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Hae vixd 2 Aag Jige FAE dEE s mL FA Al A" (High-speed
Communication system)®] %2 F 34 (Operating Frequency)7} wl-$ wal=] A =3}, o]
23 14 FA A2 9 Backplanedolt 4139 44 (Signal Integrity)-& A&iste B
& 9AEe EAFY B =EdAE nd& B4 A2y UF FLEO] I e
dEE RYgetn FEe A%E HAY F e MEL Backplane HA WHEE Al
Qhstrh. A WHEE AAEY] A Az FE EARS FIE, HAHY AlEHA
(Simulation) 282 & HHo ] A3 o AAES 3 dolx AHRE )&
A2l AlEg ol Aot vuste] & FA A2y A5 FYAE F A T

iRias)

A Design Methodology on Signal Paths of High-speed
Communication System for Signal Integrity

Jin-Hyung Lee, Jong-Kwon Chang

<Abstract>

The operating frequency of High-speed Communication System becomes very fast
with the advance -d technology of VLSI chips and system implementation. There may
exist various types of noise sources degrading the signal integrity in this system. In
this paper, we model the effects’ of the internal noises in the High-speed
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Communication System to the signal line and propose a new design method to
minimize these effects. For the design methodology, we derive the charact -erization
value for each model and then construct the optimal simulation model. Finally, we
compare the result of the new method: with that of the existing method, througn
simulation and show that the quality of High-speed Communication System is
significantly enhanced.

I.4 &

VLSI Al2dlo] JAgHR FFH57t Fobe we} Al2®e] B E(Module) W
2 A5k AMF ol 44 (Signal Integrity)S BEASE Aol dWl$- Fad Exz Bzts
3 drt. .

24 FA AlzdeA A5 FAALE Adste Fe 8UEL A8 AU} e, o
9 A4FE Axde BaRFHEs goldd wE 08 FodA HAUY. A 14 E
Al&=ge) F&59k4(Operating Frequency)t & GHzE 99 nFdolmz AE AR
A <¥ /4 (Transmission Line) 2.2 ZHF38te] sjisjernt gt} A3 AZE Aoz b3
ol wah Alxel #A A aesol & AlgtogE AF 9 HE A7HTime of Flight),
FadY(Far-end) 7o w& 313 kAl (Reflection) ¥ ©]-%% HA23te] Az A AFe
2 9% 73} (Cross-talk) Fo] ot AF 9 FHAHE Adste F2L2EL 1d BN
Azge] HE &9 F7ME xsA H

B =idAs 14 B4 A9 Aze FAHE 2SI 4% HAAYHES A
Algle o o] gt 53], 1d FA A", HMSB(High-speed Message Switching
Backboard)ol Al A" 4 Qe FSIES BAsln 7 FEdo e F3FL 345
FEE 28 5 de A2 dAYHES Agdstaz 3o

M Eol olof A2FANME g FA Alad U AF J¥E gIANE o8 ZAS o
9L FYER RAED, olE EAF(Characterization), R H3}(Modeling) L 314
(Analysis)st= WS MA@ AFHARe] HE FA2Ao] digh dukad 314 Yo
el A3 Mt A4FE nd Tl Axdue MFE HAeg wyslan )
NARE B AS5FS M3z FHAAFE BAsy] A% =2 HANHEL Atsin,
AAR M 2l NE ¥ g A4 Ane} @ - AT AMeFAME B AFES
898t 488 deEo

.

o

ox
i
2

Iom.

b

A Azde A59 F4

HMSB¢ 2& & 34 A2ge] dA BExe A4 U3 Z2E F99 ool
Al : 9

A WSHES FHG 5o FAHEL nHARE ook ABY UYL A
Aol 29eE Aadel FE, A5 A4 FL o]RF A4 BHTL =
& Quh wEbd AEd 34 BEH] 98 4 Fedol Ax Aol HAE FFE
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Az FHANE A% 245 A A2 g M2 dA WHE 3

AL o] HAgse AA WHES AAdor Aok 7 Aol d¥ dFdHE
AlEol o, & dFodMdE Ad FSdd e S THHoZ ued N2gs
Mated Z3o] Jleng A4 FHgd A dFE 24T A7 AHE FAHoR
A R Ao e o] AU

EAY

2.1 H4y

duty oz Z F&del ozt g 4 dAFE 54 HCharacterization), =3 3}
(Modeling), 314 (Analysis)2} 3%AE Az} A3 e Az dze +x 9 o
A BAEERE M2 HAZAH EAE FFH U FAHS EG 133 &4y
(first-order analysis)& 1314 ZAIXE T Aol AR 32 % vid Hr=R
B g9 dojgdd AEAYM), HE AGAE2C) € HE 54 FTYEA(R)E Alstd
Ege & + gtk

