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« Simultaneous Switching Noise (SSN) Overview

— Fast switching speeds associated with high data rates can lead to unwanted interference between data
channels. This effect is caused by electromagnetic coupling between the physical interconnects, as well as
noise generated in the power distribution network.
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— In order to predict switching noise, the properties of the physical channel as well as the driver and receiver must
be considered. The driver and receiver circuits are often represented by behavioral IBIS models. These IBIS
models encompass the transient properties such as delay, overshoot and slew for the driver as well as
iImpedance of the receiver. The electromagnetic properties of the interconnects can be determined using
electromagnetic analysis. The resulting model of the physical channel is represented as scattering or s-
parameters. One common format used to represent s-parameters is the HSPICE™ S-element.

— This exercise demonstrates how to set up the transient simulation for an 8-channel data interface that includes
the power distribution network. Drivers and receivers are represented using IBIS models, while the physical
interface between transmitter and receiver is represented using an s-element model.

— The simulation results are displayed as transient voltage wave forms and as eye diagrams
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SSN Example

* Introduction
The goal of this exercise is to learn how to create a schematic, define and run transient analyses, and view simulation
results for a high speed interface.

* Launching ANSYS Electronics Desktop
To access ANSYS Electronics Desktop, click the Microsoft Start button, select:
All Programs > ANSYS Electromagnetics > ANSYS Electromagnetics Suite 16.0 > ANSYS Electronics Desktop
2015
To open a new project:
Inan AEDT window, Click the [ On the Standard toolbar, or select the menu item File > New.
From the Project menu, select Insert Circuit Design or Right Mouse Click on project folder and select Insert
Circuit Design . A new window is created for schematic entry.
Click the None button when prompted to Choose Layout Technology.
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SSN Example

Opening a new project

J@ ANSYS Electronics Desktop - Project
File Edit View

Project Tools Window Help

Project Datasets...
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Insert Documentation File...
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‘D= E | | & | ¥ s \ -
- ¥ & ) 0.010 inch, [o]u] il
PR M3 - AIumlna(Er 9.8) 0.025 inch, gold
i@ E - M3 - FR4A (Er=4.4) 0.030 inch, 0.5 oz copper
" t5 - FRA (Er=4.4) 0.060 inch, 0.5 oz copper
P e i WS - RT_c(iuroid !)3830 (Er=2.20) 0.010 e 05 o2 copper
e Paste WS - BT _duroid 5880 (Er=2.200 0.020 inch, 0.5 oz copper
M3 - BT _duroid 6010 (Er=10.2) 0.010 inch, 0.5 oz copper
(Ewanme 2 MS - BT _duroid 6010 (Er=10.2) 0.025 inch, 0.5 0z copper
] > Delete Project Permanently from Disk Delete

PCB - DoubleSided

e BRI I R P Y

Open Browse... Mane

Cancel

1

Insert & Insert HFSS Design FCE - SingleSided
P @ Insert HFSS 3D Layout Design SL—AIum?na {Er=8.8)0.010 ?nCho gold
g s Crlss @y Insert HFSS-IE Design SL-Alurnina (Er=9.8) U.DQE inch, gold
ave trl+ £ Insert Q3D Extractor Design SL-FR4 (Er=4.4)0.030 !nch, 0.5 0z copper
Save As.. & Insert 2D Extractor Design SL-FR4 (Er=4.4) 0.060 inch, 0.5 0z copper
Analyze Al . Insert Circuit Design SL- P\T_duro!d 5880 (Er=2.20)0.010 !nch, 0.5 oz copper
- - 4 Insert Circuit Netlist SL-RT_duroid 5880 (Er=2.200 0.020 inch, 0.5 oz copper
Project Variables... A% Insert Filter Design .. SL-RT_duroid 6010 (Er=10.2) 0.010 inch, 0.5 oz copper -

ANSYS Confidential




NANSYS i
Save Project

» Save your project
— The main Designer window now contains an empty schematic. Right-click on the design Circuitl under the
Project Manager and select Rename to rename the design to SSN.

=B Project 1*
ot
: EE
T Copy Ctrl+C
| Rename I F2 | -
— - Froject1®
7 Delete " Delete = E |
.
Design Options... @ -g' el @
Add Reference Data -1 Definitions & (1 Definitions
Add Subcircuit

Add Mexcam Solution Setup...
Add HSPICE Solution Setup
Add Alter Block

- ¥ v v

— Select the menu item File > Save to save the project as SSN Example.
» This will create a file named: SSN Example.aedt in your working directory.
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* Importing IBIS transmitter model
— Go to the Component Libraries window and click on the button Import Models
— Inthe Symbols tab click on the item named IBIS
» In Select File window browse to the IBIS-AMI_Models directory and select virtex5.ibs
* Import IBIS Dialog
— Checkmark 14: SSTL18 I
— Scroll down to the very bottom and checkmark 18P-18N
— Make sure both pins are present and press OK

Import IBIS Component: Driver Buffers
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Component Libraries

Filter

‘sysl\b[Nexx\m Circuit Elements/Models

II Import Models l Show All | Favorites |

Search component name and description

-
2DExtractor EBD
HFSS IBIS
= |
B

LY. EL N MIAAC -

Import IBIS

[ Create single component

Bufferlmport]

Import IBIS Component: Driver Buffers

® | Select Component

Component Name: |VIRTEX-5
Filter: |
Select | Pin

150P - 150N - HT_25_F - HT_25_N
151P - 151N : BLVDS_25_F - BLVDS_25_N

152P - 152N : LVPECL_25_P - LVPECL_25_N

- 165N : RSDS_25_P - RSDS_25_N

166P - 166N : LVDS_25_DT_P-LVDS_25 DT N

16P - 16N : DIFF_HSTL_|_P - DIFF_HSTL_I_N

17P - 17N : DIFF_HSTL_II_P - DIFF_HSTL_II_N
IFF_HSTL_I_18_P - DIFF_HSTL__18_N
197 - 1SN DIFF_HSTL_II_18_P - DIFF_HSTL_II_18_N
20P - 20N - DIFF_SSTL18_I_P - DIFF_SSTL18_I_N
21P - 21N : DIFF_SSTL18_II_P - DIFF_SSTL18_II_N
22P - 22N : DIFF_SSTL2_|_P - DIFF_SSTL2_I_N

23P - 23N : DIFF_SSTL2_Il_P - DIFF_SSTLZ_II_N

0

{1

BLVDS_25- BLVDS_25
LVPECL_25 - LVPECL_25

HSTL_I_18-HSTL__18
HSTL_II_18- HSTL_Il_18

SSTL18_I_VIRTEX-5_virtex5
DIFF_HSTL I 18_P_VIRTEX-5_virtex5_diff

Cancel

SSTL18_Il-SSTL18_I

m

T

I Symbols I(_Jomponems
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* Importing IBIS receiver model
— Next, repeat the previous process to import the receiver IBIS models. Select the file u26a_800.ibs and click Open.
— Inthe Import IBIS dialog window select the checkbox for pin B1: DQ14.
— Scroll to the bottom of the pin list and select the differential pin B7-A8:UDQS-NU.DQS#.
— Click OK to import the buffers.

