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Gbps & LVDS 1/Oo°l #3t A+
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A 2.2 A. Low swing, Incident-Wave Signaling
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jitter, A1& path’de] delayz}elol <]t jitter TOoZHE F=Z B3 o]y
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channel equalizations A}&-3HA] ¥ & 4% & 7Ith 4 & 5o 24AWG
cable®] 7% BdS 4x10"(bitsxm’/s)2] kS 7FA™, 1m Aol A= 40Gb/se] A

FEEE 7HAH 10m ZellA= 400Mb/se] AFEHEE 7Hoh o)dd 542 2

ol ME 41& 9] impedance FF3 ol 93 FFH = skin effectol] 23 F o]
o =S Ao AHEEE FAEAC 93 frequency-dependent loss® T8
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A 3 &. LVDS /O H ¥

LVDS 1/0 buffer®] /H@3 FZ+= 29 3194 He viel o] &2 bufferZ
ol A] 470¢] switchZ current source(4mA)E switching 3t3 42 bufferol| A=

100Q A& Faol 2= dgatels HA s SFs= Fejolth

Output buffer

Channel Input buffer
N E:
In-
100Q

I=35~4mA

a9 3.1 LVDS I/O buffer.

LVDS #%F2 TIA/EIA(Telecommunications Industry Association/Electronic
Industries Association)®l ©]gF ANSI/TIA/EIA-644(LVDS)(1995)¢} IEEES] <]gh
[EEE 1596.3(1996)°] UARF H7|Ho 2= H|=3t EA4ES 7Hdt el ©E 1%

i

I/OE(PECL, CML)#¢] 83t zto]= output bufferd] A 400mVe] swings A&
St = B8t 4mATF= F & channel currentE ARE3le= Aot} o] uwj &
Hlw A gte EMl(electro-magnetic interference)5 73S 7}t Input buffer®]

9 driver$} receiverAlele] 1Ve GND x}o|7bA] =2E 4+ JEZE rail-to-rail 9]



common-mode AS ZE=th25V AYY A9). ES R FH Aol g

glo 79 link F4°] 7158 540l Ak

A 31 A. LVDS 98 ¥

LVDS input buffer® & input bufferg#® 7b¢ & Aol & input
common-mode A (0.1V ~ 24V)o|t}, o] S TE3el7] 93k 7]E] AH8" 72
Z+  level shifter® o83 FE[7], 41&9 attenuation  ©]-83}]
common-mode & =2 A 7= TZ[8], a8 TZFo=Z rail-to-rail
common-mode”} 7}& 3 FZ[9] 5] A& T}

2 =fdAe 2" 329 22 AEE FAS AREAT AS 292 input
buffer®] bandwidthE =32]7] 93] Bazes's amplifier[9](2H 3.3)el high gain
amplifier(Z1¥ 3.4)Z negative feedback®.Z AT FZFo|t}. Bazes's amplifier?]
4% input NMOS 3 PMOS % Z5o] &8 ¢lo] ¥& common-mode?] Al
o] AL PMOSel 29X, =& common-mode? 79 NMOSo| 9|4 F2F3io).

EgE ZAHA] vlo]oj~E ARES| 2test 57 o] lth. Negative feedback ©] U+

o

$-9 gl= A% simulation’d 22 °F 66% (1.8Gbps -> 3Gbps)e] 4% #}0]

i

3

o

i

& 4 AT Differential amplifier= €] cored] ¢AZ NEFS zt= 4l
AGsty] fal AFEstH o™, single inverterd] B3] PVTe wWsle
threshold e w37 & 5A4E Adth o] differential amplifier T

£ ot
i

o

PMOSE ©] &3t negative feedbacks &3 &S 93t Z°]i bandwidths &
ZFAATH10]. ¥ 3.6 LVDS input bufferol] thall 9§28 data rate’} 2Gbps,
3GbpsY Wl 7}7te] eye-diagram= 3EA|SH Zolth oF 330mVY dY 4sE ARE
stom, AA g8 A9 v E A5 FFAT SRS F7HA

Atk £F o7

ro
o
)
>
fol
o
=t

& 2Gbps ¢} 3Gbps ZF9] eye-diagram =}o]=
vju)sith 1% 3.69] eye-diagram O ZH-E 3Gbps7tA 48 HolE 7} FE3] &Y

HE A 4 Aok ot 3Gbps eye-diagram©ll A jitter A o] F7Fghtt

o
fo
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e e

High-gain amp. Differential amp.

