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“ BJ Program wykiadu

= Signal Integrity — po co?
= IBIS

model, charakterystyki I-V oraz V-t, plik, edytor

* HyperLynx SI

modelowanie elementow toru: stos PCB,
nadajniki/odbiorniki, linie (Sciezki), przelotki,
ztacza, obudowy i inne elementy

* HyperLynx SI

symulacije torow: terminacja, z przemiataniem,
przestuchy, diagramy oka, analiza FastEye:
eye-diagram, BER, eye-density, contour, bathtub

= IBIS-AMI
‘Rajda [&Kasperek] © 2025 Instytut Elektronii AGH 2
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= Problematyka SI to efekt wyktadniczego wzrostu mocy obliczeniowej
= Wzrost mocy obliczeniowej = konieczna przepustowos¢ magistral
= Przepustowos¢ magistrali = Szerokosc¢ x Szybkos¢

= Zwiekszanie szerokosci — ograniczenia:
mechaniczne, liczba stykéw ztacz, PCB...

= Zwiekszanie szybkosci — ograniczenia:
efekty HF (zbocze a dtugosc linii), precyzja ps / mV

» o> Konieczne zastosowanie nhowych technik i narzedzi

= Modelowanie i symulacja kompletnego kanatu transmisji:
nadajnik, sciezki, przelotki, kable, ztagcza (+ ew. inne elementy
pasywne, np. equalizery), odbiornik

= Modelowanie i symulacja wielu wspoétdziatajacych kanatow
(przestuchy!)



Signal Integrity
m JJJ Modele i symulacja nadajnikow i odbiornikow
AGH

SPICE simulation Program with Integrated Circuit Emphasis
= Model typu white-box (strukturalny)

= Problematyczny dla uzytkownika
= wyniki doktadne ale zbyt wolna symulacja
(szczegoblnie stanow przejsciowych)
= brak 100% kompatybilnosci symulatorow
= zbyt wiele nastaw poczatkowych symulatora

= Problematyczny dla producenta
= modele transistor-level zawierajq zbyt szczegotowe informacje IP

IBIS I/0 Buffer Information Specification P
= Model typu black-box (behawioralny) .

= Zawiera stabelaryzowane charakterystyki I-V oraz V-t ’i's
= Format pliku ASCII

= Dane z pomiarow (ew. z symulatora lub nawet z datasheet)

= Symulacja duzo szybsza a tylko nieco mniej doktadna

= Powszechnie uzywany przez przemyst EDA oraz IC
= Modele udostepniane przez producentéw IC
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= W latach 1991/2 w firmie Intel przeprowadzano szerokie
symulacje Signal Integrity dla magistrali PCI z wykorzystaniem
behawioralnych modeli buforow, opartych na charakterystykach I-V

= W efekcie powodzenia tych symulacji Intel zdecydowat sie
udostepni¢ modele dla klientéw

» Zaistniata potrzeba opracowania niezaleznego od symulatora
formatu dla opisu modeli

= Kilku wytworcow oprogramowania EDA wyrazito zainteresowanie
wspolnie opracowanym formatem

= Powstato IBIS Open Forum, ktore opublikowato pierwszg
specyfikacje IBIS w kwietniu 1993

= Ostatnia wersja (IBIS 7.2) zostata opublikowana w styczniu 2023
(wersja 8.0 w przygotowaniu)
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Open Forum é N
iBIS

Jé,. s Welcome to the IBIS Open Forum
' ’ § IBIS Version 8 0 draft Available for review!

2025 Hybrid IBIS Summit @ IEEE EMC SPI Agenda and Presentations

Upcoming Events )
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“]JJ ;Bcljzlstawowy model IBIS ,/é,;

LYY,
l ' - vv\—ﬁi_——- Vee
Ramp pull- POWER =
— up up clamp | == C_comp_pu/ pc
input [— threghnld (or V-t) -V -V e
3-state i } * (i T 2 pin
enable [}— control Ramp pull- GND =
— down down clamp | ==C_comp_pd/ gc
(or V-t) -V |-V
| I ‘_Jﬁmﬁhi'vv\T—. GND
T
package =

= 2 charakterystyki V-t (zbocza: narastajace i opadajace, wyjscie)
= 2 charakterystyki I-V (pull-up i pull-down, wyjscie)
= 2 charakterystyki I-V (POWER clamp i GND clamp, wejscie)

clamp uzywane do zwierania np. przy badaniu przestuchow

= pojemnosc struktury (die capacitance) C_comp widziana na die pad
= parametry obudowy (RLC)
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= W trybie wejscia
« prady diod pasozytniczych w tranzystorach
- prady obwodow zabezpieczajacych ESD
- prady zintegrowanych pasywnych terminatoréw
lub rezystoréw pullup/pulldown
« static overshoot protection clamp
e inne...

= W trybie wyjscia
« wszystko co powyzej + ...
- prady zintegrowanych aktywnych terminatoréw
« prady bus-keeper oraz dynamic clamp
* inne ...
= Symulacja SI wymaga modelow dla obu trybow
« modele majg oddzielne charakterystyki clamp I-V
« charakterystyki I-V pullup i pulldown zawierajg roznice pradéw
dla trybu wyjscia i wejscia, wiec mogg by¢ sumowane



IBIS )
“ Przetaczanie trybu drive / receive -
BJ iBis

Dwa mozliwe rozwigzania:

= Wyprowadzac model odbiornika i wprowadzac¢ model nadajnika
(lub na odwroét)
= Opracowanie algorytmu, ktoéry moze powodowac przenikanie
dwoch modeli, tak aby prady statyczne pozostaty state podczas
procesu przejscia, moze byc¢ trudne.

= Utrzymywac model odbiornika stale w obwodzie
i wprowadzac / wyprowadzac roznice miedzy modelami
nadajnika i odbiornika
= Model nadajnika zawiera prady statyczne tych elementow
obwodow, ktore tworzg model trybu odbioru, poniewaz one nigdy
nie sg one wytgczane. Te prady bedq podwojone, gdy model
nadajnika zostanie po prostu dodany do modelu odbiornika.