Import IBIS Component: Receiver Buffers

5 Import IBIS CoX
i | Select Component ]
Pin Import l Buﬁer\mpon]
| Create single component
o e Conprentions_ AR S =
Filter: ‘
Se\ect‘ Pin Model | -
[~ P2:A7 IN_800
[~ P3.A9 IN_300
[~ P7:aM IN_800
[~ P8:As IN_B0O
[~ P9:vss GMND
[ R1:vDD POWER
[ R2:p12 IN_80O
[ R3:RFU NC
[T R7:RFU NC
[T R8:RFU NC
[*  B7-A8:UDQS-NUUDQS# DQ -DQs#
[ F7-E8:LDQS-NULDQS# DQ-DQs# 3
- [~ JB-K3:CK-CK# CLKIN_800 - CLKIN_300 i
0K | Cancel
OK Cancel Help
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Verify Component Definitions

« Component Definitions

— The four IBIS buffers should now appear in in the Definitions folder of the Project Manger under Components.
— The names are automatically generated based on the IBIS pin and component names

PI"OJECt Manager o X

-8 Analysis -
--pll Design Verification

%% SoD Config

[ Optimetrics
[#] Results

EI[:I Def“mtlons Differential strobe Tx
- N
EE DIFF_HSTL_I_18_P_VIRTEX-5_virtex5 dl% Single ended Rx
DQ14_MT47H16M16BG-3_25_u26a_800

=sN 2 Single ended Tx
>

SSTL18_II VIRTEX-5_virtex5 s
L-TEE UDQS_MT47H16M16BG-3_25 u26a_800_diff
-3 Symbols
-[_1] Footprints
-[_7] Padstacks
-[_] Materials
[ Scripts

Differential strobe Rx
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Rename IBIS Components

» Right click on the component named DIFF_HSTL | 18 P _VIRTEX-5 virtex5 diff
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Select Edit Component

Change the name to Tx_strobe

Click OK

Repeat for the other 3 IBIS components

. SSTL18_Il_VIRTEX-5_virtex5: Tx_data

- DQ14 MT47H16M16BG-3_25 u26a_800: Rx_data

« UDQS_MT47H16M16BG-3 25 u26a 800 diff: Rx_strobe

i -k Analysis
II’I Design Verification
-8 SoD Config
- @ Optimetrics
Results
=0 Definitions
BN Componcri=
EE Rx_data
-~ B Rx_strobe
- ZF S5N
EE Tx_data
- Tx_strobe
-2 Symbols
(1 Footprints
-~ ([0 Padstacks
-] Materials
[ scripts
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Edit Component

General 1 Miscellaneous I Terminals I Solver-On-Demand 1

Properties..

Component

Name: Tx_strobe|

Qriginal library:  [local to this Project]

Symbol Footprint
IbisDifferential - Nexxim Circu\tEIenﬂ . |
Auto-create | Edit ‘ Clear ‘ Auto-create

10

]
@inv io
—T

input_output

MNexxim Circuit Elements\|BISBufferSymbols [not found]

[ o ]

Cancel
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- S-Element Model

 S-Element Model

— The S-Element model contains the s-parameters of the data interface. This interface could be comprised of traces,
via transitions, connectors and/or the package parasitic contributions. In this example, the data interface consists of
multiple coupled traces on a printed circuit board along with the driver/receiver power distribution network. The model
was generated using the full-wave electromagnetic solver Slwave™ .

— Conventional SPICE based primitive components such as inductors, capacitors and resistors are constrained to a
predefined frequency response. S-parameters can represent a network of arbitrary frequency response. The s-
parameters are a tabular description of a frequency dependent network transfer function, and can therefore describe
any linear network over any bandwidth.
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S-Element

Model

— The challenge for a circuit simulator when dealing with s-parameters is to apply a physically plausible algorithm to
interpolate and extrapolate the s-parameter data to frequencies for which no data is provided. Like all circuit
simulators, Nexxim uses a variable time-step algorithm. When necessary, the time step may be very small, requiring
that the s-parameter model be extrapolated to very high frequency. The total simulation time (for example when
many bits are included) may be very long, requiring fine resolution of the frequency samples.

mm |---.~

H(f)r"'

f
0,

frequency

1/2NAf
= < 1/2Af

time

— Nexxim implements unique proprietary algorithms to insure the fidelity of the transient signals when s-parameter

models are used in the simulation.

13 © 2015 ANSYS, Inc. October 5, 2015

ANSYS Confidential



* Import S-Element

— The S-parameter data for this example was generated using 50 Ohm ports for signal lines and 1 Ohm ports for
power planes. This is to ensure sufficient precision is available in the S-parameters for the power planes.
ANSYS Slwave was used to generate the S-parameter data and exports a SPICE subcircuit containing the S-
parameter data and the port characteristic impedances.

Import S-Element

— Goto the Component Libraries window and click on the button Import Models
— In Select File window select ssn_board1.sp and press Open
— Select OK and place the component on the schematic window

— Now the component should be seen in the Project Manager window
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Import S-Element

Project Manager

= ‘"?'1 SoD Config
------ Optimetrics
Results
= Definitions
=] Components

- IBE T¥_strobe
B0 Symbols

------ (X3 Footprints

------ (11 Padstacks

------ [C3 Materials

------ (23 Scripts
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p Design Verification

Component Import

October 5, 2015

Symbol and Footprint filter

(" Match pin names

Create Components:

& Match number of pins

[ Group similar components

o
Select All | Deselect All | Invert Selected |
| Name Create Companent | Symbol | Footprint |#Pins |
Jssn_bcard‘l [v 24

o |

Cancel

Component Libraries

Filter
syslib/Nexam Circuit Elements/Models ﬂ
‘ Import Models Show All | Favorites |

Proj NPor

(=] ] -
Slwave 555

L]

iz
SSS_Multi Spice
-m—-

= [X]| =
W-ELT XParam -
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S-Element Symbol

» Edit S-Element Symbol
— In order to make the required connections easier to wire and simplify the resulting schematic, we will need to edit the
S-element symbol. In the Project Manager, expand Definitions > Symbols and double-click on the ssn_boardl
symbol entry. This will open the symbol in a symbol editor window in the main Designer SI window.

