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@OEEZ\ RING Designer Features

—| The Post—Lavout Workshop S T

File Wiew Display CELL—AN NET-AN P-GRID Tools Setup Help

¢ Solves the problem of
generating accurate Spice
decks to analyze IO rings
with packaging effects
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¢ Helps with the optimization
of power pin placement on
complex 10 ring designs

+ Analyzes potential ground
bounce and simultaneous
switching noise problems

¢ Analyzes and assists In
balancing current loads to
I/O pad and voltage input
pads

4 Includes all ring and
packaging inductance
paraSitiCS Set display color and pattern GDSII:TOP_CELL
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RING Designer

100% Accurate
Spice decks

Fast and Easy What-if Analysis
for Optimization of I0 Placement

Zo

File Edit View Options om
[# || 8| 2| £+ 4| a|»|a|¥]|:]

# Analyzes Voltage Source and I/O
Placement for Ringing &
Simultaneous Switching Noise

# Uses full RCLM Ring & Package
Parasitics for SPICE Analysis



@Ww OFA Why is it important to include
inductance in I0 analysis?
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The Origin of Ground Bounce and
Simultaneous Switching Noise

<«——— The IO outputs and power pins cannot

Chip Power 1
(Not a common
node anymore)

Chip Power 2
(Not acommon
node anymore)

be considered to be tied to be "“Ideal”.

Chip Power N
(Not a common

node anymore)
_____2/{ _____ ;
=YYW ™y |

. 1_3”_'05/1_ | N
Chip Ground 1

(Not a common Chip Ground 2 Chip Ground N ()

L (Not acommon L. (Notacommon
node anymore) T hode anymore) T hodesmymaiE

VSS @

e Impedance to the power sources can cause ground bounce in the
voltages tied to the IO pins

e Impedance in the rings between the I0s cause noise in the voltages
supplied between switching IO pins.




Comparison of Noise and
remmnaie— Signal Integrity With and Without Ring Parasitics

— SmartSpice: Plot #2
File Edit View Options Foom

7 w82l ¢l+] sl ap]alv]E

10nH for power pads package

Pa} tlés /

—_— yiont 1 55 eb:l. addrllp) -ring with RL
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= viclk 133)

Without Ring
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Comparison of Skew
With and Without Ring Parasitics

SmartSpice: Plot #2

— vicut 1 56 chi_addrl0p)—ring with FL /W|th Rl ng
— viclk 133) Para$itiCS

[Left] Zaoom, [Left]lL
[Middle] Undo Previ




v'-\v OEA Modeling Elements o:f'zip:'he

et Basic IO Ring

VDD VSS -~ VDD VSS

Package
Leads

Bond Wires 3 , ,
orC4Bumps [ R . HE. . OR. 0R. QR 0F. OO0 LK. .0F...

by

e = [ = [ == = e e = e e

O Buffer
Spice Models

Interconnect

The ring circuit, simplified so it will run faster in Spice
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= Terminations - VDD VSS

VDD VSS L

RCLM

Package
Power Pin
and Bond Wire

Values
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A Practical Approach to

Analyzing the IO Ring **

* Build and Simulate a Spice model of the IO
ring including:
= Accurate but Simplified Ring Parasitics
= Significant Package Parasitics and Terminations
= Full Spice 10 Buffer Models

» Lots of Measure Statements for all Outputs and
Power and Ground Voltages and Currents

 Simulate in Spice and Analyze Results

 Modify and Iterate until all the problems are
solved



Lots of Measure Statements are
Needed to Monitor all I0 Buffer
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Voltages & Currents

Example Showing Output of
VSS Currents at Various Locations



WVOEA Analysis Flow using RING Designer
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Evaluate Step 4
Spice Output Evaluate’Results

, .| ———— | ViewSpice
Simulate in Spice

Waveform Output

Modify Input
Add Measure
Statements to Spice

and lterate

| |
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Build Spice
Master Circuit

LN

Ring Designer

Extract Input g
Parasitics O Buter
Assign Connection Library

Generate 3D
Nodes for IO Buffers Geometry for Ring |— | Package

. Librar
Step 2 Run RING Designer y




GDSIL:TOP_CELL

Extracted
OEA Ring Designer
generated data

The Post—Layout Workshop

P-GRID Tools Setup
GD';H:TOF'_CELL_]

File View Display CELL-AN NET—AN

Set display color and pattern
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The Post—Lawvout Workshe
Setup

