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HyperLynx

HyperLynx signal-integrity crosstalk
EMC
LineSim
PCB
PCB
PCB
PCB
PCB
1.1 LineSim
PCB LineSim
1.1.1 File/Open LineSim File "CLOCK.TLN"
U(AD) N R Microstrip
FAACI1X:LINE-DR.__. p g
K ;
> Stripline
CELL:AD: | S
__________ hecta waooodlos
RarES
77 4 ohms ! * Scope/Sim menu, choose Attach Probes’
587 328 ps :
4 000 in !
uiAT) ! Finz — Probe Channels
TAHCXX:GATE-2 - P — Differential
; Ua.2) = | 0 _cm |
CELL:A1: |, B
__________ R S
K SO [ chz |ueo
7iaotape o < = | B chs [ueo
4 000 in ! .
— Hints |
1.1LineSim 12
1.1.2 “ Scope/Sim menu” “ Run Scope”
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“ Driver Waveform” “ Osc” 25MH Horizonta
Scale 5 “ Start Simulation”
.I-.:Ih-i;.l |:J.l.'q'\.-r\.'-\.w'| o pades | o Frunbiag
= A
! - B Ay
{Wepical: 1 fidinb  offset] 00 |‘I'| B OFEN
H__ iranlinl|h ||¥-r.-|:,rﬂlu | Diireed o gwelo
! | 1 I Edga W
5 i Da (]
| A UL an
i- pla
- 5 e Flmmcion, UI(AZ)
| FAHCKM:- GATE-Z
et L
Prsition =) CELL:-Az! N
| ] L PR
ﬂ Ty 500 ohnrs N
.| i RO AZ)
s 1500 pF
: C{AZ)
Ginals H
= )
1.4 15
1.1.3
i
150p
B U
] aF
o 25MHz 5
Diriseer
i Edc
& o= 1.1.4 IBIS
Dizplay “ IBIS
Shoew
R UAD) U(BD)
Position  ¢Eg740T2524M K TAHCHH.GATE2
g 01
CELL:AD 0.0chms 50.0 chms CELLED |
. i 500,000 ps P b
0. o £, \ RS[A0) e, :
Curzors ! ' *, :I '
Cursor: B.62, 5.556nhs Scal b 4 ‘ By ot
1.6 1.7 IBIS
) IC Modeling
“ Run Scope” IBIS IC Modeling Slowaeak

1.8 | Typical
{* Fazt-Strong

1.91C Modeling Slow Weak 1.10 IC Modeling Fast Strong



1.1.5 “ Wizard”
“ Wizards’ “ Terminator Wizard” Wizard “ "

Termination found: series termination

Resistor RSA0)1.1 suggested: 28.1 ohms
" Length to drivver: 0.295 in

UB0) Lsn0 Mossages:

Select Net

1.11 Terminato Wizards 1.12 IBIS O

CELL:AQ
12 Apply Y alues 5

R S(A0]

W arning: Resistor BRSAOD)LT is rather small [Found 0. ohm=s]) AI
W armning: driver impedance iz rather large.
Wwide driver impedance tolerance may hinder tegminatio
Try pressing Apply Yalues.
28.1 ohms




EMC

2.1 EMC
"CLOCK.TLN" “ Spectrum/Sim menu” “ Spectrum Analyzer”
“ Spectrum Analyzer” ( 2.D “ Settings ” “ Set Spectrum Analyzer Probing”
o > “ Automatically Find
Corem b i e o | -,_..,__._.__,'|' Positions for Maximum
(Y S —— i TP st | Radiation ”

Tink [ vl o' = B 2ars R
—— m - .
sty Fuma £ 0N i | owetilnnk Antenna Board Position
1L e o 1o L 5 5 e . .-
i Dty Ccla| ©100 % | Fri B - ¥ Aupafatically find positions far maximum radiation

D Iranim Aptenna height I 1.5 meters
L
B CitFEs —
i | 5 5 :
e en i Fonm .2 Set Spectrum Analyzer Probing
ey [SL BTN
s B = s P |
1 I'Iﬂlbi:l-\; FéHr { dre y ! Choose = Probe Type
J: L-vel calPE ﬂ [ I
= Eehsins Pl Al a ) 4] et antenna probe. ANTEMFE
Bl & I e 5 ot : -.In..-.:.-u ST (TR 1108 e Heg | P PRl & Antenna
7 Current
2.1 Spectrum Analyzer 2.3
2.1 “ Driver Waveform” 33MHz “ IC Modeling” “ Typical” “ Start