Project Manager B x
=1 SSN Example* DDR DO U1 DDR D6_U1
B | SSN* —Ei ;E
- bats DDR_ DO U1 DDR_D6_U11
Excitations —B
A DDR D1 U1 DDR_D7_U1
# Design Verification -E_ _—B
~% Sop confy DDR_D1_W11 DDR_D7_U11
Optimetrics Bﬁ —B
| s DDR_D2_U1 DDR_DQSON_U1
E--[Z] Components E 45
B R cata DDR_D2_UW11 DDR_DQSON_U11
IBE Rx_strobe E— _B —
-5 s DDR_D3 U1 DDR| DQSOP_UA1
i T =]
B T strobe DDR_D3_UY11 DDR_DQSOP_U11
= [0 symbols Bﬁ 45
IbisDifferential -- Nexxim Circuit Elements\IBISBufferSymbols D DR D4 U 1 VC C 1 V8 U 1
: -- ThisSingleEnded -- Mesdim Circuit Elements\BISBufferSymbols -E— _B =
Dl;l DDR_D4_W11 VCC1V8_VRM
2 Pocstacts DDR_D5_U1 VDD| DDR2_U11
-0 Materials —Ei —E
£ serps DDR_D5_U11 VDD_DDR2_VRM
e EeEE
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Modify S-Element Symbol

— You can edit the symbol by click-dragging the pins to rearrange them. Right-clicking on a pin and selecting Flip
Horizontal will allow you to switch which side the pin will attach to. In addition, you can resize the main symbol block by
selecting it and click-dragging the handles that appear on the sides and corners. Make the symbol look like this:

P e e ———

s
g g‘ i Symbol  Tools  Window Help 1
(] 5
DD 2 DO W11 §$§$ :é ﬁ Update Project 1
E-_ _ g e — s
DDR [ /E Properties... vecivs b1 9 5 VDD DDR2_U11 [
DDR I:E Copy Chrl+C [ DDR_DO_U1 DDR_DO_U11 8 Property Display Setup
F=H X Delte Dkt oorfzlt  oopfeun - [
jc=— - Grid Setup...
DD Q_I:_ o Copy ko Cl'ph':'ird_ — DDR_D3 U1 DDE‘[‘:)‘37U11 =" I .|:| sl
DDR F %, Rotate Chr+R. ‘I DDR D4 U1 DDR_p4_U11 Export File. ., -
=F = Flip vertical i | DOR D5 L1 DDR_Pp_U11 JAF Edit Component. ..
~a = I DDR_D6_U1 DDR_D6_U11 :
DD 2_ L dih Flip Horizonkal ) DDR D7 U1 DDR_D7_U11 v | Mormalize Symbol on Save
N - DDR_DQS0P_U1 DDR |DOS0P_U11 List. ..
DDR_DQSON_U1 DDR_|DOSON_U11 S S—

— Select the Symbol > Update Project menu item to save the changes to the symbol. Double-click on SSN in the
Project Manager to return to the schematic.
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Modify S-Element Component

* View S-Element Component
— Right-click on SSN in the Project Manager window to return to the main window

(&) ANSYS Blectronics Desktop - SSN Example - SSN - SchematicEditor - [SSN Example - SSN - Sehematic] WL e

o
™ | File Edit View Project Draw Schematic Circuit Tools Window Help
CRRE R R AT RRARE R LieOEOM, . ir9ieeLS I>20N00AN
3 x - —rr— ? x
w <
< O Fiter
g o r -
2's [ ]
s imponodels | ShowAl | Favortes |
e 1S Proj|  NPor |
104 Design Verfication -§ = S
; st veeiys bt £3 VDD_DPR2 U1t Searchcomponertname snd descpion
3 Resuts. -
= 3 efintans i
T L DDR_DO | DDR_DO_U11
2 = 3)
M R _strobe DDR_D 1 U1 2DExtractor ACCBDIS
% ssu _
E ssn_boardl D2 | _U11
B 1 datn
el DDR_D3_U11 = .
& Symbots ) DDR_D4_U11
{7 misDifferential - Nexon Circut Elements\IBISBufferSymbol: +
« " DDR_D5_U11 ACCBI9S ACPRP
T Vave [ Unit [Evalvateav ] || DDR_D7_U11
DDR DQS0P_UT1
DDR _JDQSON_U11
—5
e
1 |NewPage| -
Param Defaults [General| . | ) Symbols [Components |

Message Manager
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Add Page Connectors

« Add Page Connectors

19

— Select the Draw > Page Connector menu item or click the Page Connector toolbar icon and connect a page
connector to each of the pins on the schematic. You can press the R key on the keyboard to rotate each page
connector into the proper orientation before placing it. When finished, right-click in the schematic and select Finish.
This will help simplify the schematic.

e L9

=
S\x
4 >‘
>I ~
o X
>0
olo,
t
vceive 1 Q@ @ vbO DDR2_U11
DDR_DO_{J1 DOR_DO_U11
U1 DOR_D1_U11
U1 DOR_D2_U11
U1 DOR_D3_U11
U1 DDOR_D4_U11
pageport ——
U1 DOR_D5_U11
U1 DOR_D6_U11
pageport
b1 DOR_D7_U11
pageport DDR_DQSOF_U1 DDR|DQSO0P_U11
pageport DDR_DQSON_U1 DDR|DQSON_U11
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« Rename Page Connectors

— The page connectors have default names that are not very descriptive. This exercise includes a script to automatically
rename the page connectors to the names of the S-Element ports they are connected to. First, select the S-Element
component in the schematic by clicking on it. Select the Tools > Run Script menu item, select file RenameNets.vbs

Rename Page Connectors

and click Open. The page connectors will be renamed according to the S-Element port names.

Tools Window Help
Edit Configured Libraries

Canfigure Libraries...

