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DRC/MRC/...?

« A bunch of design rules need to implement in your design

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

PR
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But! How about Layout Quality ?

&

ser @ I I
ser]'c @

nference , o o

pei



About SI — Z0 and Xtalk

« Talk about impedance Z0, 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...

PWR1 | @

" Signal
S|gnal plane

2 — Reference
return u L plane plane e&\ _
3 T <«—return . @ -
current &

Trace — T ) &
I —» —— signal Soewsise M

@
U]
1. Reference change i! -3 @ I I
2. Cross plane split nference
® o o
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About SI — Z0 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

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

5mil 15mil 5mil
<>

0 3.5mil

No DRC violation = No Xtalk issue
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About S| — Z0 and Xtalk

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

b 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
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The gap between DRC and Sl performance

« The gap between layout designers and Sl engineers is
huge
— Have different design expertise
— Using different tools
— Measured by different units

DRC Simulation
Design Rule Check Using Device Models
Layout/Board designer S/ engineer
Layout tools Simulation tools
Geometry domain (mil/mm) Electrical domain (mv, ps)
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OrCAD Sigrity ERC/SRC Checking Flow

«@SPEED2000 Generator - [ERC_DDR3_LRDIMM_DataNG Layer View]

File Edit View Mode Setup Tools Window  Help cadence |- |=|X
0= 3 - O & el By P4 ] b Hea@le » i@ @ & B E |AlEnabled Net(s| v [ =& % | &5 - =m 0| K b e
W S| M a0 = [F 4 w52 | = iNet Group:|NG1_U100_U1_U |~ |From: U100 |+ |To: Ul - | Single Ended or Diff:|SingleE |v| i @ QO O @ @ [©

AEEZ®oEAGDE AR

Workflow: SPEED GENERATOR (ERC_SRC) X
Trace Imp/Cpl/Ref Check 2 el

Layout Setup

Load Layout File

J Layer Selection

Sogastor
| Signal$L2_SIGNAL

| Signal$L3_SIGNAL

s Signal$l4_PWR/GND

| Signal$L5_SIGNAL

| | |

Check Stackup
Prepare Nets

s D
BRD

MCM

A5EE -

= BFRME

J Desktop - 2
W =H

#& OneDrive

; hicloud Box(g)

g SIP -
E AS C | | . z;ver5|on
- =&
ODB++ 1 L
= BR

Coupling Detailed Table
Upper/Lower Layer Reference Table
Coplanar Reference Table

« DskF (F;) »

FIRERIK

1EZERB(N):  DDR3_LRDIMM -

Workshop2015 » Sigrity » erc »

-

575

ERC

DDR3_LRDIMM_SIMetrics
DDR3_LRDIMM _Trace
ERC_DDR3_LRDIMM_DataNG_Trace
SRC_DDR3_LRDIMM_DataNG_SIMetrics
Trace_Pad_Library

& DDR3_LRDIMM

& ERC_DDR3_LRDIMM _DataNG

& SRC_DDR3_LRDIMM_DataNG 2015/3/

=]

=]

o

I
o

t
(<)

- |4 1 3

SPEED2000 Files (*.spd,*.dxf,*bre| »

FREREQ) HuHE

Impedance between 2 Components

Impedance Plot (collapsed) Output

Impedance Plot (expanded)

Impedance Table

Impedance Overlay in Layout
Coupling between 2 Components

[ T |
W.O&OSOM S002 (Trace impedence/coupling check)

Output | Folder E.-'c-‘-,se-'|

Miscellaneous | Mesh - Errors | VariablesCheck |

B Mouse{mm): X: 138,982, ¥: -21.865

v | View Only Active Layer

X

Display Geometry Objects By
@) Met Color

S - el

Layer Selection| Net Manager |

Layer Color

@ Ready
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Why Electrical Rule Check

 ERCs are better than DRCs for ‘signal quality’ validation

— Goes beyond MINIMUM-ACCEPTANCE, GEOMETRY-BASED constraint
validation

 PCB designers identify and address first-order signal
guality issues
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OrCAD Sigrity ERC

* A comprehensive set of electrical signal quality checks for PCB
enabling the PCB designer to make needed changes before more
extensive and exhaustive analysis is performed

OrCAD Sigrity ERC

= = —— Electrical Rules

Analysis

OrCAD PCB Board

&
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What is Sigrity ERC?

« Sigrity ERC is individual, segment-level view
In geometry domain for PCB’s Sl performance

Wlth Reference

discontinuities \

— Trace reference

— Trace reference-aware impedance

— Trace reference-aware coupling

— Differential pair routing phase

— # of vias and via locations, ....

— Practical for board level check

(setup, simulation, report)

ERC's reference-aware impedance
shows reference discontinuities I
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What is Sigrity ERC?

 If you look close enough... trace9048
Two trace segments example

— Trace9047:.
one uniform impedance section

— Trace9048:
4 impedance sections

ser ¢
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What is Sigrity ERC?

« ERC - Trace coupling

Two trace segments ERC results
example Trace Name Aggressor Trace Mames Coupling Coefficient (%) Length (%5)
TraceS047:DQ0 - : SLo|is
. Trace9047 iS one Traced047:0:30 Traced024: D1 5.3 <2 146
f . Tracef047::0qQ0 Tracef024 Auto 190:0C01 5.3 <3 116
uniform impedance Trace8280:DQ4 05
section Traced047:DQ0 Traced024 Auto 191:DQ1 5.3 <4 410
Trace9047:D00 - : €5 |3

— Trace9047 broken
into 5 sections based
on trace coupling

> two no coupling
sections (1 & 5)

> two 2-line coupling
sections (2 & 4)

> one 3-line coupling
section (3)

ser
gser ®
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What is Sigrity ERC?