Simulation” 2.4

rCDmment [ For Clipboard and printer | | hini Ossilloscope Display

Q3
— Fin Ozcillozcope Dizplay
S?mA_ |

O, 0 n= 91 n=

= Pl T

Spectrum Display

]
-

0 rs 91 n=s

— Spectrum Display

[mim] § |

'=

1
500,000 kHMH=

24 EMC 2.5 EMC

FCC CISPR
100 MHz - 200 MHz
“  CLOCKFIX.TLN”
“ Start Simulation” 25
“ SER IBS.TLN” EMC
transmission line “ " EMC



3-1 [11 ” [14 ”
" XT Trace Separation.TLN" IC
3.3V CMOS Demolibzimulu  EASY.MOD
ICs “ Assign Models” 3.2

SRS, L A FAET
(3

CELL =40

Focogso

i P I M051'?1|1’in Parasiticsl
6 'JI : Pirs Buffer Setting
1 i B
ia. 5 e U iy & Output {* Shuck High
ema:;:f.-.r.iﬁs# [ ] Ymeas=1 50 r"
Ko UR) {* Dutputlnveted € Stuck Low
+ U0
+ U
+ ez Part Sekecl.
Library: EASY.MOD
v Mavina PMIE 24/ FAET Remoy
3.2 “ Assign Models”
i Pinsligt” IC  U(A0)
“ Buffer Settings” “ Output"
31
i Al "Stuck Low"
Al "Stuck Low"
3.2
LineSim's LineSim's basic, non-crosstalk
features, click here Demo
a “ Edit Transmission Line’

|i
I

Edit Transmission Line

i Tran=mis=sion—Line Tyxpe Edit Coupling Kegions IField Solwer I Mowe to Coupling Regionl
! Coupling Fegion — Eoupling Region
=1+ Coupling0oo1 - Mare ICDupIingDDD‘I
S TOF Signal Layer

T WIETE Bl Edit Stackup... | Length | 12000 i
EI Innerl Signal Layer — Transmission Line - §
& T A0 B A 4 5 Pasition | 200 mils Trace width | By mils

Laver |3, Signal. lnnerl "I

o TLT BT itim'
- TLEAZ:B 2 Sagaressor 2"

- oo L Trace-to-Trace Separation
~ Inner ianal Layer . .
e — =1 r Left] B00 mils Right B00 mils |
Trace-ta-Plane 5 eparation
r Leftl 200 rmils Flightl 2500 mils |
— Impedance [zee Field Solver tab, “Wiews butkon]
Transmission Line | Impedance | MHotes R Auta Cale
TLIAO:BOL"Agaressor H. .. 62.0 ohm= diagonal Calculate I
TLAT:B1)L ™ictim'® E1.5 alhm= diagonal
TLAZE 2] Aggressor H... EZ2.0 ohm= diagonal
FMove trace: vI | I » ||_ Auuto Zoom IR [ pl Hints. .. I
33 “ Edit Transmission Line’

b) “ Edit Coupling Regions tab.”



8mils 12
3.3
= Drivver "W aweform-
“ Scope/Sim " “ Run Scope” “ Driver Waveform” % Edae ol
= IC Modeling —
7 Slow-weak
“ 1C Modeling” “ " @ Typical “ Horizontal Scale” 2 nsec/div
CMOS v
3.4 8mil
3.4 8 mils 12 nils
i 31 middle trace” “ Trace-to-Trace Separation ”
8 mils 12 mils.
3.55v 1.07v
Coawss 1,07, 3.0 3.5 12miil
3.5
PCB
stackup 10mil 5mil
a) “ Edit” “ stackup editor”
|: .:"""'""""".'
Hinde: ineclarsa: shovwn bekoey are compuied from e Ieat hace Edtbedaciadloe D) "VCC" "lnnerl"
vk, g in s F ot Bnrtad gy cisiog e P .
20 Pl i B _ Dieletn Sekected Lapes 10mil
N 50 s, feTiEches | mil "Inner2"  "GND"
s Jdles 5mil
[2_wce s il .
G R c9pe/8m Run Scope
3 mewrt [ e r—— Simulation button
L P :ﬂ-‘ '.-:-.: i ? 3 chora Lo to O | Fri
s s —
SRR 5o 50, meYEE ches o e - -”
3.6 Edit “ Edit stackup” 3.7 10mil 5mil
IC
PCB LineSim (
3.6
* ” LineSim's ( )



a) "XT Coupled Differential. TLN"

