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i

 Whatis DRC?

« What does DRC forget to tell you?
* What are Questions in Mind?

« Allegro Sl Base with SPEED2000
« Allegro Pl Base with OptimizePI
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Whatis DRC?

o
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What is DRC? e

There are four types of net-based rules and one board base:

« Spacing Constraint Set: Clearances between lines, pads, vias, and
copper areas (shapes) on different nets.

« Physical Constraint Set: Line width and layer restrictions

« Same Net Spacing Constraint Set: Clearances between lines, pads,
vias, and copper areas (shapes) on the same net.

« Electrical Constraint Set: Performance characteristics (crosstalk and
propagation delay).

B Wiring
- Design Manufacturing Checking: B Vias
Soldermask, Package, Pastmask B Impedance

B Min/Max Propagation Delays
B Total Etch Length

B Differential Pair
B Relative Propagation Delay
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Spacing Constraint Set -
Reference Plane Spacing Clearance

* Impedance mismatch
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Plane Crossing e

« EMI

* Return current path

* Impedance mismatch
« Signal degradation
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Parallelism on Adjacent Layers

The same as same ' BN Layer 4
layer spacing
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Crosstalk
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Routing In Connector/Breakout - ==z
Area

(| 2

Impedance mismatch
Crosstalk
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GND Stitching Vias =T
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GND stitching via is not necessary for
layer changing occurs on adjacent
layers because they reference to the
same plane.
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Return current path
« EMI
« Signal degradation
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Common mode noise
« EMI
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General Rules for Differential Pair ===

1/2

2%

Matth‘

mismatch

matchingc(_

()

TX RX O_
Alternative
matching

\
Preferred C\_

© © QO . :
a9 o P Side-by-side Best
T
© 3(0\ Adjacent w/ small
0 00O serpentine Ok
© o Q@ Adjacent w/ bend Fair
OTE( o ©
S Diagonal routing Fair
oo0odo

O Gnd stitching via
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General Rules for Differential Pair —zs&
2/2

( )

 These segments of trace are considered 1 Avoid trace over anti-pad.

to be part of the pad. Should be avoided.

L}
; These Segments of Trace are ::; \_ /

Considered o be Part of the Fad

4 1

N ) Clearance near plane void.

* Skew Plane Void }
* Impedance mismatch I Y o S— -

> 20 mils
- EMI
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Test Point e

« Impedance mismatch
« Signal reflection

Graser’



Even if DRC can't identify the
problems , issues still occur!!
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What does DRC forget to tell you?
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Complex Simulation Flow for
System Verification

Transistors | [ LEF/DEF BRD

model

I i 1
=
) (.

IO Model
Extraction with
XcitePl

IBIS 5.0 model

SPICE Netlist

SSN/SSO Analysis in SystemS|
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Time Consuming for TD Simulation

“oltage [v)

Graser’ ,0cf
Tapri

1.2 4

1 4
0.5
0.6
0.4
0.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2
Time (ns)

* In general, design sign-off is verified through TD simulation.

* Advanced SI/PI analysis completion relies on experienced and well trained
engineer with EDA tools investment.
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Simulation and Design Rule Check

« All designs is supposed to be
100% covered by simulation
result.

 Simulation results will be
derived into rules and
applied to similar designs.

* The rest customized part will
be covered by simulation.

 The DRC usually contains Design Rule Check
only the dimensions
information, such as length,
width, distance, spacing...etc.

*  What does this dimension
constraint/DRC forget to tell
you?

Simulations

o
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Question:

<>
. Are the DRC results of these 2 structures
the same or different? Same _il: 3mil
. Do these 2 structures have the same or
different RLGC properties? Different
. (™

. Do these 2 structures have the same
impedance or not?

« The generation of equiv.
RLGC circuit needs EM
calculations.

« Simple design rule check for
dimension will not tell you
the RLGC value.