% 3.2 LVDS input buffer.

O inp

_?_- 5

éﬂ outp
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1% 3.3 Bazes’s amplifier.
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1% 34 High-gain amplifier.

¥ 3.5 Differential amplifier with PMOS feedback.
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1.3V

1% 3.6 (a) Input data eye-diagram : LVDS input buffer @ 2Gbps,
3Gbps

2.5V | m—
0.5V 1 X X
' 2Ul

1% 3.6 (b) Output data eye-diagram : LVDS input buffer @ 2Gbps

25V

0.5V

2Ul

1% 3.6 (c) Output data eye-diagram : LVDS input buffer @ 3Gbps
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A 32 A. LVDS &3 W

LVDS output buffer= 47d3g common-mode 79 (1.2V)Z} output ZF(4mA)
S fASE 7lsol ZQSIY{1]. Output bufferd FF+= main-drivero};
pre-driver2 FA %o JATH1H 3.8).

2 dAFdA FEE maindrivere= [2]9] AAIE FE Q] output bufferol] A
common-mode feedback 3|2 XF-Io] AME Fxolth2y 3.9). [2]91A4 #lt=

rok

T2+ differential amplifier®} reference HYTS A& AFES o] &
common-mode feedback HE|Z FTAEF ] o} 7|9 AgdH FRE HE It
@k 54 o] AT common-mode feedbackA] ol & #3&(100K)Z feedback <{FA
3t 9% filters o AFEC 2 EF Q3 WA AAE TR AT B =&
e ol 2L 9dl [2]91 AHEE common-mode feedback A& 4l F i
°] NMOS pairZ F43tATH11]. & 7)ol AH&¥+= NMOS paire A& gl
A oEAe 7] = 8] AltE FEoke 2 ofRAFe] FBasA

2t} Main-driver®] 4mA¢ AHFE common-mode feedback amplifier®] tail

£

=

currento] 7]%3}4 biasp, biasn ==& 53 FFH

Pre-driver= main-driver®] & MOSE &3& oz 35317 a|A A&
223 swingZE S £ pre-driver A FA71E Folal £EE FAATE 9T
< 3t Fx+ 19 387 ZTH4]. Pre-driver bias 3 ZZ = replica biasE Al
3}l pre-driver®] swing % (Vdd ~ X)o] 9sh= gtol FAol Fusglol welrhe
TS stoh. oA7)ol A HA A X main-driverd] switch7} €3] AX|= A
Holw o] 2 simulationg F3 AGsHth 19 3.102> LVDS output buffer
o] Y4=9 eye-diagrams YERH Zoltk. 18 3.10(a)= 1Gbps, 2Gbpsdll 3l 33}

o/ dY dFoltt. 2Gbps &=l el eye-diagramo] F7& AES &<l

rr

& g glom Aol dastt. AlEHol/dA 2pFe] load 27HE AHE-SFIH-
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Data In Data Out

>
4e-driver %in-d river

% 3.7 LVDS output buffer.

Outn
Outp

|_Inn
|
I

1% 3.8 Pre-driver (LVDS output buffer).

_15_



inp_| ‘:l inn

in<|>1_| ’gl inp : ::::

¥ 3.9 Main-driver (LVDS output buffer).
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2.5V

TVl

2Gbps

1.4 Va3

1V

2ul

1% 3.10 (b) Output data eye-diagram : LVDS output buffer @ 1Gbps

1v]

2Ul

1% 3.10 (c) Output data eye-diagram : LVDS output buffer @ 2Gbps
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A 3.3 A. Open drain 3 HJ

Open drain output buffer= 18 3123 o] LVDS input buffer®] 45 7
Z5t7] A& AASA T AAE open drain buffer®] &2 9% bias Aol w
2 4ol 7tesles AA AT A&kl wel 6 - 10mAS] current’} T2
50Q termination A2 ZHE 300mV ~ 500mVe] & F& A& 5 Uk w3
driverZ o X ¢] series terminations 7}3}%] impedance mismatching®] <%t <
s HAigeteE AA AT Negative WS A8 49 termination §lo] 2

A d4dste &Ho] 71 F+x2F 5ol Atk Open drain buffer?] pre-driver

rr

LVDS output buffere] AH8-2 5 U3 pre-drivers A3t T
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LVDS input buffer Open drain output buffer

-

IIIIIV/._
M
BRYAN

1% 3.11 Open drain buffer interface.

