 56
5-2 (a) LOCK, (b) LAG, (c) LEAD states of the tracking data recovery....... 58
5-3 Schmatic diagram of front-end amplifier ..........ccccccovvveiiiiii s, 59
5-4 SIMUIAtion Of NYSTEIESIS ........ciiiiiieee s 60



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

5-5 The frequency response of front-end amplifier.........c..cccooevviienieincene.
5-6 The demultiplexing SAMPIET........cccoiiiiiii i
5-7 The block diagram of control 10gicC..........cccccveveiiieiiierice e
5-8 (a) The circuit of the edge detector and (b) its truth table ......................
5-9 The phase SNITLEN ........ccveicc e
5-10 The Phase SEIECTONS. .....c.oiiiiieiieie et
5-11 The SYNCRFONIZEN ......ccueeiiec et
5-12 Receiver tracking 100p SIMUIAtION ..........cccooviiiiiiniiiiee e
5-13 The data output of the tranSCeIVEr ..........coeveeieiiieiece e
6-1 Chip layout microgragh of the transmitter (a) and the receiver (b) .......
6-2 The measurement setup of the transCeiVer ..........cccccvveviveve v
6-3 Use of multiple wires to reduce overallinductance.............c.cccoeeveeiennnns
6-4 The TX PLL waveforms,of fs, (/5MHZz).and CLK4 (150MHz)................
6-5 Measured jitter histogramiefclk4 signal under 150MHz ........................
6-6 The RX PLL waveforms of CLK3 and CLKA4.............cccoooveiiiiniicinnns
6-7 Measured jitter histogram of RX PLL output signal under 600MHz.....
6-8 The eye diagram of the data driver differential outputs at 800Mbps......
6-9 The eye diagram of the data driver differential outputs at 1.2Gbps.......
6-10 The eye diagram of the data driver differential outputs at 1.5Gbps.....
6-11 The simulation eye diagram of the transmitter at 1.2Gpbs....................
6-12 The eye diagram of the transmitter differential outputs at 560Mbps...
6-13 The eye diagram of the transmitter differential outputs at 880Mbps...
6-14 The eye diagram of the transmitter differential outputs at 1.2Gbps ....
6-15 The eye diagram of the transmitter differential outputs at 560Mbps...
6-16 The eye diagram of the transmitter differential outputs at 624Mbps...

6-17 The eye diagram of the transmitter differential outputs at 880Mbps...

Xl

78

79

79

80

80

81



Fig. 6-18 The eye diagram of the transmitter differential outputs at 1.12Gbps ..81
Fig. 6-19 The eye diagram of the transmitter differential outputs at 1.2Gbps ....82
Fig. 6-20 (a) (b) The data output waveforms of reCeiver...........cccocevvvvviiverneeene. 83

Fig. 6-20 (c) (d) The data output waveforms of receiver............cccceeveriiiinnnenns 84

Xl