« Try to imagine the following
o Rsis series R « R, and L, are mutual R and L;

‘LoisseriesL  they are not drawn. case.
.C.isshuntC  +C, is ‘mutual’ C
Geis ShuntG  + G is “mutual’ G

Case 1: Case 2:

5mil 5mil

]
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About Sl — 2. Z5 and Xtalk

Talking about crosstalk, you probably follow the 3W rule — set the spacing between
adjacent traces to 3 times the width of the trace as the following:

15mil

The 3W rule may works well for the following structure:

#=~15mil 5Smil
<7
$ 3.5mil

No DRC violation = No Xtalk issue

L]
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About Sl — 2. Z; and Xtalk

But if the stack-up looks like the following, will 3W rule still works well?

<~ ~ \
S5mil 15mil'. 5mil

Y <7

0 3.5mil

35mil

No DRC violation = No Xtalk issue ?

Now, you’re not satisfied with simply spacing constraint or the related DRC
violation warning. You feel you probably need simulation or other way to tell
you:

How Much the Coupling Is

L
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About Pl - 1. IR Drop

* Question 1: 4inch for both 1oz copper and 20z copper?

4 inch wide 4 inch wide

* Question 2: If there’re multiple layers for the power delivery, how is the
rule?

* Question 3: If the thickness of the layers used for power delivery is
different, how is the rule?

Now, you're not satisfied with the simple thumb rule to set the width of power
plane, and either, you don’t want to use the related DRC violation to judge you
design safe or not. You want to know the exact:

Current Density and IR Drop

o
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Al(f)
4
=

prr/gnd AV (f)=AI(f) X Zpwer/gnd Ch | p

e
=

The lower Zywigna 1S, the better. Zowes Should be under Zuge, Where:

— AVallowed
target
Almax
100 \\ | — No constraint or DRC will help you to
“\\ | o control the power ground impedance.
10 \\\ |
g '\\\\ i : Now you want to have a design
gt a\ 7 checking mechanism to tell you the
iﬂ -\\\l A / excact value of Zpwigna and if:
11) 3 fog s '.'\.x/ h— E
- /\)\‘ A
i i 1 A A \.f‘{.z/Flﬂ“.
<] z <Z
- .Flpyacﬁ:-e \1. _
| A wr / gnd target
e v pwr /g g
1E+3 1E+4 1E+5 1E+6 1E+T 1E+8 1E+8

Frequency (Hz)
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About Pl — 3. Loop Inductance of
Decap

Talking about loop inductance of DeCap, you would like to know:
* The loop inductance caused by capacitor pad layout:

Graser’ ...




What are Questions in Mind?
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What are Questions in Mind? -

i

 DRC only provides the MINIMUM requirement of design.
* Does following design guide mean good design quality?

* Is it possible to help your customers to fix problem through
TD simulation one by one?

Wil be a financial burden to own EDA tools and invest
SI/PI engineers?

Graser’



Any alternative to secure design
quality without performing complex

simulation?
| »
L R &
LD
<>
<>
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What Is Design Checking?

L
j asep £ 2014 Graser Technology Co.,Ltd._All rights reserved. The Graser logo are trademarks of Graser Technology Co. Lid..



Design Checking Through EM -
Simulation

« All SI/PI issues we addressed can be reflected through electrical
characteristic parameters, like R, Z, L, NEXT/FEXT coefficient...

* Post process EM simulation result (S-parameter) and provide more
Intuitive information to show design weakness for improvement.

LG, Ny
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Allegro Sl Suite

o
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Allegro Sl Base with SPEED2000

Detailed Trace Impedance and

Coupling check
Provide S| Metrics Check
Checking and Modifying in One Tool

.Allegro S| g

* Very powerful to do
layout modification

* Unique function to do
trace impedance check
and coulpllng check in Trace Impedance and

one too Coupling check
« Capability to import

multiple layout format
from EDA tools

GPBSEFH, % 2014 Graser Technology Co., Lid.. All rights

B speed2000

= Unique animation of

transient field
IE_>>rogagat|on across
CBs and packages

Exceptional layout
based signal integrity
simulation including
non-ideal power and
ground systems

Only solution for EMC
simulation with non-
linear drivers and
receivers

Graser .’
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S|l Checking Flow P