Faster Spice

Simplified for
Simulation

Structure Is
Accurate but

Display

File Wiew

1

" Set display color and pattern
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WV OEA Package Parasitics Can be Extracted, Obtained

mermaiona e FrOmM Measurements or Acquired from the Vendor

Graphic Models

- - 1 R _pinl L_pin 19 I
HENRY = L s ( x\ s T = | =
and T I et L
METAL - ES R_pin3 [~/| in?} \_/_S_S H1
RCLM T Tiss Vs T T
- R pin4 in £ ry
Extractors = | 1= — L(p' 7/ = .1 | =
“TVSS aseochog o
_ - T R_PINS ™ | pins L
RCLM Spice Model Tee VSS



W.OFEA. Package Plane Models are Important
mrnaaze— fOr Simulation of Return Path Currents

/_\ POWER PADS

POWER PLANE

7 GROUND PLANE

POWER PIN

GROUND PIN

Henry
PG PLANE

POWER PINS

POWER PADS
on the IC :
GROUND PADS DC
on the IC

GROUND PINS

SUPPLY



WVOEA Analysis Flow using RING Designer
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Evaluate Step 4
Spice Output Evaluate’Results

, .| ———— | ViewSpice
Simulate in Spice

Waveform Output

Modify Input
Add Measure
Statements to Spice

and lterate
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Build Spice
Master Circuit

LN

Ring Designer

Extract Input g
Parasitics O Buter
Assign Connection Library

Generate 3D
Nodes for IO Buffers Geometry for Ring |— | Package

. Librar
Step 2 Run RING Designer y
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Package Pins

Power Pins
L=2nH, R=0.01Q

Output Buffers

L=5nH, R=0.01Q,

C=10pF
Input Buffers

L=5nH, R=0.01Q,

C=0.5pF

Clocks
1ns Rise and Fall

Rings & Voltages

VD33 =3.3V, 60u

VSSPST = 0V, 60u
VDD = 1.8V, 20u

VSS =0V, 20u

A Real Designh Example

Pre-routing pin placements with estimate

package parasitics
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I- The Post—Layout Workshop
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vg‘y OFEA Grouping Simultaneous Switching

Intermational I Buffers Optimizes Simulation Time
DDS1Ctrl[0....7] DDS2Ctrl|0....7] SAddress[0....18]
I_— Post—Layout Wordshop

Group A
Bch1Err|0...3]

BPch1]0.....7] Group D

Pch2Err|[0...3] J

RambData|0.....31]
Pch1]0.....7]
Group B S R [—
rxd|0.....3] Group C
rxdDv

rxErr Browse and select the cells GDSI:TOP_CELL
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@OEf\ Group A Spice Simulation Output

Smartspice: Plot #2

Fle Edit View Options Zoom

[# 4| x| E I%Iélofl 14$I<|>|Alv|5|

PrObIem | I- tl.ranl .viout 1 101 b bpchlpad3 jul
. - : i i i tranl.v(out 1 103 b bpchlpad2)
Maintaining
ngh On - tranl.vi{out 1 111 i slaveidpadl)
] 5 tranl.v{out_1 93 b bpch: 7)
B PCh 1 I l tranl.w(out_1_%5_b bpchlpadf)
Bus

tranl.v{out_1 27 b bpc hl}_i‘ltiJl

l[Left] Zoom, [Left][Left] Edit Ohject, [Ctri][Left] Highlight Signal
[Middle] Undo Previous Zoom Qperation
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remeste— Group A Spice Simulation Output

SmartSpice: Plot #3

File Edit View Options Foom
[7 || B =] &+ | 2> a|lv|E]
CIRCUIT SIMULATICN OF xs1i

Problem
Maintaining
ngh On = tranl.v({out 1 111 1 zlaveidpadl)
BCh 1err = tranl.v{out 1 115 b bpchlerrpad3)
BUS I . : viout 1 121 b bpchlerrpad0) |

1 [Left] Zoom, [Lef][Left] Edit Object, [Ctr][Lef] Highlight Signal
[Middle] Undo Previous Zoom Operation




et EX@MINING Group A Currents to
Power and IO Pins

et v oo e -0V RIS
<«|»|. Drawing High
§ currents

SmartSpice: Plot #48

File Edit View ., *“ons Zoom
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Wy OFA Fixing the Group A Bus Problem
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The Post—Layout Workshop
File View Display CELL-AN NET-AN P-GRID RF-PAS5 Tools 5etup Help

There are a =
number of ways wll  Added VSSPST
to solve any 10 - pai
ring problem a Added VD33 5
a o
1. Lower L on =1
. O
power pins <] .!*E.
2. Adding or II
moving power pmuall
pins il