233 AN e S48 dAdN dod w4E 2AR 2 2¥E FAse oA
g et 32 2yge aA JF3AR ¥ X AH43 Z(Distributed parameter circuit) &
g3 & £ ey AJ2"e FRFoe HE He, A2 dolo wgt HYE vy
A-g-3te sjAE A "o, £33 Mz 4FANRise Time)S £, B FAZHTime of
Fligh)S ¢, 82 @ w, ¢, <25 ¢, old B¥ A+E 25 ¢, < ¢,<5 ¢, o
HEEY PF R, £,>5 t, olH IF J2RYL AL U4

A dAdME EAS 3 Byt BANA doidl 7 RYPL HNdE AYe 9
et} o] HAHAAM = AlBHOEE o&dEd, E dFdME 2 HE ZHo] YRy
A9 2¥or AU FL 1EId, ERX2H 59 4 (nonlinear) Y Ko} E
APrgol hREQ 3 2o 3 Berkely version®] SPICE3E Ab&-§ti[7].

oA Med HT WHE& HMSBUY F8 A% Mz AHLstd AxME 32 2
FE A AT F A €. HMSBY EAHAIE =olnjolA ¥al&7ta]e] Al
3 A2E =243 34 [2y-2.1]9 2,

[ZE-21]19 =golny/ziAy EyL o FFA we FFA7 AFgss Armd
(macromodel)- & AF&-3tl, 25cm T-line (Stub), & microstrip A2 2 ¥ 3 Strip d82 =
Fe 2 A RY S AESA Hed 2% A4 2o dgaMe (9] & ey
Ach. AdE R¥YL JFHEE FAHIY.

e

2.2 HMSB A| 2" 9] #4484
NA"e] o Fgo] i 9IS BA57] do]l HMSBelA 713 28% gedoes

dZsE F AAE A% 42 AuelA Azwa 2 A 2B WA AR
g % .
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Connecter Strip Line Connecter
Mods! Medel Model
2.5cm T-Line 2.5cm T-Line
Model Modsel
Driver Receiver
Model Model

29 21 1% F4 A49, HMSBUIY A4 48 M2 53¢ =47 19

wekr] of F six] Zgeo JgE HAEE S HA sy Az FAHAAS R
237 8w T3

A5 wHol el A2l Futurebus+® 2ol A FAse 24, & 2709 Asdvt} |
MY GroundE WX &5 3l FA] 29A o] doiyAY F4% AF Wste] LA A
28k Ground Fluctuation® F°|E% tAsIa Utk 28y @AY s F4 )‘]—’l%],
HMSBE o] #AS FA8tn AA AvE e dfe AegHdozr @93 Groundd
St ol Wi AL AMR-S BFA] Al rt

3 oA NEUALE H 4357 98 Yl Futurebus+ol A= Stube] ZHolE&
25cm ©]st2 Folm HH3} FuW 2L #E AL AAHI}Z J2v HAY A=y
o] 27& wWaEA &1 v [2Y-2.1]& Stube] #HolE 25cmElil A stm AH Al
48 TG Aolth ol& d4de] Hel Wt olygl Stube] HoldA v FFHT F
mol oz ¢lg WAt HbAle] 9gko] o Zy) wWZo|d), e 3 StubolA %*EEP
FEe FAE A2 g v eFge] ofo disiA e [10,11]0] 2 e gt

o

i

2.3 HMSB A 2€9 A o

HMSB Al&®"olA AX &7t 71 2 Roz AZdHe AL Alage) AdEite
Edge ¥ 9] 1/30]72 Ground 22 &F02M GroundolA LAste Jd9E L 98
H 238t FA=HAR/SES ol wrolth o] W ALEEA] % E Edge ©o v &
o] 30% ojdolng FR3 HE{LH F Urh

A3 HALE &o|7] 918 WHORE Stubd] HolE Folx AlEH o] A (Simulation) &
23 A Fd 271E& Algst: Aolth, Stubel ZolE Futurebus+¥ el Aol utat
25cmz 7HEE W A T 2AGE Fald AE MALE Fole AL shEsi.
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3.1 NzXRe vy

FA Axde AP NEH2 =YL [(2g-2112 AP Sdolw/E A Y
= 270l AFE AA™ Chipd %°ﬂ uet 24 FAE 7 ded UM E
TI(Texas Instrument, Inc)AFe] FB2040 series® 74FB2041 38 Apgsttla 7} shd),