££ Allegro Sigrity SI (PCB): demo_ver_16p3.brd Project: C:../BRDExtractor Samples
File Edit View Display Setup Shape Logic Place Route | Apalyze | Tools Help

IR DA EBA[ e I ErEEEIEE
]
E = 2 B O N ERDOQO & & Model Assignment.. | @
0 Model Dump/Refresh...
Q‘,} | Preferences
fin % Probe..
- ( 2 Xtalk Table..
. SPDLink Preferences...
Trace Impedance/Coupling Check...
i § | SPEED2000..
gj e PowerSL..
Ay S Allegro SlgntyS (for board) Product Chaoices
5 1111 IR Trace Impedance

/Coupling Check

Allegro Sigrity Sl (for package)

s 11
T Allegro Sigrity 31 (for SIP)

“ Awailable Product Options

[v Powertware S|

[ Serial Link 51 S| Channel
Check

(N S S ABBECEERENNENDY S BBEBECEERERENRDN
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Trace Impedance Check gl

-

PIE_SLOT2_TX_C_DPO Impedance (Ohm)

P3E_SLOT2_TX_C_DP1 _

PIE_SLOT2_TX_C_DP2 ZEDT—iI —————————— To————————= R T MMEERONE - R R
| | I |

P3E_SLOT2 TX_C_DP3

P3E_SLOT2_TX_C_DP4 ! ! ! :
- This check helps you to identify,
— Wrong trace width spacing (diff. pair)

— Cross moat
Highly trace impedance

I
|
I
Ir>»> _________ A 4 I
140 i T b
I I I
I I | | 1
I I 1 " 1
1 I 1
I I I

v
| - e e ! ! . i
0 oo T I e B
1] 197 384 59 rav 984 1181 1378 1575

Length (mil)

* Visually or tabular result for trace impedance check that
shows trace segments mismatch with target impedance.
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Trace Impedance Check

Cross Probing

P3E_SLOT2_TX_C_DPO
PIE_SLOTZ T¥_C_DP1
P3E_SLOT2_TX_C_DP2

P3E_SLOT2_TX_C_DP4

Graser’

Grasenr’
i

1500 1550 1600 1650 1750 1800 1850 1900 1950 20 | . | . 1600 | jteso | 170 1750 1800 j1eso 1900 j19s0

200+

180+

160 7

140+

120+

100+

B0+

787
Length (rmil)

—
=
[=%)
=Y P
s
23]
= P
junry
(L)

Cross probing allows you to identify defects quickly.

ma_ﬂlitm
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Trace Impedance Check

Tabular Results

Met i Met name Mo, of Mo. of trace Mo,  Maximum | Minimum | Dominant | Dominant | Trace total | Trace delay(ns)
count segments | reference of Impedance Impedance Impedance Imp Length length (mil)
! - without discontinuities | vias  (Ohm) (Ohrm) (Ohrmn) (%) _
1 P3E_SLOT2_TX_C_DNO 3 2 144946 56449 56.449 92921 1633.158 0233
2 P3E_SLOT2_TX_C_DN1 1 3 2 144946 56449 56.449 93.168 1583.722 0225
3 P3E_SLOTZ_TX_C_DNZ 1 3 2 144946 56449 56.449 93.186 1575.168 0.224
4 P3E_SLOT2_TX_C_.DN3 1 3 2 153.005 63336 63.836 93.074 1549678  0.220
5 P3E_SLOT2_TX_C_DN4 1 1 2  63.836 63.836 63.836 94,228 1513.121 0214
6 P3E_SLOT2_TX_C_DPO 1 3 2 144946 56440 56.449 92923 1633.643 0233
7 P3E_SLOT2_ TX.C DP1 1 3 2 144946 56449 56.449 93.221 1583.404 0225
8 P3E_SLOTZ_TX_C_DP2 1 3 2 144946 56449 56.449 93.184 1574.865 0.224
9 P3E_SLOT2_TX_C_DP3 1 3 2 153005 63336 63.836 93.059 1546.528 0.219
10 P3E_SLOTZ_TX_C_DP4 1 1 2  63.836 63.836 63.836 94,221 1511.225 0.214
11 P3E_SLOT3_TX_C_.DNO 1 1 1 56.449 56.449 56.449 94.142 1490958 0.211
: 2 A A A 90 = 0.208
Cross moat? o
0.209
. 0.225
Any trace segment mismatch? Cross moat? 0214
0.203
Too much breakout neck length? 0z
. . . 0.209
Too much MS/SL routing difference in a group? &
0.210
The same trace length means the same trace delay? 0225
0.214