"LVDS' (total swing voltage

is about 400 mV)
b U(AL) U(AO)
IC “ 1C Modelsdiaog”
[Aasiye 1 “list” UAD “ uffer Settings’
IT oidsl | "Output Inverted." & Output Inverted
Pz Eudlm S5m
C—— 100
k Y .:.:I.-
“ Edit Coupling Regions”
“ | mpedance’ | (Differential 123.0 ohms 123 100
) 8mil  6mil
Trace-to-Trace Separation 113
[ =oo Right E.00 mils )
| [Crifferential] 1131 ohms  best sing “ tackup button” "TOP"
"vCcc! 10mil  5mil
97 7mil 100.1
“ Field Solver” “ Edit Coupling Regions”
“ Field Solver” “ Numerical Results’ “ View”
Field-Solver
3.7
500 psec/div. 500 mV/div

(  LVDS

Curzors

Curzar: 2054, 1.519ns

p p 400-mV )



BoardSim

PCB BoardSim Accel EDA CadenceAllegro Mentor BoardStation
PADS PowerPCB  SpecctraDSN  Zuken CR-3000 Visula/ Cadstar for Windows
“ DEMO.HYP’ BoardSim demo
4.1 EMC
BoardSim “ Board Wizard” “ batch-mode”
PCB "Compliance Wizard"
“ Board Wizard’
"Compliance Wizard"
“ Wizards/Board Wizard” “ DEMO.HYP’ 2nS 1)
42 “ Wizards’ “ Board Wizard” Board Wizard
Hoard Wizard (Batch Mode ) Leave all of the check boxes set at their defaullts.
HATCH Visw Pamicus Bomd | Quick Arnalysis 5 “ Next” “ Finish.”
MODE Fi= Hame

Dl s S dahiong: |mois SCoa8le.
ﬁ: I Four sagnatnd

[ W Show sanstimeasty orcbiens
"datald"

4.1 Borad Wizards

43
NET = datald
SIGNAL-INTEGRITY STATISTICS

total receiver capacitance ... 23.6 pF
effectivenet Z0 ............. 61.5 ohms
termination type ............. No termination found
Net has no driver assigned!

Using default driver rise/fall time

Use driver IC model for more accurate results

TERMINATION VIOLATIONS
44
** Warning(Severe) **
Net too long!
found length ............ 004.155in

max. recommended length . 002.230 in

(Fast-Strong, Typical, and Slow-Weak)

v

41,
"Compliance Wizard"
IC
Note: “ Compliance Wizard ”
EMC
a “ Wizads’ “ Board Wizard” Quick

Analysis

Detailed Simulations

Next

b) “ Signal Integrity Options’
(Run at High Accuracy) Next

MHetz Spreadshest..
i 10




c) “ Nets Spreadsheet”
MELHEmE | mite) | pronea) [ Fnatte| O) 42
Tn clk 1000 roum | |
- [e ['F il min i, Al
42 €
Close Next Finish
f
- IC
- /
- / DC
“ crosstalk section” "NA"
- ERROR FLAGS
(lloll) (Il Dll)

and multiple threshold crossings

"clk"  "clk2"

Sl Pin Delay Max

S| Enable

2.5ns.