IBIS wykorzystuje to drugie rozwigzanie.
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“]JJ ::Bliz rakterystyki I-V ié [ ;

= Zakresy

u Generalnie -VDD Emn zvaD
« dla bufora 5V: -5V ...+10V
» teoretyczny overshoot przy petnym odbiciu = 2xAV

= Wyjatek: clamp curves
« [GND Clamp] -Vpp .- Vpp
» [POWER Clamp] Vpp ... 2xVpp

« unikniecie podwojnych obliczen dla wspdlnego zakresu

* Punkty pomiarowe
= maksymalnie 100
= mogq miec¢ nierdwnomierny rozktad

= Warunki pomiarowe
= wartosci typowe (wymagane)
= wartosci minimalne i maksymalne (opcjonalne)

znaczenie ,,minimalne i maksymalne” zalezy od technologii (CMOS/bipolar)



“]JJ I(:BI:Sarakterystyki V-t ,’é,;

= Ramp g —
= tylko wartosci dV i dT l et }dv
= przedziat 20%...80% z pomiaru = o
= Waveform E A
= bardziej szczegotowe (nieliniowe przetgczanie)
= 4 tablice dla petnej charakterystyki
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MMJ ::BI:Sarakterystyki V-t: detale ,/’é [ ;
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= Dlugosc tablic
= nie wieksza niz minimalny czas trwania bitu
= niektore symulatory nie toleruja ,overclockingu”

= Dane obudowy
= muszg byc¢ usuniete podczas pomiarow
= tatwo ze SPICE, trudno w laboratorium, reverse-engineering!

Mold Compound Die Gold Wire

/

= Pojemnosc struktury (C_comp) N~
= nie da sie usung¢ z pomiarow Leadframe  Silver Epoxy ~ Die Pad
= algorytm symulatora pomija wptyw C_comp na
charakterystyki przejsciowe, utrzymujac go dla
pozostatych przypadkow (widok buforu z zewnatrz)
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“ Wspéltpraca charakterystyk V-t oraz I-V -~
J iBis

= I-V opisujq tranzystory bufora w stanie ON i OFF

= V-t opisujq przetaczanie tranzystorow
= charakterystyki V-t mogq byc¢ uzyte do skalowania

charakterystyk I-V

-----------
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IBIS
MMJJ Podstawowe elementy pliku IBIS
AGH

iBis

. Naglowek

nazwa pliku, data, wersja, zrodto, uwagi, zastrzezenia,
copyright, .

« domysine dane obudowy (L_pkg, R_pkg, C_pkg)

 lista wyprowadzen (nazwa wyprowadzenia, nazwa sygnatu,
nazwa bufora, opcjonalnie L_pkg, R_pkg, C_pkg)

« elementy zaawansowane (sprzezenia wyprowadzen
roznicowych, selektor buforow dla réznych standardow
sygnalizacji itp.)

* Dane
« kolejno wszystkie modele w uktadzie
« kazdy tryb bufora programowalnego jest opisany oddzielnie
 np. dla Xilinx FPGA plik IBIS generowany jest przez SW
(Vivado) i zawiera tylko te modele, ktore zostaty uzyte w
projekcie
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Edytor wizualny IBIS Gra
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Z¢l spartan-6.ibs - HyperLynx Visual IBIS Editor - Version 4.1 {Build 172) =Ha=
File Edit View IBIS Help
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Edytor wizualny IBIS
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§ ' View IBIS Data - LVDS_25 TB 25

=

File Edit View Help

-

| &€ > 0| : |
| Rising Wavefom |  Faling Waveforn |  Series Swich |
Select/Info POWER Clamp | GND clamp

Component: | SPARTA

N-&

v| Model: VDS 25 ]

Signal: [inpuua

= |

Bin: EG?

Model irfo

Capacitance:

Voltage:

Pin infao

Resistance:
Inductance:

Capacitance:

Mirirmm
5.630pF
2.250V

Minimum
0.061ohm
2.400nH

0.690pF

v
Typical
5. 710pF 6.2
2500V 27
Typical
0.180ochm 0.2
6.550nH 10.4

§ ' View IBIS Data - LVDS_25 TB 25

|

File Edit View Help

@ » T ¢ ED &

| @ # I|A T |B%EP):

| Selct/info |  POWERCamp |  GNDclamp |  FPup |  Puldown
Bising Waveform Falling Waveform Series Switch Combine | Golden Waveforms |
Conditions: ({Fadure: =50 V=0 DUT: -

600mV |

400mV |

I typical minimum

maximum
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AGH SYSTEMS INITIATIVE

= IBIS-AMI (Algorithmic Modeling Interface)

« dla transceiveréw SerDes, pozwala na symulacje wielu milionéw bitéw w
czasie kilku minut przy uzyciu metod statystycznych i algorytméw DSP

= IBIS-ISS (Interconnect SPICE Subcircuit)

+ elektryczny opis struktur potgczeniowych ¢ == = =
(Sciezek PCB, ztaczy, kabli itp.) ( R
» opis topologii struktur potaczeniowych, i TR Pl e
- am . - { On-die [Model] L
ich relacji wzajemnych i wzgledem wEANES = !
aktywnych _elementow systemu oom EpoE EpOE W ! .
« standaryzuje elementy pasywne HSPICE S lm m| |® =} |olm =l g
. —3 = 3 B 03 = b
(R, L, C, W-elements, _S-parameters itp.) o= EpE =0 E B ! o)
« wspomaga modelowanie obudowy ol =l |a s {c|a s D% [ )
’ ot 8 {3 =
oraz buforow (dla AMI) g L == ) )

= Touchstone 2.0
» wzbogacony i ustandaryzowany format pliku z parametrami S



T e
Overview e 2\ Menior
MMJ Overview HyperLynx® GMspi
s
AGH . PeB ne‘;@ __ : -

. LlneS|m (Pre-Layout Workflow)
tatwy, graficzny opis kompletnego toru transmisyjnego
« zintegrowane symulatory pola 2D i 3D
« wykorzystanie modeléw przemystowych lub wtasnych
« modele IBIS, HSPICE, ELDO, AMS, IBIS-AMI, S-param
« dostepne zestawy projektowe dla standardéw (np. PCle, DDR3)
« przyspieszone symulacje BER

. BoardS|m (Post-Layout Workflow)

proces wsadowy automatycznie skanuje sieci na catej PCB,
oznaczajac krytyczne punkty SI oraz EMC

« punkty te sq nastepnie interaktywnie symulowane

« korekcja dopasowania linii moze by¢ dokonana ,w locie”

« przekroczenia poziomow przestuchow obrazowane sg na przekrojach

« mozliwosc¢ symulacji ztgczy i systemow wieloptytkowych

« petna weryfikacja systemow pamieci poprzez DDRx wizard

 interfejs do petnofalowego symulatora pola 3D do szczegdétowej analizy
(sprzezone pola przelotek, szczeliny w ptaszczyznach itp.)