1% 3.12 Open drain output buffer.

_19_



A 3.4 A. Chip Layout

AAIE FL TSMC 025um 34< 53 AF=HRem, 14 3137 2o A7
@ LVDS I/O z+zte] W& 220x280 sm’, 246x200 um” ©]th.

‘Open drain
output buffer

Input buffer
AR .

19 313 (b) LVDS(input) - Open drain(output) layout.
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A 4%F A Ay

o
f
:Olzh‘l
2
olr
o

Input buffer®] 79 19 413 22 74 A=3sg Tt LVDS

outputg A Y3+ Agilent 81250 PPG/BERT ZH|E ©]§3le] 2|9 patterne
A7ds] W $ LVDS input bufferol 4] A& & Wol open drain output buffer®
25 FHo] oA FAolth. £HAE = Tektronix 11801C digital sampling
oscilloscopeE |83ttt Open drain output buffer& AM&3gF o]fr= &R 5

3 termination §l°] AMEE 4 QoW Gbps § AESE LVDS input buffer

35 ATl 7hsst7] WEelt

LVDS Open drain

Agilent 81250 _g /F Tek 11801C

PPG/ S>> EalO
BERT [ 2 D—’D—_’O@

1% 4.1 Input buffer experiment setup.

LVDS output buffer®] 729 A3 T4 19 429 2o Y87 =9 EF
Agilent 81250 PPG/BERT “gHlo] AZste] LVDS linkE T43tAth Input

buffer®] ™ %3] output bufferol] Bla] F&3] =Z7] W&ol output buffer®] -

olr

4o FES 7otk =3 common-mode voltage ¥ AI7F 5 4] 73

A\

A& 98lA real-time oscilloscope?]l Tektronix TDS 694C(BW=3Ghz)9} high
impedance probeS AME-3td YAE FA5A Ul High impedance probe(1K¥)E

AH8-3led A A Q1 LVDS linkoll tigt impedance mismatch 3 &2 2T},
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L] ] Lyes
Agilent 81250 _le

PPG/ —
serT [ PP

Tek TDS694C

1% 4.2 Output buffer experiment setup

Al 41 E Input buffer %3 23

Input buffere] 729 ¥ 417 22 FA4HAS B3 HISHJT 100mVY
PPG(Pseudo-Random Pattern Generator)E 2 2% (0.1~24Ve] common-mode®]
el A 3Gbps7tAl B3-S FAstAth. 18 432 1Gbps, 1.5Gbps, 2Gbps, 3Gbps
Zyzyo] A% 7} input buffer®} open drain buffer® F33 3o ugo|t}
“11001010” 9] input sequence’} J&3tA EE€ =™ ©|ZFFH input buffer’} 52t

s FAE F Uk 1.5Gbpso]de] =¥ #¥ swing o] FEA B A

flo

2134 %7} open drain buffer )9 %& g 7] W& o]t} o]= open drain buffer?]

e

AlY ¥ LVDS input buffer®] &A= ol
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¥ 4.3 (d) 3Gbps signal(11001010).
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A 4273 Output buffer &3 23}

19 42< output buffer S-S SAHs7] A% 249 FAHH. 4 FHo=E
£ 3A common-mode control WH FEA AZ W HY 52 &£ =XHo=F

Ur B Ao 19 44+ output buffer®] common-mode control %ol wE

output common-mode H¢}t7e] #A 1ol

Commaremode Yoltage (v)

| | | | | | | LN ]
010 030 080 07 o093 1.0 1.3 188 LT

Colro] Yallaos (W)

1% 44 Control A9 W2 common-mode Ao #H3}

Output buffer’} &ul2A F43t= 7312 0.8Velde] control A gtolw A&
Ql BEAXE 01VAHEY offsetS 7FA ok EF 11Vo| el FiteldE A
Pgo] 7ZIA=d ol output buffer 7+F AA Y FAZ 25VE APoZ AL
ste FxAAAe AT F gle £ACIth