Clk Clk2

failure to achieve threshold

NET INFORMATION

NET = clk, n00076
SIGNAL-INTEGRITY SIMULATION RESULTS

Device.Pin Dir min  max min  max
U7.18 in 0.695 2.780 0.774 3.431
U9.9 in 0.998 2.848 0.942 3.487
Ul.13 out 0.000 1.345 0.000 2.803

max. rising overshoot alowed =300 mV

max. falling overshoot allowed = 300 mV
min. delay allowed -5.000 ns
max. delay allowed =2.500 ns

rise fall ris
1.772 1.772  NA
1.544 1.544 NA
0.107 0.107 NA

Delay Rise(ns) Delay Fall(ns) Overshoot(V) Crosstalk(V)

e Tall rise fall
NA OD--- OD---
NA O0D--- OD---
NA  —mmmm -

ERROR FLAGS

“ Compliance Wizard’
Microsoft Excel

an .SDF ("Standard Delay Format") file (DEMO-SI.SDF)

4.5 clk
BoardSim batch-mode
a) Select “ Net by Name”
Met b)
Current Met: clk
Length: 7F.58 in
Length Met Hame
7 in reset
in " Legend
S50 moonrs =
487 in nO007 4 S Power

4.2 Select Net by Name

a .CSV ("Comma Separated Values")

Select Net by Name

"clk".
PCB

U113

4.2

Verilog VHDL

LineSim

clk

u7.18 U9.9

11



i) Scope/Sim Attach Oscilloscope Probes
"Ulaz" Channel 1 "U7.18" Channdl 2 "U9.9" Channel 3 OK

Probe Channels

Oscilloscope 50MHz
2 nsec/div

45 PCB clk
U7.18( ) 4.4
i LineSim
BoardSim
Select ” “  Component
Models/Values’ “  Assign Models’
"R9.1"
CLTS0rE Cursors 1000 "Co.1" 33 pF
1: B.52 . 4.148Nhs b1 5.1 77, 5407 ns Cursor: 4000, 10, 296ns
Terminator Wizard “ Wizards’ “ Terminator
Wizard.” “ Terminator Wizard " Terminator Wizard
60.9 198.5 pF “ Apply”
45
BoardSim( ) PCB

Terminator Wizard

12



Models

6.1 Models Terminator Wizard
LineSim  BoardSim IC IC
IC IC Demo
“ REF’
Edit “ IC Automapping (.REF)” Demo (
<board_name>.REF) REF Part Name PCB
53 - EF File Editor {I —_— |I:I|_>
Fil= Edit Search ©Cptions Help
R eferernce Designatar/Fart Flame Imfarmation on Selected Dewice
BT = - Motes: I,MDD file= do not contain wendor [SOURCE] information ;I
a1 L7205
Sz RESET — kdodel to I nsert
1 TaAC161 [IBES L Library Componentskd adel
Uz CGS 7402525k PHL T e renic mod 1 [Faecii=LmMEDRY  —|
MOD &
2l = EASY . OO I Firnd Fodel. .. I
LI‘:::ttiis editor ko assign |ICs o réference designators.
e R B e kBl orar pisk
U3 FAACT A ::?hﬁl_-%g?—:fprgrcl'_iils-e Full package mode! .
:_::I‘_‘D LI FOD-> Hyperlyn= databool model [single pind Faste kModel[=) I
Uz, C2525m.IBS,. CGS7ACZ2Z5250 L=
UF, GENMERIC. MMOD, FAHCHI<:GATE-2
ug, 74AC. PRL, FAACIFA DIP =
5.1 Edit I Automapping
Model to Insert IC T
“ ck” IC [ i Corpraribadd
U1, U2, U7, U8, and U9 5.2 :cln; = < [BmavEE
. 4 r EAEYM Fird Maded
6.2 U3 EASY.MOD  CMOS, :)Y, FAST
1) 51 “ Model to Inseit” “ EASY.MOD” EASY.MOD 52
2) “ Reference Designator/Part Name ” U3
3 “ Modd to | t “ G t/Model” Component/tModel
) 0 0 Inser omponent/vio CMOS B FAST |
CMOS,5V,FAST 52 ChMOS.3 3 FAST
. pd ChOS, 3.3 MEDIUM
4) Paste Modei(s) IC {CMOS 2 3 ULTRA-FAST |
O JEMOS. 5 MEDIUM |
5) “ %Ve" SﬁE 5.2
CMOS,5V,FAST u3
Note EASY.MOD HyperLynx 6,900 IC BoardSim LineSim
HyperLynx HyperLynx IC
IC
IC CMOS EASY.MOD
6.3 Choosing Models Interactively , Pin-by-Pin