« wspoOfpracuje z narzedziami: Mentor Graphics, Altium, Cadence, ...
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LineSim schematic Graphics
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Stackup Editor - Basic Gra
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File Edit Miew Help

S& H v {BEB - s a=s=s=s= ¢
Basic | Dielectic I hd et al I Z0 Planning I Cuztom Wiew
-~
Visible| Color| Pour Draw 5Style| Layer Name Type Usage i o —— e
35 um ‘
1 Dielectric | Solder Mask 12 [ o
2 . Solid Top Metal Signal 6 ||| Top s g
3 Dielectric Substrate 150 18 um
4 Solid Plane1_24V Metal Plane 18 |
= - 150 um
5 Dielectric | Substrate 150 Hancs 24V
[ Solid Signall Metal Signal 18 18 um
? DiE‘IEG’tFiE SU‘h-strﬂtﬂ 1 5':' 5|gnﬂ|1 15|} um
[i] Solid PlaneZ_GHND hietal Plane 18 15
3 Dielectric | Substrate 150 i
10 Solid Signal2 Iietal Signal 18 PlaneZ_GHND ———— 150 um
11 Dielectric | Substrate 150 18 um
12 Solid Planed_ 24V hietal Plane 18
13 Dielectric | Substrate 150 Signal2 Lk
14 El Solid Signal3 Iietal Signal 18 - 18 um
1 | i I ' Dlanc? J4v 1EMum
. [| Draw propartionally Tatal thickness: 4863 um
ERLLRI | Usze laver colors
Metal thickness az |Length = Mo emors in stackup.

£ k. { [ Cancel I [ Help ]
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Stackup Editor - Dielectric Gra
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File Edit Miew Help
S8 18 v =B ~ - = eEsE=== 2
Basic | Dislectic | Metal I Z0 Planning I Cuztom Wiew
Loss Thermal =« -
Layer Hame Type Usage Technology Er Tangent | Conductivity | ——  Fr=33 ‘—
Wilien
1 Dielectric | Solder Mask 3.3 0.02 0.3 [ o
z |Top Metal Signal <Auto> | <Auto= 393693 (= | Top Er=38 =
3 Dielectric Substrate Prepreg 3.6 0.02 8.3
4 Plane1_24V Metal Plane =Autos | <Auto= 393,693
2 3 Plane1_24V Er=38
5 Dielectric Substrate Core 3.6 0.02 0.3
G Signall Metal Signal =Autos | <Auto= 393,693
Fi Dielectric Substrate Prepreg 3.6 0.02 0.3 Signalt Er=38
[:] PlaneZ_GND Metal Plane =Autos | <Auto= 393,693
8 Dielectric Substrate Core 3.6 0.02 0.3
10 | Signalz Metal Signal <Auto= | <Auta= 393.693 Plane?_GHD ———— Er=386
11 Dielectric Substrate Prepreg 3.6 0.02 8.3
12 | Planed_24V Metal Plane =Autos | <Auto= 393,693
13 Dielectric | Substrate Core 36 0.02 0.3 Signal2 Er=as
14 | Signal3 Metal Signal =Autor | <Auto= 393,693 -
< | i | ' Diana® 4% | Fr=3f
[] Calculate Er for metal layers from surounding dislectrics D Drraw proportionally Total thickness: 4868 um
| Use laver colors
Er frequency: (1000 iMHz Mo errors in stackup.
[ ] i [ Cancel I [ Help ]
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Stackup Editor — Metal Gra
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CEEEER
File Edit Miew Help
5% NH o s ROB L+ = E=S=== %
Basic | Dielectic | Metal | 20 Planning I Cuztom Wiew
Thicknes Bulk R T - s
Layer Hame Type Usage Metal = Er ﬂhum—m ;;::e o ==
i Z0 =717 ohm
1 Dielectric | Solder Mask 12 33 [ o
2 | Top Ietal Signal Copper 35 <puto= | 1.724e-00| o003 E | Top 1
3 Dielectric Substrate 150 3.6 0 =332 ohm
4 Plane1_24V Iietal Plane Copper 18 <Auto= | 1.724e-00 | 00038 s || |
5 Dielectric | Substrate 150 35 gt
& | Signall Metal Signal Copper 18 <Auto= | 1.724e-00 | 0.0033 Z0 = 556 ohm
T Dielectric Substrate 150 3.6 Signalt
[:] PlaneZ_GND Iietal Plane Copper 18 <Auto= | 1.724e-00 | 00038 S
3 Dielectric | Substrate 150 35 =t Ziadidt
10 | Signal2 Iietal Signal Copper 18 <Auto= | 1.724e-00 | 00038 PlaneZ_GHND ————
11 Dielectric | Substrate 150 36 70 = 56.6 ohm
12 | Planed_24V Iietal Plane Copper 18 <Auto= | 1.724e-00 | 00038
i3 Dielectric | Substrate 150 36 Signal2
14 | Signal3 Iietal Signal Copper 18 <Auto= | 1.724e-00 | 00038 ~ Z0=23.4 ohm
1 | t | ¢ Dlana® AV F P
[] Calculate Er for metal layers from surounding dislectrics D Drraw proportionally Total thickness: 4868 um
| Use laver colors
Mo errors in stackup.