« ERC - Trace upper / lower layer reference
Two trace segments example

— Based on upper / lower layer references
- Trace9047 - one section
- Trace9048 - 5 sections trace9048

ERC results

Trace Name Length (%2} Upper-lyr ref net name = Lower-lyr ref net name
Trace047:000 11.58 GMND YDD | Note: S
Trace90458:0Q0 12.74 GMND vDD O. e:
This is the reason why
Tracef045:0Q0 1.78 VDD vDD
| Traced048:D 0.11 vDD there are 5
| Traced048::DQ0 ) impedance sections.
: Trace9048:00Q0 0.89 GMND vDD
|| Trace8045:D 1.66 GMND GND
ser .
SEI'i: ®
n eren&s ® o ¢



Trace Impedance Check

P3E_SLOT2_TX_C_DPD Impedance (Ohrm)
P3E SLOT2 TX_C_DP1 ~
P3E_SLOT2_TX_C_DP2 220 T—i —————————— R B == PUERTRREG - BRI B ) D

| |

| |

| |

* This check helps you to identify,

— Wrong trace width spacing (diff. pair)
— Cross moat

Highly trace impedance ! TTTURETT bY
Y~ S . 6 THHTT
120.<| i ' e e e e Zniaii et
R e e e S
e e O S S I
é 15:1? 35:14 EE:H ?E:i? Qé-ﬂ 11:81 13:?8 15:?5
Length (mil) |
* Visually or tabular result for trace impedance check that shows ol .
trace segments mismatch with target impedance.
®
ser
SEI+ ®
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Trace Impedance Check

Cross Probing

P3E_SLOT2_TX_C_DPO
P3E_SLOT2 TX_C_DP1
P3E_SLOT2 TX_C_DP2

P3E_SLOT2_TX_C_DP4

Impedan

220 =
2004
1804~
1604~
140
1201

100 4

I
B0+

ce

____________________________________________________________________________________________________

_________________________________

—————————————————————————————————————————————————————————————————————————————————————————————————

___________________________________________________________________________________________________

0 197 394 591 787 984 1181 1378 1575
Length (mil)

« Cross probing allows you to identify defects quickly.
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Trace Impedance Check

Cross Probing

& Allegro Sigrity SI (PCB): DDR3_LRDIMM166.brd Project: F..RCSRC_LR... [=[=] 52 []&SPEED2000 Generator - [DDR3_LRDIMM166 Layer View]

Eile Edit View Display Setup Shape Logic Place Route Analyze @ & File Edit View Mode Setup Tools Window Help cadence
Tools MyApps Help cadence BN
HV =R N P IHEAGSQQQE OB #Eg 1o DPOEig i» dijguEhlo »is he

i inp i e oan n o ng i g || 2 OQOOETOT
A NN REOO0CN® N D& % o ' Net Group: |[NG1_U100_U1_U | ~|From:\yioo |~ [To:ijul |+| Single Ended or Diff: singleE | + |
: ' e B 3 GREeeAd AAdARAIE B E

E |All Enabled Nets| | @ (= s % | & 5 - m= m of | w6 by X G2
5 + B mmoE| __ﬁd\l@ﬁ‘ -| 2| wE

. & ||[Workflow: SPEE.. x|

m Save File without

g 2 Simulation

Start Simulation
Results and Report

Net Based Tables/

Impedance Su| |
Impedance De|
Coupling Sum
Coupling Deta
Upper/Lower |
Coplanar Refel
Board Routing
Impedance Lay
Coupling Layol

SUUUQ

Impedance betwe|
Impedance Pld
Impedance Plg
Impedance Tal =
Impedance La Output

Coupling betweer

| |
A |v* | view only Acti Ly m

B A A N g e, Coupling Plot

* |Grids are drawn 2.5600, 25600 apart for enhanced viewakility. d = Coupling Plot

* | Grids are drawn 51200, 5.1200 gpart for enhanced viewahility. 1 c ling Tabl

1 |Grids are drawn 1.2800. 1.2800 spart for enhanced viewabilit. = oup Tng o Miscellaneous | Mesh - Errors -|-"'ar\ab|:5-'h=r¥'.\
E |Grids are drawn 0.0800. 0.0800 spart for enhanced viewabilit. _' E Coupling Layo _ =2 R
S -ommond > il T Output | Folder Browser]|

H\d\e \ [ [ L8_Signal 709450, 7.0850 | P[] || Generaledr | or |HEE[ 0 Mouse(mm): X: 64 814 Y: 6.154
_ il Sl il aler

 Auto-Zoom in board .




Trace Impedance Check

Tabular Results

Met
count

W00 =] 7 bn = W ka2

=
=]

=
=

Met name

P3E_SLOT2_TX_C_DNO
P3E_SLOT2_TX_C_DNI1
P3E_SLOT2_TX_C_DNZ
P3E_SLOT2_TX_C_DN3
P3E_SLOT2_TX_C_DN4
P3E_SLOT2_TX_C_DPO
P3E_SLOT2_TX_C_DP1
P3E_SLOT2_TX_C_DP2
P3E_SLOT2_TX_C_DP3
P3E_SLOT2_TX_C_DP4
P3E_SLOT3_TX_C_DNO

Cross moat?

Mo. of
segments
without

e i i e e e

Mo, of trace
reference
discontinuities

Ll ¥ T % N ¥V R N Iy W R VR R W R W ¥

Mo.
of

vias

[l L I N % T L D T S R B L L L ]

Maximum
Impedance
(Ohrn)

144.946
144.946
144.946
153.005
63.836

144.946
144.946
144.946
153.005
63.836

56.449

Too much breakout neck length?

Minimurm
Impedance
(Ohrn)

56.449
56.449
56.449
63.836
63.836
56.449
56.449
56.449
63.836
63.836
56.449

Dominant
Impedance
(Chrn)

56.449
56.449
56.449
63.836
63.836
56.449
56.449
56.449
63.836
63.836
56.449

Any trace segment mismatch? Cross moat?