VCC1V8, DDR2_U1L

DDR_po Jut DDR_DO_U11 Rur Sevipt ..
DDR_DLju1 DDR_DL_UIL
DDR_p2Jut DDR D2 U11
DDR_D3 Ut DpoR_D3_u1L Record Script To File ...
DR _D4 Ju1 DDR_Da_UIL .
BoR S5 Ju1 DR 35 011 Record Scripk ko Project ...
DDR_D6 Jut DDR_D6_UIL
DOR_p7 Jut oof g7 U1t

PR DOR DQSOP U1 DDR_PQSOP_UIL

pagepor

DOR DQSON U1 DDR_POSON_UIL
pagepor

[} J Fle pame RenameNets vbs = Open
Fles of yps: VB Sciph Fles ("] Cancel

Dgen a: eaddoriy.

St et |

October 5, 2015
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z|>T
> N
o &
216
Sla
vccive U1 O @ vpb| ppR2 U1l
VCC1v8 Y - > g = Vv
DDR_DO_|Ul DDR_DO_U11
UL DDR_D1_U11
UL DDR_D2_U11
UL DDR_D3_U11
U1 DDR_D4_U11
UL DDR_D5_U11
UL DDR_D6_U11
U1 DDR_D7_U11
DDR_DQSOP_U1 DDR |
DDR_D . DDR_DQSON_U1 DDR |DQSON_UL1 =~ 02 =
DDR_DQSON _DQSON_ HDQSON. ~-5eGON_U11
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Add VRM

* Create VRM Circuits

We will need to add VRM models in order to provide power to the drivers through the power planes of the board. We
will do this by attaching an ideal voltage source at 1.8 V to the VCC18V_VRM and VDD _DDR2_VRM ports on the S-

element component.

Go to the Component Libraries window and click on the tab Components
Expand the Independent Sources menu and double click on V_DC

Place the component on the schematic

Click on the component to see its properties in the Properties window

Set DC parameter of component V_DC to 1.8V

Right click on the source, select Copy

Right click on the schematic, select Paste to make a second copy of the source

Properties 3 x
Name | Value | Unit ‘Eva\uated\)’a\ |

ACMAG nan nan

ACPHASE 0 0

[a]es 18 \ 1.8V

CoSimulator DefaultMethst

CosimDefinition Edit

Status Active

Info V_DC

Param Values | General | Symbol |
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=
B
B
B
E

<

o) FETs -
) ﬂJ Filters
+-@@ 1BIS Buffer Components
7@ Ideal Distributed
5@ |deal Miciowave
-
& AMISOURCE: AMI Source
@& AMISOURCE_DIFF: Differential AMI Source
[ EXTERNAL_STEP_RESPONSE: External ¢
& EYESOURCE: Eye Source
------ {8 EYESOURCE_DIFF: Differential Eye Sourcy
------ @ |_DC: DC Current Source
------ @& |_PULSE: Pulse Current Source
------ @ |_PWL: Piecewise Linear Current Source
@ |_SHOTMNOISE: Current Shot Noise Source
@& |_SIN: Sinusaidal Current Source
@ I_WHITENOISE: Current White Noise Sourc
Y MuliCompContainer_1pin: Multiple compon
------ A/ MuliCompContainer_2pin: Multiple compon
------ B NSRC2_MNX: Moise Source, Current, Two-Br;
------ & P_SIN: Sinusoidal Power Source
------ @& V_CLOCK_W_JITTER: Voltage Source, Clo
& V_CPM: Voltage Source, CPM Modulated, M
o]V DC: DC Voliage Source|
& V_LFSR: Linear Feedback Shift Register V¢
& V_PRBS: Pseudo-Random Bit Source
------ @& V_PRBS_JITTER: Pseudo-Random Bit Sot
------ & V_PRBSD: Pseudo-Random Bit Source, Di
------ @& V_PRBSG_JITTER: Pseudo-Random Bit S
------ @& V_PSK Voltage Source, PSK Modulated, N
& V_PULSE: Pulse Voltage Source
& V_PWL: Piecewise Linear Voltage Source
& V_QAM: Voltage Source, QAM Modulated, |
(@ v_SHOTNOISE Voltage Shot Noise Soure:
------ @& V_SIN: Sinusoidal Voltage Source
------ @ V_WHITENOISE Voltage White Moise Sou ™
1 b

m
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ANSYS
Connect VRM

— Add a ground and connect it to negative pin of the DC sources

— Copy and paste page port VCC1V8_ VRM and connect it to the positive pin of the first DC source

— Copy and paste page port VDD_DDR2_VRM and connect it to the positive pin of the second DC source
— The two sources should now appear as shown below

i D R i S
|(EL_' Q ._@REVRM

_;
w
Il
"y
co
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ANSYS .
Place Components: Driver

» Place Driver Components

— In the Project Manager from folder Definitions > Components left-click and drag the Tx_data component into the
schematic and click to place a copy of the component. Right-click in the schematic and select Finish to stop placing
components.

Project Manager ax

&[] SSN Example* -

B 5 SSN* 5_@

Data
-[&] Excitations D=1
E Ports
-§E Analysis
II" Design Verification
B SoD Config
-{@ optimetrics
Results
=1 Definitions
£-(2 Components
- BB Rx_data
B3 Rx_strobe

- ZE SSN

WA

i

man[zaad aan

ZF ssn_boardl
EE Tx_data
188 Tx_strobe -

Properties o x

il

WA
ATl

1 New Page C

< 1 >
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Configure the IBIS model

« Configure the Driver
— Double click on the Tx_data driver that was placed on the schematic and configure the Pin Properties as follows:
» Click on the grey button in the value field to assign the following nets to model:

= p OWGF extern al U10:Tx_data Properties: SSN Example - SSN R | - " X
~ POWER_PIN: VCC1V8_U1 e e
ol GN D: 0 D Name |W:I::(\;1 ‘ Unit ‘ Evaluated Value = -
= buffer_mode . OUtpUt Buffer [ |model ssTLI8 "SSTLIE I Nz
|__|ve typ "typ" Pa
— pullup : VCC1v8_U1l oer ot 5
— pulldown : 0 e e 5
. ! |_|POWER_PIN VCC1V8. |
— Leave the logic_in as Internal Source ano T
- _buﬁ.er,.mode Output B.. Se
— trise: 1ps oo T
tfal | 1 S :pul\down 0
ol out_of_in
U I 1 5p :--Etndme Properties
| : ] n S _;Eye Source Parameters 1
| |trise ps ips Rig
« Continued on next page | onsse_aoiy — . o
| |UlorBPS Unitinter.. Ch
:DCDFracI\unurT\me Fraction Fre
|__|ded 0 0 Du
|| Gz
[~ Show Hidden
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ANSYS
- Configure the IBIS model