[ (] ] [ Cancel I [ Help ]
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Stackup Editor — Z0 Planning
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40 Stackup Editor l (sl |ﬂ3-J
File Edit Miew Help i -
5 &5 O o o - g=| * Layer “Signall" - Width-vs-Separation Graph for Differential Z0 = 97 O... IS5
Basic ___Dleleu:tnu:___MetaI ! Z0 Plarring _Eustu:um "v"lew_ 150um T[f:?l-"-ﬂ--lr'-'f 2L
Thickness Diff Z0 ‘ 5

Layer Hame Usage e Er e
1 Solder Mask 12 3.3 l=
P Top Signal 36 =Auto= 10D e
3 Substrate 150 36 Ham ——-
4 Plane1_24V Plane 18 =Auto= S0 ‘
5 Substrate 150 36 ! 1
G Signall Signal 18 =Auto= o7.4
7 Substrate 150 36
] PlaneZ_GND Plane 18 =Auto= S0 I
g Substrate 150 16 {
10 | Signal2 Signal 18 =Auto= o7.4
it SirE i i 100um 200um 300um 400um 500um 600um
12 | Planed_24V Plane 18 =Auto= S0
13 Substrate 150 36
14 | Signal3 Signal 18 <Auto= a7.4
L . il . TS OO T T e, i3

| Copy | | Brint... I Cloze
Plan for: | Differential pair \ | Apply az Test 'width !
- Hint L
. : : : - : M tackup.
=trateqy: |_S':'|“'E for separation ¥ | s means 20 is physically impassible. RN RS
| Ok | | Cancel | | Help |
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File Edit Miew Help
S8 18 v =B ~ - = eEsE=== 2

Basic | Dielectic | Metal | 20 Planning | Custom Yiew

Thick = =

Visible| Color| Pour Draw 5Style| Layer Name Type Usage e
LCTE) Plane?_24V Er=36
24 hone Planed_GND hetal Plane 18
25 Diglectric Substrate 150 : S
26 | Solid Signak Metal Signal 18 Sl gt
27 Diglectric Subsirate 150
28 Hone Plane?_24V .I'-'I&tal. Plane 18 Bl Er=133
28 Dielectric Subsirate 150
30 Solid Signal? Metal Signal 13 Solder_Mask Er=1
31 Diglectric Subsirate 150 B
32 Solid Bottom hetal Signal 36 Er=21
33 Solder_Mask Dielectric Substrate 12 -
34 Dielectric Subsirate 1270 =
35 Diglectric Substrate 250 Twisted_Pair Er=21 |5
36 hone Twisted_Pair hietal Signal 200 i |
a7 Dielectric Substrate 250 -
4| n | -
W o [ Draw proportionally  Total thickness: 4368 um
Measurernent units: | Use layer colors
Metal thickness az |Length = Mo emors in stackup.

| oK

] [ Carnicel I [

Help
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AGH

i - E 3 = - =
Assign Models 'w’ nas - @
IC
Buffer setti e i
mxgs Select IC Model [
ouT Information on selected device L0t
Vimeas=120V 2 =
Pins: Crei=0.0pF Library: de25bri10.ibs e
- U156 , Device: ds2Gbr110
T Fart name: Signal: OUT+
¥ Al Library: ds25br110ib Fir: 7 Cref = 0.0 pF
4+ U2 G7 Device: d=25hr110 Model: d:25br110_OUTP Model Selectaor,, Yrmeas= 1.20%
Signal: QUT+ Mates: I[Su:uuru:e] =
Pin: 7
Select a libramy, device,_and_signalx’pin _ _ Select by
Voo gl @ PP oh Libraries: ) Devices: Signal:
- - | cyp20vE.ibs w | [EekE EQO -
Was pin: &  usemo ABS - | cypresz.mod ECQA
FPRL | 40k M- @ Ei
MO0 ) | dallas.mod 1M+ — N
= = | demol.ibs ouT- @ Signal
SPIEE 01 Gimm_sd ibs
Model to paste . :S_.'Pfrar"_'_'_atir dindes. mod
Rafererine o NS S dntal - dpESEdD.lI:!s 7l . -
designator: All'@ | dpa3gdla.ibs —
———————————— | dpB3343.ibs
Pin name: 7 TECH.MOD dpB440vi.ibs Hirts
= ) o dpB4471 vjibs
[] Assign model’s pin name . ABS - IBIS miodel 0Ok
| GEMERIC.MOD EE?'I:' PHL -> Hyperlpr full package model -
it T ey MOD-» Hyperlyns databook mode
| Cancel
- Try Find Model o zearch fn:nr_ a component,
\ Find Model... Try TECH.MOD if pou can't find an exact model. | Help l
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-
Edit Transmission Line &ﬂ
Edit Transmission Line &”

Edit Transmission Line

_i__TlElnsmissinn-IJne Type | Edit O

Caupling regians | Transmission-Line Type | Ed
- Signald Signal Layer
- Planet_GMD Flane

i Transmission-Line Type I_Ed_i‘tEupling Regions | Field Solver | Maove to Coupling Region | Loss |
% @q{mj 1-:'-- @ =::= ++-|-+ ?
Show

Attenuation {dB)

@ Ateruation: [l
[V] Rlesistive I
[¥] Diclectic [

[7] 5urf. Roughness

[ Per unit length

10

- Plane?_24% Plane
- Signal? Signal Layer
- Bottom Signal Laver

Toabmd Defe e =l -

Frequency renge
Min: 001 MHz
Ma: 10000 MHz

[¥] Log scale for X =ds
[ Log scale for ¥ ads

P e T, e
: _ squency (MHz) Fropagation mode:
Move trace: I : T :
BRI | 1.00e+004  1.00e+005 [ERGESNEIE) v
Dielectrc loss dominates at:
20253 MHz

l Copy | l Prirt... ]