Too much MS/SL routing difference in a group?

The same trace length means the same trace delay?

Routing on MS/SL has different trace delay.

Dominant | Tracetotal = Trace delay(ns)
Imp Length | length {mil)
(%6)
]
92921 1633.158 0.233
93168 1583.722 0225
93,186 1575168 0224
93.074 1549678 0220
94,228 1513121 0214
92,923 1633.643 0.233
93.221 1583.404 0225
93.184 1574865 0224
93.059 1546.528 0.219
94,231 1511.225 0214
a4.142 1490958 0211
0.208
0.217
0.209
0.225
0.214 B
0.203
0.212
0.212
0.209
0.217
0.210
0.225
0.214
0.203
. S 0.212
Conference
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Trace Coupling Check

Cross probing helps to resolve issue intuitiv

e to tre B B

PIE_SLOT3_TX_C_DP4 Coupling Coefficier  Coupling Plot (Eullapsed]i
P3E_SLOT3_TX_C_DPS 1
[V]l P3E SLOT3 TX C DP& : !
D12 —mm e
|
|
i
T R 1:-———————————— -
i
i
008 4+---—---——--——- b
I I
| |
|
| |
1 S e : _
| | Trace398:P3E_SLOT3_TX_C_DPS
! | 0.069 &
.ﬁ If - 2L.450 mm
i Fo———— - Coupled: Trace?96_Auto_2299::P3E_SLOT3_TX_C_DN5
I“ 1
| | - I
——saed 4 | —
noe +-————2———— - b A .
i i e
| | |
0 =i T -y S ——" i ik it
1] 10 20 3l 40 @
Length (mm)
ser .
seli ®
Taiped . . .



Trace Coupling Check

Met Met name Aggressor net with Max coupling | % length with | % length % length | Total coupling index (mm-%)
count max 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 P3ESLOT3 T C_DP1 [ 0.156% 45,886 45836 2.881

7 P3E_SLOT3_TX_C_DP1-P3E SLOT3 TX C_DN1  P3ESLOT3.TX_C_DNO | 0.147% 46.545 56,715 3.440

8 P3E_SLOT3_TX_C_DP2-P3E SLOT3_TX_C_DN2  P3ESLOT3_TX_C_DN1 | 0.156% 42769 71.100 4302

g P3E SLOT3 TX C DP3-P3E SLOT2 TX C DN2  P3E SLOT3 TX C DN2 | 0.156% 55,397 60,345 3.541

10 P3E_SLOT3_TX_C_DP4-P3E SLOT3 TX C_DN4 P3ESLOT3 TX_C_DP5 || 2.808% 26.979 68.281 47.643
1 P3E_SLOT3_TX_C_DP5-P3E SLOT2_TX_C_DN5 P3ESLOT3_TX_C_DN4 | 2.810% 28.293 71503 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 3456 7 Through this test, you will see, @
* Tight coupling pairs
¢ Max coupling aggressor :

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

&
ser @ I I
ser @

nferenmc.pg @ o o




Trace Reference Check (including co-planar)

Trace Reference Plot (expanded)

T
Start curve 7 i o i -
1 I
[TDQ3 crossdayer referenée} DDOIE.
X .
[TDG3 (coplanar reference) Da3
. (=
" : o
1 1 NO_REF
[TDQ8 (crossdayer reference) Dag 1
o
[TDQ8 (coplanar reference) DDQE !
51 i a | -
i i
[TDC3S (crossdayer reference) [aelc] !
TDQS (copl ref I} I:‘DQS‘ :
coplanar reference | |
44 ; B : | [l v
1 I I
| | |
[TDQSOE (crossdayer reference) DASOE | |
E o ;
[TDQS0B (coplanar reference) I:‘DOSﬂ'B ! ! ! _
31 i . | | | | 1 | -
i i i i i i i
[TDQS0 (crossdayer reference) Daso ! ! ! ! ! ! VDD
o —
[TDQSD (coplanar reference) Das0 ! ! ! ! ! !
s =] 7 "
24 1 o | | | | 1 |
1 I I I I 1 I
1 | I I I 1 I
I:I]j [TDG5 (crossdayer reference) DQ5 ! ! ! ! !
1 o
| 1 | [TD35 (coplanar reference) Das i | | i |
» o . ? ”
1 T L T T T T
a 79 157 236 315 394 472

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

Cg’:ser -
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OrCAD Sigrit

y ERC/SRC Checking Flow

«@SPEED2000 Generator - [ERC_DDR3_LRDIMM_DataNG Layer View]

@ File Edit View Mode Setup Tools Window Help cadence |- |=[X
0= 3 - O & el By P4 ] b Hea@le » i@ @ & B E |AlEnabled Net(s| v [ =& % | &5 - =m 0| K b e
s ow e o= B8 A v [ | & iNet Group:|NG1_U100_U1_U |~ |From: /U100 | ~|Te:|Ul | Single Ended or Diff:[SingleE | v (% @ Q@ @ @ ® [T

& De®odddsdd
Workflow: SPEED GENERATOR (ERC_SRC)

Trace Imp/Cpl/Ref Check %

Layout Setup

Load Layout File
Check Stackup
Prepare Nets

BRD
MCM
" SiP

Coupling Detailed Table
Upper/Lower Layer Reference Table
Coplanar Reference Table

Impedance between 2 Components

s D

" ASC |
ODB++ |
J

J 5| Layer Selection

Sogastor
| Signal$L2_SIGNAL

| Signal$L3_SIGNAL

s Signal$l4_PWR/GND

| Signal$L5_SIGNAL

| | |

A5EE -

= BFRME
J Desktop - 2
W =H
#& OneDrive
; hicloud Box(g)