0.203

Routing on MS/SL has different trace delay. 012
GPBSEF® €1 2014 Graser Technology Co. Ltd_ . All rights reserved. Thie Graser logo are trademarks of Graser Technology Co., Ltd.



Trace Coupling Check e

e

Cross probing helps to resolve issue intuitively

O s

P3E_SLOT3_TX_C_DP4 Coupling Cosfiicient  Coupling Coefficient Pl
P3E_SLOT3_TX_C_DPS

P3E_SLOT3 TX_C_DPG
D12 +-————m - m
: A
i
o14---—-———-=—=--- T
i
nog+---------—-—- JI-
i
I
oo ---——-------p-—-—"—---—--- : i
| | Trace398:P3E SLOT3 TX C DOPS
: : 0.068
.-| I 21450 mm
ppg44+--—————————— Fm————— — 1 Coupled: Traced96_Auto_2299:P3E_SLOT3_TX_C DMN5
I. Ll
I | — T
—a—tgg | | . . |
o B [ | i
I I e
I i i
I I I
0 e s b e _ee 1 . . e PP
0 10 en 30 40

Length (mm)
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Trace Coupling Check -

i
Met Met name Aggressor net with Max coupling | % length with = % length % length | Total coupling index (mm-%3)
count rax coupling coefficient max coupling | with with
coupling coupling
coef »0.05 | coef
0.001~0.05

6 P3E_SLOT3_TX_C_DPO-P3E_SLOT2 TX_C_DNO P3EsSLOT3 T C_DP1 [ 0.156% 45886 45336 2881

7 P3E_SLOT3_TX_C_DP1-P3E_SLOT2 TX_C_DN1  P3ESLOT3_TX_C_DNO | 0.147% 46.545 56715 3.440

8 P3E_SLOT3_TX_C_DP2-P3E SLOT3 TX_C_DN2  P3ESLOT3 TX_C DML | 0.156% 42769 71.100 4.302

g P3E_SLOT3 TX C DP3-P3E SLOT3 TX C DN3__P3F SLOT3 T C DN2 | 0.156% 55,397 £0.345 3541

10 P3E_SLOT3_TX_C_DP4-P3E_SLOT2 TX_C_DN4 P3ESLOT3_TX.C_DP5 || 2.808% 26.979 68.281 47.643
1 P3E_SLOT3_TX_C_DP5-P3E SLOT3 TX_C_DN5 P3ESLOT3 TX_C_DN4 | 2.810% 28.293 71.503 54.733
12 P3E SLOT3 TX C DP6-P3E SLOT2 TX C DN6  P3E SLOT3 Tx C DN5 | 2.810% 30,093 £2.280 45.025
13 P3E_SLOT3_TX_C_DP7-P3E_SLOT2_ TX_C_DN7 ----

012 345@6 7 Through this test, you will see,
« Tight coupling pairs
« Max coupling aggressor

« Dangerous vs. safe coupling
218X (=2.81%/0.156%)




Trace Reference Check gl

(Including co-planar)

Trace Reference Plot (expanded)