3. Moving buses
or spreading
out
simultaneously
switching pins

4. Adding
decoupling

caps Browse and select the cells GDSII:TOP_CELL

Added VD33

Added VSSPST




Group A Spice Re-Simulation -After
Adding Power Pins
E SmartSpice: Plot #2 JJJ

File Edit View Options Zoom
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CIRCUIT SIMULATION OF addlVD33 xsi A

BPCH1 Bus

= tranl.v{out_1 11 b bpchlpad3)
= tranl.v{out_1 13 b bpchlpad2)

== tranl.v{out_1 3 b bpchlpad7)
== tranl.v{out_1 5 b bpchlpadf)
= tranl.vi{out 1 7 b bpchlpad5d)
= tranl.v{ocut_1 2 b bpchlpad4)

[Left] Zoom, [Left][Lefl] Ed
[rAide: Undao Prey




Group A Power Pins
International fnc E;E!f()r13 21'1‘1 jﬂ{ft}3|"t|](3 ':i)(

The Post—Layout Workshop ||
File View Display CHIL-AN NET-AN P-GRID RF-PASS Tools S5etup Help
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The Post—Layout Workshop -
File View Display CELL-AN NET-AN P-GRID RF-PASS Tools Setup Help
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K4 OEA Groups B, C, & D Splce Simulations

File Edit View Options Zoom

File Edit View Options Zoom

——  tremi.w(mut b 101 b mprmmistapadli)
——  trem3.v[sut_b_107_b_mmpremintapedd)

£ o out b 115_b_snpremintaped)
sut_b_113 b mpramdscageds)
ut_b_131_b_snpremdatapedd)
sut_b_123_b_mprmomdntagedl)

out_b,_43_b_snpremintaped3l)
cut_b 45 b snpremistapeddn)
out_b_47_b_snpremintapeds)

sut,_b_53_b_snpremintaped)
tremi v |out_b_§9_b_smpremistared?|)
trem2 v (out_b_£l_b enpremistapedid)

trend v [out_b_65_b_smpremdstapedis)
tremd v (sut_b_Tl_b_smpremistapedil)
trem v [sut_b_T3_b_smpremistapedi)

trem v (out_b_§3_b_smpremistapedl?)
tromd v (out_b_85_b_mapromdntaped] 6)

trem? v [sut_b_99_b_smpremistapedld)
trem v [out_b_55_b_smpremdstapedl)
tremd v (out_b_§7_b enpremistapedli)
tren ¥ [sut_b_99_b_mnpremistaredll)
tremd v (our_1_111_i_sleveidpadl]
trend v [out_r_100_o_mpehtaddreepadip]

tremd v (out_r_3_b snpremintapadl)

trem v (out_r_52_o_npehtnddranpadlfp]
trem ¥ (out_r_54_o_opehraddranpedlTE)
trend v [out_r_#0_o_sapehtaddranpadl 6p]

trmnl v (st _r_fd_s_enpehtsddrmepedl4p)
treml v [out_r_66_o_empehtaddraepad13p)
treml v [eut_r_§_b_enpremistapedd]

tremd v [sut_r_TE_o_mpehtaddronpadlOp]
trem v [sut_r_T8_s_smpehtaddraspaddp)
trem v [out_r_Bd_o_smpehtnidraspadip)

e e e e e L e B o e o e e e e e L HLA B e e e e e
Ons 2ns ns —  trem3.w(our_r_69_o_empehraddraspadfp]
trend v (out_r_%)_o_sapehtaddraepadip)

treml v [sut_r_96_s_mpehtaddraepadip]
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Other Analysis Examples Using Ring Designer

Once the initial input file is setup, iterations or variations only
take a few minutes of time

« Testing Different Possible Loading Conditions and
Signal Integrity Under Different Switching Conditions

« Testing How Process Corners and Temperatures
Relate to 1/0O Buffer Delay

« Examining Alternative Package Performance to Save
Costs

« Examining Noise on Quiet Lines



Examining Different Possible Loading
Conditions and Integrity of Signals Under
Different Switching Conditions

[rternationa fnc

tran3.v (out_b_10_add20pfp)
tran3.v (out_b_5_clockp)

tran3.v (out_b_8_ hold hip]
tran3.viout_b_| 9 hold lop:l

Clock at twice
data/address frequency

6ma Buffer under Fast @ 25C




Examining Different Possible Loading

[rternationa fnc

Conditions and Integrity of Signals Under

Different Switching Conditions

Added 20 pF load
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B 0 { ' : ! H 4 1

SRR P S S < SSF S {....... ERFPERES SRRt o L E R SRSt IR SO o) ettt L
4 H !