[ QK ]| Anuluj || Fomoc |
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Vias (differential) Gra -

r 1 B
Padstack Editor - "[default]" o [
Layer span Dirill
@ : From: Top = Finished Diameter; 0,30 mm
Via Properties i
To: | 2 - Actual Diameter: | 0.36 i @
30 EM Modeling: |Nune Help
Connected Layers: 2 = Pad Width | Pad Height Anti-Pad A"t.i'P&d
Layer Hame Pad Shape o T Pad Angle Shape Wmecf.‘lnh
Padstack: | [default] | add
" zdefault= Round 0.60 zAuto=
[] Commaon Anti-Pad Delete
Via Separation: 1 apsg mm 4y m | b
— Padstack name: "[default]” Laver span "Top'"" - "Baottom"
| & |' -~
L | E
Top : | |
|
|
Plane1_24V !
|
|
Signalt :
: |
|
|

. Hint
g Drraw proportionally Tozee atop wiew of a pad, point to the pad, right-click, and zelect View TopWiew.
|1 Fit b window

=
|| Uze layer colors
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» uktad Ground-Signal-Signal-Ground (GSSG)
= rozmiary startowe dla PCB 2mm:
» GSSG Via Pitch = 40 mils
» Via Diameter = 12 mils
» Pad Diameter = 22 mils
= Annular Ring = 5 mils

= Oblong Antipads =
~55 mils x 95 mils
aligned with ground pads

= skalowanie wszystkich wymiarow
dla zachowania impedancji
(ew. symulacja 3D modelu)

= w miare mozliwosci wykorzystywac
catg dtugosc przelotek
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e .

Vias (differential) Graphics
AGH
0
e . —
el - =
_I! _II - = % __._-_-_:"5";;“#
288 » 2
=80 |
1E8 1E9 1E1D
Frequency, Hz

= straty odbiciowe w trybie wspdélnym (Sccl1l) sq
o 20dB wieksze niz w trybie roznicowym (Sdd11)

= wniosek - wyréwnywac dtugosci Sciezek w parze
dla kazdego odcinka pomiedzy przelotkami, a nie
tylko dla catosci potgczenia !

Layer #11/16
'Rajda [ & Kasperek| © 2025 Instytut ElektronikiAGH 32
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-

W Assign 5-Parameter/SPICE Model . | | .
|4 HyperLynx Touchstone and Fitted-Poles Viewer - Version 2.1 (Build 24) - | = -“gi'-l
Model ype: File Edit Convert View Help
Touchstone models v| B Bs e/ o/ [ mm dm | B8 @w!"fl Sl | LU .@ o | S
Libranes: Devices: View
5;:”%* 1153&'?‘ %ﬂw .' 3:’?%:_.}*5 Loaded files:
e:-:arnple =4p [ o — S parameters i
| PCleGen3_14in_lconn 01_14_201 - [¥]ds38ep100.s4p - non-causal |
| #ilire_7k325_F300_Pkg_Rx.sdp v <All Files

| wilire_Tk3IZ5E_FA00_Pka_Txsdp — -
.I-:'arameters [dsSBemes-'-ip]

4 T b 1 2 3 4
L . s
Ports: 2|
Visible| MName Side Circu 3
1 = Porti left zzchen g
2 [ Port2 right =zchem Display
3| [¥] |Porta left <gchen [Magniiu 4B =
4 [# Port4 right =zchen :

Full-fit range [for fitted-poles data only:

o [ ___\thd quéhzé ;._f_'f

to: |2LI GHz S - O_bq_d I N
&l to Left I T | | QWYI 1]

L d | [F 1 |
'ﬂ'" tD nght ET v..--.\.?-;-..-.- H.ienTnEIick on color bow to change colar. 16 : ""I i . B |___J J J |_ |_ |_ I_
I'Irlrl h'| thhr FUPh tn | b I 501.1) - de38en100 sdp [magnitude] e T _J J J L L I_ I_

Auta-Place ! Odd ta Left, Ever to Fight _|5[2.1] - ds3Bep100.54p [magnitude)

2GHz 4GHz BGHz 8GHz 10GHz 12GHz 14GHz 16G

iHiew hodel File... | iEdit Barameters. .. |

Ready
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A A A A + T

Run IBIS-AMI Channel Analysis
Run FastEye Channel Analysis

Run Interactive EMC Simulation
(Spectrum Analyzer, uproszczona)

Run Swept Values Simulation
(Sweep Manager)

Run Interactive Simulation
(SI Oscilloscope)

Enable Lossy Simulation
Run Terminator Wizard
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SI Oscilloscope Gra -

= | B ]|

B ' Digital Oscilloscope -
Comment [for Clipboard and printer] Operation
@) Standard 1 Eve Diagram | Start Simulation |
Stimulus @ Hneiline
9 Gilebal Simulate
Per-Met/Pin -plangs
Edge MHz 50 Elda/ADMS
@ Oscilator | Duty 43.0 %
IC modeling
Slow-iealk @ Typical Fast-Strang
v
o Show
{ [ | Dverview pane  Probes:
a J | Readout text Peat
- 1
e | Loaded results ,Alwa-"'s at the pin x|
v V| Previous results ; .
| Latest results Fins L
Wisibility =10 Latest Wavefarms
@ Voltage —H Us0)
Gt D Ui fat.
Zoam = UjA1)
(B ] AV o
= -4 U |
»| 4 vz a1l
14! t diff probe:
Thresholds for: IlJ: iRt fals
Tene tus . [alCPns v
Cursars Werlical Harizontal P T
[ Track wiaveborm | Pasitian Delay |:S;a_vea’Lma_di|
PH: 852mY, 38.290ns e e, | CopytoCip |
Meazurements & \h “ “‘ |ﬂ|
: —— _ 20 0000 Shs [ P, |
@ Entire Region W aveform: |No wavetorm selected v| —
Scals Soale
[m| | 2| ==t W 2] o QIR S
Positive Dvershaot: 3434 Maw peak: T.42Y High level: 3,99y T et [ Closs |
Lo lewel: -5.34 i 1 = viddiv 5 S neddiv |Tlp|
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Operation Yertical Harizontal

III . : . Pasition Dielay [ Save/Load.. ]
@ Standard ) Epe Diagram Start Simulation S e [ CopptoClp |
St @ e

tm‘uuus @ Huperlyns = Cimat EEE
@ {Globat Simulate AD 21.000 = ns [ Pint. |
) Per-Met/Pin t-planes &l s

= =N '-L-.-' 'E:: Z’:' -:::\ R | rZ:.