FAE
Subversion

3 3T

=&

B 3

= BR

Impedance Plot (collapsed)
Impedance Plot (expanded)
Impedance Table

Impedance Overlay in Layout

Coupling between 2 Components

« DskF (F;) »

FIRERIK

1EZERB(N):  DDR3_LRDIMM -

Workshop2015 » Sigrity » erc »

- P
£

DDR3_LRDIMM_SIMetrics
DDR3_LRDIMM _Trace
ERC_DDR3_LRDIMM_DataNG_Trace
SRC_DDR3_LRDIMM_DataNG_SIMetrics
Trace_Pad_Library

& DDR3_LRDIMM

& ERC_DDR3_LRDIMM _DataNG

& SRC_DDR3_LRDIMM_DataNG

=]

=]

o

I
o

t
(<)

- |4 1 3

SRC

SPEED2000 Files (*.spd,*.dxf,*bre| »

FREREQ) HuHE

Qutput

Miscellaneous | Mesh - Errors

Output | Folder E.-'c-‘-,se-'|

VariablesCheck |

v | View Only Active Layer

X

Display Geometry Objects By
@) Met Color

S - el

Layer Selection| Net Manager |

Layer Color

@ Ready

W.O&OSOM S002 (Trace impedence/coupling check)

B Mouse{mm): X: 138,982, ¥: -21.865
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What Is Sigrity SRC?

e Sigrity SRC is Macro, combined, net-level view in time-domain of impact due
to ERC violations measured in mv & ps (no device model needed)

Setup considering termination impedance, data rate (pulse width, rise/fall time),
and amplitude

Results with TX/RX/NEXT/FEXT waveforms, Sl performance metrics
Organized to easy Sl performance interpretation along with ERC

* Practical for board level check (setup, simulation, report)

<2min ~20min auto
FEXT=2 (fext) "\
S TX Rx\
Tx component Rx component Tx component Rx component
& active | quiet G

quiet active
[
[
[ ]

quiet active

All others quiet = All others active ==

ser 1|
sel. ®
nference , o o

Taiped




Time-domailn waveforms skc - siwetics check

Tx component

Tx

Rx

active

quiet

quiet

All others quiet

Rx component

Tx component

~ NEXT=2'(next)

FEXT=2 (fext)

quiet

active

active

All others active

Rx component

B RGFEXT_U0_DQL (V1) [ ]

B RY/FEXT_UD_DQ2 (V12)
B RX/FEXT_U0_DQ5 (V13)
BN RX/FEXT_UD_DQG (V14)
BN Diff RX/FEXT_U0_DQSOp
I RX/FEXT_UD_DMO (V16)
1M RXGFEXT_U0_DQO (V17)
I RY/FEXT_U0_DQ3 (V18)
I RY/FEXT_U0_DQ4 (V1)
I RXFEXT_U0_DQT (v20)
S BETX
B TX/NEXT1_RDQ1 (V1)
B TX/NEXT_1_RDQ2 (vV2)
I TX/NEXT_J1_RDQS (V3)
B3 TX/NEXT_J1_RDQS (v4)

TX/NEXT_J1_RDQ4 (v9)
B TX/NEXT_1_RDQ7 (V10)

= B FEXT
M Oiff_ RX/FEXT_UO_DQS0p
I RX/FEXT_UD_DQ2 (V32)

RFEXT_U0_DQS (V33)

RFEXT_UD_DQS (V34)

RX/FEXT_UD_DMO (V35)
L RX/FEXT_UD_DQO (v36)
EI ROGFEXT_U0_DQ3 (v37)
I RXFEXT_UD_DQ4 (v28)
B2 RFEXT_UD_DQT (V39)
I RX/FEXT_UD_DQL (V40)

= B NEXT

B2 Diff_TX/NEXT_J1_RDQSOp

B DX/NEXTILRDQ2 (vV22)
B TX/NEXT_J1_RDQS (V23)

Rx/Tx/FEXT/NEXT

wavefor

S

F S—— T

B TX/NEXT_I1_RDQS (V24) 0 02 04 [ 06 1 24 26 28
EL TX/NEXT_ILRDMO (v25) Time (ne)
l_mﬂwm L4 V1 V6 —vi —V16 21 V26 —v1
4 f— b v2 v7 —vi2 —v7 V22 Va1 —va2
LoadedCurves v3 v8 —v13 —vig V23 V28 —v33
v4 vo —vu4 —v19 Va4 V29 —va4
vs v10 —vis —w0 V25 V30 —3s




SRC Setup

 Device models are not needed

* Voltage pulse as stimulus, users can specify

— Amplitude
— Data rate (pulse width, rise/fall time)
— Termination

"Set up SI Metrics Check Wizard

(Set up Simulation Cption >

O Level-1 (Single lines with ideal POMN; delay, loss, reflection effects)

@ Level-2 (Coupled lines with ideal PDM; plus trace, via xtalk effects)

O Level-3 (Coupled lines with non-ideal PDM; plus return path and 550 effects)

") Level-4 {3DFEM model based; lack of reference cases) From SPEED2000

Set up Tw/Rx Models
Transient Time Step (ps): I:l
A
L, fsesd Cousin 0
—p Tr M—Tw—p T.f —
| i e Tme o)
! Sim Time: |2 | |ns |v|
o —T poriog—-—————— ]
Y > I oK I | Cancel |
Import Tx/Rx Models | ‘ Export Tx/Rx Models |
Interface Tx_term | R{ohm) | C{F) | V_low{(V) | VW_high(V] Tdelay(s) T_r(s) T_f(s)  T_wi(s) T_period(s) | Rx_term | R{ohm) | C{F) | (S)Rx_term | (S)R{chm) SICF)
and ckttype | type type type
NG1:5E R 40 - a 1 Op 100p 100p 525p 30n R 40 - R
NGLDIf R 40 - 0 0.5 Op 100p 100p 525p 30n R 40 = R

ser
nference

Taiped
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Net'level Performance Rank|ng SRC — S| metrics check

