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Agenda

 What is DRC?

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

* Allegro SI Base with SPEED2000
* Allegro Pl Base with OptimizePI




What is DRC?




What is DRC?

* A bunch of design rules need to implement in your design.

« To check and verify layout rules, to meet design
requirements.

 It’s hard to make sure layout meets the origin of design.
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What is DRC?

« 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
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Spacing Constraint Set
Reference Plane Spacing Clearance

« EMI
* Impedance mismatch




Plane Crossing

« EMI

e Return current path

* Impedance mismatch
e Signal degradation
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Parallelism on Adjacent Layers

Layer 3
Layer 4
*

Layer 3 [ q :
The same as samL)L___ B |ayer4
layer spacing -

( I

e Crosstalk




Trace Spacing Distribution

e Crosstalk




Routing In Connector/Breakout Area

 Impedance mismatch

e Crosstalk




GND Stitching Vias
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Return current path
« EMI
e Signal degradation




Cline Length Matching (diff. pair)

(1 | - | ) length < 5 mils

Common mode noise
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General Rules for Differential Pair
1/2
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e Common mode noise
e Return current path




General Rules for Differential Pair

2/2

[ These segments of trace are considered )
to be part of the pad. Should be avoided.

These Segments of Trace are
Contidered te be Part of the Pad

o Skew
 Impedance mismatch
« EMI

s

Avoid trace over anti-pad.

.
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Clearance near plane void.

Plane Void ]

> 20 mils
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Test Point

Impedance mismatch
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What Does DRC forget to tell you?

Principal Application Engineer, ASI/SPB
2014.07.04
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Current Demand of Electrical Design

oI
@ High Performance
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Complex Simulation Flow for System Verification
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Transistors EF/DEF
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IO Model
Extraction with
XcitePlI

SPICE Netlist

SSN/SSO Analysis in SystemSl
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Time Consuming for TD Simulation

Yoltage V)

1.2

1
0.8 -
0.6
0.4 4
0.2

0 0.2 0.4 0.k 0. 1 1.2 1.4 1.b 1.4 Z
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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What Are Signal and Power Integrity Addressed Today

#1— Round Trip Time

* Reflection noise (ringing) v — 1
— Impedance mismatch

200-mV signal

farend 34

Quiet line

* Crosstalk noise
— Electromagnetic coupling between adjacent signal lines

 Discontinuity of signal’s current return path
— Layer transition or across split planes

signal

Trace current
—_———

1 > - >

«—— return

4 — » signal




What Are Signal and Power Integrity Addressed Today
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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.

e The rest customized part will
be covered by simulation. 1.