@ Edge . 1 Rizing edage J) EldosADMS ) % 3 > :

s - , - - s [ Cloze ]
) Ogcillator | @ Falling edge 2 Widiv 5 = neddiv R

Cursors

Cursor: 6.977V, 26.462ns

Measurements

@ Entire Region Waveform: [Nu wavelorm selected 'J
[0 7] ] S=fs] M =] oF 0
Positive Overshoot: 3.43V Max peak: 7.42V High level 3.99V

Low level -5.34 mV
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m m SI Oscilloscope Graphics

Shioy
|| Overview pane  Probes:
|| Readout text Lgestad
| Loaded results Always &t the pin =
| Previous results
| Latest resulks . Finz C
Wizibility V=] Latest wWavefarms
@ Yoltage | =l U[A0)
Crjueet | D71 Ugan) fa..
Zoom | e Uga)
@ [ L) [at.
2] 8 S up2) o
| S vge2) .. [l
[+] E{Insert ditf probe:

Thresholds for;, =
(AT Pin: |
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TL2 U(A2)
53.7 ohms
ﬁéﬁ'géiﬁf 74HCXX:GATE-2
Stripline
U(AD) TL1 U(A1)

v
O
I

1

a
q
=
v

78.1 ohms
TAACTIXLINE-DRV  34iaoaPs AHCXX:GATE-2
Microstrip
Stirmuluz
@ Global
Fer-Met/Fin
Edge MHz 50
@ Oscillator | Duty 490 %
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HyperLynx SI

Terminator Wizard

i

Terminator Wizard

4 ==

T erminator analysiz

Met name:

Mumber diver [C's:
NMumber recerser [C's:
Mumber resistors:
Mumber capacitors:
Driver impedance:

Oriveer transition time:
Taotal net length, including
packaging:

Impedance £0:
Effective Z0;

Termination found:
Termination suggested:
Fesistor suggested:
Capacitor suggested:

Lsw00

1

¢

0

0
8.0 ohms
1.900 ns
20,320 cm

R34 ohms
4.0 ohms

none
parallel AL
54.0 ohms
185.5 pF

n

Mezzages:

Met too long! Try adding an AC terminator.
Or reroute to reduce the net length.
Or chooze a diiver with a zlower output.

T ermination suggestions

Bpply Walues

Apply tolerance:

ExactValue -

Hints

Effective impedance includes
the average line impedance
and receiver loading.

Delayz are copper anly; [C
loadingthrezholds and signal
reflections are not included.

Freferences.,
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AGH
TL2 U(A2)
2 HPan an

23.7 ohms H

718.918 ps ;

10.160 cm i TAHCXOCGATE-2 I

Stripline RD(A2) é
g
e
v

3

:

o

50.0 ohms

4 .000 ‘

C(A2)
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Swept simulation Gra |

U(AO0) RS(A0) TLA U(E0)

0.0 oh 50.0 ohms
S 500.000 ps

CGS74CT2524M Simple

01

- svesp ey

| Setup | Simulation Cases |

74HCXX:GATE-2

7] -Stackup layers

+ Power supplies

+ IC modeling

- Pin -speaﬁn: I:nuFFer mndels

_____ .RS[AD; it
o [¥] Value = 0.000 ghm - 50.00 ohm, by 10.00 ohm (6 steps)
+- Transmission lines
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Crosstalk simulation Gra

U1.1 . u2.1

62:0 ohms
i 2108 ns
CMOS,3.3V,FAST 12 600 in CMOS,3.3V,FAST
Aggréssor #1
u1.2 TL? u2.2

615 ohms
2108 ns
CMOS, 3.3V, FAST 12.600 in CMOS,3:3V,FAST

Victiri

u1.3 e u2.3

62.0 chms
CMOS 3 3V FAST eI CMOS, 3 3V FAST i
Aggressar #2 Tl me ns
Fins: Buffer settings
M nE =1 m Input Mmm;zllzlac!a prdze.st;.ch?vy Qoirzez
- np. oddalenie od siebie Scieze
— U1.2 10 oUT Output Stuck High P- . . . .
Fae. gz B MGeca @B 0 Gt . CErpniiilE zmiane stackupu (zmniejszenie grubosci

W =150V ; :
l"; H;? CmrefEf;E.DpF Output Invertted @ Stuck Low: izolatora od ptaszczyzny masy) itp.
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Eye Diagram

TL18

u1 uz2

56:2 ohms

9 2.848 ns

17.717 in
Coupled Stackup

- 7Y

SPARTAN-6 ds25br110
output_p i IN+

56.2 ohms
2.848 ns

e )
Coupled Stackup

Stimulus . Eye Mask |

Mask Library

RIC]
System: USB2.0-High_Speed_TX

Scale System: USB2.0-High_Speed_RX :

Tme: 100 System: PCIE_TX_transition I

System: PCIE_TX_de-emphasis

System: PCIE_RX

Offsat System: SAS_3Gb_RX

0000 System: SAS_1.5Gb_RX
oo System: FC-1000F/5E_R¥_gamma

System: FC-100DF/SE_RX¥_beta
System: FC-1000F/SE_RX_delta
Systemn: FC-1000F/5SE_TX_beta
System: FC-100DF/SE_TX_deta
System: FC-1000F/SE_TX_gamma
System: FC-200DF/SE_RX_gamma
System: FC-200DF/SE_TX_delta
System: FC-2000F/SE_TX_gamma
System: FC-2000F/SE_RX¥_dela
System: SATAT_RX
System: SATAT_TX
System: XA -¥lire-rowvr amos

Vott: 100

Stimulus . Eye= Mask

Stimulus Mame:

] &)
Intial state: |High =

Bit pattem

Seguence: | PRBS {pseudo random) | EBit order: |'.-' o
: random

Togagling | | | | |

U5SE 2.0 compliance

001 1<Custom: FET 717010171 1T0000:1 7071 10
Sequence length: 127

1 [ b

:

Stimulus Jitter
Bit interval: 1 ' i Include type: [V Gaussian [| Unform [T Sine
Bit Bate: 1  Gbps Jitter Type: [Gaussian "’]
Magnitude: 1 %of LI -
Sequencersps 2 2 I dvarcad apiers
Clisplay