25cm T-line(Stub) =¥ Microstrip A 2%, Futurebus+7} #A3tE Zdo) wa
25cmE 78 & 3t Stubd #HolE ZFolA HW "]ZZ qAzre] F5& AY FAE 7
AEd ol s (9,101 & et et

A9 El (Connector) 2 AA MZA B& FX& ZAZ li}&i H4e B3 Y
g 2oz Uehd 71 o

Strip line 23 ¢ A5xd3te] F&ol e Fge vl wefatnz u#dx] @eth

ot Rt

o 1

311 Ay 2y
AGEde F AZHZE [2Y-31]9 2o 7R W, Ay 99 x( L) 2 A%
AHEA2( ML 22 24(3-1), A(3-2)3 o] FojRtH14].

( T) o (radius)
e i
( 0
[ , —
a9 31 AdE A & JEHE
L,=51 [n(-2L)~ 2 )] (3-1)
.M=51[m(7;—1+ < (2p ] (3-2)

AYEE [3x3] Matrix 808 FAsE [29-32]7 o] UYed + Ju
dg QUEAE AG-D, G2 2 (293200 Yed FAE ol 8de]
Matrix® T&9 [28-33)9F 2t} o[ 49 2} Ry e SA3 B4 A @
2 AR AN NEH2E FHY J=: [29-35) ¢ 2o

rlo

l‘_.

i)
Ay
PN
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2.83mm

mﬂgﬁg?i%m
ORORO

@@ # = 05mm

= 15mm

29 32 [3%3] Matrix +&9 A9E =¥

527 345 527 436 318 345 318(26)
527(384)527 43 527 436 318 345
345 527(384)318 4% 527 263 318
521 43 318 (384)52 345 527 4%
43% 527 436 527 (984)527 4% 527
318 436 527 345 527 (380)318 436 52
345 318 283 527 438 3.135.27
318 345 318 436 527 436 527 (580)
(263)318 345 318 436 527 345 527

Ly Ly

vop vDD
Ax4 33 18(4x &) Lines 33 4X4
i AR

f° Coupled Strip Line o
Lin
Lia

Connector
b Model
see [ 2.5¢m T-line e
VI
B204] [FB204;
i Aln Aow

2Y 34 AAFHA NEA=2
32 {4437
[2H-34]2 Fo JzmyolM, 2+ EZU 9 o o] AZ T v it
g3 2AHe dr] Y3l 24 G 237 Z(Single signal line)¢t v A&7 2 (Multiple

signal line) 2@ AIZ tro] |48tz g}

321 9y Az A=
gd NEHRAME Y T AL vFsE F9Ue FAEdH 230
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A5 FA4E 98 3

X

FA Nagel A5 dz A4 P 7

HA FEEe TA HMAT 2N AFE H Zo] o MY AEYoHE F
g odRgrel T8~ 101,

kA, AEdold AFE T3 AL HFH TIEY £1E o8 @Y VEAHE H=E
TAsE [29-35]9 2ok A ¥ L [2¥-36]19 2ol ey, a9 Be ot
g Zo] A% HFY o] Ao BAEA FSE AL & Ut AAA A EHo|A
< T L2 HF T 2A( R/ R)2 (1009/82¢Q)0|t},

/Collector Register
R, Strip Line %Rc
/ = Connector 1
Termination
Register 2.5cn T-Line
FB2041 FB2041
ﬂoﬂt I;I:n i’om

29 35 @Y NEFRY 2 74

.88 E.2288 .3

et
4]

L

LR

L
e Bin

a9 36 [1¥-36] 29 MY Iy
322 5 MIAR
s A3 32 FAL A HY [2¥-3519AM [3x3] Matrix +Z& HE&§F A
Iz}, o]A oF NEARAGN AT F Ads TS A4 g HE s 47 A8 &
Zto] BE2& BEdld g&9 3gAZ U] s g Fo.
(1) 25cm T-Line(Stub)49 &S 24

(2) A Fe B
- =4 (Inductive) 2%-& 7tA& AYH 32
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8 | 7Y - 3E
- AF 3N A2E A AYY =2
(3) Strip Lined9] & &4

2.5cm T-Line(Stub)¢} Strip Lined ] A3 XM E7te] ¥3HCross-talk)E ZA $38 4+
o] oft}, ole] WEAE (1011]e] & YEly glemg B dAFoaE ojge] gk
el Al FAIS7 12 &t

AGE A Fe&& B4 98 2A Ground FHAA F 7HA AR UrolA 2
g 7T AAs AdEde R =4 Unductive) AES JHAE 3Rolm, E
Ae FE4 2% 2 AF 39 4EE /MAE 2ok

Ao ANEE 4x4 Matrix a2 FAH o} 9714 3x3 Matrix E3& A
f£3to] olo] @S Kt gt} ol& 4x4E FAEE Zlo| vl Bsta Ajzlo] wol
A e AEd ¥k oflg 3x3 Matrix rFPoz pAIHIgE AAMNHY ABE ZA @
2}A]| 2] 7] W& olrt.