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

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

Design Rule Check
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About S| — 1. RLGC information
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1 Worksheet selector g X EGO00_AD1_PO01_0828 ISITI
i Elecicl | Line Width Neck Uni=|
[ Physical | Objests e Min Max Min Width | Max Length
=i Physical Constraint Set Type [ 5] Name & mil mil il il Gather C_|
@ All Layers 0 * * - n * n n
_ 12 By Layer Net M_B_CK_DN3 WING 5-BD5/4  |6.50:8.00:8.00... |6.50:8.00:8.00...|0.00 Ignore
EHE Net Net W_B_CK_DPD WINE S-BDSIA_|6.50.8.00,3.00... |6.50.2.00:8.00... | 0.00 lanare
- (=} AllLayers Net M_B_CK_DP1 WING 5-BDS(A |6.50:8.00.8.00 _|650.800:800. |0.00 Ignore
& Region Het M_B_CK_DP2 WING.5-BD5(A_|6.50:8.00:6.00...|6.50:8.00:8.00... [0.00 lgnare
B AlLayers Net M_B_CK_DP3 WING 5-3D5/4 |6.50:2.00:8.00... |6.50:2.00:2.00... | 0.00 Ignore
Net M_C_CK_DHO WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Het M_C_CK_DN1 WING.5-BD5(A_|6.50:8.00:6.00...|6.50:8.00:8.00... [0.00 lgnare
Net W_C_CK_DNZ WING 5-8D5IA_ |6.50:3.00:6.00...|6.50:8.00:2.00... | 0.00 lgnere
Net M_C_CK_DN3 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00... |0.00 Ignare
Net M_C_CK_DPO WINS 5-805/A |6.50:8.00:8.00._.|6.50:8.00:8.00...|0.00 Ignare
Net M_C_CK_DP1 WING.5-805(A_|6.50:3.00:8.00...|6.50:8.00:8.00... [0.00 lgnore
Net W_C_CK_DPZ WING 5-8D5/A_|6.50.8.00.6.00.. |6 50800.8.00.. |0.00 lgnore
Net M_C_CK_DP3 WINS 5-805/A |6.50:8.00:8.00._.|6.50:8.00:8.00...|0.00 Ignare
Net M_D_CK_DNO WING.5-805(A_|6.50:3.00:8.00...|6.50:8.00:8.00... [0.00 lgnore
Net M_D_CK_DN1 WING 5-805/A_ |6.50.8.00.6.00...|6.50.8.00:2.00... |0.00 lgnore
Net M_D_CK_DN2 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Net M_D_CK_DN3 WING.5-805(A_|6.50:3.00:8.00...|6.50:8.00:8.00... [0.00 lgnore
Net W_D_CK_DPD WING 5-805/A_ |6.50.8.00.6.00...|6.50.8.00:2.00... |0.00 lgnore
Net M_D_CK_DP1 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Hel M_D_CK_DPZ WWING.5-5D5iA  |6.50.8.00.8.00... [8.50.8.00.8.00... | 0.00 Ignue
Net M_D_CK_DP3 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Het M_E_CK_DHO WING.5-BD5(A_|6.50:8.00:6.00...|6.50:8.00:8.00... [0.00 lgnare
Net WING 5-8D5IA_ |6.50:3.00:6.00...|6.50:8.00:2.00... | 0.00 lgnere
Net M_E_CK_DN2 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Het M_E_CK_DN3 WING.5-BD5(A_|6.50:8.00:6.00.. |6.50:8.00:8.00... [0.00 lgnore
Net M_E_CK_DPO WING 5-8DS(A_ |6.50:3.00:6.00...|6.50:8.00:2.00..|0.00 lgnere
Net M_E_CK_DP1 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Het M_E_CK_DP2 WING.5-BD5(A_|6.50:8.00:6.00.. [6.50:8.00:8.00... [0.00 lgnore
Net M_E_CK_DP3 WING 5-8DS(A_ |6.50:3.00:6.00...|6.50:8.00:2.00..|0.00 lgnere
Net M_F_CK_DHO WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Net M_F_CK_DN1 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Net M_F_CK_DNZ WING.5-805(A_|6.50:3.00:8.00...|6.50:8.00:8.00... [0.00 lgnore
Net M_F_CK_DH3 WING 5-805/A_ |6.50.8.00.6.00...|6.50.8.00:2.00... |0.00 lgnore
Net M_F_CK_DPO WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
Net M_F_CK_DP1 WING.5-805(A_|6.50:3.00:8.00...|6.50:8.00:8.00... [0.00 lgnore
Net M_F_CK_DP2 WING 5-805/A_ |6.50.8.00.6.00...|6.50.8.00:2.00... |0.00 lgnore
Net M_F_CK_DP3 WINS 5-8D05/A |6.50:8.00:8.00._.|6.50:8.00:8.00..|0.00 Ignare
NCls El D3-CTRL_W6.5-8/A_PH (96) WING5BIA  |6.50:3.00:6.00...|6.50:8.00:8.00...|0.00
NCls [ D3-DQS_W6.5-8D5/A_PH (216) VIING.5-BD5/A_|6.50:3.00:6.00...|6.50:8.00:2.00... |0.00
NCls [ D3-DQ_W6.5-8/A_PH (432) WVING.5-8iA 6.50:8.00:8.00.__ |6.50:8.00:8.00..|0.00
NCls El  EMIFLASH_W4-4.5/A_PH (69) WINA4.5A | 4.00:4.50:4.50...[4.00:4.50:4.50...[0.00
NCls | FPGA-ADDCTRL_WA45A_PH (46)  |VIN44.5A  |4.00:4.50:4.50...|4.00:4 50:450... 0.00
L¢ Spacing NCls [l FPGA-CLK_VI3.8-+.4D8.2-0.0/A_PH (4) |WIN3.84.4D... |3.804.40.4.40...|3.804 40:4.40... 0.00
E Same Met Spacing NCls E FPGA-DQS_W3.5-4.4D8.2-9.1/A_PH (4) |\WIN3.8-4.4D... (330440440 |330440:440 000
- NCls FPGA-DQ W4-4.5/A PH (20) WVIN4-4.5iA 400:450:450_|400:450:450_|000
E Properies <[+ All Layers / K] |
H DRC [Physical Net Class: D3-DQ_Wa. 5-8/A_PH DRC | STNC | XNET
ST IO 5559 00 902300
E (last pick: 8555.004530.00
‘5 Command >