» Configure the Driver
— Next we will configure the bit pattern for the IBIS driver
» Click on the grey box next to the BitPattern Property

— Select Random bit generation . 5 palt= Cog

— Number of random bits: 1000
— Random Seed: -1

("~ Choose file containing the bitlist |

(" Enter list of random bits |

* A Random Seed of -1 will provide a unique bit pattern for each driver

* Click OK twice to exit both forms @ Enter Random bit generation data
Number of random bits | 1000
Random seed |1|

(" Enter PRBES Data

| |do_encoding 0 0 Encoc [7
hold last bit [ Hold I: -
BitPattern ] Bit pat |
Tl
4 1 b |
M
0K | Cancel
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— Selectthe SSLT18 II_virtex5 driver element that was placed in the schematic earlier and select the following menu
item: Edit > Copy.

— Click anywhere in empty schematic space to unselect the driver.
— Select Edit > Paste and repeat until 7 more drivers have been placed on the schematic.

* Note: It may be necessary to move the drivers to create an orderly schematic, also the driver can be rotated
using Ctrl + r to position the parts in the desired location and orientation.

— The schematic should look like the image below when finished.

Create Driver Copies

: =
- 2=
g

o ot vos ot

)
 thra Vi ‘
2_vF

1};0@
4O G
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ANSYS )
Connect the Drivers

— The next step is to connect the output of the driver to proper ports on the ssn_board1 symbol.

— Copy each of the Page Connectors: DDR_DO0_U1 through DDR_D7_U1 and connect the copy to one of the available
drivers.
* An easy way to do this is to hold down the Ctrl button and click on the symbol that needs to be copied and will
holding the Ctrl and Left Mouse Button drag the object to make a copy.

* Once the copy has been made it can be rotated and connected to the appropriate driver.

Input_cuiput Input_cuipy
D=d D22
R_D1_U1 R_D5_1
: :
Inpud_owiput Inpus_ouign
C=19 D23
50R D2 1 R_D6_1
> :
Inpud_cuipud Inpud_curpud
C=20 D=24
. .
Inpud_cuipud Inpud_cuipy
=21 D=25
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Add Differential Strobe Driver

* Create Strobe Driver Circuit

— Select the differential IBIS model Tx_strobe EE'L I}[qu:q-
— Place it on the schematic below the single ended driver otz o

[l 2eemimn] [ Seemm
Project Manager o X

N Irgpuat_coupeat gt couprat
- Analysis - D=15 C-25
gl Design Verification
- SoD Config @ 9 ol T @ Y T
--IE Optimetrics
Results sttt okt
&1 Definitions i i
EICI Components
LEE Rx_data ) )
EE Rx_strobe @* g 0s_ui E'g—
2 SSN Irgpeat_couprat Irgpeat_couprat
ZF ssn_boardl D=1 D=a?
EE Tyx_data =
4 Tx_strobe
@ W_DC -- Nexxim Circuit ElementshIndependent Sources 8
-1 Symbols @m o
-] Footprints mjm;
[0 Padstacks om33
[ Materials
-] Scripts -
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* Create Strobe Driver Circuit (Continued)
— Set the IBIS strobe properties as follows

power: external
POWER_PIN/pullup: VCC1V8 U1
GND/pulldown: 0

trise/tfall: 1 ps

Phase_delay: 750 ps (¥ bit period)
Ul: 1.5ns

— Click the grey box next to Bit Pattern

* Click OK twice to exit both forms
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Select the option for “list of random bits”

Enter u01” & Bit pattern data X
(" Choose file containing the bitlist

@ Enter list of random bits [od

(" Enter Random bit generation data

(* Enter PRBS Data

=
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Differential Strobe Driver Setup

U29:Tx_strobe Properties: SSN Example - S5N

L] ]

Parameter Values lGeneraI} Symbc\l Property D\splays]

® Value (" Statistics
Name | Value | Unit | Evaluated Val =
| |file virtexb.ibs
| |vp typ "typ"
| |power external
| |buffer input_output =
| |Modelt HSTL__18 "HSTL_I_18"
| |Model2 HSTL_I_18 "HSTL_I_18"
| |polarity Non-Inverting
| |~PinProperties
| _|POWER_PIN VCCi1v8 U1
|__|GND 0
| |buffer_mode OQutput Buffer
|__|logic_in Internal Source
| |pullup VCCivs Ul
| |pulldown 0
| |out of_in
| __|-End Pin Properties
|| -Eye Source Parameters
| |rise 1 ps 1ps
| |tfall 1 ps 1ps
| _|phase_delay 750 ps 750ps
| |UlerBPS Unitinterval
| |UlorBPSValue 15 ns 1.5ns il
] 111

[~ Show Hidden

o ]

Cancel




ANSYS
- Connect Strobe Driver

» Create Strobe Driver Circuit (Continued)
— Copy the below page ports from the s-parameter components and connect them as shown on the right
+ DDR_DQSOP_U1

- DDR_DQSON_U1

. .
» The full circuit should now appear as here |- o

&
£
W
b
'

5 iR_D2_u1
o = res_oukput rgas_ourut
s 00R_pase_ut o e
@ w I:l = B ]
QSON_U1 <]

rpan_ouut rpun_out

|'“:I.-'._l:l.-'.'.'l.-'. o-1e -z
D=3
s e,
S
Trput_output
D=33
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Receiver

* Create Receiver Circuits

— Using the same techniques as before, we can create a receiver circuit using the DQ_u26a_800 (data line) and
DQS#_u26a_800 (strobe) components. Place eight Rx_data components and one Rx_strobe component onto the

schematic.
— Select all of the reciever components by windowing around the group.
— Change the following settings: oo s R Properties =R
. ower : externa| I & oo Name | Value | Unit |EvaluatedVaI...| -
P @ e S - file u26a_800.ibs
« POWER_PIN: VDD_DDR2_U11 TSR e e ——— model DQ_FULL_800 "DQ_FULL_800"
] , ” typ yp "yp" 3
= GND . 0 []JDR_DEI_UI power external
+ buffer_mode : Input Buffer DoR DI_UT bufer input_output
I . p DDR_D1_U11 | polarity Non-Inverting
« pullup : VDD_DDR2_U11 oD 02 u11 I —Pin Propeies
— = DDR_DE_:JI POWER_PIN VDD _DDR2 _U11
 pulldown : 0 PO DA UL GND Lo |
DDR_D4_U11 buffer_mode Input Buffer
gg?:g;::ﬁl logic_in Internal Source
DDR?D-??:JI pullup VDD _DDR2 U11
gg?:g;]ﬁl u pulldown I
nononT out_of_in
oK | Cancel | ~End Pin Properties i

Param Values | General | Symbol

The input buffer models have utilize an IBIS model selector in order to specify different termination schemes. By default they are set to
“DQ_FULL_800" with disabled ODT.
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ANSYS )
Receiver

— Now that the input buffers have been created it is time to assign the input signals to the buffers.