13



PCB pin-by-pin for only
the nets of interest ( “ ") Ul 13

Interactively choose amodel for U1, pin 13 using Select / Component Models/Values:

1) “ Select” “ Component Models/Values’ “ Assign Models’

Assign Models

IC | Be=i=toxr | Capacitor | Inductor | B2ad | Quick Terminator |
Finz Buffer Settings
i lnput
- ca P
o Ba.1 =l IO oL = Output i St
mEEE= E 7 Output Inwerted St
-+ rig
-+ (W= =] Met: clk
Part t: 74540161
Library: Genernc. mod
D ewvice: 745401 1= LIME -DRW
Signal:
Pir:
: Hint— .
weePin:[@& 16 vee -so00w  =ll.. ~. 5.3Assing Models
3) “ Pins’ "Ul1.13" “ Select IC Model
4) GENERIC.MOD GENERIC.MOD
iricrmston on 3 slecied Deace
Libimne: LIB . . .
Barecs THA011 LI E Diffy Library Device
| EaSE. mod - I FAACT T LIME-DREY
TAH = GATE-2
Femas | W01 Bes da ned conae eenedor [SEEHTEL | minaradon

‘Caler! a Loy, [oven P

;5 “ Device” “ T4ACI11IXX:LINE-DRV”

gt o [Tl
AL ‘* Select IC Moddl” ul, 13
Wop i |C
Al 74AC11
/
Eaiy MGD " Met: clk
e Part #: 74AC161
ERENENRE e e o Devios: 7AACT 156 LINE DRV
F it Ml | ”rhmm;m
5.4 Select IC Models
6.4 Finding Models (the "Model Finder"Spreadsheet)
IBIS Demo
1) “ Select” “ Component Models/Values’ 53 , "U1.13" 5.4.
2) 5.4 “ Find Modél” “ Model Finder”
3)
HyperLynx Model Finder
6.5
BoardSim
1) Select “ choose Net by Name’ "datald"

PCB 55

14



2) IC Select / Component Models/Values, U3, 20 "Output”

a) Select Component Models/Values 5.3 Buffer Settings -
“ U3.20" “ Buffer Settings’ “ Qutput e
- Lo oL & Output
I’adIO 56 ' 56 Ymeas=1.30 i Mokt D,
b 50MHz 2nS/Div
Cowvumard | For Chpbosst and prnidm | lgn-hlnllf;lllnhliln o 57 U320
B A AR ULh . ==
| Verticat: 1 it offtsed o ilu' [ B UlE LT OPER i N
i — i '.'.i:-'u,f-_i.'-'.-"i' [ Ciwess 'enivam
|  Edge | mH
| - F Due Dudgunn ® ) ______ ---
I ! - 1 : 1
| ELT X : . 1 . 1 Dripley 1 0 1
[ ] By 1 . 1
- sress (UL ey |
Wi el Rennn N | HH : AR
| o - i N i “EUg.20
5.8 U3.20
) 5.7 Terminator Wizard
Ilddaldll
“ Terminator Wizard” 1. 2.
d Wizard “ ” “ Apply Values’ OK Terminator
Wizard
e “ Select” “ Component Models/Values’ 43.1 ohms
53 U3.20 [ U320
Quick Terminator U3.20 Quick 5B
Terminator 59 |Length=0.250in
Width=10.0 mils
BoardSim IC
5.10. U3.20
f PCB
BoardSim 5.10 U3.20
“ Reports” “ Design Change Summary”
6.6 BoardSim  datad EMC
EMC “ back-end verification”  “ front-end design " BoardSim “ front-end ”
"datald" “ Spectrum Analyzer” 53  Quick
Terminator “ None” Spectrum/Sim / Run Scope
a Settings EMC “ Spectrum/Sim” “ Run Scope” “ Settings’

15



2.1 “ Antenna and Board Position” 2.2 “ Automatically Find

Positions 2.2 Probe Type “ Antenna’ 23
note: “ antenna’ “ current
b) “ PCB Rotation Angle” 90 PCE ratation angle 0.0 de EMC...
* Spectrum Analyzer” Driver Waveform 21
(> 511
511

e 53 datald EMC

5.12 5.12

PCB 6.3

* Terminator Wizard”

16
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