B T B
Start curve I i o i -
I 1
[TDQ3 (crossayer referenée} EDOIB
. :
[TD23 (coplanar reference) DQ3
B ; B
i NO_REF
[TDQ8 (cross-ayer reference) DQ8
o
—]
[TDQ8 (coplanar reference) I:IDCJE
5 i o -
i
[TDQS (crossdayer reference) D%
[TDQS {coplanar ref I} DDQ&
coplanar reference
41 : g | Il &v
|
[TDQS0B {crossdayer reference ) DQSOB 1
. o ]
[TDQS0B {coplanar reference) I:‘DOEH]'B ! ! ! _
31 | . i I I I I I -
I 1 I l I I I
l 1 I I I I I
[TDQS0 (crossdayer reference) Daso ! ! ! ! ! ! VDD
5] —
TDQSO (coplanar reference) Dasn ! ! ! ! ! !
# =} > ?
21 1 o 1 1 1
I 1 I I I I I
EI]:I | 1 I I I I I
[TDQ5 (crossdayer reference) D5 ! : : } !
| 1 | [TDQ5 (coplanar reference) Da5 | | | | |
; o . . . . .
1 T B T T T T T
n 79 157 236 35 334 472 551

Length (mil)
« Trace cross layer reference shows the net names for the reference plane

shapes directly above and below the corresponding trace segment

« Trace coplanar reference shows the net names for the reference plane
shapes next to the corresponding trace segment on the same layer
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S| Channel Check ol

TX RX
- | .
Vias coupling
Decaps on board Decaps on board
oy

Traces coupling

« Signal quality is affected by crosstalk among signals, EM coupling
between signal and P/G planes and non-ideal return current path.

« The linear source and load are applied automatically for signal TD
simulation

« Post process result waveforms (signal waveform, NEXT/FEXT
waveforms) into signal to noise ratio for signal quality judgment

GIraseEr” - o:c..iim o i



SI Channel Check i

7

i e VD 0 I e A o e T e o

Wokage (V)

T L I T T
DB === = =
1 1 1
) 1 1
1
064
054
044

1 I 1 1
i i i i
|:|:-|..__:_ - _4'___.___1___7___

1 I 1 1

1 I 1 1
PIE_CPU_S4_RX¥_P<3> b
P3E_CPU_S4_RX_N<3> '
il

01 1

Time (ns)

anluge (v

T
uE..________E___

INT Sig INTISI INT XTK P-eye  P-ratio
RX3w/ void | 67.84 | 10459 | 5.12 4187 | 0.62

0.7 1

o T "‘r RX3 w/o void| 86.00 54.64 5.00 26.36 1.44

= ' ' ' ' ' * An example shows the trace segment
IS over the void that causes
iImpedance discontinuity and leads to

worse signal quality

0.3+
i ] . ] i
[} 1 ] 1
0.y 4
0

| i
i i h i

G e i e . e e M £ e e e
T T T T

Time (ns) esetved. The Graser logo are trademarks of Graser Technology Co., Ltd.



Allegro Pl Suite
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Allegro Pl Base with OptimizeP| ==&

Detailed IR Drop Analysis

Power Plane Impedance and Loop
Inductance Analysis
Automatic Report Generation

lAIIegro Pl OptimizePI

* Very powerful to do

layout modification * Automated decap

optimization and

 Unique function to do — ekt ] verification features
IR drop analysis e * Clear presgntat]i_on fof
. Capability to import e economic benefits from

multiple layout format g e
from EDA tools.

* Flexibility in meeting
targeted objectives
(performance, cost,
area ...)

200 A0 73] 800 100q]
Freuancy (MHz)

Automated positioning of
EMI decaps
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Pl Checking Flow -

File Edit View Display Setup Shape Logic Place Route | Analyze | Tools Help

b >E 0 x P2 iEEQ D HEFSHE o2 s slISR
_ _ | | SPDLink Preferences.. e —

W@ ﬁ @ { | DCAnalysis. E :7-' = )

- Decap Place...