Skip fist: 127 = bits
Show: |2 * | eyels)

[#] For random jitter, generate the same random
number sequence in each simulation

| ok || Awki |[ Pomoc |
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LVDS @ 1Gbps
Spartan-6: 10pF DS25BR110: 1.7pF

500.0 ; ; ; ; : ; ; : . 500.0
400 . 0— 400.0—
_'_,_,_.—-—"'"
300.0— 300. 0—
200.0 200.0 \
V 100.0 \ S— V 100.0
o o
i t
a
g -0.00 9 _p.o0
v v
-100.0 S -100.0 / /
-200.0 / -200.0 \
-300.0— e -300.0—
-400. 06— -400. 00—
-4p0.0 -200.0 ©0.00 200.0 400.0 €00.0 800.0 1000.0 1200.0 1400.0 -400.0 -200.0 0,00 200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0

Time (ps) Time (ps)
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= buduje analityczny model kanatu w dziedzinie czestotliwosci

= warunek: liniowy lub prawie-liniowy charakter kanatu

= generuje wykresy: eye diagram, BER, contour, bathtub curve
» szybsze wyniki dla dtugich sekwencji

= pobudzenie wewnetrzne lub zewnetrzne

= worst-case bit sequence
(maksymalnie zamkniete oko)

= wielostopniowa definicja kanatu (wizard)

Introduction

Set Up Channel Charactenzations

Drefine Stimulus

Add itter

&dd Pre-Emphasziz/DFE
Ch

Yiew Analysiz Hesults
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FastEye™ Channel Analysis G

AGH

FastEye Channel Analyzer

Specify the Input 5timulus

Tell the analyzer what kind of stimuluz to apply to the channel for the eye-diagram simulation. Lzing worst-case stimuluz will give you masimum eve clozune,

[Rbroduction Chooze worst-caze PRBS [random] or worst-caze 3B/108 stimuluz to get the mozst-clozed
epe. Pattern repetitionz » 1 cauzes the entire bit pattemn to repeat, with different jitter each
time [if you choogze randam jitter on the Add Jitter page].

Ch

Bit pattern

Type: |EEH1DE

s |

#of 10 bit Characters: 4 -

Add Jitker LI_
Add Pre-Emphazi

Choosze Fiting/Convolution

L

Stimuluz length
Bit interval: 1

Bit rate; 1

Fattern repetitions;

40

i

HEEERERREHRRAERE!

g1i11o0001101100001110100101110007°
Sequence length:

Sequence length: 1
[
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B | FastEye Channel Analyzer [ihj

Add Jitter to the Input Stimulus
“'ou can add any combination of Gaussian, uniform, or zine jitter to the input stirmulus for paur channel,

] Optionally add jitter to paur channel input stimuluz. The Gaussian diztibution extends to +4-
Intraduction imfinity. =0 pou specify the standard deviation [zigma). You can add sine [determiniztic] ar
uniform jitker to model effects like crosstalk or supply foize: |F yow are notsure what type of
) jitker to u=e, enable only Gauzzian and take the value from wour driver |C'z data sheet,
Analysiz Frequencies are typically orders of magnitude lower than the bit rate; Vinitial phaze' can
almogt always be zet to zero. Analysiz rung much faster without jitker, 20 consider starting
with a jitterless simulation ta zee how cloged your eye already is.

ved Snalysiz

Set Up Channel Charactenzations

Crefine Stimulus
Add Jitter
Add Pre-Emphasis/DFE

Choosze Fiting/Convolution

Wi Generate the zame random number

7] Add Gaussian jitter — gequence for each simulation

Standard e
Deviation: 1 2 of LI -
A anal,

| Add uniform jitter

5
0 ot Ul |—|

| Add sine jitter

1 Zaof |

| < Back || et > || Hun || E xit i| Help |
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B | FastEye Channel Analyzer [ihj

View Analysiz Hesults
Choose the tppes of output you want bo view and save from analpsiz.

Y'ou can view or save to a file several bypes of data after FastEve analysiz. vou can dizplay the epe diagram,
with all warvefarm detailz [but only for shorter stimuluz patterns) or a contour [which shows the eye's outlines),
Y'ou can view bit-error-rate plote. IF you spnthesized tap weights for pre-emphaziz or DFE, you can view the
optimized walues. If pou simulated paur channel with worst-case stimulus, pou can zave the stimuluz to a file
[urlezs extremely long] for future re-use; other outputs can be saved from the windows in which they're viewed.

[Htroduction

Set Up Channel Charactenzations

Crefine Stimulus

. Dutputs
Add Jitker RPJE e dingran Samples per bit interval [ Wiew.. |
#dd Pre-Empl DFE i iasas 32 A -waming: large values will slow
Chooze Fiting/Conwalution T analysiz conziderably

@ Contours anly L . .
Can be zaved to files from wiewer

View Analysis Besults /| BER plats L View.. |

[V] Bathtub curves [ Load.. |
[V]iStatistical contours —
" | Synthesized taps G

| Save worst-caze stimulus to file;
SE 45cm DS2EBRETT0-worst-caze Browze.

|_ < Back i | Hun || E xit ii Help |
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&600.

-100mm

-200mm

300m = o

-400m e b e

/

Ul
-G00m
Om 100m 200m 300m 400rm 500m E00m 700 800 900w 1000

W03 Ei0ts M10Ts W02 1015 B10018 1021 024 W0t27 W0T-30

T DO~ —D

Enp_l,ltnl:hp‘ ll:npylnverted| {SaveAs I l Load. J ( Cloze

ks

| & Bathtub Chart for U222 (at pinl/U2.3 (at pin) 3) =
& @S+ @ [F - 2

1

0001 0
1,00=-006 ——

1.00e-009 4 / !I /
;
|

BER

1 00e-012 \\ \ "_‘ /
1006015 LA \ / /
-&00. 1.00e015 W \ / l,'/ '
100021 it \ [ -

1 O0e-024 \ | /
| Ul

| | | / il ul
1008030
—-800. o 100m  200m  300m 400w 500m GO0 700m  800m  S00m  1000m

W00y Mo457 MO0z W00y -0.ogy W00y 0.0n 012y WO2ey WO477 EO92Y

100027 -
i TV

-400.0 -200.0 0.00 200.0 400.0 &00.0 800.0 1000.0 1200.0
Time (ps)

|EopyloCth |Capylmvalted] | Savebs.. ‘ ‘ Load... | l Cloge ]
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Bit Error Rate | Eye Density




M]JJ IBIS-AMI g e
Algorithmic Modeling Interface
(g iBIs

= ztozonosc¢ funkcjonalna transceiverow MGT
(amplituda, sprzezenie, pre-emfaza, equalizacja, ...)