9 455 39 429 22 AF FACA “110010107 patterne] ¥HE-Z<l data
ARE3te] &4 g3 o|th Output buffer £35S 3GHz9 bandwidthE Zt=
real-time oscilloscope(TDS694C)E ©| &3t =43RN o, 247} 1Gbps, 1.5Gbps,

2Gbps, 2.5Gbpsell slFET. A& FFo] 22 ZL common-mode control F

i

==

ol w2} main-driver current source’} ¥W3}7] wWjFo]™, o]u] common-mode

control AL 1.6VEA 74 £  duty-cycdes Zte S AME3IATh ol
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1.2Vol Al 7} 2 duty-cycles 7FAY simulation? 2Fe]7} 91©™ main-driver
o Al switch &8 3= 4709 NMOS sizeZ} 443 o™ pre-driver’t F#

58S 24 R Qo8 FZED o] FRE 5PIA F

3}l main-driver T+%
AL

7HA Q1 AlEE ol

IO

1100 1010
i

AV YV WYY,

WSO ChT 7 540w

200mVe

¥ 4.5 Output waveform (real time oscilloscope).

1Gbps, 1.5Gbps, 2Gbps, 2.5Gbps
Bit pattern: 11001010
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A 433 LVDS IJO BER &3 A1}

A#E e BER 4 19 429 e 745 §38 LVDS 1/09 Hs< A
S8t en, o|& Fal 25Gbps7tA o7t BASHA s Al 1™ 46
2 AulolA] A F3t= eye-opening®lth. ARFA Q] eye-diagrame| o} 2} UI(Unit
Interval)oll wE BERS ZAISH 1do|th g AR resolution®] YREA<I
sampling oscilloscopedll BI&] Hojx]7] wWj&o] eye-opening®] EUEH QA 54 0]

I A7) & £=5 U 4 AdE Fesd % 413 2o HW 2.5Gbps
oA eye-openingo] A< B3 Jov o= AELAYI #S A5 AU F=olth

I | Frm. | P Pk L 00 i b ]
L4
—— g
Aaw
i e

g L T b B
ol g il I o

| Bt
ET S
1y f e
18
1Ty e
- o 0 l:l'ill -Cl::'l:lll ll:ﬂll SOl Nl L -]
Sars L4 51T [P 1T = 1}
by |opisl Sangie gl -
e I'-*IMIL—. — l'-'-.".- g
E=== [ ] e 1R
[ER-T amTe  JmE e i.'.-:|l AT
Pjtmit | W | GATE| 00 e [T A

1% 4.6 1Gbps eye-diagram.
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¥ 4.1 BERT 54 A3

Time Voltage Optimal Sample
Data Rate . .
eye-opening eye-opening Voltage
1 Gbps 0.787 Ul 200 mV 1.2V
1.5 Gbps 0.629 Ul 200 mV 1.2V
2 Gbps 0.509 Ul 100 mV -1.25 'V
2.5 Gbps 0.288 Ul 3.002 uV 1.2V
o]%e] LVDS I/O A% S4S AFgstd 1 429 2o
¥ 4.2 LVDS I/0 B%
Tx Rx
Power 45mW 55mW
Max. Speed 2Gbps 3Gbps
C.M. range 1.2V 0.1V - 24V
I 50mV
Sensitivity - i
(ZBgvo )
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A 5 %. Full-link A& o]A

=24 A9} simulationZe] BILE 3 QDo 7153 RE FA QA 17
3} full-link simulations =3} 3} o}

A 51 A, Md =4

AAE /09 simulation’d 45 ASS #1814 = channelol tgh modeling©]
H4Zolty.  Channeld] ©™d F4& HSPICE W-model2 ©]&3lo 1002
differential strip-line ¥ Ejo]tk. W-model skin effectoll 9]¢t loss % dielectric

loss& 257 EFsta JoH12]. =gk AZE 39 package parameter= TDR(Time

Domain Reflectometry)S A}8-3te] F&31S T

A 511 . A% A= ggeH

AsHZ2= #5100 Yoe ¥ 2] backplanedl A ®o] ARSHE
strip-line FEZ T3t th Line impedance= [13]°] S+ impedance calculator
£ A3t ALtstAth Dielectric 82 FR4E AR 2™ loss tangentdt