Net name | INT_Sig (V¥*ps) | INT_ISI (V*ps) | INT_XTK (V*ps) | SN_difference (V*ps) | SN_ratio
DQ1% 287.97 22.96 3.7 261.31 10.5029
DQ17 288.15 2279 312 26224 11.1223
DM2 286.52 2421 3.04 25928 10,5156

DQs2 P 206.59 104.05 0 102.54 1.98541
DQz0 286.71 2394 3.14 259.63 10.5871
D21 2882 22 68 543 260.09 10,2522
DQ1e 286.51 2421 0 2623 11.834
DQ2z2 286.46 24.06 1.6 260.8 11.163%
DQ18 286.47 24.12 0 262.34 11.8752
DQ23 286.65 2413 781 PAT 897519

Netname |NEXT Vmax (mv) | NEXT Vmin (mv) | NEXT pk-2-pk (mv)} | FEXT Vmax (mv) | FEXT Vmin (mv) | FEXT pk-2-pk (mv)

DM1 0 0 0 0 0 0

DQ10 0 0 0 0 0 0

DQ11 0 0 0 0 0 0

DQS 19 -18 37 14 15 29

DQ12 17 15 32 16 -16 32

DQ8 2 -2 5 3 -3 6

DQ14 o o o o o o

DQS1_P 0 0 0 0 0 0

DQ15 17 -16 33 13 -13 27

DQ13 19 -18 37 14 -14 29

< Ranking by S| Metrics

< Ranking by xtalk levels
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SRC Net-level View - ERC’s Segment-level View

Sigrity SRC
e Layout S| macro view at net level
« Allinclusive end results
» Shows what happened and its effect on

performance

Sigrity ERC
e Layout S| micro level view at segment level

 |Individual segmented results
« Shows why low performance happened and how to fix it

| .
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Summary

« Sigrity ERC/SRC fills the gap between layout designers

and Sl engineers

— Expanded expertise

— Using same tools

— Measured by same units

DRC ERC Simulation

Design Rule Check Electrical Rule Check Using Device Models

Layout/Board designer -----===---===sssseemmmeeeennnenaeeaanaaaaaes Sl engineer
Layout tools =~ ----eeeeemmmmmemeoe e »  Simulation tools
Geometry domain (mil/mm) ======cesemmre s » Electrical domain (mv, ps)
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Topic

1. Review Design Flow
2. Review production issue from PCB manufacture & Assembly line.

3. What we have in Allegro PCB Designer?
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What we need DFx Checker

3
\

\

Assembly Prcduction FCB
‘ ‘ I\/Ianucture
Pick &
Place

DFT DFM

I e
I 9

® = ¢
@

(‘Eser
ser
nference



Design for Assembly Check
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Allegro DFA Constraint

From Allegro® V16.5, the DFA check is
standard feature in Allegro PCB Designer.

Real
Component

Area

(Place_Bound_TGQP .

Define Extra Area on Place
Bound Top for DFA Check

ser .
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Allegro DFA Constraint

* Define DFA_Bound_Top/Bottom
 Define Correct area

« Classify DFA Class or add DFA_Bound_Top/Bottom, when

you needed.

| DFA_UPDATE E=1lai )

Enter Symbol File Mame(s] [dra extension]

IC: Mllegro_Bagic_Lab/LIB~ dria

Enter Destination Directary

|C:hAllegro_Basic_LabALIE

DFa_DEW CLASS property [optional]

Update I
|

Wiew Log

¥ Lapers " Metz [ Disable Custom Colors [ Enabl

""" (1 by Favorites Subclasses PkgGen
----- [ Display Al ]
= E Stack-Tp Assembly_Bottom ]
% ?;Edmb:lr Aszzembly_Top B
D Non-Conduct Body_Center ]
[ Areas Difa_Bound Botiom =
..... [ Board Geometry Dfa_Bound_Top B
DEpEy_ Ut ]
Dizplay_Top ]
Modules ]
Pad_Stack_Name ]
Pastemaszk_Bottom ]
Pastemask_Top ]
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Define DFA Spreadsheet Editor & Rule

« Edit / Constraint / DFA Constraint Spreadsheet

File

Edit

Enable Datatips J

Constraints Modes...

Property Definitions... Electrical...

Define Lists... Bhysical..
Spacing...

Areas 3 =P ° )
Same Met Spacing..

COutlines » .
Dummy Met Assignment...

1 Plat Chorri—a

DRC mode
i* On

= 0if
i Batch

S5

E:E

SiE
 Column [ Roi| I-

DF& zpreadzhest format: [Side to Side)(End to End):[Side to End):[End to Side]
Default: |50:100:50:50 Apply to selected cells | il | ™ Read orly
CONN_DMP_ DIPE DIP14 DIP16 LED-DIP150| RES1130 SMDCAP SMDRES -~
CONN_DIP_2 | 100
DiPE 60 60
DiP14 S0:100:50:50| 50:100:50:50| S0:100:50:50
DIP1&6 S0:100:50:50| 50:100:50:50( S0:100:50:50| 50:100:50:50
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Define DFA Device Class

« Using DFA Update to classify DFA Class
« Edit Drawing property

Find By Mame

|Drawing

=]

Symbaol
Device Type
Symbol Type
Fropert
Dirawing

& | Edit Property =)

T able of Contents

Awailable Properties

Conductor_Material

|'Dfa Dev Class
Dielectnc_Material
Dielectric_Thickness
Dogbone_Fanout
Dwal_Sided_Component
Emb_“ia_Connect_Padstack