. n Held Low

10

6ma Buffer under Slow @ 125C R

20ns

—— trand v (out_b_10_add20pfp)
trand .viout_b_5_clockp)

trand v (out_b_8_hold hip)
trand . v (out_b_9% hold lop)

Clock at twice B
data/address frequency




The Extremes of Process Corners and
Internationa In Temperatures Versus I/0 Buffer Delay

= - SmartSpice: Plot #4
| File | Edit View Options Zoom

Al xwlElD Sl sl alwlalwlz]

—— tran8 viout b_7T_addllpfp)
—— tranT.vi{out _b_7T_addlOpfp)

—— trand viout b_T_addlOpfp)
—— tran3 viout_b_T_addiOpfp)
—— tran2 viout_b_T_addlOpfp)

—— tranl viout b_T_ addlOpfp)

......................................................................... P

90% = 2.97V

/
i

-"/J: !. ;"I i

f / / i

o TP g2 s e NS A NN oA
A 58, 125C

dl[Left] Move Object, [Ctri][Left] Highlight Signal
[




Examining Signal Integrity of Active
and Quiet I/0 Buffer Output Pins

Smartspice: Plot #22

File Edit View Options Zoom

—— tranl.wiout ¥ 107 g0 td=2)

—— tranl . vi{out_r_108_gl_tschke)

—— tranl.vwiout_r_114 g0 _tdsT)
Y —— tranl.viout_r_116_g0_tdsh)
—— tranl.vlout_r 118 g0 _tdsi)
—— tranl . viout_r_11% g0 _td=0)

—— tranl.vwiout ¥ 121 gl tds2)

—— tranl.viout_r_ 122 _g0_tedsl)

EUndershoot E— Noise on Quiet Line __

20ns=

time

[Left] Zoom, [Left][Left ct, [Ctrl][Left] Highlight Signal
| [hiddle] Undo Previol tion




SmartSpice: Plot #1

File | Edit View Options Zoom

Al wE 2 £l4] £l a|>|a|v]E]

—— tranl viout_b_10_add20pfp)
tranl . v i{out_b_5_clockp)

—— tranl.viout_b_8S_hold hip)
—— tranl .viout_b_9% hold lop)

\[[Left] Edit Object, [Ctr[Left] Highlight Signal




Examining Package Inductance Effects
on Quiet Lines

JZZIf* SmartSpice: Plot #7

File | Edit View Options Zoom

v (outTh)
.v (out8b)

HOISE ON HoldHI and HoldLO while varylng sut T

Trace Inductance from 1nH to 10nH

trand v (outTbh)
trand v (out8b)
tran3. v (outTb)
tran3.v l'o*lt?:‘b )

tran2 . v (outsh)
tranl . v (outTb)
tranl v (out8b)

w




WVOEA Analysis Flow using RING Designer
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Step 4
Evaluate Results

Evaluate
Spice Output

| e | — ———] View Spice
Simulate in Spice Waveform Output

4 .

Modify Input
Add Measure and Iterate
Statements to Spice

| |
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Build Spice
Master Circuit

AN

Ring Designer

Extract Input B
Parasitics 'O Buffer
Assign Connection e Library
Nodes for 10 Buffers | Geometry for Ring - Pﬁgkage

ibrary

Step 2 Run RING Designer



S What are the Benefits |

to Using This Solution?r.l;?;.

3. Easy Setup and
Easy Modifications

Ring
Placement

1. Assuring the
Optimum 10 Pin
Placement

2. Preventing Over
or Under Designing
the Number of : = e
VDD/VSS IO pins 4. Best Accuracy 6. AsSUHg g Lowe_st et
. : Cost Package While
of Simuiatioy Maintaining Performance
by using Spice bl t e 6;1, i
5. Error Free Circuits



V@VOEf\ High Speed I0 Ring and
Package Analysis Review

« 10 pre-planning using Spice Is the best way to aveid
problems.

= Create the full circuit
— Simulate or estimate package and include PCB parasitics & loading
— Use simplified 10 ring parasitics
— Use real 10 buffer spice models

* Model in Spice to find problems
» Simultaneous switching noise
= Ground bounce
= EXxcessive group switching delays
= Corner modeling

* Modify pin placement to remove problems and re-run
= Add VDD/VSS pins
= Add decoupling caps
= Switching pin locations