2 0.022 ARSI dielectric lossE FE3

d

v sl th T3 line width= A A
Al Z~E A o] AR E+ 5mile AFE3 T Line width7} Zo}l&A 42 skin-effect

o &3 Aw el Ff= AXY.

ofr
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Parameter Value Units
Dielectric constant (FR-4) 4.5
Loss tangent (FR-4) 0.02
Line Thickness (Cu) 1 (1.4) oz(mil)
Line width 5 mil
Line spacing 16 mil
Strip-line Height 8 mil
Differential impedance 100 L

— Transmission Line Structure —

5 16

Er=4.5 (FR4) &< mil

E 51 A4 HAE parameters.

W e ring 0 Siaighing | slealsass 8 W B M
T ared b ol fo drweimm LD sxign. vissy
Ty mm iy H.'-ll"'_ﬂ e | 1
T o hacicmary ""F' _'-I il (1L arf ! : = ' :
T18cH LpArEg 5."'," :'] rile }T__Frr_ 1 H_F_‘ﬂ 1
v ' = 1
[ el T o [ S A, e e 1 o 1
Fialgien cwincies comriart 07 |1 & - !
B e —_— Do asiind Mmtade = -
e L '_ : 1-,-.-..... Mo, s : }chi-az;.urqvmu-l::rm?wl
Nipaig b ....:-I II a gy Ba= |HLT \l I; 1 Srapkng o eWais b ciasis §Efd0]
fres I| T | ~_ -
o ajlidariE L =4 1 pl.h b _J
[ibeny ' [T [ i-h "I_
L e el o~ KL

¥ 5.1 Strip-line impedance calculator[13].
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A 51.2 A. PCB Zo]d] ©}E Peak-to-Peak Loss

AHESEe] AlEE o)A g Aoty 1Y 532 5Gbpse] 4l& 7} 30inch H4Ek3d

A7) A3 F-9] eye-diagrameo|th. HEEtQle] Autr] A oF 400mVE] swing

< AW 237 AdFd= 180mVe eye-openingS ZHe=th ol ¢ 55%2

peak-to-peak losso]™ 1% 529 52% loss®t% FAFSH gholth. gk 218 4l

9] eye7} FolAE A2 channel 5749 &3k ISI(Inter-Symbol Interference)
]

ojt}. o]& E3&| simulation 42X AlZ o th3t channel®] 3

o]

A\

PCH Pask io Pask Loes %)

52w AFekel dolo] wE peak-to-peak lossE YERH AHolH, HA| =

5 #Fa 3 Aolo14]. E3 I¥ 532 51.1 A AFH W-model=

e

lo

ot

M

(

tlo
ofj
e
oX
ofr

bede & Ut

—
i e
52,00 "U_.' - A
i _'-"-. b . .
n
l'rr.\.:-.._o—
woa - - T - -
- i g
- -_..
i T -'-::-I.-"._:'_-\.'__--il
2200 |} d_‘_.*' =
_i_. *___F_- —
_.o-'. e
100 - -
[

FCB Langih {inch)

I3 5.2 Peak-to-Peak loss [14].

37 . 6mil 1004 differential impedance, FR-4
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ltag=s (linl

100n

wiik line attenuation test & mil line wédddeiid

200n 400m &00m B00m

1
Veltages (lin) (t) 4U|

a9 53 (a) AFHAE A7) A A5 (5Gbps, 30inch).

100n

200n

Deltat=l. 7B=-001

200m 400m &00m B00m 1

Voltages (lin] (t) 4U|

a9 53 (b) AFEHASE A FF 4235 9% (5Gpbs, 30inch).
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Al 513 A. H7) A =dFH

Chip-to-chip interconnection A% &%7F Gbps °|Foz F7ge] wet
package modelinge HEA Gl oA wl-¢ Fad FEo] Ha v dwbHe
2 package model package FTFol wet s s 7HAH & Heo B¢
package 3ol A o £3}= BGA(Ball Grid Array) typeS o] Al&3t=
FAHelth. 198 54= AA BGA package model®] of o]t}

Ball on Package l Stripline in Package l Bond Wire |
I I 1

025p | fo.zs PF
() z =50 0hm ()
0.605 nH
0.605 nH 120 ps delay "

0.01pF | __0.01 pF
0605nH | T 060500
1 Ohm 1 Ohm
() Z =50 Ohm(3
-4 120 ps delay -4
0.25 pF 0.25 pF

\Y4 v

1% 5.4 Package model[15].