— Select all of the Page Connectors on the right side of the ssn_board1l component, except VDD_DD2_U11, and copy
and paste them onto an open area of the schematic.

— Take each of the Page Connectors and connect them to a receiver model as shown below. Make sure that the DQS
models are connected to the correct Page Connectors.

gt outut
=]
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* Transient Simulation Setup

Add Transient Analysis

— To add a transient simulation setup, right-click on Analysis under SSN Example > SSN in the Project Manager and
select Add Neximm Solution Setup > Transient Analysis. Set up a step time of 50 ps and a stop time of 150 ns.
This will run 100 bits through the lines. Click OK to save the transient setup.

Project Manager

=~ S5 Example
=4 SSN
Data
Excitations
] Ports
P fnalysi
el Design
% oD Cof g
#

ptime

(] Results
110 pefinitions

Paste
Analyze
Add Nexxim Solution Setup ...

Add Nexxim Solution Options ...

Add Alter Block...

Add HSPICE Solution Setup
Add HSPICE Solution Options

Import Solution ...
Browse Solutions
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Ctrl+V L= L-: G
F10 |
r DC Analysis
Linear Network Analysis

Oscillator Resonant Frequency Search
3 Oscillator Analysis (1-Tone)
Oscillator Analysis (N-Tone)

I Transient Analysis

TV Noise Analysis

Envelope Analysis

Periodic Transfer Function (PXF)
VerifEye (Statistical Eye) Analysis
Quick Eye Analysis

AMI Analysis

Harmonic Balance (1-Tone)
Harmonic Balance (N-Tone)

System Frequency Domain Analysis

October 5, 2015

Transient Analysis

[t TSl [Nexxim Transien]

[~ Disable

Sweep Variables

Name Sweep/Value

Analysis Control B |

Step 50 ps - ﬂ
-

Stop 150 ns hd

Accuracy default -

Output Quantities

Edt | Add.. | |

[~ Enable Transient Noise

Noisefmax Noise Scale 1
Noisefmin

Solution Option

Name (Default Options) Select
Additional $

Noise Seed 0 —
Runs 1

oK Cancel Help
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* Run Transient Simulation

Run Analysis

— In the Project Manager under SSN Example > SSN > Analysis, right-click on Transient and select Analyze to
begin the transient simulation. A progress bar will appear in the Progress window and messages about the
simulation will appear in the Message Manager.

Project Manager

=B SSN Example -
B SSH

=8 Analysis

......  Design Verificatig Copy cul+C
...... B SoD Config

] Rename F2
Optimetrics %
______ Results . Delete Delete
B[22 Definitions Analyze

EI[:I Components
EE Ry_data
EE Ry_strobe

Force Analysis
Disable Solution Setup

Browse Metlist
Export Solution...
Network Data Explorer

Browse log file

Show Noise Contributors
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S5M on Local Machine - BLUMMIMG
]

gl sweep 1 of 1 -time = 6.5625=-008
g
o
£ ,u'}, models:z_element[statuz): #2.27 - Final model order: 2856 [5:23:17 PM Jan 13, 2010)
! 3# licenze checkout taok 0.05 seconds 52317 PM Jan 19, 2010]
3# analyzis:de(statuz] Trving DC come=1 [5:23:17 PM Jan 19, 2010]
3# analyzis:do(statuz]: Taotal DC newton iterations = 10 [:23:17 PM Jan 19, 20010)
4 ; analysis:tran(status]: converged=1, do_cpu_time=0.103, timesteps=734, reltol=0.001, vntol=5e-003, maxstep=1.25e-003,
¢ failed LTEz=0, newton_iters=4085, abstol=1e-009, failed newtans=0, avq_newtons=5.1 [5:2%21 PM Jan 19, 2010)
A [status) TRAM cpu_time = 4.344 (5:23:21 PM Jan 19, 2010)
p A [status) TRAM clock_time = 4 (5:23:21 PM Jan 19, 2010
E A [status] Start Time: 01/19/201017:23:05, Host PARAMICHEL, Messim Version 5.0.0 (5:23:21 PM Jan 19, 2010
= A [status] Total 00016 End Time: 0119/201017:22:21 [5:22:21 PM Jan 19, 2000
:!" A [status]: Simulation succeeded [5:22:21 PM Jan 19, 2010)
g A Analyzing done.... (5:23:21 PM Jan 19, 2010)
Ready
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the dialog.

Project Manager
-] SN Example*
-k ssn*
Data
Excitations
] Ports
3 Analysis
“oo[dl] NesodmTransient
- Design Verification
% SoD Config
Optimetrics
=1-(11 Definitions | @ Paste

Delete All Reports

Report Templates

Dataset Solutions...

Output Variables...