[T

| Bottom | sa4000.452600  [P[[A]] | [ General edit [ of [ DORC [ 71

* |In a well-controlled design, with/without DRC only tells you
if the width/spacing follows rules or not. But how’s the RLGC
information?

cadence



About Sl — 1. RLGC information

« 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
i :f:if:::i::I_R « Ry and L, are mutual R and L; fO”OWlng case:

they are not drawn,
«CeisshuntC  +G, is “mutual” C
«Gsisshutt G « G, is “mutual’ G

Case 1: Case 2:

5mil
<>

Question:
. Are the DRC results of these 2 structures
the same or different?
. Do these 2 structures have the same or

I emil

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

cadence



About Sl - 2. Zo and Xtalk
Talk about impedance Zo, let’s see the following case:

After simulation, you set the trace width to be 5 mil in the constraint system to achieve the impedance you want. Of
course, the following picture will show no DRC violation. But if this is a 2-layers design and...

b Signal
S|gnal plane

2 — _L Reference ’ Reference &L
return u T plane plane AT &
3 <«—return Vi — s
. ] T Q‘O\)

Trace "I‘
4 ———» — signal Jdoew—sok N

1. Layer Transistion 1. Coplarar reference

1. Reference change
2. Cross plane split

cadence



About S| - 2. Zo and Xtalk

You will concerned about:;

Impedance mismatch 1 Impedance mismatch 3

Impedance mismatch 2 Impedance mismatch 4
= Multiple Reflection

Large Radiation Large Radiation

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

The Exact Impedance Zo

along the whole trace~
cadence



About Sl - 2. Zo 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
<>
0 3.5mil

No DRC violation = No Xtalk issue

cadence



About S| - 2. Zo and Xtalk

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

b 3.5mil

35mil

No DRC violation = No Xtalk issue ’7

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

cadence



About Sl - 3. Channel Response

The concept of “Channel Response” is

y(t) = h(t)* x() = [ h(z) - x(t-7)

where y(t) is the output
X(t) isthe input
h(t) is the system
* IS convolution

After Fourier Transform
Y(f)=H(f) - X(f)
where Y(f)=F[y()]

X(f) = F[x()]
H(f)=F[h()]

cadence



About Sl - 3. Channel Response

@) Xu(f) mp @ x5(f) Ys(f) mp
€ (%) Xa(f) WP @ X7 Yo(f) P
@ s Xa(f) mp H(f) @ X Y7(f)
@ Y. Xa(f) mp @ xs(f) Ye(f)mp
A 4-coupling-lines is a system, too
Y(f)=H(f)-X(f)
_Yl(f)— _Hll(f) le(f) H13(f) EEE H18(f)_ _Xl(f)—
Yz(f) H21(f) sz(f) st(f) ans st(f) Xz(f)
Ys(f) H31(f) H32(f) H33(f) ans H38(f) Xs(f)
_Ys(f)_ _H81(f) He(f) Hg(f) nEE Hss(f)_ _Xs(f)_
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About Sl - 3. Channel Response