Tektronix 11801C¢] SD-24 TDR headerg ©]&3td A|ZE F o package
parameter extractions 33 th 32 48pin TQFP plastic package= A 2}t=] 31
om, A4% boardv= 1¥H 559 & FE o 4= 7|HFEEHE A2 AT} Board

o

tracex= ¢F 3cmo]™, SMA connectorv impedance mismatchings #4318 4 3l

TE[16] = RWHE T3 AASATH

_32_



Package
Boardltrace * —

| |Vdd
r |Gnd

Y SMA

19 55 TDR measurement setup.
(AN 4T A9

a9 5604 ¢ & %] SMA connector®] A Ao WE  impedance
mismatching F&F LolA AUstes 497t g U2 SA4& dehds & F

AT,

Acquire

Hor izontalsAcoiire:
Desc = Desc Desc

Continuou

ot
.Sampling
Head Fnc’s

19 56 TDR 43,
9%: SMA connector Z| A 4+9). 2E%: SMA connector H°lA4 4.
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AA =4 gd¥ge a9 57 (@9 2t Channel® F23 impedance
mismatching®] #A3= XS 2= FA SMA connector, PCB trace, bonding
wire, pad & ESD capacitances 2.2 UH & ¢ Uty SHE 5 o227y 1€
583 £ T7F 2de AT 4 Joh. 19 57 (a)olAl A= SMA connector©ll
A3t capacitor24] EdW# o] 71533, BE board traceZA] 638 <3
#s zZ=t C De 44 F WH9 bonding wire®t pad & ESD &l
A S inductance®}  capacitance’dw-olth. ol Edo Ht AHFsE e
HSPICE simulations &3 2= & Atk 29 57 (b= AT ¢S Z= 57
TS o]83 simulation FFo|ty HHtHo =z X } pad & ESD
capacitance®] %9} rising time }o|7} WISt Ut} o= 19 5837 T
model 2 &34 X3¢ modelo] EAEE AS Tale zlolH o= <13 TDR

2159 rising edge’t =8lA= Aoz oddctt. 19 582 AMEE channel ]

X
o,

o
[>

to A

ofs

S7FEdol™ transmission line modelZ2% &2 (FR-4, £~=4.5)9] loss5 7 (loss
tangent=0.02)S 117 gt W-model& AF&-3}$Th.

AH&® W-model parameter= TDRS F3 A4 d3d2 g3 A2E PCBo
line &5 Fu g 3sto] ZAQsAth SHE PCB lined YR gho] 63es Zte
olfr= AA| board A& HAA WA HEFH} FHA FA 2z wFo|th
Simulation®] AF&-¥ TDRE 7tdalA 18 599 Zo] modeling # T}
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—1d2mY - B f SRR T AR

e [
-
343""\,
S4.27ns 198ps=.d SS.27
19 5.7 (a) TDR waveform.
! 1

: : 100ps/div.

I3 57 (b) Simulated TDR waveform
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63 Q p—strip
|§MA >|<(td=23003) + Package >|

0.6 pF L 1.5 nH L

I I1.15 pF
1% 5.8 Channel modeling.
50 Q 50 Q
STVWN ‘
Pulse Generation Test Circuit

19 5.9 TDR simulation model.
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A 5.2 A. Full-link A &3 o)A

=74 A9} simulation?} ] HINE 9314, A 5182 TDRS | &3 FHO=
FE A& channel parameterE HlgoZ 1Y 51083 ZL linkE FA3HY
simulations 33t th AlE#old &L 2Gbps® LVDS data linkel A
output buffer, input buffer 942, output buffer®] EH oA £ eye diagram©]
th. Output buffer =3 eye diagram®] 7%-¢- 533 impedance matching 3] &7}
7] WZo] T2 eye diagramol Bla] daeiFo] 25 ¢ A4St 5.11 (a)).
29 511 (b)oll A simulation’d FA1E 9 3% 2 eye-openinge  130mV, 0.5U1
oty o] AFA 100mV, 0.5UI(E 4.1)°] ZH3= #kol™, ¥ channelo] 3
33] modeling®] ETHH simulationd . 2% FH3I AesHAZo] 7Isdlte AS