= dwie domeny: elektryczna (*.ibs) i algorytmiczna

= back-end nadajnika + kanat + front-end odbiornika sg liniowe
i niezmienne w czasie, pozostate parametry mogg juz by¢ dynamiczne

(np. equalizacja) T~ |
= domena algorytmiczna: ’:'Ekzlg;d?fmt
= wykonywalny model (*.dll), przetwarzajacy o "-‘
przebiegi charakteryzujgce kanat - Ao P
= plik definicji parametrow i ich zakresow (*.ami) e B

----- ’ LPM_KL_InitDALC

----- P LPM_KL_OverwiEn

o | | Wame: T=DIFFCTRL | i A _DFE_GalM_CFGE_RitT2_to 8
2l xilinx_k7_gbe_ami_tx.ibs b .- . . - : AXDFEAGCOVADEN

s ; S P silins_k7_gts_ami_ts IJzage: In Type: Integer _

._":‘. :-:llln:-:_k?_gt-:_amLt-:.dll : } Feserved Parameters | _ } P DFE_K CFG2 bad to_3
il ) ) _'} Model S = i Defautt: 12| i } Fx_DFE_KL_CFGZ_bit23 to 26

L xilinx_k7_gbe_ami_tc.ami i gl oy 000N b Rx_DFE_UT_CFG_bit11_to_5

------ p THPRECURSOR

----- P RADFEUTOVRDEN
Value: 12 | - b RX_DFE_H2_CFG_bite_to_1
----- B RHDFETAP20VRDEN

------ P THPOSTCURSOR
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Algorithmic Modeling Interface

AGH

iBis

- [Component] xiline 7gbe tx
-, [Model] xiling 7 qte_tx

..... Tl [Algorithmic Model]
----- b, [End Algorithmic Model]
..... Ik, [Temperature Range]
..... Ik, [Voltage Range]
..... Ik, [Pulldown]

FEEE g . . - - . -'- —
| wilinx_k7_gtx_ami_txibs - HyperLynx Visual IBIS Editor - Version 4.1 (Build 172) A —— o=l
e _ A - — .
File Edit View [BIS Help
ErIEE P s 1 ElE:
_____ .Q [IBIS 1UrEr] |**************************************************************** -~
& [Dicclaimien) | Analog Models
..... IsElaimer | I NN NI IR NI I
----- 4L [File Name]
..... File R [Hod=l] =ilinx Ygtx t=
i {Dli ]Ev] Model type Output
ate
..... £ [Source] C_comp 0.01p 0.01p 0.01p
Cref =0
""" % [Nofes] Vref = 0.5
----- @ [Copyright] Rref = G0
W Ymeas = 0.5

|
[Algorithnic Model]

¥ecutable Windows VisualStudio 37 =ilinx kY gtx ami tx.dl]l =ilinx k¥ gtz ami tx. ami
|Executable Linux gocd 4,632 xilinx k7 _gtx ami_tx linux3? so xilinx k7 _gtx ami_tx. ami

[End Algorithmic Model]

m

[Temperaturs_Range] 25 100 0

[Voltage Ranges] 1.0 0.9 1.1

[Pulldown]

|[Yoltage I{typ) Iimind Iimax)

-2.500 -5.16839E-02 -5 . 16839E-02 -5 1&8839E-02

+0.000 +0.00000E+00 +0. 00000E+00 +0. 00000E+00

+2.500 +5.16839E-02 +5.16839E-02 +5 . 16839E-02 1

= b

4 il

Ready

Ln 55, Col 85 R/W
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Case: 8Gbps link
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Total Thickness = 2.6mm ; 12 um
36 um
150 um
Top 18 um
150 um
Plane1_24V 18 um
150 um
Signall 18 um
150 um
Plane2_GND 18 um
150 um
Signal2 18 um
150 um
Plane3_24V 18 um
150 um
Signal3 18 um
150 um
Plane4_GND 18 um
150 um
Signald 18 um
150 um
Plane5_24V 18 um
150 um
Signals 18 um
150 um
Planef_GND 18 um
150 um
Signals 18 um
150 um
Plane7_24V 18 um
150 um
Signal? 35 um
12 um
Bottom

s

Through
Via

|
0.300m
1

= T =

Blind
Via i

Separation=2s




IBIS-AMI A T
Case: 8Gbps link - feasibility fé
IBIS

&2 uz

KT groi_memir
Mo_voly b CL ™7 LLE e

Top to Layer6, through
.’_______...—--—-—*“"

0.001

0.0004
1e-005
1e-00&
1e-007
1e-002
1e-003

PRBS-9 / 100kbits
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Case: 8Gbps link - crosstalk

TL1D
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Case: 8Gbps link - crosstalk

>

(=)

-
.
=

L)

" Through Via 6 Through Via 1 Blind Via 1

=

Q

o

S =

N -
- 20

i) S

o0 O

(24

(2 8

Synchronous
Random
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S.H. Hall, H.L. Heck: Advanced Signal Integrity for High-Speed
Digital Designs

Mentor Graphics: The Basics of IBIS Models, A. Muranyi

IBIS Open Forum: IBIS specification v5.1

IBIS Open Forum: IBIS Modelling Cookbook For IBIS Version 4.0
Mentor Graphics: LineSim User Guide

Xilinx: 7 Series FPGAs PCB Design and Pin Planning Guide (UG483)



Elektronika cyfrowa robi sie nam
jakas taka... cyfrawa!