[(29-3719 [9”-38]v 47 f =4 AF9E M+ AYH 2z dAugd8e e
Wi gtk [29-38]2 @3] AdEde A8t A7) dYe s 45 A9e s s
TE B ARE HEE A otk o] YL 8] AlmMe] TelA ‘Ver FA
28I test driver Y¥ S A4l =g, 08 AL & o dAseE FA=Y
A JEE FEAsy] 9% Aol [aP-38JdA HEol AvEHY FxA4 AP o8
test driver®] Mol AA e =Ygkd FAFA ¥ JAFEHE FJE + Ut ue
M EFHAM =3 L7t UHeEhd £ ST

W 5V
% Coupled Inductance Matrix %

@ / Back Board \%

f ==

Receiver

swiching Block

¥ 37 fEAUnductive) 23S 74 & AVE IR
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NEY EAAS 98 14 B Al2de) A5 A A g 9

AN LN
JERY W
W

X
0 B
ST

Ry
EWL:x
t

$18EY crecL

29 38 [27-38] H29 AUnY

(29-391% [29-3101¢ 72 A% AREE 7HAE Adeges Ag33d S v
Wi gk [29-39]3 2 #5EA 2% 2 47 37 Z2E 719og 98 R4gse B
FHoln BTt AAH Feo JFe #FHIY] AT Rt [2¥-39]90A  Strip
Line® Ground® Backplane ##12] Al&¥ GroundE Ab&3thn AR gk}, [28-3.10]90
A Ground Ao AFoz ) AZHEL] AYHE =3 AaA AFFE FUF
F 9lth A5 A ARE HFoz s [29-38]9 29 AR v A =
o e/ HAT U

AARAND
Flwans)/uiL
AT
_ TR
S LAY VA
i =t FRRY: Wi
,\. V i
1% 39 AF 87 ARE /MNE AYHER 19 310 [29-3.10] 329 Agtny

V. 39 S443& A% AA%HE

w7 H% HeU 9 AR A2 BYS A oW s Mue
oh 53, 334 b Aee Gl 4 AdHE FLL Folt WEE AN

}% H2337) 98 HHFBrAS BEEE FURe PASY AT
TA437] 984 E Bipolar Technology?!l Z$ole #HEIHFZHEE CMOS Technology <l
AdE JEHHFHE 443t HMSBE Bipolat Technology® AM4315]7) wjioll

BHHFEYE TAT A &S dFE 4 & A U AZ 9 23 HALE
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Zol7] Y& =holy ¥ 30~400 859 FAFAFL AYT FE Ut
[23-310]9 A7 AAAZE 712 AdE 329 H$ ALReA] ¥ Edge Ping ©]
£3t GroundE HiR & HAHQA HF Loop WAo] EAH 43 AYHAE Has)
& 5 A Hn A5 FAMHS FAANIE ARE 48 5 Uk [(28-41], [(2¥-4.3]
e Ztzt A A "ol 27t 370, 5789 GroundE WA AYE 2L Holu [19
-42)[2d-4410M e 2 By Agade wg, [(2¥-311]19 AR AMl

Ay e 9 + Ak

00
Al
!

5

29 41 Adeldel 3719 Ground® 678 AEME A § 2

A
| L4 oot
LiL
Iz
o~ NS
hi/ Leiaie

29 42 [2Y-5.1] 289 Ay

Connector

29 43 ADE Aol 5709 Ground®t 47019 A EHAE wF G =Y
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- Wi Y=

1Y 44 [29-53] 2¥Y Adnd
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2 =RdAMEe 449 1% FA A2, HMSBY WF F&o] Adze FAAg vAe
FEgol ds] LA BF FE584 2 U3 FRE 2YS g AGFH AEHUoAde
A% 2 2y Ao A ARt i oY FEd Y IFE Ha8 @
T e AA BEE AASL o] ZHE AHT AN A" AZ P9 dE AEH
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