& F Atk =8 T AP o] H7| A= AHIZEA] modelinge] g
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1% 5.10 Full-link configuration(simulation).

a <

2U |

1% 5.11 (a) Output data eye-diagram @output buffer, 2Gbps

2U 1

1% 511 (b) Input data eye-diagram @input buffer, 2Gbps

1% 5.11 (c) Output data eye-diagram @input buffer, 2Gbps
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A 53 A. 7} 4= LVDS output buffer A| &2 A

LVDS output bufferd A5 /NAe & Mz FZE ALsAL Atw
LVDS output buffere= 1% 5129 2T} AFE FZE+= common-mode control
J2E XA ol 1Eg 5Ao] Ao pre-driverd 7% THE 719 A&
o] Agoz ¢ 3Gbps ©]de £EE Z=t Common-mode control 3|2+
25V AY A4 0.25um 34 AFHE-A] process conerd] @WE common-mode F ¢t
1.2+0.1Vol E3sl7] wfjFo] st &tk 17 512(a) pre-driverd ¢ A
RIS 71E9 A5 50020 A 200802 =] pre-driver?] tail currentE £

o o

rr

A (2mA — 5mA) main-driver 7% 4] RC time constantE ¢ 75 &5
7199 Eg 19 512 (b)2] main-driver®] -9 replica-biasg &3l HF7F 4mA
5 FASIEE AAFEHASH N1, N2& replica-bias 3 2ol ZFH AZFOZH
main-driver switching Ao E58+ AYES HLA7= 988 st S5 19
512 (b)e] N13 N2 noded] &2+ AF Iy, ot datad] transition edgeol A &
st =9 H A edgeoll A £HHo 2 AFE FFAF2EZAN N1, N2 node?] ¥
S WA Frh 29 513 N1, N27t ol= Zo& AZ=o] A ¥ A%
(@), °1’FA Aol A=A A& HH(b), ALHE 32} 2ol replica-bias =
of dZxo & AF()5Y N1, N2 A4 2u 9] eye-diagrams HEFH Zlo]
o 7PE F& eye-diagrame (b)e] A-FolM olf= ol dFdF uiel 2ol
main-driver & A A 02 Qs AFE o2 o] F73 F7] W&
ojtt. AFd Fx2U (Y AF (@4 AFel HIE o= & eye-diagramel F7
ol &S FUT F Utk Sl AHEHE HA FERELS FIF Feket
pre-driver& Ab&ste] AlEd oS FdstATh Atd 729 A4 7AE 7=
o] s atolE wlwstd 1Y 514, #5299 U 17 514+ 2Gbps 4l& ol ujsh
THHE Fx@)S AdE FX2(b)e] LVDS output buffer eye-diagramo]th. A|tH
TZ7F Bt} ] £ eye-diagramS YEMHS AT 4 AT} AR Bo} & %

FE AME3She= pre-driver®] AFESZ output buffer AH HEH-2 40mWeoll A

[
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60mW= Z718tdth 18 5162 /A" B9 LVDS output bufferS Al-&3}o]
fulllink A E#lole Faa Zolth. THE output buffers o] &3 A F¢ o4

29 511% HlwE & data ratex 3GbpsZ ©l WEX|¥F &AW 53

eye-openings #¢1d 4 Ut

o
= R out
' —r—| In+ —| |—1n-
T |
N

17I1

19 5.12 (a) Pre-driver (A1¢tE LVDS output buffer)

1% 5.12 (b) Main-driver (AFE LVDS output buffer)
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1% 5.13 (b) Eye-diagram, ©] 4 &<l AU AF{-A] @3Gbps

LYY T )

N1

1% 513 (c) Eye-diagram, A|¢HE F= AL&-A] @3Gbps
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1% 514 (a) 78 ¥ LVDS output buffer eye-diagram @2Gbps

1% 514 (b) AYE LVDS output buffer eye-diagram @2Gbps

E 5.2 Eye-opening H| il

Maximum Half
Data Rate Timing Jitter ] ] )
Opening Voltage| Opening Time

514 (a) 2Gbps 0.18 UI 330 mV 0.56 Ul

5.14 (b) 2Gbps 0.06 UI 350 mV 0.74 UI

Maximum Opening Voltage : eye-opening®] Htidujo] A9t #
Half Opening Time : #t} g} #t¢] Ak o]ido] )] A& wf ~ tpA] Hutolgtz Hojd o
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¥ 5.15 Full-link configuration(with enhanced output buffer).