Etch_Turn_Under_Pad -
|i'|'-' ': '-'i"'ll Il'|l=l
< | b

0k, | Cancel Help

Delete Property Value
[ ‘erzion |d

[~ Dfa_Dev_Class

Show Properties

«|% 5|2

Symbol D:fbllegro_Basic/LIB/bga dra
DFs_DEV_CLAZE = SNyl
PHYSICAL_CONSTRAINT _SET = DEFAULT

SAME_WET_SPACING_CONSTRAINT_SET = DEFAILT

SPACING_COMSTRAINT _SET = DEFAILT
VERZION_ID = 1455504927

=
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DFA DRC Marker

DFA Clearance Control

LISTING: 1 element(z)

< IRC ERROR =

Class: IRC ERROR CLASE

Subclass: PACEAGE_TOP

Origin xw: (1164 50 2132 600

Constralnt: Package to Package DIFA Spacing
Constraint Set: End To End

Constraint Type: DESIGN

Constraint value: 50 MIL
hztual walue: 9.4 MIL

Element twpe: FILLED RECTAMGLE
Class: PACEAGE GEOMETRY
Bubclass: PLACE_BOUND_TOP
Refles: ms

xv-lower XY -UppET
Rectangle Top: (73050 2003_20) (1164.50 2003.20)
Rectangle Botiom: (720.50 1503.20% (1164.50 1502.20)

Height: 500.00 mils
Pidth: 425.00 mils
brea:  0.213 (=g in)
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The DFM Solution for
PCB Manufacture
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Why do we need to do DFM check?

1. Make sure manufacture date is correct and good for PCB manufacture.

2. Vision same as PCB Factory.
3. Identify problems early, reduce re-work probability.
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Allegro PCB Manufacturing Option

16.6 S045 or later

Manufacture | Tools Help Gras

B

Dimension Environment

Drafting »

Artwork...

MNC 3
Cross Section Chart...

Cut Marks

Stream CQut{GDE

Create Coupons...

DEx Check (legacy)...
Silkscreen...

Thieving...

Testprep 3

Wariants »

Documentation Editor...

Panel Editor...

DFM Checker...

@

DFM  Panel Documentation
Checker Editor Editor

Yy @ @ @ @ H

New from | Help | Documentation Panel Editor DFM Checker | Close
Wizard Editor Tutorial ~ Tutorial Tutorial

Release Package

4 Releaze Package is a repository for all memufactoring content. It is vsed 10 store and view all deliverables for manufactoring.
Current Working Release Package: DEMOL_XML

D:\Alegro_DFM_Lab\Mfg_oOpt_Demo\Mfg_Opt_Demo\DEMOL_XML

Location:
~ Release Package Lotions
[E— Create a release

Hew

" cument PCE design. e this option
‘ 1o create a new relesse package or
Eigi replace the current release package.

[[1Us2 Template

package for the Open the release package and enable - Oipen the releas package but
updates. Use this option o snnotete ‘ |

design changes to the release
package. its cuwrent state.

LITET

disallow updates. Tse thiz option fo
edit or view the release package in

r Revisions

Current Revision Description:

Frezerve the current state of a releame package as a revision. Older revisions can be restored and st as the corent
wevigion. Waming: Restoring a revizion may result in los of modifications made to the cument release package

Last Saved:

~ Release Package Status
The statuz of release package content relative 1o the most recent PCE
design changes are shown below
| ®
Content [ Tstorus
Docurments Not Initisted
Panel Design Mot Initiated
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DFM Check Rules

* Features
T checkcaegoy | Damcategors
Etch Logic Netlist compare

Graphic Check Signal layer

Power plane

Non-Etch Graphic Check Solder mask

Silkscreen
Paste mask
NC data

Analysis Statistics Analysis Report
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DFM Check Rules

* Netlist Compare
— Import External Netlist, Extract CAM Netlist, Run Netlist Compare

e Signal Layer
— Track to Track, Track to Pad, Pad to Pad, Pad to Drill, Minimum Track, Minimum Pad, Unplated Dirills to Copper,
Plated Drills to Copper, Copper to One-Up-Border, Redundant Pads, Plated Drills without Pads, Pads without
Drills, Antennas, Minimum Gap, Minimum Width, Acid Traps, Copper Slivers, Pin Holes

* Positive Plane
— Plated Drills to Copper, Unplated Dirills to Copper, Pads to Drills, Acid Traps, Copper Slivers, Pin Holes,
Minimum Gap, Minimum Width

* Negative Plane
— Plated Drills to Copper, Unplated Drills to Copper, Pads to Drills, Copper to
One-Up-Border, Isolated Thermal, Starved Thermal, Thermal Conflict, Tie Width

@&
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DFM Check Rules

 Soldermask
— Pad to Mask, Drill to Mask, Mask Slivers, Soldermask Bridge, Pin Holes, Soldermask to Track, Missing Soldermask

* Silkscreen
— Silkscreen to Soldermask, Minimum Soldermask Width

* NC Data Layer
—  Overlapping Hits, Coincidental Hits, Redundant Hits, Drill to Drill, Imploded Arcs, Imploded Path, Mill Tab Errors

« Pastemask

— Pastemask on Through Holes, Missing Pastemask on SMD Pads, Missing Soldermask
for Pastemask Pads, Pastemask to Copper clearance

* Design Analyzer

— Design Analysis reporting, including User Parameter specifications, Calculated design
analysis and customized output formatting.
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Netlist Compare

My_Demo - Advanced Streams DFM

Property
Preprocess Optimizahon 0 - Ophmization Preprocess

B [/| Hetlist Compare 1 - Hetlist Compare

Specific external Netlist

Netlist Compare 1

/ file( IPC-D-356 format )