@) Xu(f) mp € 50-term  Ys(f) WP
@y () 50-term Wp 4m so-term  Yo(H) WP
@vsf) 50-term mp H(f) @ 50-term Y7 mp
@y, 50-term mp €m 50-term  Ys(f)mp
Reflection [Y,(f)| [Hyu(f) Hy(f) Hy(f) Hyg(f) ] [ X,()]
NEXT Yo(f) | [ Ha(f) Hap(F) Hy(T) Hos(T) 0
NEXT Ya(F) | | Ha(F) Hgp(f) Hg(f) Ha (1) 0
| = | | | | [ ] |
| | ] | n |
| | ] | | |
FEXT _Ys(f)_ _H81(f) Hsz(f) H83(f) Hss(f)_ L 0 _

After Inverse Fourier Transform, all reflection, NEXT and FEXT will be observed
on time domain.
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About Sl - 3. Channel Response

Xa(f) mp
Xo(f) W
Xs(f) mp H(f)

Xa(f) mp

@ ()
€« ()
@« X0
@ xs(f)

Ys(f)mp

Yo(F)=Hy(f) X, (F)+Hyg(F) X,(F)+..+ Hyg(F) - Xo(F)+Hgg(F)- Xg(F)
Reflection

FEXT FEXT

After Inverse Fourier Transform, all the effect on ys(t) will be observed.

And the matrix h(t) and it's Fourier Transform H(f) is called SI Matrix

With SI Matrix, you have all information — coupling and impedance
mismatching — of your system. But how to get this matrix

winithnanit hiine
vviLtiiuutl JuUulivuili

h Anfeimiilatinn9
Ul olliituiliatLlivulil -
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About Pl - 1. IR Drop

* The resistance of copper causes the drop of voltage during the

power delivery.

VRM

> |

Rpcb

Royvar
NN

~

::j'::}_:.ff ”
P : 3 e
O e |

+ Ipaa‘mfn

 The wider the power plane is, the less its resistance is, and then the
less the voltage drop is.

* There’s once a thumb rule for the width of power plane:

40 mil width for 1A, at least

For Example: A CPU will consume 100A at mo

of the CPU should be at least as wide as:

st, so the Vdd plane

100( A) x 40(mil / A) = 4000(mil) = 4(inch)
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About Pl - 1. IR Drop

e Question 1: 4inch for both 10z 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

cadence



AbOUt PI - 2. prrlgnd

[ PCB Power Delivery Network ] On-Chip Capacitors o » 17

Power Source j E
Bulk Memory  Decap== =
m T s [ e S Sttt o
T 1 1 - -—
Decap
l Power Supply Equivalent Circut ] Chip-Equivalent Model
Lpwb Hpwb Lpkg Rpkgi T
- T —W-O——
c + Cdie
_[Cpwhb _Epk?
T T pwrignd = pig
o1 & ‘?
Bulk On PWB
Capacitor Decap
Al(f)
4
=
prr/gnd AV (H)=AI(f)xZpwer/gnd Ch | p
<=
-
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AbOUt PI - 2. prrlgnd

Al(f
_(’)
-

AV(f)=AI(f)xZpwerignd Chip

prr/gnd

-
=

The lower Zywwona 1S, the better. Zowiena Should be under Zuge, Where:

Z _ A\/allowed
target Al
max
QUONT \\ i No constraint or DRC will help you to
‘m\ A control the power ground impedance.
° AN i |
g | ‘x\\ | Now you want to have a design
g ' NN checking mechanism to tell you the
z WA excact value of Zpwigna and if:
- #
E‘GJ 3 Nox drya | \?\\.tlt‘j‘ff r' //’
= Eﬂﬂ “ : ”.'_H_‘ f-v . Py
[ i ’Wh}éﬂlnl
0.01 E .’_,.-"-".'-_- f//‘.:_. 5 . . 7 - 7
o FI an:fi:'a HH\"'L L S L
[ zott ,_// /#_’,#FII ! pwr / gnd target
0.001 4+ : : '
1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9