' . Power Feasibility Editor.. s DC IR DrOp
Analysis

I B #% Allegro Sigrity PI (for board) Product Choices
Ty -r >

Selecta Praduct;

} Allegro Sigrity Pl (for package)
Allegra Sigrity Pl (for SIF)

PDN Impedance
Avwailahle Product Options 4 . C heCkl ng

[v Pl Signoff & Optimization

“““““ Badta. 4 _ Loop Inductance
Analysis

L
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DC IR Drop -

L

3 Results

3.1 Electrical Results Table

VRM VRM_J1_VCC_GND PowerDC Simulation Report
VRM | Nominal voltage (v) 1
Date: 11:36 April 25, 2014
Actual current (A) 5
Sink SINK_U17_VCC_GND . .
= . 1 General information
. Actual voltage (v) 0.969269
Sink - . .
Margin (v) -0.0207306 ¢ 1.1 Spd file name and location
FailPass Fal - 1.2 Board Stackup
. o 1.3 Layout Top and Bottom Layer views
OpenXIsFile

. 2 Simulation Setup

. Return To Top

3.2 DC Analysis Block Diagram Result

Actual Voltage(V) IR Drop
I=s5A Voltage(V) referringto VRM Current(A) Simulated Specification Pass/Fail
,‘”— vce
Vnom = 1 v 7 AVp = 17.2mV(1.7%) +[1 % )
Mo % \rmrgs‘;%\;;??ﬁqr{w{v 0.9693 0.9828 5 AV = 13.6mV(<0.1%) 1 Ve Fail_V
Vout=1V

Note:
————— IRdrop on net is calculated on Power net only.
————— If a net has current flow from different sources, IRdrop is displayed with the largest IRdrop.

« lIdentify voltage drop on each pin of the IC
« Found design weakness through current density and vector
. eport generation for customer review

Graser’ ...
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DC IR Drop — Electrical Analysis

Graser’

|?E| |5D| |52| . aa0ey
e 2. Wrong sense location [

3. Only vias on TOP connecting
power plane from other layers

4. Ineffective vias along

the power plane

1. Low voltage found on bottom side

Grasenr’ [’
Taﬁp:i



DC IR Drop — Current Distribution —z=2,

T

Current Density(Amm2)
300

—|866.2 AHmm2)

7796 A/(mm*2)
693 AmmA2)
606 4 Afmm"2)

519.7 AAmm’2)

Highly Current Density

4331 Ammt2) e

346.5 Afmm2)s,

.
Fad

0.02737 A

e 4
Ll ;
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PWR/GND Impedance i

Impedance (Ohm) Impedance W, Frequency

PACKAGE_8_ngnd_Original Scheme
PACKAGE 8_ngnd_Schernel

T
I I

I I

1 I

: : PACKAGE 8_ngnd_Threshold
I I

1

I

I

PACKAGE 8_ngnd_TargetZ

0.2 3 PACKAGE 8 ngnd HardConstraint

T
|
|
|
|
|
|
I
01 +-—7=-7==~==~ i— ———————— ool iy it de okt .
I
|

*

0.0z

|
|
|
l
0.014--=—-==-=- i e et et e
I
:
|
|

1e-4 1e-3 0.01 01 0z 1
Frequency (GHz)

* Check PWR/GND plane impedance.

« Through gene calculation, optimize impedance by placing correct capacitors
on correct location.

* Input and transfer impedance as indicators for power integrity analysis.

L]
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Decap Loop Inductance

czz

Ceb

C26 [orai] C3b C29 ox1] czo Ci3 032
[ J

C16 C13
Capacitar:

C14 19 c10

Graser’

Check loop inductance (including trace escape from decap pads, vias and
P/G loop to IC) for each decap

@Graser . [cf’
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|C Device Power Pin Inductance —es=Ees

T

14 16 18 20 22 24 I8 l#& 30 32 (35 38 40 42 44 45 4B S50 52 54 55 58 60 62 B4 66 BB 0 72 74 76 78 80 82 B4 8B lBBI :

bl 9E1, B2k Ol Z¥l, bFl, Bkl SFl, 06k 25k ¥6L 951, 851 08l Zal, bal, 8g)

HDF £l

Loop Inductance : X
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* Help to indentify the weak pins by measuring the inductance of each pin and
analyzing the capacitors placement effect to pins.
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Summary g
« Either SI/PI design check or sign-off TD simulation can
help to find out design potential risks or problems.

» Facing multiple customer boards design with secured
design quality, design checking is an alternative with
efficiency and cost balanced.

« Rather than geometry DRC rules check, EM based design
check helps you to find out design problems and assess
the consequence through what if.

Graser’