Import, Extract, Eun

B Details

B Import Extermnal Netlist

File name

WNetlist tpe

[PC-D-35604

B || Extract CAR Netlist

] Allow CAM nets without pads

[ "] Allow Single Point CAM net

[ 1] Treat Neg Planes az Single CAM net (no splits in Flane)

B ¥ Fun Netlist Compare

[ 1] Ignnre Extra External Nets at CAM Points

[ 1] Ignore Missing Extemnal Nets for CAM Nets

Hignal Laver 2 - Signal Laver check

Hegative Plane 3 - Negative Flane check

Checks Areas  Results
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Constraint Region Check

& Electrical —
oA Physical Objects ;efe.rengesgt Line | Thru Pin| SMD Pin| Test Pin| Thru Via| BB Via | Test Via] Shape | Bond Finger| Hole
[l Spacing Type | Name pacing mil mil mil mil mil mil mil mil mil mil
-0 Spacing Constraint Set * * * * * * * * * * * * *
m-E3 Net D=n =|__demol DEFAULT 50000 |5.0000  |5.0000 |50000 |5.0000 |5.0000 |50000 |5.0000 |S5.0000 5.0000
Mot ClacsClass Ran POVVER-REGION POWER NETS |8.0000 ||8.0000 |6.0000 |8.0000 |8.0000 |2.0000 110.0000 {10.0000 |5.0000 10,0000

=18 All Layers

B Line
B M-

B |¥| FOWER-REGION_Onter Electrical - S3ignal Layer check

Hamme POWER-REGION _Cuter_Electrical / /
Layers [Cuter Elbctrical] //
Diill Lapers [ HC]
Checks TT, TC,/CC, TF, CP, CPCF, SMEM, ¥V, L , THTH, 58V, 3MLY, SMTH, VTH, L¥TH, DTHCZ, DT ..
ZhapefSize Filter
HZ Tool Filter
Ayes, POWER-REGION_&1 Electrical
Auto Fix Errors /
E Details

Board Ountline spacing

|
| /7
| /

El Copper spacing (Different Nets)

/
2 /)

TT - Track to Track 3000000 //
TC - Track to Copper 10000000 /
CC - Copper to Copper 12 000000

TP - Track to Pad 10.000000

CF - Copper to Fad 10.000000

Pad spacing

Dirxill spacing

Annnlar Ring

ser ¢ I
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Results & Cross Probing

e
% Allegro PCB Designer (was Performance L: demoLbrd Project: D-./Mfg_Opt_Demo =

B

File Edit View Add Display Setup Shape Logic Place FlowPlan Route Analyze Manufacture Tools Help GraserWARE ADIVAInterface tadence

== P L 2 HEAQEQQBOoONE  dBEsg2EHEBB
Ao o000 e® @b — idfmls

L
M e
fl
I >$‘ v DRC errar "Extemally Determined Violation”  Bottom
i } Constraint value: 5.0000
Achual walue: 4.9843 mils

Zoom to errors in PCB

[ ] Lock Layer Visibility
[ ] Hide validated Errors

~ <=
Generate Export
Report Results =

Utilities

A <)

Cross |Ignore  Add
Probe Comment

Chart

PCB Integration

B&EFPEE N ITTE

M=

Error |Stream

Wiew

HON: 7

suondo | Aunaisin

puid

=l Refresh Constraints

Cross
Probe

PCE Integration

List

cadence

""" bl e CleatJ demol - Advanced Streams DFM a
g \ast pick: 00000 1\ 000
2 et ik 40 00001 Il |Distance | Layer | £l [ ¥1 | %2 | ¥2 |MinDist | Validated | Com.. |~
] 8 141421  L5LYR4_(VCC) 37550000 -325.0000 37650000 -3350000 15.0000 ]
[ cevers [ @&
MW - Minimum Width - 1 Ertors, 0 Hidden
Min Width || Layer [z [ ¥ [ Max iz | MaxcNoise | Validated | Comom..
19343 LTEOTTOM -56.4680 1047.0661 50000 50
B Solder Mask Layer 4 - 2606 Errors, 0 Hidden
E SMDM - SMD to Mask (Annular Ring) - 464 Errors, 0 Hidden
Id | Dists... |Lager | Laer [x1 v1 [x2  [v2  [reds.[sed. |Min.. | Velidsted |Com. |
10 25000 LIDSOLD.. LLI:TOF  8225.. 1862.. 8225.. 1865.. 5500.. 5000.. 30000 [
11 25000 L10SOLD.. LL:TOP  B8225.. 1912.. 8225. 1915.. 5500.. 5000.. 30000 [
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Summary

Embedded Systems Design , Easy to Use.
Cross Probing between Checker and Allegro® / OrCAD® PCB Designer

Confirm the correctness of the information
before sending to your partner.
Ensure smooth production.
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New Exchange Format IPC-2581

* Generic Requirements for Printed Board
* Assembly Products Manufacturing Description Data and Transfer Methodology

1 2 3 1 2 3 1 2 3 1 2 3

Hierarchical layer/stack instance files
Hierarchical conductor routing files
BOM (Components and Materials)
AVL (Components and Materials)
Component Packages

Land Patterns

Device Descriptions

Component Descriptions
Soldermask ; Solder Paste Legend Layers
Drilling and Routing Layers

Documentation Layers

Net List

Outer Copper Layers

Inner Layers
Miscellaneous Image Layers

DFX Analysis
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New Exchange Format IPC-2581

e Using IPC-2581 data format

— All artwork film record must be defined
— IPC-2581 Layer mapping must be defined &l CONSORTIUM

Foran open neutral global standard for efficient PCB design data transfer

/™ IPC-2581

aova 0z reost gtum EEH @ | i, e e 0 K
! | - | | 1! | | | %

QA \Q’Apcf otk | e | T | fAxrOM umnu«nna‘ uuuuuuuuuuuu || Losesuar GMS,‘}',&I BMIET | 2 bicoso