Frequency (Hz)

cadence



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:

vias to

power
planes

\

pads T

mounting — l

5nH 0.5 nH

* The loop inductance caused by the current loop:

cadence



About Pl — 4. Power Pin Inductance

Power Pin Inductance:
L=y X Alw
Current loop area

Ground Plane
} Signals

cryag i

Now you want to have a design checking mechanism to tell the exact value of:

DeCap’s Loop Inductance and Power Pin Inductance

cadence
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What are Questions in Mind?

 DRC only provides the MINIMUM requirement of design.
* Follow design guide means good design quality?

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

 Will be a financial burden to own EDA tools and invest
SI/Pl engineers?




Any alternative to secure design
qguality without performing complex
simulation?
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What is Design Checking?
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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.
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Allegro SI Suite




Allegro Sl Base with SPEED2000

Detailed Trace Impedance and

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

* Very powerful to do
layout modification

. Speed2000

= Unique animation of
transient field
Brogagatlon across
CBs and packages

 Unique function to do
trage |mdeanche cl?eck
and coupling check in
one tool Trace Impedance and

= Exceptional layout
: based signal integrity
Coupling check simulation including

: non-ideal power and
ground systems

= Only solution for EMC
simulation with non-

s ! linear drivers and

et O AT e receivers ==

» Capability to import
multiple layout format ol
from EDA tools
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SI Checking Flow

% Allegro Sigrity SI (PCB): demo_ver_16p3.brd Project: C.../BRDExtractor Samples

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

i B % I ¢ @ # iFE & | Intalize. Iggg;ﬁ',:u:l-f@ > o Ul X N8
b — — — ¥ Model Browser... =

p @ @ & = iE B O B @ & Model Assignment.. l @

Maodel Dump/Refresh...

T Preferences
fin % Probe..
IIIIIII ' Xtalk Table...

SPDLink Preferences...

Trace Impedance/Coupling Check...

SPEED2000...

PowerSL.. D B

| ;aii Allegro Sigrity Sl (for board) Product Choices
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Trace Impedance Check

Visual plot

PIE_SLOT2_TX_C_DPO Impedance (Ohm)
P3E_SLOT2_TX_C_DP1

P3E_SLOT2_TX_C_DP2 e f-I————- R T T MRS RN R R
I I
| 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

o]t dEmee  eeese——a e e e |
| 1 1 1

'
| I I I
S
| | I I | I

|

I

a 197 394 591 787 984 113 1378 1575
Length {mil)

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

&
o= 't =8 &~ 7~
LIy 3 oy~ 2014 Graser Technology Co Lid. All nghis reserved. The Graser logoe are trademarks of Graser Technology Co  Lid.
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Cross Probing

Trace Impedance Check
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Trace Impedance Check

Tabular Results

Met Met name Mo, of Mo, of trace Mo,  Maximum | Minimum | Dominant Dominant | Tracetotal | Trace delay(ns)
count segments | reference of Impedance  Impedance Impedance Imp Length length {mil)
without discontinuities | vias = (Ohm) (Ohrn) (Ohm) (%)