Update All Reports

Open All Reports

Create Document

n

Create Plot

» Create Time-Voltage Report

— When the simulation is finished, right-click on Results in the Project Manager under SSN Example > SSN and
select Create Standard Report > Rectangular Plot. In the New Report dialog box, select Voltage under Category
and V(DDR_DO U1l) and V(DDR_DO _U11) under Quantity. Click New Report to create the plot and Close to close

oz aum o e

Report: SSN Example - SSN - New Report - New Trace(s)

Rectangular Plot

(22 Compon

R R { Create Standard Report

LEE RS Create Eye Diagram Report
ZF SSN Create Report From File...
=

User Defined Solutions...
Create User Defined Solution

Polar Plot

Data Table

Smith Chart

Rectangular Stacked Plot
3D Rectangular Plot

3D Polar Plot
Rectangular Contour Plot
Smith Contour Plot
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1 New Page
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Context

solston:  [ioumtransen <]
N |

Plotting Range
@ Windowing ¢ Thinning

Time

Time 150 ns -

Update Report

[+ Real time

Output Variables... ‘ 0gt\ans...|

Trace | Families | Families Display |

Frimary Sweep: |Time | \A”

X: [v" Default |Tune

Y- ‘V(DDR,Dn,ul]; V(DDR_DO_U11)

Categary: Function;

Variables

Output Variables abs

tage ( acos

Current V(DDR_D1_U11) acosh

Pawer V(DDR_DZ_U1) ang_deg

Device Properties V(DDR_D2_U11) =| |ang_rad

Measure V(DDR_D3_U1) asin

All V(DDR_D3_U11) asinh
V(DDR_D4_U1) atan
V(DDR_D4_U11) atanh
V(DDR_D5_U1) cos
V(DDR_D5_U11) cosh
V(DDR_D6_U1) de
V(DDR_D6_U11) de10normalize
V(DDR_D7_U1) dB20normalize
V(DDR_D7_U11) dBc
V(DDR_DQSON_U1) degel
V(DDR_DQSON_U11) deriv
V(DDR_DQSOP_U1) even
V(DDR_DQSOP_U11) exp
V(net_0) int
V(net_12) j0
V(net_18) j1
V(net_21) in
V(net_24) <«

New Report
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ANSYS 1
View Plot

— In the plot window that appears, click in the background of the plot and then check the Show X Scrollbar checkbox in
the properties window. Setthe Thumb width property to 25 ns.

XY Plot 1 SSN I
3.00 T Properties
] —_ _V(_PDR_D _U1) -
250 Ne”'mD’;’:'E’g - Name | Value | Unit |Eva|uated V|
1 Nemxin Tiabaret— —X Scrollbar
200 E Show X Scrollbar [v
1 Scrollbar Backg... [ ]
1.50 Thumb color [ |
b Thumb trans 0 |
g 1.00 Thumb start 0 ns
= Thumbwidth |25 ns
0.50
0.00
0.50 2 Cartesian | General
-1.00 . ! T !
0.00 5.00 10.00 ] 15.00 20.00 25.00
Time [ns]
[ I |
0.00 150.00

When ODT was disabled, the receiver has extremely large overshoot/undershoot due to reflection.
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* Report Editor Dialog Details
— Context
» Solution — if the design has multiple analysis setups, select the desired analysis

« Domain — plotting in different domains are available depending on the solution, including frequency domain,
time domain, and sweep domain.

Report Editor

— Update Report

* Real Time checked — enable real time updates for all reports, otherwise traces are updated to latest data
available when you click Update > Update This/All Reports or after solution is completely finished

— Trace Tab

» X (Primary Sweep) section — this contains a dropdown menu for selecting the value(s) and a browse button for
selecting from a list of the swept values for the selected primary variable.
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* Report Editor Dialog Details
— Trace Tab
* Y section

— Category — these depend on the solution type and the design and lets you specify the category of
information for the Y component.

— Quantity — quantity to plot on the Y axis; these will vary by the category selected.
— Function — function to apply to selected quantity when plotting.
— Y value field displays the currently selected quantity and function.

— Range function — opens the Set Range Function dialog that allows the calculation of minimum,
maximum, and other derived quantities from the plotted data; for example, if a sweep of a W-element
length variable was simulated, the maximum loss at any frequency could be plotted versus the W-
element length.

— Families Tab

» Used to select which variations of a parameter sweep other than frequency you would like to include in a plot;
this allows easy creation of a single plot containing traces with one or more variations of the swept variables

Report Editor
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Create Eye Diagram Plot

» Create Eye Diagram Report

— Right-click on Results in the Project Manager under SSN Example > SSN and select Create Eye Diagram Report >

Rectangular Plot. In the New Report dialog box, select Voltage under Category and V(DDR_DO_U11) under
Quantity. Enter 1.5 ns in the Unit Interval text box for 667Mbps. Set the Offset box to 10ns to ignore and initial
transient behavior. Click New Report to create the plot and Close to close the dialog.

Project Manager
- SSN Example
71 4 SSN
Data
Excitations
-] Ports

- Analysis

-~ Sab Config
optimetrics
B

- [ Definitions
123 compony

m
(T

NessimTransient
1 Design Verification

B XVE B Ppaste

Create Standard Report
Create Eye Diagram Report
Create Report From File...

Delete All Reports
Report Templates

User Defined Solutions...
Create User Defined Solution

Dataset Solutions...
Output Variables.

Update All Reports
Open All Reports

Create Document

7 x
" I
250 +
= 2.00 -
Ctrl+V
1.50
»
4 [ Rectangular Plot I‘
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Report: SSN_Example - SSN - New Report - New Trace(s)

=

Context
Solution:  [\eoamrransient v |

Plotting Range

® Windowing ("~ Thinning

Time

Time 130 ns -

Update Report

[¥ Real time

Output Variables... ‘ Dptmns...|

Trace IFamlhes]
Primary Sweep: |Time ~| |"‘\H J
Range
Ejellamans MDDR-DD-UH) Funstmn...
Category: Quant\ty:‘ j Function:
Variables V(b_io8_59.diff_pin_pair.inv_pin.nd_in_pu) -
Output Variables V(DDR_DO_U1)
tage
Current
Power
Device Properties V(DDR_D1_U11)
Measure V(DDR_D2_U1)
Al V(DDR_D2_U11)
V(DDR_D3_U1)
V(DDR_D3_U11)
V(DDR_D4_U1)
V(DDR_D4_U11)
V(DDR_D5_U1)
'V(DDR_D5_U11)
V(DDR_D6_U1)
V(DDR_D6_U11)
V(DDR_D7_U1)
V(DDR_D7_U11)
V(DDR_DQSON_U1)
UIDNR NNSAN 1111)
Eye Parameters
Unit Interval: | 1.5 ns | offset: | 10] ns v
New Report ‘ Close
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ANSYS i ]
View Eye Diagram Plot

— This eye diagram shows the effect of nearby lines switching but is fairly clean. We can also check the timing of this line
with respect to the strobe by overlaying the strobe eye over the data eye.