.!\A”TODES" _’ zirech IR (adence QCCMTW O'Ciivo ‘0 MULTEK N,: e || @t | X ‘ﬂ@z” -w
Cf'mnef ”c|||s.'é|c|)' _ é;;msa | @D e | L H——— | wr-electrostein Q,Egg”es EEIIII # na|.= polhwag pTC PuLson
ELMATICA EMC Ericsson $FLIR m SFrontine | quadSip oﬁ.c ... m i
FU]ITSU Grq:hICncIe I;MRRIS |-|I'$ Effnlﬂ:ﬁ',.m. SIEMENS e \']'\ SiSoft &
e " w’:\g_ XPLM = ZTE ST“\T”H ucames, | UP ‘ NI ‘ VELUX|

M ZUKEN I

cg':ser -
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http://www.ipc2581.com/index.php/ipc-2581-consortium-corporate-members/96-ipc-2581-consortium-members

Ravel Rule Checker

Does Traditional Design Rule Checker Enough?

Now You Can Self-development it .

&
A New DFM Rule Checker - Ravel Rule Check I |

® 0@
® Immmm aaam @
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Ravel Rule Checker

[ Manufacture ] Tools

Help

(T¥ DFM Ravel Rules GUT

i

o

Dimension Environment

Drafting L

Artwork...

MNC »
Cross Section Chart...

Cut Marks

Stream Cut{GDSI)

Create Coupons...

DFx Check (legacy)...

Setup RAVEL Rules in CM...
L]

Silkscreen...

Documentation Editor..

FCERules | UserDefinedrulzs

P eI Za e e
[ S B N R E ]

£
[E
-
[E
£

- [CE] Testabilty_Checks

= = Sik_Scieen_Checks

=S D&: Silk. Tewt to Exposed Pad Spacing
zed PinFad Spacing on Top L sywer
[1 % Text to exposed PinPad Spacing on B ottam )
[1 % Test to expozed WiaPad Spacing on Top Laye

[1 % Textto expozed ViaPad Spacing on B ottom Lape
[1 % Textto expozed SMOPad Spacing on Top Laver
- [] 4 Tent to exposed SMODPad Spacing on Bottom Layer

CY Text to exp

H-[JZ] Silk Line to Exposed Pad Spacing
H- 15T Silk Test ta Pad Spacing
H- 15T Silk Test height

H- [1E] Silk Line to Pad Spacing

H- 5] Sikscresn Lone Ling Minimorm Length

- [ Etch_dnalysiz_Checks
-] Soldermask_Checks
- Aszembly Checks
-7 Miling_Checks
-5 Outine_Checks
-7 Yia_Diill_Checks

DFi Ravel Rules

Caonstraint N ame

Y alue(milz)

MIN_THT_TO ExP PINPAD TOP [

1) .

< [

Ok ] [ Cancel ] I Apply

[

Rules -»

]

| ClearCM | [ Hel
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Ravel Rule Checker

3¢ Allegro PCE Designer: cds_routed.brd Project: Ci../examples/board_design.
File Edit View Add Display Setup Shape Logic Place FlowPlan Route Analyze Manufacture Tools Help cadence

LEd 0% s-¢c-8 4 BEAQREg]QEON HFHRer2HES
= dE O REREOOSE @bl @@l e&1PESE

]

Options | Find | Visiblity

Visibility -
Object 1
Globalvisthility | On || offt || Lat |
Fiew [ 2 n
1 Laver Pla Eich Vi Bin Drc AL
¥ | Condurtors
v v
oy =3 Jext e
¥ T Text "U10
" LISTING: 1 element(s) Top B EEEL Text "U23"
> Text "UZ1"
< IRC ERROR » God (] (o] )] S
= Tee DO I Text "U22
Class: IRC ERROR CLASS 7"
Bottom ENEEN Text "U12
Subelass: ALL N ] o T
Origin xv: 2230.00 3267.09 €
My Constraint: Externally Deternined Fiolation F TG
G e VeC Text "U3
Constraint Sst: Text height on Top layer , e o
\ Constraint Type: EXTERNAL REFEREMCE Text "U4
Text "U2"
Constraint value: 30.0 o
o dctal value: 250 Text "U20
*
Froperties attached to drc error B
abg, RAVEL_MARKER_IESCRIFTION = Text height on Top layer GND__ GND
-
G Elenent type:  TEX
Class: REF DES
N Subclass: SILESCREEN_TOP
B ool ... ... ... ... @
i
T Cormmand
{E] [Copyiaht ) 2008-2016 Cadence Design Systems B
|41l Fiights Fieserved |
ﬁ Script version: 16.5 |
Finished Checking Ruls file siktst_min_height.rave atJul 04 10:19:40 2016 -
N Rule file illtat_min_height.1ave took 0 seconds |
E- Finish t d first. .
¢ Fommang g command i Enable layer select mode
show element Assembly_Top 232500, 2125.00 [P [a] Placement edit ot 0 || |
U

=) @




RAVEL DRC Overview

Advantages
« Rapid development of custom DRC upon demand

 Reduced DRC implementation effort
— RAVEL DRC language is specialized for expressing design rules in PCB and SiP
— Does not require knowledge of SKILL or C/C++ programming languages
— Does not require knowledge of Allegro® PCB/SIiP database

Case 1: 2 rules C/IC++ RAVEL
Lines of code 1200 80
Effort 10 days 2 hours
Case 2: 4 rules SKILL RAVEL @
Lines of code 1540 470
Effort 15 days 3 days ® I
 Reduced DRC maintenance effort
— RAVEL rules are independent of database @
— RAVEL rules are independent of SPB software release
— All dependencies are built into RAVEL DRC engine ser ® I I
"@ger ®
nferenmc.pg ® o o
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