L2ul

1% 5.16 (a) Output data eye-diagram @output buffer, 3Gbps

1% 5.16 (b) Input data eye-diagram @input buffer, 3Gbps

2Ul

1% 5.16 (c) Output data eye-diagram @input buffer, 3Gbps
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Aed. d £

E=F = ASICOlY SoCe 1/0O bufferZ AMg-5E Gbpsd LVDS 1/0Z
Td3H . Input bufferd] A% AZ 92 5A4S Ad amplifiere] =33
negative feedbacks &38|  3Gbps® wHFS Z= buffers 2A8HASH,
output buffer®] 739 & AH&E ©]&3F common-mode feedback-S NMOSZ tf %]
sto] WAs HA3heklal 2Gbpse] HAFS zt=th 3 W5 A biasE ARS-
sted  IPsl7E &olat=E AASAT. A¥HE He dAAWEHL /0 4
0.029mm’, 0.04mm’ ©|t}. TDRS ©]-&3te] channel parameter FZ3}%om, o
£ o] g3} full-link simulationg 334ttt =3 ZAxete] vHwE F3] A4
dAA FE3] /0 45 AFol 7HsEs &
ANSI/TIA/EIA-644 standard®] A€ 655Mbps tJ &S F&3] HEAZ 5 9l

45 ol™ SoCu ASICY] IPE 3] 282 + 3t
&

5k5 B olo] o]F Aol & FELS LVDS drivero]th. T 25V HLES zte=

o
]
¥
0
32
-
i
)
i,
tote
fu
rr

3

rr

I/OZ Al&o] "YW, common-mode control®] X ¢t Common-mode
control §lo] XEE process cornero| W3 simulation A3 1.2+0.1V¢
common-mode %}t F& 7FA|H, o]& LVDS standardol®= T3k 9 <t
7] wjFEolt}t TI F7}F 2 common-mode control I E7F HQ {l7] wj ol
A £H, layout W3 FoA F23 540l Stk ol e AZE LVDS
output bufferg A¢tstRon, FHHE FE2EY H5o] ¢S AEd)AS F
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ABSTRACT

Research of Gbps LVDS I/O Interface

Cheon-O Lee

Dept. of Electrical and
Electronic Engineering
Graduate School

Yonsei University

In this thesis;, Low  Voltage Differential  Signaling(LVDS)
I/O(input/output) interface circuits are implemented for the SoC(System
on Chip) or ASIC(Application Specific Integrated Circuit) 1/O requiring
Gbps/pin operation. It supports up to 2Gbps for the NRZ signals and
includes self-bias circuits for easy IP(Intellectual Property) integration.

LVDS input buffer circuits which they have 3Gbps bandwidth are
composed of amplifier combinations with resistor negative feed-back. In
the proposed LVDS output buffer circuits, NMOS pairs replace large
resistor pairs as the common-mode feedback circuits. Thus, they have a
more simple main-dirver structure. Besides, pre-driver output has
minimum level to drive a large main-driver capacitive loading , so it

has small power consumption.
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The proposed LVDS 1/O circuits are designed based on 0.25¢m CMOS
1P5M process technology from TSMC and fabricated by MOSIS. The
performance of circuits is verified by measuring equipments.

For the circuits performance prediction at the design step, printed
circuit board(PCB) channel and chip package parameters are extracted
by using the TDR(Time Domain Reflectometry), and based on these
parameters, full LVDS links are simulated with HSPICE. From this
simulation results, we know that they agree with measuring results.

Implemented LVDS I/O circuits are compatible with ANSI/TIA/EIA-644
standard of 655Mbps bandwidth, so it can be used the SoC I/O or ASIC I/O

applications.

Keywords : high-speed 1/O, LVDS 1/O, CMOS 0.25¢m, serial link
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