reference |
1 P3E_SLOTZ2_TX_C_DND . 3 2 144 946 56,449 56.449 92921 1633158 0.233
2 P3E SLOT2Z TX C DN1 1 3 2 144 946 56,449 56.449 93.1638 1583.722 0.225
3 P3E_SLOTZ_TX_C_ DNZ 1 3 2 144 946 56,449 56.449 931546 1575.168 0.224
4 P3E SLOT2Z_TX C DN3 1 3 2 153.005 63,536 63.836 93.074 1549678 0.220
5 P3E SLOTZ2 TX C DN4 1 1 2 63.836 63,836 63.836 94,228 1512121 0.214
6 P3E SLOTZ TX C DPOD 1 3 2 144 946 56,449 56.449 92,823 1633.643 0.233
7 PIESLOT2ZTX. C DP1 1 3 2 144 946 56,449 56.449 93,221 1583.404 0.225
8 P3E_SLOT2Z_TX_ C DPZ2 1 3 2 144 946 56,449 56.449 93,154 1574.865 0.224
g9 PIESLOT2ZTX. C DP3 1 3 2 153.005 63,536 63.836 93.059 1546.528 0.219
10 PIESLOT2ZTX. C DPA 1 1 2 63.836 63,836 63.836 94.221 1511.225% 0.214
11 P3E_SLOT3 TX C DNOD 1 1 1 56.449 56,449 56.449 94,142 1490958 0.211
h § AR O DTS TW S Mk -4 . 4 T B A Co AAam T BAfF% A nCcCTy A B T AT G 208
 Cross moat? i
: : o o 0.225
- Any trace segment mismatch? Cross moat~ 0214
0.203
 Too much breakout neck length? Eiﬁ
R S T W T ol [ <) TP I L -7 S 0.209
e 100 TTIUCT! IVio/SL TOUUTNg alriercrice I a group « 0.217
0.210
The same trace length means the same trace delay? 0225
0.214
0.203
Routing on MS/SL has different trace delay. 0o

fom r1=s E£ﬂ®
L Fy FmF/sara- i 1




Trace Coupling Check

Cross probing helps to resolve issue intuitively

P3E_SLOT3_TX_C_DP4 Coupling Coefiicient  Coupling Coefficient PIL
P3E_SLOT3_TX_C_DPS
P3E_SLOT3_TX_C_DP&

012 o

0.1 A

I
I
I
I
I
+
I
!
0.08 1 4|-
l
I
0.06 1 0 : )
| | Trace398:P3E SLOT3 TX C DPS
l l 0.069
.ﬁl | 21.450 mm
gpd - P +—1 Coupled: Trace296_Auto_2299:P3E_SLOT3_TX_C_DNS
I“ 1
I | — T
—a—bbgy | . . :
Y B Y - — — :
| | —
I I I
I I I
I:I_ L ] ___-__h_____ L ____;___-_ _______ : . e -
1] 10 20 an 40

Length (rmm)




Trace Coupling Check

Met Met name Aggressor net with Max coupling | % length with | % length % length | Total coupling index (mm-%5)
count max coupling coefficient max coupling | with with
coupling coupling

coef =005 | coef

6 P3E SLOT3 TX C_DPO-P3E SLOT3 TX C DNO P2E 5LOT3 T C_DPL [ 0.156% 45,386 45886 2881

7 P3E_SLOT3_TX C_DP1-P3E SLOT3 TX C DN1  P3E SLOT3.TX_C_DNO | 0147% 46.545 56.715 3.440

8 P3E SLOT3 TX C_DP2-P3E SLOT3 TX C DN2  P3E SLOT3 TX.C DML | 0.156% 42,769 71100 4302

g P3E SLOT3 TX C DP3-P3E SLOT3 TX C DN3 _ P3E SLOT3 TX C DN2 | 0.156% 55,397 60345 3.541

10 P3E_SLOT3_TX_C_DP4-P3E SLOT3 TX C_DN4 P3ESLOT3.TX_C_DPS | 2.808% 26.979 68.281 47643

11 P3E SLOT3 TX_C_DP5-P3E SLOT2 TX C_DN5  P3E SLOT3 TX_ C_DN4 | 2.810% 28293 71.503 54.733

12 P3E SLOT3 TX C DP6-P3E SLOT3 TX C DN6  P3E SLOT3 TX C DN5 | 2.810% 30.093 62.280 45.025 1

012345¢6 7 Through this test, you will see,
« Tight coupling pairs
* Max coupling aggressor

e Dangerous vs. safe coupling
2> 18X (=2.81% / 0.156%)