XY Plot 2 SSN A
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ANSYS

— The first step in overlaying the two plots is to turn off the Auto Delay feature.
— Click on the following in the Project Manager:

« SSN Example > SSN > Results > XY Plot 2 > V(DDR_DO_U11)
— In the Properties explorer select the Eye Diagram tab
— Unselect the Auto Delay check box.

— Notice that the eye is no longer centered
XY Plot 2

3.00

View Eye Diagram Plot

SSN 4

)V
i

=)
=]

DDR_DO0_U11

(

Curve Info
| — V(DDR_D0_U11)
== NexaumTranstent

L
=}
=

DDR_D0_U11

V(
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E'"D Components
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Create Strobe Eye

— Right-click on XY Plot 2 in the Project Manager under SSN Example > SSN > Results and select Modify Report. In
the New Report dialog box, select Voltage under Category and enter V(DDR_DQSOP_U11) - V(DDR_DQSON_U11) in
the Eye Diagram text box. Click Add Trace to create the plot and Close to close the dialog.

Project Manager B x
=] SSN Example* -
B8 ssu Report: SSN_Example - SSN - XY Plot 2 - V(DDR_DO_U11) [
Data

Context
Excitations

-] Ports Solution: | nexdmTransient A
-3 Analysis
NexodmTransient Domain: Time hd

E’I Design Verification
-8 SoD Config Flotting Range
(@ Optimetrics

Trace 1 Families }

Primary Sweep: |T\me ﬂ ‘All J

Range
Function...

1

Eye Disgram: |V(DDR_DQSOP_U11) - V(DDR_DQSON_U11) |
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B Ri @ Windowing (" Thinning Category: Quant\ty:l j Function:
esults 0
B3 X Plot 1 T2 ps hd Variables V(b_io8_58.buffer.nd_in_pu) 2 |<none>
R m T 150 ns - Output Variables V(b_io8_59.diff_pin_pair.diff_pin.nd_in_pd)
i34 V(DDR, Copy Definition Ctrl+C Cur:e'n-t V(b_io8_59.diff_pin_pair.diff_pin.nd_in_pu)
B[] Definitions Copy Data Power V(b_io8_59.diff_pin_pair.inv_pin.nd_in_pd)
£~ Components B Paste Cirl+V Device Properties V(b_ioB_59.diff_pin_pair.inv_pin.nd_in_pu)
B Rx_data Measure V(DDR_DO_U1)
- EE Ry_strobe Rename F2 All V(DDR_DO_U11) 1
LsEn > Delete Delete V(DDR_D1_U1) i
Properties n V(DDR_D1_U11)
| Modify Report.. V(DDR_D2_U1)
Name [ Update Report | | V(DDR_D2_U11)
Name XYPIot2  QpenReport V(DDR_D3_U1)
Report Type Eye Diag V(DDR_D3_U11)
Display Type  Rectang! Save As Template... V(DDR_D4_U1)
V(DDR_DO_U11) Time M(I Export... V(DDR_D4_U11)
V(DDR_D5_U1)
Import...

Report
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Update Report

[+ Real time

Output Variables... ‘ Options... ‘

Eye Parameters

V(DDR_D5_U11)
V(DDR_D6_U1)
VNDR DA 11113

Unit Interval: | 1.5
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News Report Apply Trace

Add Trace
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ANSYS
Compare Eye from Data and Strobe

— Note that the strobe edge appears in the middle of the data eye, indicating that we will be clocking data correctly. A
more detailed analysis of this plot would be possible to determine setup and hold margins.

— Change the Colormap of the second plot by clicking on the waveform and changing the Colormap Type to Ramp ,
this will allow for better distinction between the two wave forms.

XY Plot 2 SSN &

Curve Info
e = — V(DDR_D0_U11)
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Project Manager B x

-] SSH Example™
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SoD Config
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SRS
Properties

Power Noise Report

» Create Power Noise Report

— Right-click on Results in the Project Manager under SSN Example > SSN and select Create Standard Report >
Rectangular Plot. In the New Report dialog box, select Voltage under Category and V(VCC18V_U1) and
V(VDD_DDR2_U11) under Quantity. Click New Report to create the plot and Close to close the dialog.
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il Design Verification
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ANSYS 1 )
View Power Noise Plot

— This plot shows the noise that appears at the power inputs of the active devices U1 and U11 where the drivers and
receivers are drawing current as they switch.
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#1. For 667Mbps write operation, use “DQ_FULL_ODT50_800” for all input buffers at
U11(DDR2 Memory). this can be manipulated by model selector GUI in symbol. Note that you
will have to change both modell and model2 for the differential strobe input

And capture the voltage waveform of “D0” at U11 from Onsec to 25nsec.

Challenge
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ANSYS ]
Challenge Cont

#2. For #1, Add 20nF capacitor and 1 Ohm resistor at the both power of U1 and U11 as below
schematic. (these mean two simple on-chip PDNs for each ICs.) in this case, how much is the
maximum SSN from U1? Capture the screen shot from your report.

R95 R98

Ca1

7 CoY%4
2e-008farad

2e-008farad

10

10

48 © 2015 ANSYS, Inc. October 5, 2015

Stacked Plot

—— e
‘ mit ‘l‘lkl‘.l ] ‘-M ‘II ) \

‘«
|

o

— -
= g =
= g 7

T
| il H\
‘\ |) | ] | | | Ll | ‘_ |

= — " - — . T
\| \ \‘ 1 ! [

lescam Franstent

} m‘.\ 1‘ ”| rlLr \, 5 { \H ‘ “‘l MW“\

H Wrm

\j\HJ L

]

-
=
=]

[
g

"\,.M"'H N

HHH

[ | H
JUUL

T T

I\||
NE—

\]\IH

7 Hmt) 8 active drlvers make _max1mum SSN

—=
s e
g &8

: |m |\ A |I{\ -y \\I‘ | ‘|‘ .

UoUL_ |_ | ‘_|‘_

||
I
LU oL

-
s .

ut)
'.lg ot

\ . n
ool 'fr e ;l e "-'\"“r‘r"\l“’f“"“lur’-WI;"'\"'“"P*"“"‘f”""“‘r" 'fﬂ\-:\L--‘\.‘,A?m,ﬂ‘w‘

-;-,‘{W..,mrfv,v.w-ﬂf-‘r,’ ety oy

o TTTTTIT

000

2500 50:00 7500

Time [ns]

10000

ANSYS Confidential

12400

=
5 mg
1 B8

148

LHH" H"

s

—=
==
78

]

-
=y
=3

N