Trace Reference Check (Including co-planar)

Trace Reference Plot (expanded)

T
Start curve 7 i o i i i
| 1 1 1
TDQ3 [crossdayer referenée} DG3 : :
. o . £
[TDQ2 {coplanar reference) Da3 ! !
: o . .
51 | - 1 1
| 1 1 1
| 1 1 1 MO _REF
[TDQE (crossdayer refersnce) DR ! ! !
o .
TDQ8 {coplanar reference) D8 ! ! !
: o :
b1 1 o 1 1
| 1 1
| 1 1
TDQY {crossdayer referance) Dag ! !
o .
[TDQS icoplanar reference) DQg | |
14 ; 0 . :
| 1 1
| 1 1
TDQSOB (crossdayerrefersnce)  DASOB | i
O 3
. 5] ;
TDQSOE (coplanar reference) DDQSI}B ! ! ! :
31 | . i i i I I I -
| i i i | | |
[TDQS0 (crossdayer reference) DQs0 ! ! ! ! ! ! VDD
o I—
TDQSD {coplanar reference) IjDQSI} ! ! ! ! ! !
2 | a I I I I I I
| 1 1 1 | | |
I I 1 1 | | |
I:I]j [TDQ5 (crossdayer reference) DQ5 ! ! ' ' '
: o,
| 1 | [TDC5 (coplanar reference) DOs | | | i |
. o . . . : . .
1 T = T T T T T T
0 74 157 236 315 394 472 1

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




S| Channel Check

TX Rx
| % _ _ %
Vias coupling
Decaps on board Decaps on board

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

— |

A



SIChanneICheck

Wokage (V)

0.8
0.7 4--

] I I 1 i

] I ] i

]
L e s et | &

]

0.4+
034
0.2 4
PIE_CPU_S4_RX_P<3> 014
P3E_CPU_S4_ RX_N<3>

0

I [ i i

0 1 2 3 4 5

Time (ns)

INT Sig INTISI INT XTK P-eye P-ratio
3w/ vold | 6784 | 10450 | 512 4187 | o082
I3 w/oveld] 85.00 54.54 500 26.36 1.44

* An example shows the trace segment
IS over the void that causes

Impedance discontinuity and leads to
worse signal quality

Time {ns) L The Craser loge are trademarks of Craser Technology Co Lid,
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Allegro Pl Base with OptimizePI

Detailed IR Drop Analysis

Power Plane Impedance and Loop
Inductance Analysis
Automatic Report Generation

lAIIegro Pl g OptimizeP!I

* Very powerful to do
layout modification

* Automated decap
optimization and

- U e (o 6 verification features

IR drop analysis

* Clear presentation of
economic benefits from

« Capability to import decap optimization

multiple layout format
from EDAtools.

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

200 400 E00 oo 1000
Fraquency (MHz)

Automated positioning of
EMI decaps




Pl Checking Flow

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

== Nk @ iEES Db HEgsHE o B I HollX R
SPDLink Preferences... I e

i ‘d W @ @ BB OQg ! DC Analysis... | Pj .ﬁj i &

Decap Place..

Power Feasibility Editor.. :

oowerst. | DC IR Drop
3D-EM..

powerDC.. _ , Analysis

i : 8 | OptimizePL.

(L5 ## Allegro Sigrity PI (for board) Product Choices

Selecta Product:

Allegra Sigrity Pl (for package)

- 1
> *
Allegro Sigrity Fl (far SIF) ﬂ

| PDN Impedance
Awailable Product Options CheCklng

[» Pl Signoff & Optimization

Loop Inductance
; : Analysis

Design modification b .



DC IR Drop

3D Results
Electrical
[ Package results
O signalsToP
[ signal$GnDp
| @ Planesvece
O signalseoTTOM
£
|:|:|-—-—|:| 4 [
i E| - [ ]30 structure [ Results Overlay
||:| |:|| l' :. ?{Q} Present Loaded
| E & | (®} voltage ) current
=] T |
||:| O & » [Max value: | 988.56% | mV
-|_ ’ . {Min Value: [aga by
‘ - Apphy :Auto Scale

|_] Enable Animation

Flay Stop

Layer Selection | 3D Results

- Fin/Mode Name Met Absolute Flow-In
i = Negative Pin (GND) Voltage (V) = Current (A)
Nodel08!!6::VCC VCC 0.983193 0.294118
Nodel16!!8::VCC VCC 0.983202 0.294118 Fail
Nodel19!'!19::VCC VCC 0.983134 0.294118
Nodel1221110::VCC VCC 0.98324 0.294118 o
Nodel00!!21::VCC WCC 0.983623 0.294118
Nodel5!!32::VCC VCC 0.983653 0.294118
Node96!134::VCC VCC 0.983578 0.294118

* ldentify voltage drop on each pin of the IC
* Found design weakness through current density and vector
» ¢ Report generation for customer review

5'1
J

l
[
1]
L




DC IR Drop — Electrical Analysis

m other layers

— |



DC IR Drop — Current Distribution

866.2 Allmm"2)

!

779.6 Amm2)
693 Afmm"2)

608.4 Afmm2)
519.7 Afmm2)
4331 Afmm’2)

346.5 AKMMAZ ),

259.9 Amm2)-

173.2 Aflm M2

86.62 N( m"‘2)" :

g

e

85 86

0 51

94 N )
Current Density(A/mma2)

300

nghly @“urr@“nt‘w‘len5|ty




PWR/GND Impedance

Impedance (Ohm) Impedance vs. Frequency

PACKAGE &8_ngnd_Original 5chermne
PACKAGE & _ngnd_Schemel
PACKAGE & _ngnd_Thresheld
PACKAGE 8_ngnd_Targetd

0.2 %  PACKAGE 8 _ngnd_HardConstraint

0.1 4

.oz

0.07 -

1e-4

Frequency (GHzZ)

 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.




Decap Loop Inductance

Loop Inductance

e g T MR

Inductance (nH)

Loop Inductance to Short All Devices

flanan 2.9534nH

750pH

513.49pH

"T‘::i:::::::ii::::::jij:::::?i:::::f?i:_"i:‘iL “““ oo ceer e I :
St EEHEHTH
« Check loop inductance (including trace escape from
decap pads, vias and P/G loop to IC) for each decap
&Graser .




|IC Dewce Power Pin Inductance

O O N o 0 SO 2O B o5 ot 0 AN V00 DN 5 T

&+
28 T

950pH

a00pH

| Z6b ¥l 05, enganlszvanggL

850pH

QIH 051,
Il

200pH

750pH

| BEb Ol Zhl, bl Ol

T00pH

QFL

650pH

509.43pH
|1l
Loop Inductance X
«se g T M B e
Inductance (nH) All Pin Inductances of All Devices(VDD1.8V_CPU:GND)
. e T T T T T T e s ——
7] | N I I N N N I ittt

D_E_ _________________ FREER EREAEN L LLLLLLL - - - B-B-B-B-0B-B-B-B--B-B-B--BR--B--B--B--B -B -0 - - - - -
ST TRIRIRIvRn LRI
"I"I"I"I"I"I"I'I'I'I'I'I'I'I'I'I'I'I‘I'I'I'I'I‘I‘I‘I‘I‘I'I' SEEEECEEEEEETEETTERTTED
]

Uzn_Aaiz14 Uzo_apDg Lzo AF'IE J23_G7 U23 E1 U23 f’-;x:]in Namgsﬂ 11 L7_C3 U17_R1 23_G9 Ln7_C7 U17_El

« Help to indentify the weak pins by measuring the inductance of
each pin and analyzing the capacitors placement effect to pins.




Summary

« 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.

F
L i 2014 Graser Technelogy Co Ltd, All i ad. wror are lrademarks of Oraces chuoloey Co Lid,
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